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%’ Chapter 4

A Public Employment Model

Roy Bahl, Marvin Johnson,
and Michael Wasylenko

It was argued in the preceding chapter that a public em-

ployment model would be superior to the traditional

model in that it would better identify the wage and em-
ployment effects of the determinants. The objective of this chapter is
to present two tests for the public employment model: for the police
function a test based on a cross-sectional analysis of seventy-nine
central cities using 1972 data and for the education function a test
based on 3,370 Wisconsin school districts in 19717.

THE POLICE MODEL!

Local government current expenditures on the police function EXP
are the sum of direct labor costs L, pension and fringe benefit costs
F and nonlabor expenditures such as uniforms, equipment, and sup-
plies S. Direct labor costs, in turn, are the product of average wage
W and the number of employees N ; pension and fringe benefit costs
are assumed to be some proportion « of the total wage bill; and non-
labor current expenditures some amount B per employee. Hence the
basic expenditure identity becomes:

EXP = N(W(1 +a)+p) 4.1)

The research question posed here concerns how variations in commu-
nity characteristics and local government fiscal capacity act to affect
expenditures through their effects on employment and compensa-
tion. Empirically, the goal is to develop structural equations to esti-

121



122 Public Employment and State and Local Government Finance

mate W (1+«) and N, and to calculate § in order to derive the elas-
ticity of police expenditures with respect to the exogenous variables
in the model.

The model developed is for a community that produces and con-
sumes a public good N and private goods X at prices (W (1 +«) + ()
and P,, respectively. The proxy for the public good is employment
in the public sector N, and it is only from increments in private
goods and public employment that any increment in utility is de-
rived.?2 This implies a Leontief-type fixed-factor production func-
tion. Specifically, we assume that the increment of one unit of
employment output must be accompanied by a fixed amount of non-
labor inputs, with the latter being valued at §. In the police case, to
produce a unit of output (a policeman), the police department must
absorb the cost of a uniform, a billy club, some fraction of the cost
of a car, dispatching equipment, and so on.?

Certainly, public employment is not a perfect proxy for public
output, but there are strong arguments that it may be the best avail-
able proxy. It clearly is superior to the public expenditure surrogate
in that it does not include the public good price as an argument in
the utility function, hence it allows definition of a budget constraint
that permits intercity variation in the price of public output. The
very high labor intensity of the local public sector, particularly the
police function, lends some credence to the assumption that changes
in output and employment are proportional.

An important assumption implied by the use of public employ-
ment as a proxy for output is that, over the relevant range of em-
ployment increase, labor productivity will not change.

The model developed is for a community that produces and con-
sumes a public good (police), other public goods z, and private goods
x at prices [W (1 +«)+(1,P,, and P, respectively. The aggregate
community preference function then, is:

U= U(N, Z, X) (4.2)

which is to be maximized subject to the budget constraint

Y+AID = (W[1+a] +f)N+P,Z+P X (4.3)
where
AID = any lump-sum grant from a higher-level government
W = the wage received by police employees
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Y = income in the community after the imposition of taxes by all
higher-level governments

Pz = price of other public goods

P = price of private goods

Y = income in the community after the imposition of taxes by all
higher-level governments

Px = price of the private good

Maximizing Eq. (4.2) subject to Eq. (4.3) yields standard first-order
conditions that imply that public sector wage rates are determined
by a set of factors other than either (1) the level of city employment,
or (2) those factors that affect the budget constraint by increasing
the level of resources available to the public sector (a lump-sum
grant, a rise in income, or a discretionary tax increase).

The choice of the police function for application of this model has
certain important advantages, some of which do not hold for other
public functions. It is always a municipal government function and,
therefore, the fiscal statistics are comparable and not distorted by
special district arrangements. In addition, there are no adequate
private sector substitutes for the bulk of services provided by police
departments; hence it seems reasonable to assume that intercity vari-
ations in police expenditures are not markedly affected by different
mixes of publicly and privately-provided police services. Police em-
ployment is relatively homogeneous—83 percent, on average, are uni-
formed—making more creditable the nhecessary assumption in this
model] that the composition of the police labor force does not vary
with factors affecting the wage and employment level. The nonlabor
component of police expenditures is relatively small and, for the
most part, is directly related to the number of policemen. (This is in
contrast to the education function, as will be shown.) Finally, this
analysis concentrates only on an explanation of current expendi-
tures; the police function has a relatively low level of capital expendi-
tures.

Any analysis of the police function is difficult and complex for
a number of reasons. A major complicating factor is that policing is
multipurpose. The police force is expected to prevent criminal activ-
ity by patrols in high-crime neighborhoods. It is expected to respond
to emergency calls, only some of which may involve the threat or
actuality of criminal activity. The police force is expected to appre-
hend criminals and possibly to maintain crime records and a crime
laboratory. In some cities the police force is also charged with re-
Sponsibility for traffic control and the detection of parking viola-
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tions. The police may engage in extracurricular activities such as
the organization of athletic activities for youth in specific neighbor-
hoods.

An additional complicating factor in some cities is an overlap
among jurisdictional responsibilities. City police may share some
activities, such as patrol, with the county police or with the state
police, or may use common facilities, such as the crime laboratory.

Finally, and perhaps most important of all, policing is not an iso-
lated function but is a part of the criminal justice system. Uniformed
policemen may work with the district attorney’s office in the prep-
aration of cases and may testify before grand juries and trial juries.
The district attorney’s office may be committed to plea bargaining,
which in turn will affect police attitudes toward arrests and crimi-
nals’ attitudes toward the commission of crime. Judges and juries
may be nonrepresentative of the community at large and impose
harsher verdicts and sentences on nonwhite minority criminals. The
parole system may return criminals to the streets, thus increasing the
volume of recidivism.

In short, any analysis of policing as such is inherently a partial
analysis of a complex system, the characteristics of which differ from
community to community within a state and certainly differ across
state lines, since each state has its own traditions, laws, and customs
with respect to criminal justice.

However, for analytical purposes most of these considerations
must be laid aside and a formal model examined for which data are
available.

