Public Education and Income Distribution: A Dynamic
Quantitative Evaluation of Education-Finance Reform

By RaQusL FERNANDEZ AND RICHARD ROGERSON *

Many states are implementing school-finance reforms which will have complex
effects on income distribution, intergenerational income mobility, and welfare.
This paper analyzes the static and dynamic effects of such reforms by constructing
a dynamic general equilibrium model of public-education provision and cali-
brating it using U.S. data. We examine the consequences of a reform of a locally
financed system to a siate-financed system which equalizes expenditures per stu-
dent across districts. We find that this policy increases both average income and
the share of income spent on education. Steady-state welfare increases by 3.2
percent of steady-state income. (JEL 122, H42)

Over the last two decades a series of state
supreme court rulings and concern over public
education have led many states to enact re-
forms with the aim of reducing inequality of
access to quality public education. This pro-
cess began with the Serrano ruling in Califor-
nia in 1971 and to date has overturned the
school-financing systems in 16 states. The ef-
fect of this litigation, both actual and its threat,
has been to increase the role of the state and
decrease that of local provision.

These reforms have motivated several re-
searchers to build models aimed at uncovering
the effects of changes in finance systems. A
noteworthy early example is Robert P. Inman
(1978), who carried out a normative analysis
of education-financing systems according to
several welfare criterion for a model estimated
from data for the New York City metropolitan
arez. His theoretical framework is a static mul-
ticommunity model of the sort pioneered by
Frank H. Westhoff (1977). This framework
has been used more recently tc investigate an-
alytically questions in which the focus is on
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the incentives for heterogeneous individuals to
sort themselves across communities, the de-
termination of the distribution of locally pro-
vided goods across localities, and the static
efficiency properties of the resulting equilib-
rium. Papers in this line include Dennis Epple
et al. (1984}, Timothy J. Goodspeed (1989),
Charles A. M. de Bartclome (1990), Epple
and Thomas Romer (1991}, Roland Benabou
(1993, Ferndndez and Rogerson {1996,
19972), and Epple and Richard E. Romano
(1998).

While we think static considerations are un-
doubtedly an important component in evalu-
ating finance reforms, in this paper we argue
that dynamic considerations may also be sig-
nificant, The theoretical basis for this claim is
simple and has been articulated in many pa-
pers {though not necessarily in a multicom-
munity framework }, starting with the seminal
works of Gary S. Becker and Nigel Tomes
{1979} and Glenn C. Loury (1981}, and more
recently in Suzanne J. Cooper (1992),
Gerhard Glomm and B. Ravikumar {1992},
Michele Boldrin (1993}, Benabou {1996},
and Steven N. Durlauf {1996). The basic ar-
gument is easily summarized. Education ex-
penditures on children are a form of huaman
capital investment that vields a return in the
form of higher productivity later in life. If
there is little opportunity for borrowing against
these future earnings to finance current expen-
ditures, inefficiently low investinent among
children from poor families may result. This
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may be especially true for primary and sec-
endary education in the United States, where
the financing of public schools has a large lo-
cal component and thus is a function of the
level of community income. Finance systems
which redistribute resources away from the
rich and toward the poor may therefore have
important implications for the evolution of the
income distribution and overall efficiency.

While the theoretical argument above and var-
iants of it seem well understood, there has been
little work attempting to assess its quantitative
significance. The objective of this paper is both
to develop a tractable dynamic multicommunity
model and to take a first step at evaluating the
guantitative impact of education-finance reforms
in a dynamic sefting.

We model intergencrational dynamics using
a two-period-lived overlapping generations
model. In each period there are a large number
of families, each consisting of one old member
{ parent) and one young member (child). An
old individual’s income is determined by the
education received when young and an idio-
syncratic random shock. Taking their income
as given, old individuals decide in which com-
munity to reside, and each community then
decides via majority vote the amount of re-
sources to devote to public education. This de-
termines the income distribution for the next
generation of adults and the process repeats
itself every period. We solve for a steady-state
equilibrium for this economy. Although trac-
tability does limit the scope of the model we
consider, it incorporates four features which
we consider central to an analysis of public
education finance in the United States. First,
there is substantial heterogeneity of income
across housecholds. Second, individuals are
mobile across communities. Third, public ed-
ucation is provided at the community level and
fourth, funding for public education is largely
determined at the local level.

The school-finance system described above
is one of pure local financing. The steady-state
equilibrium under this system has communi-
ties stratified by income, i.¢., communities
correspond to nonoverlapping intervals of in-
come from the income distribution. Spending
on education is perfectly correlated with com-
munity income, so richer communities have
higher quality education than do poorer com-
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munities. It follows that children from higher-
income families have higher expected income
than do children from poorer families.

Under some specifications of the model’s
mapping from expenditures on education this
period to the income distribution next period,
and holding total spending on education (ex-
ogenously ) constant, the economy’s total in-
come next period would be greater if this
period’s expenditures on education were di-
vided equally across all students. The model
thus captures the possibility that a centralized
system may offer an efficiency gain relative to
a local system.' } offers hittle guidance, how-
ever, as to whether this outcome is likely, how-
ever, since policy reform will presumably
bring about changes on many dimensions, in-
cluding the share of income devoted to edu-
cation, the composition of conmunities, and
housing prices. Analytically one cannot say
much about how the equilibria under the two
financing systems compare nor whether the
comparison can be expected to yicld guanti-
tatively important differences. To explore this
further, we calibrate a two-community version
of the model described above to U.S. daia.

Empirical work provides a substantial
amount of information to guide 2 reascnable
selection of parameter values for our model.
Our calibration uses information on the (cross-
sectional ) elasticity of education expenditures
per student with respect to comurnunity mean
income, the elasticity of { subsequent ) earnings
with respect to quality of education when
young, price elasticities of housing demand
and supply, mean and median income, and ex-
penditure shares for housing and education.

