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The paper examines the causal effects between local property tax revenues, local
school district expenditures, and staie grants for education 1o local school districts in
Missouri from 1980 to 1988. Estimating vecior autoregressions and employing
Granger causality tests, evidence is found of bidirectional causality between revenues
and expenditures, while grants cause expendifures bul not revenues. An implication of
the finding of bidirectional causality is that those who seek 1o control local property
tax growth will be forced 1o accept less spending for public education, while those
who seek 10 expand local spending for public education will have 1o find ways of rais-
ing local property tax revenue.

INTRODUCTION
This paper examines the linkage between spending and taxing decisions for local edu-
cation. The paper addresses the following questions:

* Do changes in local school district spending and state grants for education
precede changes in local school district property tax revenues?

*  Ordo changes in local school district property tax revenues and state grants
for education precede changes in local school district spending for education?

We answer these questions by combining cross-sectional and time series data for 541
Missouri school districts for the school years 1980/1981 to 1987/1088 and employ the
Holtz-Eakin, Newey, and Rosen (1989) model of revenue-expenditure Granger-causality.
Past studies of revenue-expenditure causality have examined federal and state spending
and tax decisions across broad categories of public services. By examining a specific pub-
lic service, education, we can avoid problems that may arise from aggregating broad cate-
gories of services and revenue sources. By using data from a single state, problems that
may arise from states having different constitutions and financing provisions for public
education are minimized. The tradeoff made when usin g disaggregated data for education is
that the empirical results may not hold for other narrow categories of public services,
such as police and fire protection or highway services. On the other hand, there were over
14,700 local school districts in the U.S, during our sample period and the financing of
these school districts accounted for the largest proportion {approximately 34 percent in
1988) of local government budgets (Statistical Abstract of the United States, 1992). In
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addition, local spending for primary and secondary cducation grew 82 percent in the U.s.
and 83 percent in Missouri in nominal dollars during our sample period 1980 to 1988,
which should allow for extensions of our results to other states.

We also examine the effects of state grants for education on the spending and ax
decisions of local school districts. Flypaper effects are said to exist when a dollar increase
in fjump-sum grants stimolates public spending by more than a dollar increase in local
income. In other words, the money sticks wherc it hits. With cross-section data,
rescarchers have found the existence of flypaper effects. The existence of such effects can
be attributed (o fiscal illusion by the representative voter or by burcaucrats {school boards)
that are able 10 exercise control over the agenda.

There are several reasons (o believe that flypaper effects may diminish over time.
Fiscal illusion exists when voters perceive the tax price they face to be less than the true
1ax price. Using time serics data allows us 1o investigate whether the representative voter
acquired greater information on the consequences of intergovernmental grants as time
elapsed. If voters are faced with monopolistic bureaucratic control of school boards and if
school boards prefer more spending for education than voters, then increases in grants
should cause spending for education to increase. In this case, spending i$ IESOUICE OT SUp-
ply determined. School board elections, however, tend to occur frequently. Such glections
should enable the representative voter to choose board members that set an agenda more in
linc with their preferences, so that public spending for education is determined by the
demanders (citizens). Employing time series and cross section data, we seek Lo determine
if flypaper effects arc a short-run phenomenon or if they hold over time as well. The
econometric technique we employ helps to account for regime changes al the state level
(such as changes in political leadership and educational statutes) that may influence the
role that grants play.!

There are four hypotheses concerning causality between government revenues and
expenditurcs. The first hypothesis 1s that government spending and taxing decisions
change simultancously. This hypothesis often is attributed to policy makers comparing
the marginal benefits and the marginal costs of a proposed change and implementing
those changes where the marginal benefits outweigh the marginal costs. For local school
districts, one also can think of the median voter casting a ballot in a school election after
weighing the benefits and costs of the proposed change.

The second hypothesis maintains that taxes cause spending. Governments that arc
restricted from running deficits, either statutorily or as a result of pressure from citizen
voters who are averse 1o budget deficits, must raise tax revenues before spending can be
increased. Supply-siders also support this hypothesis when they claim that the way to
slow or halt the growth of cxpenditures is 10 Cul 14xes, while raising taxes to fight
deficits may be self-defeating if taxes cause spending. The landmark 1971 Serrano v.
Priest Supreme Court case alludes to the taxes-cause-spending bypothesis for local
schools; in this case, the justices ruled that local school district spending could not be a
function of local school district weaith. Even though Serrano subsequently was over-

1 Our model is able to control indirectly for regime changes at the school disirict kevel by allowing each
school district to have an individual effect that varies across school districts.
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turned, most states still feel an obligation to provide aid 1o local school districts to reduce
the differential effects of wealth on local spending for education.

The third bypothesis maintains that spending causes taxes. It is consistent with the
displacement effect of Peacock and Wiseman (1979) in which a social disturbance occurs
that causes public spending to increasc initially, after which taxes begin to risc to a per-
manently higher level as citizen voters inspect social problems thal have become more
visible because of the disturbance.

A fourth hypothesis maintains that there is no causal relationship between spending
and taxing decisions, suggesting that fiscal policy is random. This hypothesis, although
partially supported by the work of von Furstenburg, Green, and Jeong (1986}, may not be
plausible when examining a narrow spending category such as education, where local con-
trol is generally high.