Empirical Model and Data

This estimation involves using three structural equations—a com-
pensation equation, an employment equation, and a crime equa-
tion—in order to identify the determinants of intercity variations in
government compensation rate and employment. A description of
the sample and data sources can be found in the appendix to this
chapter. The variable names with definitions and mean values are
listed in Table 4—1.

The Compensation Equation. The average total compensation of
policemen is specified here as a function of a set of community char-
acteristics, which include the opportunity wage of a policeman in the
private sector, the level of unionization of the police force, the pos-
sible risk differentials of police work as opposed to other available
employment, and the overall skill level of workers in the metropoli-
tan area. Average total compensation of policemen TC is the average
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wage and salaries of policemen plus average pension and fringe bene-
fit payments.*

The opportunity wage has been shown to be a significant determi-
nant of public sector wage rates in other studies, although the mea-
sure chosen to represent this effect has varied.’ In this analysis, the
opportunity wage (OW) is measured as the average yearly earnings of
manufacturing sector employees—lagged by one year. The rationale
for using such a variable is the assumption that a local labor market
exists, and, hence, there is a wage roll-out from the basic sector to
the service (including public) sector.® This expected positive re-
lation between wage rates in the two sectors can result from either
competitive forces, which tend to erase wage differentials, or a dem-
onstration effect, which causes public employee unions to demand
wages roughly equivalent to those obtained by private sector unions.
The choice of the manufacturing wage as the opportunity cost to a
policeman reflects an assumption that the most likely alternative
employment for policemen is blue-collar manufacturing occupations.
To adjust for the possibility that police wages are affected by skill
differences between police and manufacturing employees, we include
the median education of the city population over twenty-five years
of age ED. The education variable may also adjust, ceteris paribus,
for the greater supply of qualified police applicants in cities where
average education level is higher.

Ashenfelter, Ehrenberg, and Schmenner in research on police and
fire salaries find evidence that unionization has a significant effect on
the level of wage rates. The extent of public sector unionization in
a city is measured by the proportion of police employee who are
affiliated with the union (U) and it is assumed that larger fractions
imply stronger unions.

The police employment variable is measured as total police em-
ployment per thousand population Np . The relation for police com-
pensation is:

TC = f(OW, ED, U, N,) (44)

The sign of the opportunity wage, unionization, and police em-
ployment variables is expected to be positive. The sign of the educa-
tion variable cannot be stated a priori. To the extent that it measures
quality differences that are not reflected in the opportunity wage
variable, the expected sign of the regression coefficient will be posi-
tive. To the extent that a high education level in the city implies 2

lzf\rger supply of qualified applicants, the expected sign of the educa-
tion variable is negative.
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The Employment Equation. The demand for police employees is
specified as a function of the price of a police employee, the price of
other public goods, the price of private goods, the income and grant-
in-aid level in the city, and taste or preference variables. The depen-
dent variable is full-time-equivalent police employment, expressed
per 1,000 of population Np . The price of a police employee is speci-
fied as the average total compensation of an employee plus the nec-
essary expenditure on nonlabor inputs per employee (7C + ). The
average wage rate in the other four common city functions was
used to measure the price of other public goods. However, this vari-
able is highly correlated (r = 0.8) with police compensation and was
dropped from the empirical analysis. The price of private commodi-
ties (P, ) is measured as an index of the cost of living in the SMSA
(see item A of the appendix) and is treated as an exogenous variable.
Income IG, and grants-in-aid per thousand population Gp are used
to describe the level of resources available to the community. Four
variables are entered to account for intercity variations in prefer-
ences for police services: population size POP, median education
level ED, the crime rate per thousand population in 1972 C72, and
the percentage of the city population who are nonwhite NW. The
demand for police employees is stated as follows:

Np = f(TC+8, P,, Y,, G, POP, ED, C72, NW) (4.5)

Except for (TC + ) and ED, the signs of all the coefficients of the
variables are expected to be positive. The sign of the coefficient of
the price of a police employee is expected to be negative. The coeffi-
cient of the median education variable may be negative, reflecting
greater use of private substitutes for policemen, or positive, reflecting
a preference for a greater number of police output units. In formu-
lating the model, equilibrium in the demand and supply of police
employees is also assumed.

The Crime Equation. It seems plausible that over time crime rates
and police employment are simultaneously determined; hence, a sep-
arate equation is used to estimate the crime rate. Ehrlich has mod-
eled the supply of offenses—crime—by maximizing the expected
value of a person’s utility function for income earned in legitimate
and illegitimate activities.” He specifies his model using a system of
three equations that reflects the interrelations among the crime rate,

expenditure on police services, and the probability of criminals being
apprehended.
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Ehrlich’s system has been modified here to two simultaneous
equations for police employment and crime. The determinants of the
supply of crime hypothesized here are similar to Ehrlich’s:

C72 = CR (N,, UNEMP, Y, AVSS, NW) (4.6)

where UNEMP, AVSS, NW represent the unemployment rate in the
city in 1970, the average income level in the city in 1970, the average
prison sentence served (in months) by an offender in the relevant
state in 1960, and the percentage of city population that is non-
white.

The expected sign of the coefficients of the police employment
and average sentence variables is negative, while the expected sign
of the coefficient for the unemployment and percentage nonwhite
variables is positive. The average family income variable (petsonal
income per thousand population) is included to reflect higher levels
of community income and wealth and hence should be positively
associated with the crime rate. Therefore, a positive coefficient for
income would indicate, other things being equal, that the greater the
affluence the higher the incidence of crime per capita.®

Estimation. The compensation, employment, and crime relations
represent a system of three simultaneous equations, and they are
specified for estimation as linear in logarithms. In specifying the
crime relation for estimation, the amount of crime is assumed to
follow a lagged process in adjusting to changing numbers of police-
men and to social and economic conditions. Therefore, the ratio of
the observed values of the current crime rate C72 to crime in the
previous period C71 is specified as a power function of the ratio of
the equilibrium level of crime C * to the observed value of crime in
the previous period.’