In our calibrated mode! we analyze a reform
in which local financing of education is re-
placed with state financing which distributes
education resources equally per student across
communities. The benchmark specification of
our calibrated model yields the following re-
sults: relative to the case of pure local financ-
ing, we find that a policy of state financing
leads to higher average income in the steady
state, higher average spending on education,

! Tt does not guarantee this, however, since among other
things this depends on what would happen to total
expenditures.
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and higher welfare. The magnitude of the wel-
fare improvement measured in terms of
steady-state income is 3.2 percent, which is a
large gain relative to that found for many pol-
icies.> We also trace out what happens along
the transition path to the new steady-state
eguitibrium and examine its welfare implica-
tions. We find that for annual discount rates
smaller than 8.2 percent, a social planner
would choose to implement the policy change.
We note, however, that our calibrated model
does not predict that a referendurn held among
the current old generation would lead to adop-
tion of the state-financing system. On the con-
trary, such a motion would be rejected by the
old voters!

Section I describes the benchmark model.
Section II discusses the calibration of this
model. Section I reports the results of the
calibration and of the policy reform carried
out in the calibrated model. Section IV per-
forms a sensitivity analysis, and Section V
concludes.

I. The Model

The economy is populated by a sequence of
two-period-lived overlapping generations. A
continuum of agents with total mass equal to
one is born in every time period. Each indi-
vidual belongs to a household consisting of
one old person {the parent) and one young
person (the child). All decisions are made by
old individuals, each of whom has identical
preferences given by:

(1} u(c, h) + Ew(y.),

where ¢ is consumption of a private good, h is
consumption of housing services, £ is an ex-
pectations operator, and y,. is next period’s in-
come of the household’s young individual
The fanction # is assumed to be sirictly con-
cave, increasing in each argument, twice
continuously differentiable, and defines pref-
erences over ¢ and & that are homothetic.” The

2 For a state with a hybrid of the two extreme finance
systems, this calculation may exaggerate the potential
gains associated with moving to a centralized systern.

* Homothetic preferences are assumed since they sim-
plify computation; they are in no way essential.

function w is twice continuously differentia-
ble, increasing and concave.

Endividual income is assumed to take one of
I'values: y;, ys, =y, withy; <y, < -y, An
individual’s income when old is determined by
g—the quality of education cobtained when
young-—and an idiosyncratic shock.* The prob-
ability that an individual has income y; when
old, given an education of guality g when
young, is equal to ¢, (g). Define v(g) by:

(2) v(g)=Ew(y.) = Zd(q3w(y).
Preferences can then be defined over ¢, 4, and g:
{3} u{c, hy + v(g).

We assume that v is increasing, concave, and
twice continuously differentiable.

Old individuals must choose a commumnity
in which to reside. There are two communi-
ties.” These are indexed by j, and referred to
as C;, j = 1, 2. Each community j is charac-
terized by a proportional tax 7 on housing ex-
penditures, a quality of education ¢;, and a
net-of-tax housing price p;. Proceeds from the
tax are used exclusively to finance local public
education. We assume that the quality of pub-
lic education is equal to per-pupil spending on
education. All residents of a given community
receive the same guality of education; educa-
tion cannot be privately supplemented.’

* Thus, we abstract away from any possible peer effects
(1.e., the possibility that who you go to school with mat-
ters ) and parental characteristics other than income. Quan-
titative evidence on peer effects is mixed. de Bartolome
(1990) summarizes empirical findings and provides a
theoretical analysis of peer effects in a multicommunity
mode] as does Benabou (1993). The role of parental char-
acteristics has been studied extensively, and many studies
find them to be significant. We abstract from them here,
however, to focus our analysis and simplify the model.

* Our theoretical analysis applies equally well with any
number of communities. We restrict attention to two com-
munities because of computational considerations relevant
for the subsequent quantitative analysis.

® In general it is difficult to incorporate private educa-
tion in a model with majority vote, as a voting equilibrium
may not exist without additional assumptions. See Epple
and Romano (1996, 1998) and Glomm and Ravikumar
(1998) for models that incorporate a private-education
option.
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Each community has its own housing market,
with supply of housing in C; given by Hi(p,).
Note that this function is allowed to differ across
communities, reflecting differences in land en-
dowments and other factors. We assume that
H] is increasing, continuous, and equal ¢ zero
when p; is zero. The gross-of-tax housing price
in C; is given by 7; = (1 + #)p;. How to treat
housing is a potentially difficult issue. As shown
in Epple and Romer (1991), the outcomes of
policies can depend on whether agents are own-
ers or renters. While we suspect that this issue
is likely to be less critical for the type of policies
we are interested in examining, our main prob-
lem with incorporating owner-occuparts is that
it adds an additional state variable to the model.
Consequently we assume that agents rent hous-
ing and that the latter depreciates completely at
the end of the renter’s lifetime. Furthermore,
while the welfare of the owners of housing
services is taken into account in our policy anal-
ysis, so as not to introduce further complications
these agents are assumed to live outside the two
communities and simply consume their rental
income.

In each period the interaction among indi-
viduals and communities can be described as
2 three-stage game of the following form. In
the first stage, all (old) individuals simulta-
necusly choose a community {(C;,j = 1, 2} in
which to reside. In the second stage, individual
residence decisions are fixed and communities
choose tax rates through a process of majority
vote.” In the third stage, individuals make their
housing and consumption choices and young
individuais receive education in the commu-
nity in which their parent has chosen to reside.
At the end of the period, uncertainty about
next period’s income is resolved (note that this
occurs before the still-young individuals make
their own residence decision of the following
period ). Then time rolls forward and the three-
stage game is repeated with the previous
period’s young individuals becoming this pe-
riod’s old individuals.®

" This assumption implies that each individual takes the
composition of the community as given when voting. This
greatly simplifies the strategic interactions between
communities.

® While the timing of choices in this model—tax rate
first followed by housing and consumption—may appear
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The utility function chosen in (1) makes this
model tractable since it allows us to solve this
infinite horizon game period by pericd. For
any given period and income distribution, we
can solve the three-stage game by backward
induction. Note that from an individual’s per-
spective, a community is completely charac-
terized by the pair (7, ¢}. Thus, an individual
with income y facing (7, ¢) has an indirect
atility function V(w, g; y) defined by:

(4y Vm, q;y)=Max ulc, h) + v(g)}
o.h

stmh+c=y,c=0,h=0,

where ¢ has been chosen as numeraire.® For
any equilibrium outcome (7, g7, #, ¢5)
each individual must reside in the community
that yields her the greater utility.