THE FLYPAPER EFFECTS OF GRANTS

While past empirical studies have found the existence of flypaper cffects, several
recent theoretical studies have sought o explain why these effects exist. The production
of education generally is thought to depend on the level of home inputs (such as past stu-
dent achievement and parentat involvement) and purchased school inputs (such as teachers,
administrators, and libraries). Bruce Hamilton (1983) shows that observed flypaper effects
may occur because own income, serving as a proxy for home inputs, is a substitute for
purchased school inputs in the production of education. In his model, an increase in grants
canses the demand for all purchased inputs to increase. When income increases, however,
two effects occur simultaneously. One effect is that the demand for all purchased inputs
increases. At the same time, schools may substitute home inputs for purchased school
inputs. This leads to a flypaper effect, with an increase in grants having a larger effect on
school spending than an equivalent increase in income.

Jonathan Hamilton (1986} built a model to explain flypaper effects by assuming that
citizens in a locality ignore the efficiency loss due o price distorting federal taxation, but
account for the efficiency loss due to price distorting local taxation. Citizens in local
communities have a higher propensity to spend for public services from grants than they
do from their own income.

Winer (1983) and Logan (1986) examine how fiscal illusion by citizen voters may
lead to an expansion of the local public sector. In Winer's model, when the central gov-
crument finances local public services, voters may perceive grants as a decrease in the
marginal cost of public services with part of the cost shifted to other local governments,
L.ogan, however, argues that the fiscal iltusion present in Winer’s model leads to actual
realized disposable income being less than perceived disposable income. To reconcile this
discrepancy, Logan assumes that federal grants to local governments cause voters to per-
ceive that federal tax prices are rising while local tax prices are falling. This dual illusion
by citizen taxpayers brings actual and perceived disposable income into line and theoreti-
cally should lead 1o an expansion of the local public sector at the expense of federal non-
aid expenditures. Logan's empirical work supports his theory.

Holiz-Eakin, Newey, and Rosen (1989) examine the effects of grants on spending and
revenues in a dynamic model using cross-section data for 171 municipalities and time
series data for 1972 to 1980. They find that grants do appear to affect both the expenditure
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and the revenue structure of the municipalities, suggesting the existence of flypaper
effects. In examining the effects of grants on education, Cohn (1987) finds that state and
federal education grants 1o local school districts in South Carolina are stimulative, indicat-
ing a flypaper effect. Craig and Inman (1982), however, find that unconstrained federal aid
for education usually have no fiypaper effect, with the aid being used for tax reliet by the
state governments. Examining the expenditure response of grants for 41 Virginia cities,
Gist (1988) hypothesizes that flypaper effects should be greater for cities experiencing
high fiscal stress and lower for cities that are in good shape financially. Yet his findings
suggest that for public education, flypaper effects are not present for cities of either type.

The theoretical and cmpirical literature on the flypaper effects of grants is far from
conclusive. The mixed evidence suggests that when testing for revenue-cxpenditure causal-
ity, grants should be included as an explanatory variable. Our model of revenue-cxpendi-
ture causality accounts for the cffects of grants and provides a test for the existence of
flypaper effects by cxamining whether changes in grants precede revenues and whether
changes in grants precede expenditures.

LITERATURE REVIEW

A common method of testing for causality involves estimating vector auloregressive
(VAR) models and employing the concept of Granger causality. et E, and R, be defined
as expenditurcs and revenues in period t and let El = (E., ..., E,)and R{ = (R,
R,.) represent the L lagged values of expenditures and revenues. Let the expression
oXEJE}) represent the conditional variance of the forccast crror of expenditures from
lagged values of expenditures and let the expression o2(EJE*, R}) represent the
conditional variance of the forecast error of expenditures on the lagged values of expendi-
tures and the lagged values of revenues. If the current values of expenditures can be better
explained by the past values of both expenditure and revenue than the past values of
expenditure alone, then revenues are said (o Granger cause expenditures. In other words,
expenditures can be predicted more efficiently (in a statistical sense) when the information
in past values of revenugs is taken into account. This condition is reflected by

(1) e (EJET, RD < 62 (EJED.

Expenditures are said to Granger cause revenues if

(2) 6% (RIR}E}) < 62 (RIRY).

Bidirectional causality exists if equations ( 1y and (2) both hold. With bidirectional causal-
ity, revenues and expenditures are determined simultaneously.

Depending on the data set employed, past empirical research on revenue-expenditure
causality has yielded differing results.Z Using annual federal data, Manage and Marlow

2 The divergence in tesults can be attributed 1o several factors. These factors include the choice of time
period, the use of quarterly or annual data, and the lag structure. Also important is the choice of government
unit to analyze: local, state, or federal. Whether the researcher defines revenues and expenditures m
nominal, real, or per capila terms also can lead 10 varying results. Of additional concern is whether
revenues and expenditures are adjusted for the effects of automatic tax and spending changes duc to Ihe
business cycle and for nondiscretionary changes in interest payments on expenditures. Another possible
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£1986), Blackley (1986), and Ram (1988) find bidirectional causality between federal rev-
enues and expenditures. Anderson, Wallace, and Warner (1986} find that expenditures
cause revenues. Using quarterly federal data, von Furstenberg, Green, and Jeong (1986)
find that expenditures cause revenues, while the results of Ram (1988) suggest that rev-
enues cause expenditures for a diffcrent time series of federal data.