Each equation in the system satisfies the rank condition for iden-
tification and the system of equations is overidentified. Therefore,
two-stage least squares (TSLS) is used to estimate each equation in
the system.!?

Statistical Results

All estimated coefficients of the independent variables in the com-
pensation equation have the expected sign and are statistically signifi-
cant. The results are reported in Table 4—2. The average level of
police wages is positively and significantly related to the level of
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manufacturing wages with an elasticity of about 0.8.!! The education
variable has a positive effect on the police compensation rate and
unionization is found to influence the level of police wages posi-
tively, since the weekly working hours of policemen who are work-
ing in completely unionized cities (U = 100 percent) earn about 17.5
percent more, other things equal, than their counterparts in cities
where there is no unionization (U = 0).!? Our estimate for the effect
of unionization on policemen’s salaries falls around the 6—16 percent
range estimated by Ashenfelter and the 2—18 percent range esti-
mated by Ehrenberg for firemens’ wages.!3

The variables in the demand equation for policemen have the ex-
pected sign and, with the exception of the price of private goods and
grants-in-aid, are statistically significant at the 0.05 level. The grant
variable is statistically significant at the 0.10 level and the price of
private goods variable is not statistically significant. The own-price
elasticity for police employment is —0.320, which indicates that the
demand for police employment is price-inelastic. Income per thou-
sand population and per capita aid are positively related to the level
of police employment, reflecting the stimulative effect on the public
employment decision of a relaxation of the budget constraint. The
relation between crime and employment in the employment equa-
tion indicates that police employment responds positively to a dif-
ference in the crime rate (in the short run). The coefficient of the
education variable is negative, even after account has been taken of
income and crime rate differences, indicating a lower relative prefer-
ence for police services on the part of more highly-educated popula-
tions. The larger percentage of the population that is nonwhite and
a larger population size also have a positive effect on the number of
police employees. k

Ehrenberg is the only other author who has estimated equations
comparable to the employment equation presented here.!* His results
also suggest a price inelastic demand for policemen; his own-price
elasticity estimate for police employment is —0.281 in the short run.
This result is very close to the estimate obtained here, despite the
fact that Ehrenberg used pooled cross-section and time series data for
individual states for 1958—69.

Estimation of the crime equation indicates that the number of
police employees have a dampening effect on the crime rate; all the
variables in the crime equation have the expected sign and, except
for unemployment, are statistically significant. The positive value for
per capita income indicates that the potential material gain to crimi-
nal activity, represented here by higher average income, has a positive
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influence on the crime rate, other things equal. These results are
consistent with those obtained by Ehrlich and by McPheters and
Stronge, but not with the findings of Pogue.!®

Pogue concludes that police expenditures have no statistically sig-
nificant impact on the level of crime. However, his formulation of
the crime equation does not include the lagged value of crime asan
independent variable. When crime in 1971 is omitted from the equa-
tion here, the results are similar to Pogue’s. Thus, we conclude that
the level of police employment dampens the increase in the level of
crime across our sample of cities.

Local Expenditure Determination

Derivation of a reduced-form expenditure equation requires, in
addition to the structural equations in employment, compensation,
and crime, an estimate of nonlabor current expenditures. The value
estimated for total nonlabor expenditures per police employee (f) in
1972, computed as an average from the Municipal Yearbook 1973, is
$1,314. After substituting the value of B and the employment, crime
and compensation equations into Eq. (4.1), it can be differentiated
with respect to each of the exogenous variables and the aggregate
response of police expenditure per thousand population to a change
in an exogenous variable can be separated into a compensation and
an employment effect. Consider a change in the opportunity wage
variable. Ignoring second-order terms, the equation is:

dEXP  dW dw dN, aN, . dNy,
—_— N + —_— p —p _p_
aow ~dow Yt aow YotV aow TV ow * f dow &
or
dEXP _ dTC dN, _dN,
aow ~ dow M * TC zow * & qow 48

where (W + aW) = TC.

The first term on the right-hand side of Eq. (4.8) is a wage effect. It
:epresents the change in expenditures that results from a change in
(})ltal compensation of police employees when the opportunity wage
C4'cglges. The second and third terms on the right-hand side of Eq.
fii éulezxihthte employment effects; they measure the change in expen-
funity waae rel:lsults from a_change in employment when the oppor-
change i gl changes. The first part in the employment effect is the

g¢ In labor cost when the opportunity wage changes, while the

‘;4
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second part of the employment effect is the change in nonlabor cost
when the opportunity wage changes.

In order to estimate the effect of differences in the level of the op-
portunity wage OW on the levels of compensation, employment,
crime, and expenditure, the estimated system of three simultaneous
equations is totally differentiated with respect to OW and solved for
dTC/dow, de /dOW, dC72/dOW. These results are then substi-
tuted into Eq. (4.8), which can be used to calculate the elasticity of
total compensation, employment, and expenditure with respect to
OW. This process is repeated for each of the exogenous variables.
The elasticity of crime with respect to each of the exogenous vari-
ables X is calculated directly from dC72/dX as previously done and
the means of C72 and the exogenous variable. These elasticities are
reported in Table 4—3.

The results in Table 4—3 suggest a different interpretation of inter-
city variation in per capita police expenditure than that offered in
the traditional determinants literature. Per capita police expenditures
are most sensitive to the level of per capita income, the manufactur-
ing wage, and the price of other goods. The elastic response of police
expenditures to per capita income is primarily due to an employment
effect—cities with higher per capita incomes demand more police
services—and a compensation effect resulting from the hiring of
more policemen. A 1 percent higher manufacturing wage induces a
0.402 percent higher level of per capita spending by raising police
expenditures by 0.651 due to induced higher police compensation,
but lowering police expenses by 0.249 due to the employment-
dampening effect of the higher compensation. The elasticity of
police expenditure with respect to differences in unionization, the
price of private goods, and intergovernmental aid is relatively small,
when these effects are considered separately.!® Two of the exogenous
variables that directly affect the crime level in this model, unemploy-
ment and the average sentence served, have a small effect on the level
of police expenditure. The present results suggest, however, that a
greater length of sentence service is associated with both a lower
crime rate and a lower level of police expenditure.