Define h{m, ¥) to be the individual housing
demand resuiting from the maximization prob-
lem in (4}. By homotheticity h can be written
as g(m)y."° Given a set of residents of mass
N; and a tax rate ¢; in C;, the variables g; and
p; must satisfy:

(5a) Nglm)u = Hi(p;);

(5b) Lpig (T = .

where y; is mean income in C;. The first equa-
tion requires that the housing market clear.
The second states that the quality of education
g, equals the per (old) person tax revenue of
the community. It is straightforward to show
that for any positive value of ¢, equation (5a)
has a unigue solution for p,. Furthermore, p; is
decreasing in ¢, and 7; is increasing in #;.

unnatural, it allows us to aveid issues of multiple equilib-
tia that could occur if the opposite timing were adopted.
See Epple et al. (1984), however, for conditions that guar-
antee the existence of a unique equilibrium when the op-
posite timing assumption is adopted.

? Note that we have implicitly assumed that education
is the only technology available by which a parent can
contribute to her child’s income. Note also that the for-
mulation in (4) makes explicit that there are no capital
markets that permit borrowing nor insurance markets for
the uncertainty in children’s future income.

“In what follows we assume that the optimization
problem in (4) results in interior solutions for ¢ and A.
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The following assumption on preferences
greatly facilitates characterization of equilib-
rium in the three-stage game. '’

ASSUMPTION 1: For all (7, y), v'(g)/
ta.(y — mh{m, y}, h{m, y)h(=, y)] is in-
creasing in'y.

Since v’ /(u k) is the slope of an individual’s
indifference curve in (g, 7 ) space, Assumption
1 guarantees that this slope is increasing in ini-
tial income, i.e., that

(6) S§=u.h(l—nh)+ushh, +uh, <0

The power of this assumption to charac-
terize equilibrivm is seen in the next two
propositions which are commen in the multi-
commurnity literature.

PROPOSITION 1: Given a set of residents, a
majority voting equilibrium over tax rates in
a community exists and results in the preferred
tax rate of the resident with the median
income.

PROOCE:

Since a tax rate implies a gross housing
price through the equilibrium condition for the
housing market, preferences over (g, f) map
into preferences over (g, 7). The results then
follow from the property of indifference
curves discussed previously. See Epple and
Romer (1991) and Fernandez and Rogerson
(1996) for detailed proofs in slightly different
contexts.

PROPOSITION 2: If in equilibrium g7 is not
equal to g5 and neither community is empty,
then: (i} (w{, qF)y >> (n¥, g¥); (i) all in-
dividuals in C, have income at least as great

"' This assumption is a single-crossing condition.
While its particular algebraic expression depends on the
specific model, it is used by the multicommunity literature
to induce separation of individuals and thus atlow equilib-
rium to be characterized. {See, for example, Westhoff
(1977) and Ferndndez and Rogerson (19986, 1997a); see
Ferndndez (1997) for an analysis of the strange compar-
ative static properties of these systems.]

as any individual in C,, where C, is defined as
the community with the higher value of q.

PROOF:

DI ry <7¥and gf = gF, then all in-
dividuals prefer to live in C,, which contra-
dicts the assumption that no community is
empty. (ii) This follows directly from As-
sumption 1 regarding the slope of indifference
curves in (g, 7 ) space as a function of y.

Proposition 2 implies that an equilibrium
with g # g7 will be characterized by the co-
existence of a community with high-income
residents, high gross-of-tax housing prices,
and high-quality education; and another com-
munity with lower-income residents, lower
gross-of-tax housing prices, and a lower
quality of education.

Any equilibrium that displays property (ii)
of Proposition 2 is said to be a siratified equi-
librium and is common ¢o multicommunity
models.'? Problems of existence and unigue-
ness of a stratified eguilibrium are endemic to
multicommunity models (see, for example,
Westhoff [1977, 1979] and Epple et al. [1984]
for a discussion}. In all of the simulations re-
ported later in the paper, however, the speci-
fications are such that a unique stratified
equilibrium exists.

Lastly, we turn to a characterization of the
tax rates generated by majority voting. Using
(5a) and (5b) one can write g,(¢, p, N} and
m;(t, i, N) as the quality of education and tax-
inclusive housing price, respectively, in C;
given a tax rate ¢, conmumunity mean income pu,
and a community population of N. The pre-

12 There may also exist equilibria which are not strati-
fied. For example, given identical housing-supply func-
tions there always exists an equilibrivm in which the two
communities are identical, i.e., half of each income group
resides in each community, resulting in equal tax rates,
prices, and quality of education. In the analysis that fol-
tows, however, we only consider stratified equilibria. See
Westhoff ( 1979) and Ferndndez and Rogerson (1996 ) for
a discussion in a slightly different context of how requir-
ing stability of equilibria can eliminate all nonstratified
equilibria.
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ferred tax rate for an individual with income y
is determined by:

(7) Max u(y — wh, h) + v{qg)

t=0
st. h=g(m}y

H'(p) = Ng(m)u

g =tpg{m)i

i

7= p(1 +1).

Using the envelope theorem, the first-order
condition for this problem implies:

(8) uhm, = v'q,.

In a stratified equilibrium C| has both higher
mean and higher median income than C,. Two
comparative statics exercises, therefore, are of
interest; how is the tax rate that solves (8),
denoted by ¢, affected by: (i) a change in y;
and (ii} a change in p? Straightforward cal-
culation yields:

(9) dt18y = 7,81D > 0

and

a 1
(10 -5; =5 {[u,,.(.frp(h + why) — dephew, N m,

— hu,m, — wh,T,T,

+ (v'qq, + v’qm)}
=0,

where I} denotes the second derivative of the
maximand in (7) with respect to 7. By the
second-order condition, D is nonpositive at a
maximui.

The first expression states that higher-income
individuals prefer higher tax rates and necessar-
ily, therefore, higher quality education. This
foliows from our single-crossing assurnption on
preferences which implies that the willingness to
pay higher after-tax prices on housing in order
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0 obtain a given increase in the quality of edu-
cation is increasing in income.