Marlow and Manage (1987) employ Granger causality tests using spending and tax
datta for the 50 states and find cvidence that revenues cause expenditures and weak evidence
ol bidirectional causality for a model with only two lags. They also aggregate local gov-
emment spending to the state level and find that revenues cause expenditures for a model
with two lags. Ram (1988), however, concludes that expenditures cause state and local
revenues. Joulfaian and Mookerjee (1990) employ data from Massachusetts 1o avoid the
potential bias from multistate aggregation of expenditures and revenues and find that rev-
enues cause expenditures, Holtz-Eakin, Newey, and Rosen (1989) employ cross-section
and time series data and conclude that revenues cause expenditures in their sample of 171
municipalities.

Blackley (1990) investigates the existence of asymmetric causality between federal
revenues and expenditures, Blackley assumes that voters perceive tax decreases and expen-
diture increases as benefits, while tax increases and expenditure decreases are perceived as
costs. Because rational voters seek (o avoid any fiscal loss when tax revenues and expendi-
tures arc changed, they will require expenditure increases before revenues can be raised and
will require tax cuts before expenditures can be reduced. Expenditure cuts, however, likely
will not precede tax cuts and tax increases likely will not precede expenditure increases.
Again, this is because volers seek 10 avoid any fiscal loss when faced with uncertainty. If
asyminetric causality exists, budget deficits will be required to finance any change in
cxpenditures and revenues. Blackley's hypothesis is supporied empirically with data from
1946/1947 10 1986/19%7.

Despite the large number of studies examining revenuec-expenditure causality, consen-
sus on the direction of causality is still elusive. Of the studics examining federal revenue
and expenditures, three find bidirectional causality, two find evidence that expenditures
cause revenues, and one study finds that revenues cause expenditures. For the studies
cxamining state and/or local revenues and expenditures, two find that revenues cause
expenditures, one finds that expenditures cause revenues, and one finds the existence of
directional causality,

This study seeks to resolve some of the issues that may have led 10 a divergence in
the results of previous studies. Rather than choose an arbitrary lag length, we test for an
optimal lag length. We also test the implicit assumption of parameter stationarity and
account for possible simultancous cquation bias in our model. In addition to examining
the issue of revenue-expenditure causality for local school districts, we also seek to clarify
ihe influence that grants have on local school district spending and local school district
revenues.

veason for divergence in results is due 1o the measurement of revenue and expenditure changes. These
changes can be measured in absolute terms, in percentage termis, or as the proportion of aggregate
cconomic activity, such as GNP.
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MODEL AND EMPIRICAL RESULTS
THE MODEL

We create a model 1o test for revenue-expenditure causality using local school dis-
tricts in Missouri as observations for the eight year period 1980/1981 to 1987/1988. The
release of A Nation at Risk: The Imperative for Educational Reform in 1983 (Gardner et
al., 1983), which focused public attention on education and triggered a wave of state edu-
cational reforms, makes 1980 to 1988 a compelling period for study. During the sample
period Missouri implemented a major reform in the delivery of state aid 10 local school
districts with the passage of Proposition C in 1982. Proposition C increased the Missouri
stale sales tax by one cent, with half of the additional revenuc earmarked for education.

Missouri delivers state aid to loca) school districts (hrough a hybrid foundation aid
and district power equalization {DPE) formula. The foundation part of the formula pro-
vides a minimum level of aid to each school district and is essentially a lump-sum grant.
The DPE part of the formula adjusts state aid for interdistrict differences in property
assessed valuation and therefore, affects the tax price of education faced by the school dis-
trict. Twenty-six states delivered aid to local school districts through a foundation pro-
gram in 1985/1986, and another twelve states delivered aid through hybrid formuiae which
include either a foundation program or a DPE program (Cohn and Geske, 1990). Because
our model accounts not only for lump-sum grants, but also grants that change the Lax
price faced by local school districts, it should be applicd (o individual state data sets to
compare revenue-expenditure causality effects across statcs.

The total number of school districts in Missouri ranged from 554 in 1980 to 545 in
1988. Complete data on 541 school districts arc available for each year and are used 10
estimate the model. We follow the model developed by Holiz-Eakin, Newey, and Rosen
(1988, 1989) 1o combine the cross-section and time series data. School districts are
indexed by the subscripts i = 1, ... N, and time periods are indexed by the subscripts L=
1, ... T. The number of lags on the right side variables ar¢ indexed by the subscripls m =
1, ... L. We describe our model using expenditures for school district i at time t, E;, as
the dependent variable with local property tax revenues for district i at time t, R, as the
independent variable. We also interchange I and R, and consider a model with revenucs
as the dependent variable.

State grants to the ith school district at ime t ar¢ G, and the equalized assessed valu-
ation of property per student, AV, serves as our proxy for demographic and 1aste vari-
ables. A variable, f,, corresponds to an individual effect for the ith school district and
accounts for demographic and taste differences not captured by assessed valuation. An error
term is defined as u,, and the parameters of the model are ., T.. the 0tyS, P, S, and
ToS-

The model takes the form:

L L. L [
(3) E“u = ao + 1_‘tfi + 2 “-rmEihm + E BmlRil-m + 2 6ml(;il-m + E TmlAviz-m + uil
m =1 i

m = m =1 m =

i=1,...N,t=m+l, ... T
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'The slope coefficients for the lagged dependent variables, Oy,s. and the slope coefti-
cients for the lagged independent variables, By,s, 8,5, and T, vary for each time period
but are constant across school districts. The time-varying slope coefficients allow for
regime changes at the state level to occur. These regime changes may include changes in
political leadership and changes in (he general economic climate of the state.

