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Dynamic Effects of Federal Grants on Local Spending
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In a dynamic model of local government spending, this paper examines both
long-run and short-run effects of permanent federal grant changes on local public
investment and recurrent expenditures. It also utilizes the Judd approach to
quantify the short-run effects of temporary (current and future) policy shocks. The
interesting, perhaps surprising, findings are: (1) a permanent increase in the
matching grants for investment and recurrent expenditures may accelerate or slow
down public investment and (2) a current, temporary grant increase stimulates
current public investment, but a temporary, future increase in the nonmatching
grant reduces current investment and raises current recurrent expenditures.
© 1994 Academic Press. Inc

I. INTRODUCTION

The effects of intergovernmental grants have been studied extensively in
both the theoretical and the empirical literature; see Wilde [11,12],
Gramlich [3], Gramlich and Galper [4], Inman [5], Mieszkowski and
Oakland [9], and Rosen [10], among many others. Most of the studies have
modeled local (including state, metropolitan, county, and town) govern-
ment behavior in a static, utility maximization framework. The responses
of local spending to federal grants are typically divided into the income
effect and the price (substitution) effect. While Gramlich and Galper [4]
offered, to our knowledge, the first and the only dynamic analysis to
include local capital services in a general equilibrium model, their model
specification is limited to a quadratic utility function; the properties of
their dynamic model such as stability and comparative statics are not
worked out, and the short-run effects versus the long-run effects of
changes in federal grants are not examined.

It goes without saying that a dynamic approach to the effects of
intergovernmental grants is well justified. First of all, local government
spending is readily divided into recurrent expenditures and local public

'I thank Richard Bird, Shantayanan Devarajan, Gunnar Eskeland, and especially Anwar
Shah for discussions in writing this paper. In revising this paper, I am indebted to Jan
Brueckener and two anonymous referees for their suggestions and help. All remaining errors
are mine. The opinions expressed here are soley mine and not of the World Bank.
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capital formation or investment. Local public investment often takes the
tangible form of roads, buildings, streetlights, water supply, and highways;
it also takes the intangible form of human capital development such as
education financing, provision of health services, and maintenance of
public security and order. Federal transfers to local governments are often
provided through various grants tied to different items in recurrent expen-
ditures and capital expenditures. In the United States, federal aid to state
and local governments has been largely categorical grants designed to
support closely specified programs in localities. Many of those categorical
grants are related to local public investment. For example, in recent years,
grants on highways accounted for about 11.6% of total federal aid to
localities; grants on housing and education together accounted for about
another 23.7%. How does one identify the effects of these grants on local
public investment? Obviously, due to the time-to-build property of capital
formation, the static framework used in most of the existing literature is
not well suited to deal with this question. Only when studied in a dynamic
model of local capital accumulation can the effects of federal grants on
both local public investment and recurrent expenditures be identified.

This distinction is of empirical importance, too. A dynamic framework
can shed light on the recent policy debate in the United States on the
desirability of block grants versus categorical grants. Suppose that the
federal government intends to stimulate local investment in response to
the alarming deterioration in the nation’s infrastructure. It is necessary for
policymakers to have a clear idea about the dynamic effects of block or
nonmatching grants and categorical or matching grants on local invest-
ment. As we will see later, while a matching grant for investment can lead
to more local capital formation in the long run, it may even slow down
local investment during the transitional period. On the other hand, a
nonmatching grant unambiguously raises both the rate of investment in
the short run and the capital stock in the long run.

While a dynamic model provides the necessary framework to study both
long-run and short-run effects of federal grants on local recurrent expendi-
tures and local investment, it also allows us to distinguish the effects of
different grant changes, e.g., a permanent grant change versus a temporary
grant change, a current grant change versus a future grant change. In this
way, we can see more clearly how the effects of grants are closely related
to the timing of grants. From this perspective, we can improve our
empirical studies of the effects of intergovernmental grants by explicitly
modeling the dynamic behavior of local public investment and by specify-
ing the timing, duration, and expectation of the changes in federal grants.

Motivated by these considerations, this paper represents a formal at-
tempt to model local government behavior within a dynamic framework.
In Section I, a dynamic optimization model of a representative local



100 HENG-FU ZOU

government is set up, the stability of the dynamic system is analyzed, and
the dynamic paths of recurrent expenditures and public investment are
characterized. In Section III, we focus on the long-run effects of perma-
nent changes in federal grant policies on local recurrent expenditures and
capital formation. We show in particular how different grants affect public
investment in the transition to the long-run equilibrium. In Section 1V,
instead of using phase diagrams to obtain qualitative results, we utilize the
Judd [6-8] approach to quantify the short-run effects of temporary grant
policy changes on local spending and investment. In addition to summariz-
ing our results in Section V, we also point out directions of further
research.