The second expression indicates that an in-
crease in mean income has an ambiguous ef-
fect on an individual’s preferred tax rate. Thus
1t is not possible to state whether in equilib-
riwm C) must have a higher or lower tax rate
than C,. This follows from the fact that an in-
crease in g for a given ¢ and 7 increases the
tax base, providing greater quality. This in-
duces a substitution effect as individuals now
wish 10 increase consumption and housing and
decrease g on the margin, but also creates an
income effect as the tax-base increase means
that a marginal increase in the tax rate in-
creases g by more than before. As will be seen
in the next section, evidence on the relation-
ship between comimupnity mean income and
spending on education suggests that the sign
of dt/ 0y is negative.

Thus far we have discussed the properties
of equilibrium of the three-stage game for any
period ¢ without making reference to future pe-
riods. It is possible to do so since the outcome
in period ¢ is independent of the future evo-
lution of the state variable.'? Since our larger
game simply repeats this three-stage game
every period, we need only keep track of the
state variable of this game—the income dis-
tribution of old agents—which we write as
A= (X, hy, - A;) where X, is the fraction (or
equivalently mass) of old agents with income
equal to y; . In the next section we focus on the
properties of a steady state for the system. If
A, is the income distribution of old individuals
at the beginning of period ¢, then an equilib-
rium of the three-stage game in period ¢
generates a beginning-of-period income distri-
bution for period 7 + 1, A,, ;. We denote by
A{N) the set of values for A, . | that correspond
to subgame-perfect equilibria of the three-

"* This fact, which greatly simplifies the analysis, fol-
lows from the assumption that an old individual cares
about the young individual’s income rather than atility,
thus severing the link between one time period and the
next. This is a commonly used device to render this type
of analysis tractable. See, for exampie, Cooper (1992);
Glomm and Ravikumar (1992); Durlauf (1996). See Per
Krusell and José-Victor Rios-Rull (1996) for an illustra-
tion of the difficulties in relaxing this assumption.
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stage game given A, = A. A steady state is a
value A* such that A* & A(A¥).

It is difficult to say much about the dynamic
properties of this model without imposing
more structure. We next turn to this task and
choose functional forms and parameter values
so that we can discuss quantitative as well as
qualitative features associated with a change
in education finance policy.'

EE. Calibration

The objective of this section is to quantify
the effects of a major change in the system of
financing education in the context of the model
outlined in Section L. To do so it is necessary
to specify functional forms for the relation-
ships introduced in the previous section and
assign parameter values. We first turn though
to a brief description of the computation of
equilibrium.

A. Computation of Equilibrium

We use numerical methods to solve for the
equitibrium of our model. Given a beginning-
of-period income distribution, our algorithm
finds all stratified equilibria to the three-stage
game played in each period. The key fact used
in this procedure is that all potential stratified
equilibrium can be parametrized by the frac-
tion of the population that resides in C;. We
denote this fraction as p. Each value of p de-
termines the income distributions of the two
communities since it partitions the income
space into higher-income individuals that re-
side in C, and lower-income individuals that
reside in C,. Associated with each value of p
is a highest-income individual in C,; call this
value y,.. Let y,, be the lowest income of an
individual in C,.

'* In a related paper Benabou (1996) does obtain some
analytical results for a class of models with specific func-
tional form assumptions. For example, he shows that, un-
der some conditions, long-run income is higher under state
finance than under local finance. While this result also
obtains for our calibrated economy, it is not a property
that holds in general for our specification. A key simpli-
fying assumption in Benabou is that all agents have the
same preferred tax rate.

Define W;(p) to be the utility of an individ-
ual with income y,; residing in C; given that p
partitions the residents of the two communities
and that each community chooses its tax rate
via majority vote. An equilibrium can be de-
picted as 2 ‘‘crossing’’ of the two W, curves.”
We compute the W, curves and therefore find
all the stratified equilibria. In all our simula-
tions the stratified equitibrinm is unique.'

Given an initial income distribution, re-
peated application of the above procedure can
be used to solve for the entire equilibrium se-
quence. We look for stable steady-state in-
come distributions by examining the dynamic
path for A that results from each of a large set
of initial distributions. In cur simulations we
find a unique (stable) steady state and con-
vergence always occurs.

B. Functional Forms

Three functional relationships need to be
specified: preferences, housing supply, and the
effect of the quality of education on subsequent
earnings. Our guiding principle in the choice of
functional forms is o use, wherever possible,
specifications that are commonly used in quan-
titative analyses. Hence, while we typically have
little hard evidence to suggest our functional
forms over some alternatives, we think our
choices constitute a natural starting point for in-
vestigating the quantitative properties of these
models. For preferences we assume:

a.c” + (L —a )b

(1) wu(c,h)y=
o
a,{y? — 1)
w(y,) = ot
0<a <1, a,y=1 a,>0

% Since the y,, are discontinuous functions of p (given
a discontinuous income distribution), the W, functions are
also discontinuous. Hence the equilibrium need not re-
quire Wi{p) = W,{p).

8 It is possible for identical individuals to end up re-
siding in different communities. Although the equilibrium
does not uniguely determine what happens to these indi-
viduals it does uniquely determine whst fraction of them
are in each of the two communities.
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The specification for u{c, h) is a transforma-
tion of a constant-elasticity-of-substitution
utility function. Note that Assumption 1 is sat-
isfied if and only if « is strictly negative [ given
v'(q) > 0]. The choice for w(y.) dispiays
constant relative risk aversion.

We assume identical constant-elasticity
housing-supply functions for both communi-
ties, i.e.,
(12) H;(p) = ap].

This specification assumes the same price elas-
ticity for both communities (i.e., b).

The final relationship that needs to be spec-
ified is that linking guality of education to sub-
seguent earnings. We assume that each
individual’s realized income is a draw from a
discrete approximation to a lognormal distri-
bution whose mean depends on ¢. In particu-
lar, consider a lognormal distribution of
income where log of income has mean m(qg)
and variance o° and m(q) is defined by:

B(1 + gq)°

i .
{13) 3 B>0

m(g) =y, +

Let an ascending vector [ ¥, ..., §;] partition
the distribution of income into 7 + | where y,
is contained in (¥, ¥, , (yfori=1,2,..,F —
i, and y;, > ¥,. For each community, we trans-
form the continuous distribution in {13) 0 a
discrete distribution over the 7 income types
[ hence obtaining the ¢, (¢)] by integrating the
above lognormal distribution over the interval
containing y; .