A test of the hypothesis that revenues cause expenditures involves jointly testing
whether the 3,8 are significantly different from zero. A test of the hypothesis that grants
cause expenditures involves jointly testing whether the 3_,s are significantly different
from zero.

The variables f; and AV, in equation (3) are included (o capture individual differences
in local school districts because of differences in socioeconomic variables, In examining
the issuc of causality between spending and taxing decisions, we seek to explore the
effects of spending and taxes that are not explained by differences in socioeconomic vari-
ables. Missouri’s hybrid formula for allocating aid to local school districts has aspects of
both a lump-sum grant and a matching grant. The tolal value of grants received is
included in the term I,. Matching grants, in addition to having an income effect, also
have price effects that vary between school districts and depend on assessed values, The
term f; serves to caplure the price effects of matching grants and also serves to capture any
additional differences in school district preferences not accounted for by AV, such as
regime changes at the school district level that may result from school elections where
voters choose new board members,

Ietting one of the 541 school districts in our sample serve as a reference, estimation
of equation (3) would include estimating 541 - 1 = 540 individual effect parameters, a
burdensome number. Because the goal of this study is to examine issues related to rev-
enue-cxpenditure causality and not to estimate individual effects, we follow a standard pro-
cedure to eliminate the individual effect parameters. To eliminate the term, f;, present in
equation (3), multiply equation (3) for period t by r, =T, /T and subtract it from the equa-
tion for period t+1. Rearranging and collecting terms yields

L+! L+1 T+1 L+l
(4) Ejy=a + Z bunEiem + Z CmtRipm + Z Ao Gigem + E e AV iim + Vi,
m=1 m=| m=1 m=1

=1 N t=m+2, ... T,

where the parameters of the model have been redefined as

A= 0 - r[a'()a
h!! =L+ 0y, b:m = Oy - rt'!:)'-m—l‘l—l .m = 2v I,,
hl.+l,{ =T,

Cio= B C = Bow - rle-l.l-l .m=2, 1,
O Cae=-1Pi s

A =8, dy = By - MO, m=2, .. L,

dhl,l = 'rlal..l-l’
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by = T By = Ty - BT, M= 2,... L
g 0 = 1Ty, @nd
Vi = W - Ll

From equation (1), revenues are said 10 cavse expenditures when the conditional vari-
ance of the forecast error of expenditures is less when the past values of expenditures and
revenues are accounted for than when the model is restricted to include only the past val-
ues of expenditures. To test the hypothesis that revenues cause expenditures, we test the
joint hypothesis that ¢;,=¢; = ... =CLa, = 0. To implement equation {1), we test
whether the restricted sum of squared residuals is significantly different from the unre-
stricted sum of squared residuals, using a chi-square test, where the restrictions are cmbod-
ied in the joint hypothesis given above. To test the hypothesis that grants cause
expenditures, we test the joint hypotbesis that d, = d, = ... =di,, = 0. Because the
dependent variable in equation 3, E;, depends on u;, the transformed error term in equation
(4), v, = uy,, - 1, will be correlated with the ransformed regressor (B, - rE). Thus,
estimation of equation (4) by OLS or GLS will not produce accurale results because of
simultaneity bias. To account for this simultaneity problem when estimating equation
{4), we implement an instrumental variables technique. Holtz-Eakin, Newey, and Roscn
(1988) provide formulae for estimation and discuss identification and hypothesis testing of
the system of equations given by equation ».?

For the system of equations given by equation (4). there are N observations (school
districts) for each period and 1. lags. The equation for cach period has 4%L right-side vari-
ables and an intercept. There alse must be at least ((4*L)+1) instruments for identification
of each equation. The instruments that are available for each time period are [LE .. ...
Eg R o Ri Gua o GisAV, o AV Therefore, only the equations for the
periods 1 2 L. + 3 can be estimated. Tor example, when there are two lags, L =2, and
eight periods, only eguations for periods 5, 6. 7. and 8 can be estimated.

‘To estimate the model given by equation (4), a suitable lag length for the right-side
variables must be chosen. loltz-Eakin, Newey, and Rosen (1989) find that a lag length of
I. = 2 sufficiently characterizes their data. Manage and Marlow( 1986) also find weak cvi-
dence that revenues cause expenditures for a model with two lags. We alse begin by esu-
mating a model with I = 2 lags and test whether this lag structure is sufficient to
characterize the data and then test whether shorter lags can characterize the data.* With two
lags, the cquations for periods § through 8 (1984/1985 (o 1987/1988) can be estimated.
These equations are estimated using three stage jeast squares and the minimized value of
the chi-square statistic, denoted by (), is calculated. The minimized value of () s equal 10
the unrestricted system sum of squared error lerms, accounting for the instrumental van-

3 To jmplement the model, we first stacked 1he cross-section data for each timne period, took appropriate
lags, and defined instrumental variables for each period. Tu estimate the model we used the SAS algorithm,
PROC SYSNLIN 3818,

4 The choice of L = 2 lags is used to estimate the variance-covariance matrix of residuals which then is used
fo test various restrictions. While the choice of tag length 1s somewhat ad hoc, the lag length choscn
should be long enough to avoid truncating the dara. The test statistic of the restriction that 1 = I s

consistent with the data.
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ables employed and the simultaneity of the system.” To test whether the system with two
lags is sufficient to characterize the data, we compare Q with the critical chi-square value.5
The number of degrees of freedom is equal to the sum of the number of instrumental vari-
ables for each time period minus the number of parameters estimated.” There are 76
instrumental variables and 13 parameters (o be estimated for cach of the four years for a
model with two lags. The number of degrees of freedom is thus 76 — 52 = 24,

Table 1 provides descriplive statistics of the variables for expenditures, property tax
revenues, state grants, and property assessed valuation. All variables used in the empirical
section arc in logarithmic real terms per cligible pupil in the school district.