The cross-section elasticity of the crime level is largest with respect
to differences in the average sentence served. The crime effects
should be interpreted with the caution, though, that they depend on
the result that the level of police employment affects the crime level,
and police employment is statistically significant in the crime equa-
tion only when the lagged crime rate is included as an independent
variable.
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THE DETERMINANTS OF POLICE
EXPENDITURES: CONCLUSIONS

The very restrictive assumption of the traditional cross-section ex-
penditure determinants model, that the price of public goods does
not vary among units of government, severely limits the ability of
such models to explain local public sector behavior. We have at-
tempted to resolve this shortcoming in a study of local government
police expenditures by combining an existing body of public finance
research with a growing body of labor economics research dealing
with the state-local government sector—particularly with estimating
the employment demand function and the determinants of wage
rates. Our results suggest that important explanatory variables have
been excluded in earlier determinants studies and have led to serious
problems in interpreting statistical results. Our estimation of a struc-
tural model facilitates interpretation of the contributions of variables
to public expenditure and permits an analysis of the exogenous
shocks through the model to their ultimate effect on employment,
compensation, and expenditure levels.

The policy implications of these theoretical and empirical results
are particularly important. First, an increase in real income accom-
panied by an equal increase in the opportunity wage for public sector
employees is likely to result in a substantial expenditure increase
with little increase in service (employment) level. Second, the damp-
ening effect on the crime rate exerted by greater numbers of police-
men partially reduces the size of the substitution effect occasioned
by any increase in the police wage rate. Third, these results suggest
that collective bargaining does affect the level of per capita police
expenditure in large cities, but that the magnitude of this effect is
small in comparison with the effect of differences in per capita in-
come levels and the opportunity wage rate. Thus, while unioniza-
tion, ceteris paribus, induces about a 17 percent difference in wage
rates, police employment is generally small in relation to population
and the effect on per capita expenditure is not very large. Moreover,
the opportunity wage and per capita income have a much stronger
influence on wages and employment, respectively, and thus, have a
stronger influence on per capita expenditure levels. However, this
small effect of unionization on police expenditures may not be the
case for other functions. Specifically, the effect of unionization on
the wages of teachers may have a substantial impact on per capita
expenditure levels, since employment in education is typically nine
to twelve times as large as in police services.
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With appropriate adjustments, this model could be extendeq to
explain the level and growth in expenditures for other state and local
government functions. The results of such analysis would undoubted.
ly show the same results found here: expenditure levels vary among
cities not only because of variations in the need for services, but pe.
cause of variations in the cost of providing any given level of services,
Remedial public policy designed to accommodate the urban fiscal
problem—for example, general revenue sharing or categorical grants—
must recognize both the cost and the demand sides of the expendi-
ture determinants equation.

DETERMINANTS OF SCHOOL
DISTRICT EXPENDITURES!”

Because municipal police expenditures is a very limiting case to ex-
amine the plausibility of a public employment approach, this section
will use the public employment approach to analyze local school dis-
trict spending patterns. After a brief review of the findings and short-
comings of three separate strands of the school finance literature
(spending, employment, and compensation), the public employment
approach used for school expenditures is developed and a public
employment model based on a system of four simultaneous equa-
tions is specified. Estimates of the model’s parameters, based on
1976—77 data from Wisconsin K—12 school districts, are reported in
terms of an analysis of how nine exogenous factors (fiscal depend-
ence, size, opportunity wage, monopsony power, experience, age
composition of students, wealth, income, and willingness to pay)
tend to influence a district’s level of teacher compensation, teacher
employment, nonteacher outlays, grants-in-aid, and—ultimately~
spending per student. )

The results in the empirical sections are specific to Wisconsin
school districts in 1976—77, but the approach, model, and techniqu
could be applied to any state’s local school system. Moreover, the
empirical results give some insight into the economic factors that
influence school district fiscal behavior in a typical school financé
system, insight that may be valid for other states.

School Finance Determinants
. The traditional school finance determinants literature address(?s‘;
simple question: why does educational spending vary across um]t:'.-
Beginning with the early empirical work, researchers have used MmUY
ple regression techniques to establish statistical relations betwee?

spending and a wide variety of ability-to-pay, price, and “taste

i
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proxies.18 The empirical findings of these studies are summarized
elsewhere; generally, per pupil spending increases with ability to pay,
the “price’” of education, several ‘“‘taste’” variables (e.g., size, fiscal
dependence, use of private educational opportunities) and grants-in-
aid.!® Despite admirable efforts at constructing formal theories of
school district fiscal behavior, the theoretical underpinnings of these
studies—especially the common use of expenditures per student as
the output proxy—remain highly suspect.2®

A separate literature has attempted to identify the determinants of
teachers’ salaries. Some rather old evidence exists that teachers’
unions have a statistically significant positive effect on salaries of
between 2 and 17 percent.?' By the middle of the 1970s nearly all
teachers in several states were unionized. Because a basis of compari-
son no longer exists, further empirical work on the effect of unions
on salaries is precluded. Among the several other factors that have ‘
been found to be significant determinants of teachers’ salaries are j
alternative or opportunity wage levels; community income, district {
size, monopsony power, experience, and the pupil/teacher ratio.2? f

Surprisingly little empirical work exists on the determinants of
teacher employment levels. The sparse existing evidence indicates a
very low wage elasticity of demand for teachers.?3 A low wage elas- ‘
ticity is consistent with the conclusion that school spending increases |
with increased wages. Similarly, the surplus of teachers suggests that |
school districts can hire additional teachers without raising compen-
sation levels 24

The three strands—expenditures, wages, and employment—have
remained separate in the school finance literature. With one possible
exception, no researcher has attempted to weave the strands to-
gether.?S The public employment approach makes such a synthesis
possible.