A few comments should be noted concern-
ing this choice. First, B > 0 implies that ex-
pected income is increasing in ¢. Second, we
assume that ¢ is independent of ¢.'7 Third,
m{q) can be concave or convex in ¢, depend-
ing on whether § is smaller or larger than one.

C. Parameter Values

We choose parameter values such that the
steady-state equilibrium of the model matches

"It is simple to allow for the variance to depend on g,
but since we are aware of no evidence on this issue we do
not include this effect in our empirical work.
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important observations for the U.S. economy.
In particular, we require that the steady state
match several aggrepate expenditure shares,
elasticitics, and properties of the income dis-
tribution for the U.S. economy.

There are three commodities in the model:
consumption, housing, and education, and
hence two independent expenditure shares.
The ratio of annual aggregate housing expen-
ditures to aggregate expenditures on consump-
tion (including housing}, H/TC, averaged
over 1960-1990 is 0.15, and the average an-
nual ratio of spending on public clementary
and secondary education to aggregate expen-
ditures on consumption, E/TC, is 0.053."

We match four elasticities: the price elastic-
ities for housing demand and supply (=, and
€}, the elasticity of mean earnings with re-
spect to the quality of education (e, ), and
the cross-sectional elasticity of community
public-education expendituru with respect to
community mean income (g, ,.}.

John M. Quigley (1979) surveys the liter-
ature on urban housing markets. Based on this
survey we choose to match a price elasticity
of housing demand { gross of taxes) equal to
—0.7 and a price elasticity of housing supply
equal to 0.5. Estimates of the demand elasticity
range as high as —0.95, however, and the
range of estimates of the supply elasticity is
large. Additionally, the mapping between the
(implicit) models underlying these elasticity
estinates and our model is not exact. Hence
we also explore the effect of different price
elasticities for our results.'® Note that the func-
tional form we have chosen for the utility func-
tion does not imply a constant demand-price
elasticity for housing. By homotheticity, how-
ever, the price elasticity of demand for housing
is independent of income so that we can use
the model’s cross-sectional steady-state obser-
vations of housing prices and per capita hous-
ing quantities to compute the (gross) price

*® Data for housing expenditures and consumption are
taken from the Economic Repors of the President, and data
on educational expenditures are taken from various issues
of the Statistical Abstract of the United States.

" Additional empirical studies are surveyed in Edgar
Q. Olsen (1986).
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elasticity.”” We normalize the parameter a in
the housing-supply function to egual one.

A key difference between the two commu-
nities in our model is that, in equilibriom, C,
has both higher mean income and quality of
education than C,. Therefore, from the steady-
state equilibrium one can compuie a Cross-
sectional elasticity of ( per-student ) expenditures
on education with respect to comimunity mean
income. Many empirical studies obtain esti-
mates of this elasticity {see knman [1979];
Theodore C. Bergstrom et al. [1982] for sur-
veys). The range of estimates obtained in
these studies is 0.24—1.35, with the vast ma-
jority of the estimates lying in the narrower
range of 0.4-0.8. We choose parameter values
so that g,, = 0.62 when evaluated at the
steady-state equilibrium. Note that a value
greater than zero but smaller than one is sig-
nificant since it implies that, ceteris paribus,
communities with higher mean incomes spend
more on education but tax at a lower rate.

To choose a value for the elasticity of mean
earnings with respect to education guality we
rely on evidence presented by David Card and
Alan B. Krueger (1992), George E. Johnson
and Frank P. Stafford (1973), and Paul
Wachtel (1976). Card and Krueger, using sev-
eral indicators of guality of schooling across
states and time, estimate that a decrease in the
student-to-teacher ratio of ten students would
increase earnings by 4.2 percent. Over the pe-
riod 19241964 the average annual ratio of
teacher’s wages to total costs for public ele-
mentary and secondary schools was approxi-
mately 54 percent and the average annual
student-teacher ratio over the same period was
28.0. The resulting estimate of the elasticity of
earnings with respect to education expendi-
tures { quality ) is approximately 0.18.%'

2 A demand elasticity less than one in absclute value
corresponds to a negative value of @, which is required to
satisfy Assumption 1.

2 Note that Card and Krueger's elasticity estimates
combine two different effects of quality on carnings: an
increase in earnings holding years of education constant,
and an increase in wages due 1o increased years of edu-
cation. While our model abstracts from the effect of qual-
ity on years of education, we believe that the combined
effect is the appropriate measure.

FERNANDEZ AND ROGERSON: EDUCATION AND INCOME DISTRIBUTION 821

Wachtel, in a study that examines the re-
turns to schooling using school-district expen-
diture levels, finds an elasticity of (.2. Since
college expenditures are included as a separate
variabje in his regressions, it is reasonable to
view this estimate as being on the low side to
the extent that higher secondary-education ex-
penditures alsc increase the probability of at-
tending a higher quality college. Johnson and
Stafford also find an elasticity estimate of 0.2.
In our benchmark calibration we choose g, , =
0.1911 and explore the sensitivity of our re-
sults to changes in this value in Section IV.
We compute the elasticity by using the cross-
sectional variation in the steady-state values of
g across communities and equation (13) re-
lating ¢ tc mean earnings.

The above estimates of the effect of edu-
cational resources on future wages are at the
upper end of those which have been obtained,
and have been subjected to criticism.”® An al-
ternative calibration strategy is to require that
the steady-state eguilibrium vield a measured
rate of return to education that is ‘‘reason-
able.” In a later section we compute this rate
of return for both our benchmark specification
and for calibrations using alternative values of
€., and show that our benchmark choice of
parameter values implies a value for the rate
of return to spending on education that is in
the lower part of the range that has been pro-
vided by empirical work (see Robert J. Witlis
[19861 for a summaery of findings). Generat-
ing higher rates of return would require even
higher values of £, , so in this sense our
benchmark is not based on extreme values.

The final piece of information we use in cal-
ibration is data on the income distribution
of families from the 1980 Census. We choose
the ¥,;’s to match the commeonly used (in
thousands) income intervals—§ = (G, 5, 7.5,
10, 15, 20, 25, 35, 50) —and set the vector of
y.’s equal to (2.5, 6.75, 8.75, 12.5, 17.5, 22.5,
30, 42.5, 60). Two additional items of infor-
mation that we match in the steady state of our

2 See in particular Julian R. Betts {1995) and James
Heckman et al. (1995). More generally, see James S.
Coleman et al. (1966) and Eric A. Hanushek (1986) for
discussions on the relationship between resources and ed-
ucational outcomes.
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model are the 1980 Census values of mean and
median family income values, equal to 21.4
and 17.9, respectively.”