Table 1—Means and Standard Deviations of Expenditure, Revenue, Grants, and
Assessad Valuation'

State Assessed

Year Expenditure Revenue Grants Valuation
1980 1 1981 $2831.77 $905.62 $1122.75 $34542.58
(392.51) (523.89) (255.94) (19299.66)

1982 o 1982 2115.42 935.19 1110.54 34877.54
(435.00) (556.51) (250.74) (21520.72)

1982 to 1983 2148.40 1051.86 1123.06 34835.56
(449.99) (580.95) (443.100 (25480.24}

1983 10 1984 2310.06 782.36 1127.96 33087.54
(471.62) (572.33) (243.64) (25939.40)

1984 10 1985 2372.34 738.24 1123.03 33757.60
(488.88) (669.84) (247.98) (30331.98)

1985 10 1986 2516.05 714.37 1285.00 34500.02
(485.12) (562.08) (514.64) (23883.24)

1986 1w 1987 2625.82 750,08 1404.86 34937.44
(520.36) (584.80) (307.10) (22936.20)

1987 10 1988 2720.12 785.00 1486.14 32781.44
(515.02) (624.79) {322.94) (23448.96)

Source: Data are taken from the annual issues of the Report of the Public Schools of Missouri

VAl variables are in constant 1983 dollars per eligible pupil in the schoot district. Standard deviations are
n parentheses

3 Define v to be the stacked vector of residuals, z to be the mattix of instruments used in each equation, and
S to be the variance-covariance matrix of residuals.

Then Q = v28'z'v. This statistic is reported by SAS as OBJECTIVE*N. The SAS opuon OUTS =
SMATRIX is used in estimating the unrestricted equations given by equation (4) so that the unrestricted
variance-covariance matrix, S, can be used for testing restrictions. When imposing the restrictions implied
by causality, parameter stationarity, or checking for appropriate lag length, the SAS option SDATA =
SMATRIX is included in the PROC SYSNLIN 3SLS statemen 1o read in the unrestricted variance-covariance
matrix of residuals. To test each restriction, the statistics OBJECTIVE*N are found for the restricted and the
unrestricted models, Gallant and Jorgenson (1979) demonstrate that the difference in the two statistics has
a chi-square distribution with degrees of freedom equal to the difference in the number of parameters
estimated for the two models,

® Following Holtz-Eakin, Newey, and Rosen we use 10 percent significance levels to (est for lag length to
avoid possible type IF errors resulting from an incorrectly truncated lag length. For causality tests aud the
tests for parameter stationarity we employ a § percent significance level.

" For tirse period S there are three years of data for each of the four lagged right-side variables plus a
constant term for a total of 13 instrumental variables. In time period 6 there are four years of data and a
constant term; in time period 7 there arc five years of data and a constant term; and in time period & there
2;6 six years of data and a constant term. The sum of the number of instrumental variables is 13 + 17 + 21 +
25 =76,
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EMPIRICAL RESULTS

The system of equations given by equation (4) first is cstimated with expenditures as
the dependent variable, with the parameter estunates reported in Table 2 and the causality
results presented in Table 3. The minimized value of the chi-square statistic, derived from
the unrestricted model, takes a value of Q = 16.06 and is reported in ling Table 3. The
critical chi-square value with 24 degrees of freedom and a 10 percent significance level is
33.196, indicating that a model with two lags sufficiently characicrizes the data. The
hypothesis tests of various restrictions arc performed by recalculating the minimized chi-
square statistic with the restriction imposed using the unrestricted across equations
variance-covariance matrix. The test statistic is denoted by K and is equal to the restricted
chi-square statistic, Qg, minus the unrestricted chi-square siatistic: K = Qg - Q. The num-
ber of degrees of freedom is equal to the number of parameters cstimated in the unre-
stricted model minus the number of parameters estimated in the restricted model.

Table 2—Parameter Estimates for the Expenditure Equations'-?

1984-1985 [985-1986 1986-1987 1987-1988

Variablc Parameter Estimales Estmates Estimates Estimates
[ntercept a 3.480 4,276 4.179 1.830
0.326) (0.288) (0.279) (0.590)

R, b, 0.186 0.191 0.150 0.557
003 (0.031) (0.031) (1T

R by 0.010 6.020 0.052 .019
(0.036) (0.032) {0.032) {0.045)

R, by 0.196 0.086 0.069 0.042
(0.0573 (0,034} (0.031) (0.036;

E,, ey 0.048 0.050 9.050 0.007
(0.010) 10.009) (0,009} (0,058}

Fa Ty -0.001 -{.000 0.002 -0.001
0.011) {0.010) (0.010y (0.0213

Ey 1 Cy 013 0.016 0.009 0.015
(3.0L3) 13.010) (0.009) (0.011)

G, dyy -0.001 0.008 0.017 0.214
(0.026) (0.025) {0.024) {0.089)