II. THE MODEL

In this paper, local government expenditures are divided into two parts:
recurrent expenditures, e, and public investment, /. The representative
local government or community has continuously differentiable prefer-
ences defined on e and the local public capital stock, &,

U(e, k) = u(e) + v(k), (1)

with u'(e) > 0, v'(k) > 0, u"(e) < 0, and v"(k) < 0. Here u(e) represents
the utility from the services of recurrent expenditures and v(k) the utility
from the services of the public capital stock. This is the utility function
used in Gramlich [3], Arrow and Kurz [1], Gramlich and Galper {4], and
Barro [2] among others. The separability of the utility function is assumed
for simplicity.

At each time period, the local government collects tax revenues 7 from
its jurisdiction. It also receives the following grants from the federal
government: a nonmatching grant g, a matching grant for local public
investment af (1 > a = 0), and a matching grant for local recurrent
expenditures Be (1 > B > 0). Thus the budget constraint for the local
government is

e+l =T+g+ al + Be. (2)
The accumulation of local public capital is given as
k=1~ 68k, (3)

where 8 is the depreciation rate of the local capital stock.
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The local government tries to maximize a discounted stream of utility
with a positive time discount rate p,
a0
[, Lute) + vti)lexp(—pr)at, (4)
subject to constraints (2) and (3). The initial public capital stock is given
by k.

This is perhaps the simplest dynamic specification of intergovernmental
grants and local spending. In this setup, three essential aspects of local
government finance are not considered.? First, we have assumed away the
externality of local public investment on private production as in the
models by Arrow and Kurz [1] and Barro [2]. Including private capital
accumulation and production in this model is straightforward, but it will
make our dynamic analysis, especially the short-run analysis, either much
more complicated or intractable. If we consider the dynamics of both local
government and private sector independently, we must study this extended
model as a differential game played by the local government on one side
and the private sector on the other. If we follow the Barro {2] model and
consider public investment as an externality to private production, we
need to consider the private sector’s optimization first and model the
reaction function of the private sector as a constraint on the optimization
problem of the local government in a dynamic Stackelberg game.

Second, due to the absence of private production in our model, we have
taken the nongrant revenues or local own revenues for the typical local
government as exogenous. This is another serious limitation of our model.
It is clear that local government revenues are closely linked to local
production. If public capital is an input to private production in the form
of a positive externality, more public capital will attract more business and
more business ultimately generates an expanded tax base for the local
government. But, in our simple model, the effects of public investment on
tax policies and revenues of the local government are ignored.

Third, it is a well-known fact that, at least in the United States, states
consider federal grants to be in many cases a nuisance. In fact, the federal
government typically decides the amount of the grant (o« and B in the
model) and the amount of recurrent expenditures and public investment
through mandatory spending programs, thereby determining the size of
the state’s net spending on the whole project. This means that the state
may have to settle for a nonoptimal spending level, one which in general
will be above what the state would like to pursue. The implication is that

’I thank two anonymous referees for pointing out the limitations of the model and for
suggesting possible extensions.
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other spending projects may be crowded out by federal matching grants on
mandatory projects. By treating matching grants very much like an “invest-
ment credit,” our model is somewhat limited by the fact that the local
government is assumed to have complete control over the amount of
spending while in reality the decision is often of a second-best nature.
Returning to the analysis of the model, we substitute / from (2) into (3):

k=(-a) '[T+g—-(1-B)e] — bk. (5)

Thus the model consisting of the objective function in (4) and the dynamic
constraint in (5) is analogous to those with an infinitely lived representa-
tive agent who can consume now or invest. The expressions (1 — «) and
(1 — B) are simply “prices” for investment and consumption, and the
nonmatching grant g is simply a change in income. From this perspective,
our model is essentially an extension of the dynamic analysis of optimal
consumption and investment from a representative consumer to a repre-
sentative local government. Here the control variable is recurrent expendi-
tures e, and the state variable is the stock of public capital k. The dynamic
paths of local own revenues and federal grants are exogenously given.

To solve this optimization problem, we first define the current-value
Hamiltonian function,

H(e k,A) =u(e) +v(k) + M {(1 —a) '[T +¢g - (1 - B)e] — 8k},
(6)

where A is the current marginal utility of an extra unit of public capital.
The necessary conditions for an optimum are

u(e)/A=(1-8)/(1-a), (7)
v'(k) — A(8 + p) = —A, (8)
k=0 -a) '[T+g-(1-pB)e] — 5k, (5)

and the transversality condition is

lim A(¢)k(t)exp(—pt) = 0. (9)

We interpret these conditions as follows. Equation (7) says that the
marginal rate of substitution between recurrent expenditures and public
investment equals their price ratio. Equation (8) is the Euler equation
trading off current and future public investment. Equation (5) again is the
dynamic budget constraint for the local government.