Lasily, in our benchmark specification we
set v = 0, which implies that v(g) can be ap-
proximated by the expression:**

&
(14) o ~a| %+ B,
Although this choice of vy is somewhat arbi-
trary, as we report in Section FV our results are
not sensitive to changes in this value.

The items of information described above
{two expenditure shares, four elasticities,
mean, and median income) and the chosen
values of y = 0 and g = 1 can be used to
determine the eight parameter values: a., a,,
5,8, a, B, y,, and 6.

There are two qualifications that should be
mentioned regarding our calibration proce-
dure. First, although there is a substantial
amount of work which provides estimates of
the elasticities used in our procedure, the lit-
erature typically provides a range of values.
Additionally, the structures on which some es-
timates are based are not always the same as
the structure of our model. We deal with these
concerns by carrying out a sensitivity analysis.

HEE. Resuits
A. Properties of the Benchmark Model

In this section we report the parameter val-
ues generated by the calibration described in
the previous section and present some addi-
tional properties of the steady state and of the
dynamics of the system. As noted before, our
computations yield a unique equilibrium for
the one-pericd game, a unigue stable steady
state, and convergence to the steady state.”

* When we compute median income in the mode} we
assume that individuals with income y, are uniformly dis-
tributed over the interval [§,, ;. ].

* The fit of this approximation depends on how closely
the transformation from a continuous to a discrete distri-
bution preserves the mean of log income.

# Typically, convergence to the steady state is quite
rapid (three or four periods).
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TABLE 1—PARAMETER VALUES AND
STEADY-STATI: VALUES

Parameter values

Preference parameters:
a. = 0.936, a, = 0034, « = —0.6, y = —-0.0001

Housing-supply parameters:
a=1,56=05

Education-carnings relationship:
§=-39,8=28 y, =301 0% =063
Steady-state values
h = (0.02, 0.06, 0.10, 0.21, 0.18, 0.13, 0.15, 0.09, 0.05)
mean income = 21.56, median income = 17.91
gl = —0.6957, &, = 0.1911, &, = 0.6162

EITC = 0.054S, HITC = 0.1448

Table 1 reports the parameter values used
in the calibration and the steady-state values
for several variables and Table 2 provides
the steady-state values of the community
variables.

Note that, as required for a stratified equi-
librium, both guality and the gross price of
housing are higher in community one. The net-
of-tax price of housing is also higher in C;.
This is essential to produce stratification since
the tax rate in C, is lower than that in C, as
required by e,, < 1 (given ¢4, > ¢, and p, >
P2). In the steady state all individuals with in-
come greater than 22.5 live in C|, all individ-
uals with income less than 22.5 live in G, and
individuals with income equal to 22.5 are split
across the two commiunities.

Spending per student is nearly twice as large
in O as in C,. Although there are many met-
ropolitan areas in which this range of expen-
ditures exists, this ratio is somewhat on the
extreme side of what is observed in the U.S.
data. This is not surprising, however. Qur
model describes how expenditures would vary
across communities if all financing were done
at the local level. The fact that differences are
not as large in the U.S. data as they are in our
calibrated model may simply indicate that

. state aid does {on average) decrease differ-

ences in education expenditures across comi-
munities. Furthermore, although the difference
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TaBLE 2—STEADY-STATE EQUILIBRILM VALUES

C, G,
t 0.287 .52
p 1.468 1.117
™ 1.889 1.689
g 1.625 0.881
H 37.996 14.034
EITC 0.0447 0.0670
HITC 0.1557 0.1308
p 0.314 -
Vb 22.5

in mean income across comununities is not out
of line with that between central cities and sub-
urbs in several metropolitan areas, our extreme
stratification result probably exaggerates the
differences in mean inCOmMEs across comumu-
pities in the United States {mean income in
C, is over twice that in C,). Given the elastic-
ity of spending on education with respect (o
community mean income, this results in a
large difference in per-capita education
expenditures.

Since the quality of education differs across
communities, the children of wealthier indi-
viduals will belong to a different income dis-
tribution when old than the children of poorer
individuals. For the steady state computed
above, these two income distributions are
given in Table 3.

Note that the difference in the mean in-
comes of next period’s generation as produced
by each community is relatively small despite
the fact that per-capita education expenditures
are very different across communities. This is
due to the elasticity of future income with re-
spect to education expenditures, which (de-
spite the controversy) is a relatively small
number.

B. Policy Experiment

In this section we determine the effects of
switching to a public-education system in
which there is no local financing. Rather, per-
student expenditures on education are the
same regardless of the community of residence

TABLE 3—DISTRIBUTION OF INCOME
GENERATED BY COMMUNITY

Income C G
25 0.02 0.03
6.75 0.05 0.07
8.75 0.08 .10

12.5 0.20 .22
17.5 0.18 0.18
22.8 0.14 0.13
30.0 .17 0.14
425 .11 0.08
60.0 0.07 0.04

mean = 23.33 mean = 20.76

and the total level of expenditure is determined
ai the state (or national ) level ®® Of course, the
manner by which revenue is raised is also im-
portant. We maintain the property tax as the
tax instrument so as to keep the local-versus-
state question starkly focused.

Formally, the stage game of Section H is
modified so that in the second stage voting is
ever a single property tax rate with the under-
standing that the revenue proceeds will be
spread so that expenditures per student are
equal across communities.”” It should be clear
that in each period’s equilibrium the price of
housing must be equal across communities:
since all individuals face the same tax rate and
obtain the same quality of education indepen-
dently of the community in which they live,
no one would choose to reside in the com-
munity with the higher housing price.

We use the functional forms and parameter
vaiues from the calibration procedure
described in the preceding section to deter-
mine the effects of the change in policy. It re-
mains true that there is a unique equilibrium
in each period, a unique stable steady state,
and that the economy converges to the steady
state. Table 4 displays some of the properties
of the steady-state equilibrium.