G dy 0.009 0.00% 0.019 -0.056
{0.028) N.0257 (0.025) 0032y

Ga dy 0.114 1.109 1. 0649 0.025
’ (0.038) (0027 (0.024) 0031
AV, hy, -0.024 0022 -0.018 -0.017
(G018 0017 .01 {0.038)

AV o hy -0.000 0,002 0.002 0003
{0.021) (0.018) HURO NS (0.025%

AV 4 hy, 0.027 0.025 .014 {415
(0.024) 0.019) .017) (00223

TStandard errors in parenthescs. Data taken from annual issues of Report of the Public Schools of Misyouri
E = cxpenditures, R = property tax revenues, G = stale grants. AV = assessed valuation

2with two lags and eight years of data the system of equations takes the form:

L+l L+! L+l L+l

Eil=€‘|+ E hmlEilAm" E cmlRil-m"' E d|'ani|-rn+ + }..a | hmlAViI-m* Viga 1= lL..N.t=5 .8
m=1 1

m = m="1! m o=
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Table 3—Do Revenues andior Grants Cause Expenditures? I%x?enditure Equation
Test Results E‘ = '(Et-1’ e 'Et-L‘Rt-1‘ vas ,n‘_L,Gt_1,< ™ ,Gt_L) *

Restriction Q K=Qp-Q X? d.f.
(1} Two lags, L= 2 16.06 - 33.196(a = .10) 24
(it) Stationarity®, 1, = 1 602.96 586.90 3.488(a = .05) 4
) One lag, L =1 233.949 217.90 23.542%{a = .10) 16
(1v) Exclude revenues given (1)* 141.55 125.49 21.026{x = .05) i2
(1v) Exclude grants given (i)5 79.76 63.70 21.026{a = .05) 12

Source: Data are taken from annual issues of the Report of the Public Schools of Missouri. E = expenditures,
R = property tax revenues, (3 = state grants. AV = property assessed valuation

"With two lags and eighi years of data the system of equations takes the form:

T+l L+l .41 T+t
fio=a+ Z bmtp'h-m + E I‘“‘mlRil-m + Z :Iijit—m + o+ Z . hnuAv‘u-m +v =l L N1=5 08
m = m =

m =1 m =
The parameter estimates are presented in Table 2
O = unrestricted chi-square stalistic. Qr = restricted chi-square statistic
Parameler stationarity, £ = 1, is imposed by restricting the intercepls, a,. to cqual to zero, for all t
Yo check whether revenues cause expenditures, the restrictions ¢y, = ¢y = c3, = 0. 1 = 5, ... 8, are imposed

T check whether grants cause expenditures. the restrictions dyy =dy =dy =0.t =5, ... 8 are imposed

We check for stationarity of the individual effects and also check whether a shorter lag
length would characterize the data sufficiently before testing the hypotheses concerning
causality. The test for parameler stationarity allows us (0 infer whether regime changes
due 1o changes in local school boards or innovations in grants, such as Proposition C,
have an effect on underlying relationships between cxpenditures, revenues, and grants. We
test for stationarity of the individual effects by testing whether I', = constant for all ¢. If I",
is constant over time, then r, = 1 and the intercepts of equation {(4) are all zero, With the
intereepts of equation (4) restricted (o equal zero, the valve of Qr 15 602.96 with K =
60296 - 16.06 = 586.9 (Table 3). The critical chi-square with 5 percent significance and
lour degrees of freedom is 9.488. We therefore reject the model with stationary individual
effects. When we restrict the model o only one lag, there are 16 fewer parameters to
estimate. The value of Qg is 233,96 with K = 233.96 — 16.06 = 217.9. The critical chi-
square value with 10 percent significance and 16 degrees of freedom is 23.542. We there-
fore reject the model with only one lag and use the two lag model for causality tests.

In Missouri local school districts acquire local revenues for education primarily from
the property tax. Total expenditures by each school district are a combination of local rey-
emucs and stale grants 1o the school district. State grants 1o local school districts are
derived from several sources. One source is a foundation plan that guarantecs each schoo!
district a minimum level of aid per eligible pupil and is essentially a lump-sum grant.
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The second source of state aid is from a district power equalization plan which takes the
form of a matching grant to the school district, with the matching rate an inverse function
of the property lax base per eligible pupil. If the property tax base rises with a constant
tax rate, local revenues wilk rise but the school district will receive less state aid from the
matching grant. On the other hand, if the property tax base in the local school district
remains constant but property tax rates sise, local revenues increase and matching state aid
also increases. The effect of a change in focal revenues on expenditures, therefore, depends
critically on whether changes in local revenues are caused by changes in the property tax
base or by a change in tax rates.

We test the hypothesis that local revenues do not cause local expenditures by reesti-
mating the two lag model and imposing the restriction that the coctficients for the lagged
values of local revenue are zero. The test statistic, K = 125.49, leads us w reject the
hypothesis that revenues do not cause expenditures. Local property tax revenues are statis-
tically causing expenditurcs. That is, changes in local property ax revenues precede
changes in local expenditures.