The Basic Public Employment Approach

Local school districts spend money to employ teachers and obtain
other inputs. The total wage bill for teachers depends both on the
humber of teachers employed and the level of compensation they
¢an command. A simple accounting identity captures these facts:

E-CN+B (4.9) |

%tion (including wages and fringe benefits), N is the number of
teachers per student, and B is the amount spent on all nonteacher
fPuts such as janitors, bus drivers, books, and chalk. The public

i

Where F i operating costs per student, C is average teacher compen- :
l
|
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employment approach is based on Eq. (4.9); C, N, and B are separ-
able factors that combine to determine E.

The public employment approach embodies two improvements
over the conventional approaches summarized in Chapter 3. First,
teachers per student probably is a more realistic proxy for educa-
tional services than the conventional measure, spending per stu-
dent.?® Second, the public employment approach offers a framework
for logically meshing the determinants of C, N, and B and thereby
improving understanding of why E varies among districts. The second
improvement is the more useful contribution to applied research, but
the first is a better place to begin.

Spending per student is (tautologically) the product of the quan-
tity of educational services and the price of each unit of service.
Some economic factors influence the price at which educational
services can be supplied; some factors influence the quantity of edu-
cational services and district demands, and some factors influence
both. Conventional determinants models have specified spending to
be a function of both supply-determining and demand-determining
factors. Although technically acceptable, this ‘‘reduced-form” ap-
proach masks important complications in the expenditure determi-
nation process. For example, a factor conceivably might increase the
price of education, decrease demand for education and, as a result,
have no influence on school spending. Also, less education might be
demanded at higher prices—or supply price might vary with quan-
tity demanded.

If reasonable proxies for the price and quantity of education ser-
vices were available, the problems sketched would disappear. In the
jargon of econometrics, supply and demand equations could be
“identified”” and estimated separately. Unfortunately, no meaning-
ful measure of educational services is available—or even imaginable.
Without an unambiguous output measure, the ““price’’ of educational
services is a meaningless concept and, to paraphrase Burkhead and
Campbell, the tools of microeconomics break in our hands.2”

The public employment approach proposes that employment
be substituted for spending as the output proxy. Of course, em-
ployment (per capita or per student) is a valid proxy for comparing
output across units of government only under several restrictive
assumptions. First, the public service must be produced via a fixed-
factor-proportion production function: that is, there are no possibili-
ties for substituting other factors for labor. Second, public employ-
ees must be homogenous or at least measurable in some acceptable
“unit.”” Third, the quantity and mix of nonlabor inputs employed
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per employee must be constant across jurisdictions. Fourth, the fixed
capital and the support offered by complementary services must be
the same for all governments. These assumptions may be reasonable
for the municipal police function. Unfortunately, none are valid for
education. As a result, public employees (teachers per student) are
not a good proxy for educational output.

Although it does not offer a good measure of educational output,
the public employment approach certainly is an improvement over
the conventional approach. For a given level of technology, educa-
tional services depend on the level of input components. The public
employment approach separates the wage bill into price and quan-
tity of teacher and nonteacher inputs. The number of teachers em-
ployed is a real and, given certification, reasonably homogenous
input. The average price of that input, C, is known. Both price and
quantity components remain buried in B terms, although the prices
of chalk and other nonteacher inputs are less likely to vary dramati-
cally across districts than are teachers’ salaries.2® Thus, the public
employment approach yields two reasonable input quantity proxies,
N and B, and one input price proxy.

The input quantity and price proxies permit new kinds of ques-
tions. Are teachers and other inputs complements? Is employment
responsive enough to rising compensation levels to keep expenditures
from rising? Do exogenous variables affecting prices and demand for
inputs offset or reinforce each other? For example, if fiscal depend-
ence increases the wage rate and decreases teacher employment, how
does it affect spending?

The most convenient way to begin to answer these and other
questions is to consider a local school district as an economic unit
attempting to find some optimum balance between educational ser-
vices and local taxes. Output @ depends on the level of inputs, N and
B, and demand for @ is determined by two sets of ““taste’’ variables,
Zy and Zg . Local tax levies per student T are the difference between
expenditures per student and school aids per student. Aids, in turn,
depend on expenditures per student and, at least in states with equal-
izing aid formulas, local property valuation per student V. Teacher
compensation levels depend on the number of teachers hired to teach
a district student and another set of exogenous “taste’ factors Ze .
Different sets of taste variables influence N, B and C, but some fac-
tors influence more than one input quantity or price.
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Symbolically, the problem faced by the local school district is to

MAXy g ULQ (N.B), T, Zy, Zg] (4.10)
ST T=E-G
E=CN+B
G =1 (V,E)
C = f (N7 ZC)

where Zy, Zg, and Z; are not disjoint. By choosing N and B, the
school district influences G and C. Via the accounting identify Eq.
(4.9) C, N, and B determine expenditures per student and taxes per
student.

The empirical content of the model?? is expressed by four simul-
taneous equations:

C = f(N, G Z)
N = f(C, B, Zy)

B = f(N,G,C, Zy)
G = f(N,B,C V).

The components of expenditures per student are influenced by over-
lapplp g sets O'f taste variables, by aids, and by each other. The next
step is to specify estimating equations, data, and specific variables.

The Model

linE:rc};‘o:f t}r}“; four equations in the model are specified to take a
terms of 197 6ﬁSPeCIflc C, N, B, G, and Z variables all are defined in
variables—their S7andalta for Wisconsin K—12 school districts. The
rized in Table 4—1_ Ols and their means in the sample—are summa-
C i(sjiﬁzlgs;ihe Eompensation eguation first. The dependent variable
ers employedgg (;ﬁal compensation (in dollars) of the certified teach-
and fringe b ene)f,its eddlstnct. Total compensation, the sum of salaries
and the seven factoe oS 01 beachers (per 1,000 students), grants,
sony power 1 ctors included in Z,: opportunity wage O, monop-
ence F, and il;c::)each;r experience X, district size S, fiscal depend-
dreds of dollars) i;n € ¥ and valuation V. Opportunity wage (in hun-
in the finance insg roxied by the average annual earnings of workers
county during 0 rance, and real estate sector of the surrounding

g the second quarter of 1976, Monopsony power i

—;4
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represented by the number of school districts in the county; mope
districts mean more competition for teachers and less monopsony
power. Teacher experience is the mean years of local experience for
teachers employed by the district. The size measure is simply student
enrollment (in hundreds). Fiscal dependence is a dummy varighle
that takes a value of one if a school district is fiscally dependent onq
(usually coterminus) municipality. Income is taxable income of dis-
trict residents per student; valuation is equalized property valuatioy
per student.
The compensation equation thus takes the following form:

(4.1
C = q +o¢i0+a2M+a3X+a4N+a5F+a6S+a7Y+a8G+a9V+ec

where €, is a disturbance term. Except N, all the independent var-
ables are expected to be positively associated with compensation lev
els. Districts facing higher opportunity wages, more experienced
teachers, larger enrollments, and more competition from other dis
tricts are likely to pay more for teacher services. Districts with high
incomes, valuations, and aids have greater ability to pay. Fiscal de-
pendence tends to be a characteristic of urban schools. The infl
ences of N on compensation are conflicting. Districts may increas
compensation to attract more teachers (if the supply of teachersis
not perfectly elastic at the going rate), but more teachers means
smaller class size, better working conditions, and perhaps a willing
ness to accept less pay. The “supply’ and “class size” effects at
offsetting, although the “class size”’ effect may be dominant in times
of teacher surpluses.3°

The number of teachers employed (per 1,000 students) depends
on the compensation ““cost” of a teacher, the amount of nonteacl_lef
inputs purchased and other “‘taste” variables. Per student operatig
outlays for everything besides teachers B is the proxy for other i
buts. Taste variables include a district’s guaranteed property wealth
per student V, size S, the percentage of students in a district Wh
attend public rather than private schools P, and income.

The employment equation can be written as follows:

N =B, +B1C+ﬁ2V+ﬁ3S+ﬁ4B+65P+ﬁ6Y+en (4.12)

Theory suggests that, other things being equal, N is negatively ™
lated to C, but positively related both to ability to pay, V and Y, ot
to willingness to pay P. Percent of students enrolled in public scho®

1
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is a measure of a district’s willingness to pay for teachers because
residents who send their children to public schools are more likely
to support those schools financially. The coefficients in S and B
could be positive or negative.

The level of nonteacher outlays is specified to be a linear function
of N, C, grants, and four ‘‘taste variables”: V, F, S, and H (the per-
cent of teachers working in high school grades). Grants G are total
general purpose state grants-in-aid per student. Thus,

B =y, +V1N+V2C'+V3G+V4V+V5F+V6H+V7S+€B. (4.13)

There are no good theories or previous work on which to hypothe-
size the signs of the v coefficients.

Finally, school aids in Wisconsin are primarily state aids based
on the district power equalizing (DPE) principle. Under DPE formu-
las, aid per student depends on a district’s property valuation per
student and its spending per student. Based on the components cap-
tured in Eq. (4.9), the grants equation can be written as follows:

G =¢0+¢1V+¢2N+¢3B+¢4C+6G. (4.14)

Aid per student should decrease with V and increase with each of the
components of spending per student.

Equations (4.10)—(4.13) constitute the empirical model. The sys-
tem of four simultaneous equations is overidentified; thus two stage
least squares is an appropriate estimation technique.

Results

The two-stage least squares results for the compensation, employ-
ment, other-outlay and grants equations are presented in Table 4—5.
These results conform surprisingly well with the hypotheses offered
In the previous section.

All of the independent variables included in the compensation
quation, except N, are positively associated with the average teacher
Compensation levels. Each $1,000 increase in the opportunity wage
IS. associated with a $8.80 increase in C ; each additional competing
district means $33.63; each additional year of experience adds
$274.99; each additional student tends to increase C by $5.06; fiscal
dependence adds $158.10; finally, each $1,000 of income and prop-
ety valuation adds $576.29 and $46.37, respectively, to the average
nnual cost of employing a teacher. Note that each additional N is
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Table 4—5. Estimation Results of Compensation, Employment, Other-
Operating, and Grants Equations

Compensation®
C=$9,621.72 + 8.80 (0) + 33.63 (M) + 274.99 (X)
(.08) (1.19) (3.94)**

~ 145.04 (N) + 158.10 (F) + (5.06) (S)
(1.99)* (.64) (4.48)**
+ 576.29 (Y) + 4.18 (G) + 46.37 (V) + r,
(6.32)** (1.32) (1.62)
Mean Value of C = $13,340.30
S.ER = 1,191.82
R? = .35
Employment
N=40.90 - .0018 (C) + .0325 (V) + .0048 (S)
(3.55)** (1.76)* (.76)
+ .0329 (B) + .0460 (P) + .8645 (Y) + r,
(3.75)** (1.45) (2.01)**
Mean Value of N 56.58

S.E.R. = 5.58
R? = 15

Other-Operating
B=-183.92 + 7.14 (N) + .0117 (C) + .27 (G)

(1.27) (1.31) (1.67)**
+ 2.86 (V) ~ 23.05 (F) + 2.54 (H)
(1.89)* (1.09) (2.71)**
+ .15 (S) + s
(1.31)
Mean Value of B = 826.04
S.E.R. = 105.40

R? = .25
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Table 4—5. continued

Grants
G =661.18 — 8.68 (V) + .6349 (1\7)
(17.59)** (.06)

+ .6644 (B) + .0078 (C) + y

(1.65)* (.54)
Mean Value of G = 615.98
S.E.R. = 128.41
R? = .68

A¢-statistics are given in parentheses. *indicates statistically significant at 0.05
level. **indicates statistically significant at the 0.01 level. r is column of resi-
duals for jth equation.

associated with a $145.04 decrease in C; the ““class size’’ effect does
appear to outweigh the “supply’ effect. Only the experience, class
size, enrollment, and income variables are statistically significant.