2 This is stmilar to the system of financing education
of some Buropean countries and some U.S. states.

2’ Note that no additional sources of education finance
are allowed, i.e., no local supplements.
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TABLE 4—STEADY STATE UNDER STATE FINANCING

A = (0.02, 0.06, 6,09, 0.21, 0.18, 0.13, 0.16, 0.10, 0.06)
t=07386,p=1327 g = 1180
E/TC = 0.0560, H/ITC = 0.1430

mean income = 22.28, median income = 18.54

A comparison of the steady-state cutcomes
generated by the two systems yields several
expected results. Since the economywide
mean income and the income of the median
voter lie between those of ihe individual com-
munities, it is not surprising that, for example,
spending per student in the steady state of the
second system lies between the corresponding
values for the two communities of the firs¢ sys-
tem, as do the tax rate and the price of housing.
Two results (not necessarily expected ) are that
both average income and education expendi-
tures as a fraction of total consumption are
greater under state financing. These will turn
out to be central to our weifare results.

Qur analysis also allows us to trace out the
transition path between the two steady states.
Properties of the transition will be important
to the welfare calculation of the next subsec-
tion. For completeness, Table 5 shows the evo-
tution of the tax rate, housing price, the quality
of education, mean income, and E/TC. Period
0 is the steady state of the local finance equi-
librium, and period 1 is the period in which
state-level finance is introduced. In period 4
the economy with state finance effectively at-
tains its steady state.

As can be noted from Table 5, the transition
to the steady state is monotenic in all the rel-
evant variables as of period 1. Compared to
the local steady-state equilibrium (period 0},
however, the transition entails a jump in E/TC
as the median voter first chooses a high tax
rate to increase spending on education by a
large amount and then, as the income distri-
bution shifts to the right and total income in-
creases, the tax rate and consequently E/TC
are chosen progressively smaller.”

2 The income level of the medisn voter remains un-
changed throughout the transition. This need not always
be the case and would generically not be so if a continuous
income distribution were used.
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TABLE 5—TRANSITION FROM PURE LOCAL-FINANCE
SYSTEM TO STATE-FINANCE STEADY STATE

Period t D g m EITC
1 04000 12840 1.1642 21.5632 (C.0571
2 0.3874 13236 1.1799 22.2184 0.0561
3 0.3858 13273 1.1801 222760 0.0559
4 9.3858 1.3274 1.1801 22.2765 00559

Several researchers have noted that when
California moved to a state-financing system
following the Serranc decision and Proposi-
tion 13, the result was a substantial decrease
in the share of income devoted to education
(see Lawrence Picus [1991], for example).
How can this be reconciled with the above pre-
diction that a move from local to state financ-
ing implies an increase in the share of income
devoted to education? As argued by Ferndndez
and Rogerson (1995) in the context of a much
simpler model, the key issue is to note that
California did not switch from a pure local
systemn to a state system, but rather from a
foundation system to a state system. In a foun-
dation system all districts receive a guaranteed
amount from the state and are free to supple-
ment this amount with local revenues. We
show in that paper that a foundation system
actually leads to greater spending than either
extreme of a pure local or pure egalitarian state
system.

We now turn to the guestion of the effect of
this policy change on welfare.

C. Welfare Effects

It is clearly desirable to have some measure
of the welfare effects associated with the
change in the education-financing system.
Since our economy consists of heterogencous
individuals and of different generations, this is
not a straightforward exercise. In order to do
so, we construct the following welfare mea-
sure. Under each financing system and for
each period ¢, we compute the expected utility
( EU) for a hypothetical individual whose in-
come is a random draw from that period’s in-
come distribution. Thus, if A, is the fraction of
the population with income y; in pericd ¢, and
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V, is the utility of an individual with income
y; in that same period, then the expected utility
in period ¢ is given by:

(15) EU, = 3 NV,

Henceforth we define EU, to be the value of EU
in the steady state of the local-finance system.”

We first examine the value of EU in the two
steady states. Under the local system E{/, =
—0.3197; under the state system £ = —0.3117.
While this indicates that under this welfare cri-
terion the steady state of the state-finance system
is preferred to the pure local system, in order to
translate this difference in utility into a measure
not affected by linear transformations of the util-
ity function, we caiculate the percent, A, by
which the vector of income (y,, v, = yy) would
have to be reduced in the state-financing system
to render the hypothetical individual indifferent
between the two economies. This calculation
holds prices, tax rates, and quality of education
constant at their original equilibrium levels.
More generally, to calculate the percentage in-
come transfer that would be necessary to leave
individuals from some generation ¢ indifferent
between the welfare level achieved in that time
period and that obtained in the steady state of
the local-finance system, we obtain 4, implicitly
from:

(}-6) EU!(AI) - EUO

= z AV (}7”(1 - Ar)’ Tty q:) - EU,

= (.

Comparing the steady state under state fi-
nancing with the steady state under local fi-
nancing, the magnitude of the required
decrease in income under state financing is 3.2
percent. That is, total income would have to
be decreased by 3.2 percent every period in
order for there to be indifference between the
steady states of the two systems. This is a very
large difference in welfare; these types of pol-

* Note that this is simply a utilitarian social welfare
function.

icy comparisons usually yield welfare costs of
alternative policies of a fraction of 1 percent
of total income.*

Of course, a welfare comparison across
steady states is not complete since the costs or
benefits incurred along the transition path are
ignored. We next examine, therefore, the wel-
fare effects along the transition path to the new
steady state. Table 6 shows the value of EU,
from period O—the steady state under local
financing —through pericd 4 (at which point
the economy is at its steady-state equilibrium
under the state-financing system). The third
column gives, for each period f, the percentage
A, by which the vector of income would have
to be changed in order to equate that period’s
EU, to EU, (recall that prices, tax rate, and
quality of education are kept at the equilibrium
level attained in period t).*' Note that period
1 will have, ceteris paribus, a greater tendency
to have a negative A associated with it since
any change in income distribution will not be
realized until the following period (i.e., the in-
come distribution in period 1 is that from the
steady state under local finance ).