Because most local school districts derive their revenue from the property tax, inter-
school district differences in propesty values can lead to differences in local school district
revenues. The landmark 1971 Serrano v. Priest case caused researchers and state legisla-
tures to focus their attention on equalizing interschool district differences in the property
tax base. Much of the research has been an outgrowth of Feldstein's (1975) seminal paper
on wealth neutrality, which shows how interschool district differences in property values
could be equalized through a system of lump-sum and matching grants provided by the
state. State grants to local school districts can be defended on efficiency grounds if educa-
tion expenditures generate external benefits in addition to private benefits. It local spend-
ing by school districts generates external benefits to citizens outside the district, school
districts that do not account for the external benefits will tend to underallocate resources
for the provision of education. While state grants can be defended on either equily or etfi-
ciency grounds, problems may arise in setting up the optimal grant. If citizen voters are
constrained by how much they can spend from their own sources by the grant policy, they
may seek refuge in private schools or move to school districts that provide expenditurc
levels more in line with their preferences. Another problem may arise with grants that
seck to stimulate expenditures if school districts substitute the grant for spending from
their own revenue sources. Although Cohn (1987) found that state grants (o local school
districts in South Carolina partially stimulated local spending for education, the grant also
reduced local tax effort.

We test the hypothesis that grants do not cause spending for education by reestimat-
ing the model with two lags imposing the restriction that the coefficients for the past
values of grants are zero, The test statistic is K = 63.70. The critical chi-square with a
significance level of § percent and 12 degrees of freedom is 21.026. Thercfore, we reject
the hypothesis that grants do not cause spending. This is an important resull that helps
confirm the existence of flypaper effects over time and is consistent with past cvidence of
a flypaper cffect for cross-section data. While our results indicate that changes in grants
and Tevenues both cause changes in expenditures, it also may be true that changes in
expenditures cause changes in revenues. That is, there may be bidirectional causality
which would be consistent with the hypothesis that policy makers (or a median voten)
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compare the marginal benefits and the marginal costs of a proposed change and implement
those changes where the benefits outweigh the costs.

Interchanging the variables E and R in equations (4), so that revenues now serve as
the dependent variable, allows us to answer the questions of whether expenditures cause
revenues and whether grants cause revenues, Final parameter estimates of the system are
orovided 1o Tablc 4. With respect to the effect of expenditures on revenues, it can he
argued that school districts that increase their spending for education can attract future rev-
=nues. This argument can be supported if education expenditures yicld net marginal benc-
fits that are capitalized inlo housing values and raise the property tax base or if the net
marginal benefit attracts new capital into the property tax base. It also can be supported if
the increased expenditures enhance the human capital stock, leading to higher future
incomes coupled with a willingness to pay more for future expenditures. Though we have
not measured human capital directly, it is proxied by our individual effect, f; and AV,. An
opposing argument to this hypothesis can be defended if citizen volters feel they are not
getting their money’s worth from education expenditures or if graduating students with
their enhanced human capital migrate from the school district.

JTable 4—Parameter Estimates for the Revenue Equations'-2

1784 to 1985 1985 to 1986 1986 to 1987 1987 to 1988

VYarable? Parameter Estimates Estimates Estimates Estimates
.ntercept N 0.548 2.170 2.630 2.709
(1.281) (1,108 (1.074) (2.709)
e by, 6.036 0.056 0.057 -0.123
(0.107) (0.105% (0.106) (0.387)
e by -0.321 -0.222 -0.204 -0.178
(0.123) (0.108) (0.107) (0.132)
AN by, 0.578 0.279 0.197 0.263
{0.166) (0.279) (0.105) (0117
R Cy 0.428 0.428 0.434 0.673
{0.038) (0.037) (0.03hH (0.167)
R Cy 0.119 0.099 0.104 -0.003
{0.045) (0.040) (0.039) (0.075)
s Cy 0.007 0.022 0.024 -0.003
(0.051) (0.041) (0.037) (0.044)
0, d, . . . .
o
(j‘? dy . . . N
AV, hy, -0.147 .0.124 20119 -0.165
0.061) (0.058) (0.058) (0.124)
AV, hy 0.121 0.082 0.094 0.141
(0.073) (0.062) (0.061) (0.081)
AV 4 hy, 0.025 0.021 0.000 -0.007
0.0"N (0.064) (0.057) (0.671)

!St_anda:gi errors in parentheses. Data are taken from annual issues of the Report of the Public Schools of
Missouri. E = local ceducation expenditures, R = local propenty lax revenues, GG = slale grants, AV = prop-
vety assessed valuation

*With two lags, and eight years of data, the system of equations takes the form:
1+l L+t L+ L+l

= a+ Z ]bmlEu-m+ Z lleRim-n+ 2 1‘1m| litm+ + z hpAVim+ ¥ 1=1, ... N,t=5..8
m = m =

N = m =1
*Parameters for lagged values of grants restricted to zero because the hypothesis that grants do not cause
revenues could not be rejected
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The causality results from estimating the system of equations (4) with revenue as the
dependent variable are reported in Table 5. In this table, the unrestricted chi-square statis-
lic, (3 = 16.7, implies that the model with two lags of the right-side variables sufficiently
characterizes the data. Also notice that the model with stationary individual effects and the
model with one lag are rejected,

Table 5—Do Expenditures and/or Grants Cause Revenues? Revenue Equation
Test Results R, = g(R,4, -.. Ri.t,.Es1s - EpaGugy -- G2