Employment of teachers (per 1,000 students) does respond in the
expected way to differences in compensation levels; the estimated
coefficient for the C term is negative and statistically significant at
the 0.01 level. Property valuation per student, income per student,
and nonteacher outlays have positive and statistically significant
coefficients. The signs of the S and P coefficients are positive but
statistically insignificant.

Other-operating costs have only three statistically significant de-
terminants: V, H and G are all positively related to B. Note that the
grant dollar goes to meet other-operating costs. A ratio of more
teachers per student is associated with more B, but the finding is not
statistically significant.

Finally, the grants equation reflects the expected findings. Grants
are inversely related to property values, if the components of ex-
penditure are held constant. If valuation is held constant, grants in-
crease with increases in any of the components of expenditures per
student. Such are the workings of a DPE aid scheme.

Implications for Expenditure Determination

The ultimate goal of determinants research is to understand better
the effects of exogenous variables on public expenditures. How
éxogenous variables influence the components of expenditures has
been the topic of the previous two sections; now the components can
be reassembled.
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Return to the basic identity (4.9). Totally differentiating (4.9)
yields

dE = (dC)N + (dN)C + dB. (4.15)

The marginal effect of the ith exogenous variable (X;) on expendi-
tures per student can be found by dividing both sides by dXi:

_dE _ dc,  dN , dB
Mo T ax N o C* o (4.16)

The marginal effect of X; on E depends on the effect of X; on C, N,
and B and on the levels of N and C. For simplicity, (4.15) is evalu-
ated at the mean values for C and N. Thus the effect of X; on E can
be decomposed into wage, employment, and other-operating effects:

dE _ dC 5 dN 5 dB
X, ~ dx; = dx; = dx;’

1 [

(4.17)

or, total effect = wage effect + employment effect + other-operating
effect.

Nine exogenous variables were included in the analysis: O, M, S, F,
V,P, H, and Y. The estimation results for the system of four sim-
ultaneous equations shown in Table 4—5 can be solved for four
reduced-form equations. Each reduced-form equation expresses one
of the endogenous variables (C, N, G, and B) in terms of the nine
exogenous variables. Table 4—6 contains the reduced-form equations.
Note that the marginal effect of each exogenous variable on an
endogenous variable is simply the appropriate coefficient in a re-
duced form equation. Thus, dC/dF = $328.36 (fiscal dependence) is
associated with a $328.36 increase in compensation.

Combining the reduced-form equations of Table 4—6 and Eq.
(4.9) permits calculation of the wage, employment, and other-outlay
effect of each exogenous variable on spending per student. These
marginal effects are summarized in Table 4—7. Size, income, and
valuation have a positive impact on compensation, employment, and
other outlays; all other exogenous variables have mixed effects. Fis-
cal dependence increases compensation but decreases employment
levels and outlays for other inputs. Opportunity wage, competitive
pressure from other districts, and experience all increase compensa-
tion and other outlays but decrease employment. The percentage of
teachers in high school and the percentage of students attending

h———
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Table 4—6. Reduced-Form Equations

Equation
Variable Compensation Employment Other-Operating Grants
Constant 7827.86 43.9809 521.92 1096.92
(o] 12.34 -.0217 .01 .09
M 47.15 -.0831 .06 .35
X 385.51 ~.6792 .45 2.87
S 5.26 .0063 .33 .27
F 328.36 -1.8916 —39.53 —-24.90
14 4.31 .0660 1.26 -7.77
P -10.74 .0841 .57 .35
H -11.76 .1654 4.38 2.93
Y 606.07 .1569 11.65 12.57

Table 4—7. Composition of Marginal Effects? of Exogenous Variables
on Spending per Student

Total Effect = Wage Effect + Employment Effect + Other-Ou tlay Effect

a

NEmYV G M Ak R O

42 = 70+ -.29 + .01
162 = 267 + ~1.11 + .06
1320 =  21.81 + -9.06 + .45
11 = 30+ .08 + .33
-46.18 = 1858 + ~25.23 + ~39.53
2.38 = 24+ .88 + 1.26
1.08 = -1 + 1.12 + .57
592 = _67 + 2.21 + 4.38
48.03 = 3429 + 2.09 + 11.65

_ | N
E= 0(1,ooo)+ B
c

_{ N
dE‘(l,ooo )dc+ (1,000 )¢N > &l

dE _ 1_ dcC . 1 aN ~ , dB

¢ EXOGi ~ 1,000 d EX0Gi ™ * 1,000 a4 EX0Gi © * § EXOG;
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public school, in contrast, reduce compensation but increase employ-
ment and other outlays. Except for fiscal dependence, all exogenous
variables have a positive total impact on spending.

These results can be converted to elasticities by dividing both sides

of the equation by f/)?i :
dE/dX;  dC/dX; (N) dNdX; (C) dB/dX,
— + — —

—_— = — = + =
E/X; E/X E/X; E/X;

(4.18)

These elasticities are reported in Table 4—8.

These results indicate that, at least as compared to police spend-
ing, educational spending levels are not very responsive to exogenous
variables. One possible explanation of this finding is that educational
spending levels in Wisconsin have been “equalized” via the DPE
school aid formula and thus vary less than municipal spending on
police.

Table 4—8. Elasticities of Spending per Student with Respect to Exagenous
Variables (in percents)

Other-Outlay
Total Elasticity® = Wage Elasticity + Employment Elasticity + Elasticity
(0] .21 = .35 + -.15 + .01
M 71 = 1.17 + —.48 + .03
X 7.06 = 11.67 + —4.85 + .24
S 1.07 = .45 + 12 + .50
F -.32 = .13 + -.18 + -.28
\% 8.94 = .90 + 3.30 + 4.73
P 6.18 = -3.49 + 6.41 + 3.26
H 15.69 = -1.78 + 5.86 + 11.61
Y 19.91 = 14.22 + .87 + 4.83
E/5 = 197.34 E/§ = 66.55 E/}—, = 17.48
Efyy = 228.86 E/p = 14,355.45 E/ﬁ = 37.72
E/x = 186.88 Ef = 26.63 E/y = 24119

2Totals may not equal sum of parts because of rounding.



A Public Employment Model 149

DETERMINANTS OF LOCAL SCHOOL
EXPENDITURES: CONCLUSIONS

The public employment approach, a promising new way to attack
the old determinants question, can be extended to local school fi-
nance. Most of the exogenous determinants of school spending have
conflicting effects on the major components of spending. For exam-
ple, competitive pressures from other districts, high opportunity
wages, fiscal dependence, and teacher experience all tend to increase
salaries but decrease employment. The conventional approach con-
siders only the net effect of exogenous variables on spending and
completely misses interesting interactions.

The results of public employment analysis of school spending have
at least one major policy implication. The common practice of using
spending per student as a proxy for educational services in school
aid formulas hurts cities. Cities, after all, are where opportunity
wages are high, monopsony power is small, and fiscal dependence is
common. Urban areas can argue that spending per student overstates
the educational services they consume because wage differences due
to extraneous factors are not recognized.

APPENDIX: THE POLICE MODEL;
THE SCHOOL MODEL

A. Estimation of Cost of Living

The cost-of-living index (median level) for thirty-nine SMSAs,
available from the Handbook of Labor Statistics, is regressed on per-
centage of the total employment in the SMSA in manufacturing
(MANEMP) region (North, North Central, South) and SMSA size
dummy variables (POP1 for over one million, POP2 for 500,000 to
1,000,000, and POP3 for 250,000 to 500,000). From the results of
this equation the index (COL) was predicted for SMSAs not in the
sample of thirty-nine and the SMSA index was assumed to hold for
the central city. The estimated equation is:

COL =105.23 + 2.78 POP1 + 5.50 POP2 — 4.62 POP3 — 0.28 MANEMP

(1.2) (1.8) (1.6) (2.4)
+6.57 North + 0.66 NCentral — 7.36 South R? =65
(2.5) (.3) (3.3)

The numbers in parentheses are the t-statistics.

B. Sample
The seventy-nine central cities in this sample were taken from the
data on ninety-nine cities lying within SMSAs. However, data availa-
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pility, particularly for retirement costs, limited the sample to seventy-
nine of these cities. The cities range in population size from 55,000
to 3,000,000 and in per capita income from $2,625 to $3,747. The
mean values of the population and per capita income variables are
565,958 and $3,256.

C. Data Sources

The following are the sources of data used in the police model:

Total compensation is from International City Management Association, The
Municipal Yearbook 1973 (Washington, D.C., International City Management
Association, 1973): 179—95.

Wages of manufacturing production workers are from United States Bureau
of Labor Statistics, Employment and Earnings, States and Areas 1939-1971
Bulletin 1370—9) (Washington, D.C.: U.S. Government Printing Office, 1972).

Unionization is from unpublished data files of the International City Manage-
ment Association.

State and federal aid is from United States Bureau of the Census, City Gov-
ernment Finances in 1971—72 (Series GF 72, no. 4) (Washington, D.C.: US.
Government Printing Office, 1973).

Crime rates are from United States Department of Justice, Federal Bureau of
Investigation, Uniform Crime Reporls for the United States, 1971 and 1972
(Washington, D.C.: U.S. Government Printing Office, 1972 and 1973).

Education, population, and unemployment are from United States Bureau of
the Census, Census of Population: 1970; General Social and Economic Charac-
teristics (Final Report PC(1)—C1, U.S. Summary (Washington, D.C.: U.S. Gov-
ernment Printing Office, 1972).

The income variable is from United States Bureau of the Census, Census of
Population: 1970; General Economic and Social Characteristics (Final Report
PC(1)—C2, State Volumes) (Washington, D.C.: U.S. Government Printing Office,
1972).

The cost of living in the SMSA is from United States Bureau of Labor Statis-
tics, Handbook of Labor Statistics, 1973 (Bulletin 1790) (Washington, D.C.:
U.S. Government Printing Office, 1974).

The proportion of the population that is nonwhite is from United States
Bureau of the Census, Census of Population: 1970; General Population Charac-
teristics (Final Report PC(1)—B1, U.S. Summary) (Washington, D.C.: U.S. Gov-
ernment Printing Office, 1972).

The average sentence served by an offender is from United States Department
of Justice, National Prisoner Statistics; Prisoners Released from State and Fed-
eral Institutions 1960 (Washington, D.C.: Federal Bureau of Prisons, n.d.).

Population density in 1970 is from United States Bureau of the Census, Cen
sus of Population: 1970; Number of Inhabitants (Final Report PC(1)—Al, Us.
Summary) (Washington, D.C.: U.S. Government Printing Office, 1971).
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The following are the sources of data used in the school district
model: ‘

Number of certified teachers, parochial enrollments, and county data are
from Wisconsin Department of Public Instruction, Basic Facts About Wiscon-
sin’s Elementary and Secondary Schools, 1967—77 School Year, Bulletin #7353
(Madison, 1977).

Opportunity wage data are from Wisconsin Department of Industry, Labor,
and Human Relations, Unemployment and Wages Covered by Wisconsin’s Un-
employment Compensation Law, Issue 91, Second Quarter 1976 (Madison,
1977).

Equalized property value, resident enrollments, total budgets, fiscal depend-
ence, and net operation cost data are from Wisconsin Department of Public
Instruction, Planning for Better Education in Wisconsin: A Guide for Agency
School Committees, 1976—77 Data Supplement (Madison, 1977).

Grants-in-aid data are from Wisconsin Department of Public Instruction,
“General School Aid Budget Estimates for 1976—77" (Madison, 1977).

Taxable income data are from Wisconsin Legislative Council Staff, “Ranking
of School Districts 1975—76 on Equalized Valuation Per Member, Income Per
Member, Tax Rate, Cost Per Member, and Membership,” Memorandum 76— 28
{Madison, 1976).

Teacher total compensation and average years of local experience data are
from an unpublished report by the Wisconsin Department of Public Instruction,
prepared for the Wisconsin Education Association, 1977,
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e =Y
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C72 = O (N,)! Y (UNEMP)©27 (1;)037 (AvSs)SsY (Nw)ysY (c71)t !
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