-

Restriction Q K =QgQ LS df.
(i} Twolags, L =2 16.70 -- 25.989%a = .10y 18
(ii) Slalionarityj, =1 312.00 15.30 9,488 = .05) 4
(i) One lag, 1.=1 77.40 60.70 18.54%a = .10} 12
{iv) Exclude expenditures given (i)* 38.07 2137 21.026{a = .05} 12
(iv) Exclude grants given Nk 32.43 £5.73 21.026(a = .05) 12

Source: Data are taken from annual issues of the Report of the Public Schools of Missowri. E = expenditures,
R = property tax revenucs, G = state grants, AV = property assessed valuation

"'With two lags, and cight years of data. the system of equations takes the form:

T.+1 L+l L+1 L+l
Fil a+ E hmlhilm+ Z lethm+ E dml('uln+ + 2 hrnlAvllm"" ¥it o 1=l Nou=5. 8
m

m=
The parameter estimates are presented in Table 4

() = unrestricted chi-square statistic, Qg = restricted chi-square statistic, d.f. = degrees of freedom

3Parameter stationarity implies, r, = |, for all t, implying that the intercepts a, = 0, for all t

4To check whether revenues cause expenditures, the restrictions ¢y, = ¢y = ¢3, = 0, for t = 5, ... 8 are
imposed

5To check whether granis cause expenditures, the restrictions d, = dy = dy = 0. for ¢ . 8. arc imposed

To test the hypothesis that expenditures do not cause revenues, the model with two
lags is reestimated with the restriction that the coefficients for the lagged values of expen-
ditures are zcro. The minimized chi-square statistic takes a value of 38.07, with the test
statistic K = 38.07-16.7 = 21.37. The critical chi-square value with 12 degrees of freedom
and a § percent significance level is 21.026. Therefore, we reject the hypothesis that
expenditures do not cause revenues, implying that changes in expcnditures precede
changes in revenues. Coupled with our previous result of revenues causing expenditures,
the result that expenditures cause revenues implies the existence of bidirectional causality
between revenues and expenditures for local school districts.

The existence of bidirectional causality implies that spending and tax decisions for
local education are determined simultaneously. An important implication of this finding
is that those who seek to limit property taxes must accept lower educational spending. In
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addition, those who seek to expand local spending for education must find ways (o
increase revenucs to support the expansior:.

Our final concern is with the cffect of granis on revenues. There is some theoretical
support that state grants, especially state matching grants, may cause local revenues.
Matching grants lower the tax price of local education and make it cheaper to raise local
revenues. Still, citizen voters may realize that increased matching grants can result only if
the state raises additional revenue or reduces the amount of money available for other
state-financed goods and services. This may make citizen voters unwilling to allow their
taxes to increase, even if they can obtain more matching funds. We test the hypothesis
that grants do not cause revenues by reestimating system of equations restricting the coef-
ficients for the Iagged values of grants to equal zero. The test statistic, K = 15.73, indi-
cates that we cannot reject the hypothesis that grants do not cause revenues.®

CONCLUSION

While previous researchers have examined revenue-expenditure causality for the fed-
eral government and for the aggregate SO states, our data set allows an examination of
revenuc-cxpenditure causality for a specific category of spending, education, for school
districts in Missouri. We combine cross-section data for 541 Missouri school districts for
the period 1980/1981 to 1987/1988 to test for causality between revenues, expenditures,
and grants. Using chi-square tests, we find that a model with two lags is sufficient o
characterize the data and that the parameter cstimates are not stationary over time. We also
find the existence of bidirectional causality between local school district revenues and total
¢xpenditures for education.

The existence of bidirectional causality implies that those who are interested in
increasing expenditures for education will have to find ways of raising local property tax
revenue. Tt addition, those seeking to control local property tax growth will be forced to
confront the prospect of less spending for local education. We are not able to reject the
hypothesis that grants do not cause revenues. The existence of flypaper effects in the
expenditurcs equation, however, is confirmed by rejecting the hypothesis that grants do
not cause speading, The existence of flypaper effects suggests that voters are subject o
some kind of fiscal illusion or that monopoly school boards with a taste for educational
spending have control over the local agenda. Given our finding of flypaper effects, the
passage of Proposition C in 1982 provided a greater boost to local school district spend-
ing than would have occurred solely because of an increase in local income of the same
amount. Our rejection of parameter stationarity also provides evidence that Proposition C
did provide an innovation in grant delivery and affected the underlying relationship
between expenditures, Tevenues, and grants.

As is the case with most empirical studies, several qualifications are in order. Our
data set allowed us 1o test for causality at a disaggregated level, local school districts, but

¥ ‘Table 1 suggests that there may have been substitution between slate grants and local property tax
revenues over the time period with revenues declining in real terms $120 and grants increasing $364. To
investigate further why grants were insignificant in the revenues equation, we also tan veclor
autoregressions with grants as the dependent variable and tested the hypothesis that revenues do not cause
grants. Our results indicate that we could reject this hypothesis. We speculate that this may be due to
foperly taxes changing passively (due to changes in property valuation) and grants changing actively as
stales 1ncrease grants in response to local revenue declines.



40 QUARTERLY JOURNAL OF BUSINESS ANDY ECONOMICS

the informational content of the results would seem to be dominated by the cross-section
variation in the variables becausc 541 school districts were obscrved at only eight different
points of time. In addition, while vector autoregressions are useful in examining issues
relating (o causality, important behavioral relationships generating the data are ignored.
Future research can be expected to combine cross-section and time series data with models
emphasizing the utility-maximizing behavior of the median voter and the behavior of
local school boards taken into account.
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