In order to obtain an overall welfare evalu-
ation which includes the transition path, we
need to assign a discount rate and the associ-
ated length of a period, 7. If each period is
interpreted to be the productive life of an in-
dividual, 30 years seems a reasonable
benchmark. The structure of our model, how-
ever, is such that an individual spends the
same length of time going to school when
young as being productive when old. Thus an-
other reasonable alternative is a time period of
15 years. We explore the implications of both
possibilities. Instead of arbitrarily assigning an
annual discount factor, however, we ask at
what rate mmst the future be discounted in

* Note that simply comparing stcady-state income
yields a very similar result: income is 3.3 percent greater
under state financing. This is somewhat reassuring since
concavity of the utility function alone implies that redis-
tributive policies may increase aggregate welfare. The fact
that steady-state income has increased by a comparable
amount suggests that a large fraction of the gains are due
to other sources.

' Note that by our previcus definition, &g = 0.

*2 See Benabou (1996) for a somewhat different ten-
sion that exists between long-run and short-run welfare.
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TABLE 6—WELFARE EFFECTS ALONG
THE TRANSITION PATH

Period EU, A,
] —~0.3197 4]
I —0.3205 —-3.3
2 —{).3124 29
3 —0.3117 32
4 —0.3117 3.2

order for both systems (including the transi-
tion to the state-financing system) to yield the
same total utility. More formally, we find the
3 such that

2 B70. =0

For 7 = 30, this yields 8 = 0.924 or an implicit
annual interest rate r = 8.2 percent. For any
discount factor greater than 0.924, therefore,
under the welfare criteria used it would be ben-
eficial to switch to a state-finance system. Sim-
tlarly, for 7 = 15 the implied annual interest
rate required for indifference is r = 17.2
percent.

Note that the above welfare caleulation did
not take into account the welfare of the owners
of housing (who receive the rental income}.
Total producer surpius from the housing mar-
ket is easily computed in the two economies:
Relative to its value in the steady state under
local financing, it first decreases by 1.7 percent
in period 1, and then increases by 2.89 percent
in period 2, and thereafter by 3.33 percent in
each subsequent period. The g required for in-
difference in this case is higher (5 = 0.930 for
T = 30). In any case producer surplus is a
small fraction of total steady-state income
{roughly 10 percent).

What is the source of the large overall wel-
fare gain? By definition, any difference in
welfare must be induced by changes in the
V; and/or changes in the i;. Thus, we must
examine the change in utility derived from
each income level’s new ¢, A, and ¢ bundle
as well as the overall change in the income
distribution.

(17)
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Comparing across steady states for the two
financing systems studied above, it turns out
that each of the V; is greater under local fi-
nancing!’® That is, for each given income
level, utility under the steady state of the local-
financing system is higher than that of the
state-financing system. Since expected utility
is higher under state financing, it must be the
case, therefore, that favorable changes in the
distribution of income (i.e., the A;’s) more
than offset the decrease in the V,’s. This points
to a trade-off that is central to a comparison of
a local- and a state-financing system. On the
one hand, & local system has the ability to
make individuals better off by allowing them
greater scope to sort themseives inio commnu-
nities that more closely reflect their prefer-
ences given iheir income than does a state
system that forces individuals to consume the
same quantity of the publicly provided good.
On the other hand, a state system may yield a
better income distribution (in that higher out-
put is generated) than a local system which
generates greater heterogeneity in education
expenditures. We now turn to a more detailed
examination of these points.

Note first that the steady-state income dis-
tribution under state financing stochastically
dominates that under local financing; in par-
ticular, A; through A, are greater under local
financing whereas ks through h; are greater un-
der state financing. The income distribution
under state financing is characterized by a sin-
gle parameter—the mean of the lognormal
distribution (recall that the variance is con-
stant). Thus, an explanation of the higher level
of mean income should provide insight into
the higher welfare achieved under the national
financing system.

Although equation (13) allows the mean of
log income to be either concave or convex in
g, our finding of § = ~3.9 implies substantial
concavity. Because concavity of future income
with respect to current educational spending
turns out to be an important factor in our re-

¥ In fact, the V,’s are also greater under the steady state
of the local-financing system than in the first period after
the reform. This implics that were this reform to be voted
on, it would be rejected unanimously by all the old
individuals.
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sults, it is worthwhile to consider this issue in
some detail. The relationship between next pe-
riod’s income y, and this period’s spending on
education ¢, for a given individual is given by:
(18) log(y) = m(q) + &,

where m(g) is given by equation (13) and ¢
is normal with mean O, variance ¢?, and is
independently and identically distributed
(i.i.d.) across individuals.* Although é =
—3.9 implies that mean log income is concave
in g, it does not necessarily follow that mean
income is concave in ¢g. Mean income is the
expected value of the lognormal distribution
and is given by exp(m{qg) + ¢?/2). Hence,
mean income is concave in g if and only if
m'? + m” < 0. This condition is satisfied if
and onty if (1 + ¢g)° < (1 — 6)/B. One of the
statistics we use in our calibration is the elas-
ticity of future earnings with respect to spend-
ing. This can be computed analytically and is
given by Bg(1 + ¢)°”'. Matching a particular
value for this elasticity does not impose any
restriction on the concavity of next period’s
income with respect to this period’s spending
on education.®® However, a second elasticity
we match is the cross-community elasticity of
spending with respect to community mean in-
come. Subject to matching these two elastici-
ties, our numerical work found no choices of
B and 6 for which mean incorne is not concave
in spending.

What is the independent evidence on the
concavity of this relationship? An alternative
way to ask this question is what is the evidence
on decreasing rates of return to spending on
education. In a narrow sense the empirical lit-
erature is not very informative on this issue;
given the controversy over whether resources
matter for ouicomes, there is no definitive

% Recal? that we actuaily use a discrete approximation
to this relation.

* This should be contrasted with a simpler specifica-
tion that is commenly employed, namely, y = Aq”e, where
€ is an i.i.d income shock. With this specification, the pa-
rameter § is the elasticity of future earnings with regard
0 educational expenditures, and the value of this elasticity
completely determines the concavity of income with re-
spect to education spending. See Ferndndez and Rogerson
(1997b) for more details.

work on the extent to which this relationship
is concave.*

As just discussed, our calibration implies
that mean income is concave in spending. It
follows that holding total spending on educa-
tion fixed, next period’s mean income is great-
est if these funds are divided equally across all
students. Whereas equal division of funds is
what occurs under state financing, under local
financing students in C, receive roughly half
the per-student expenditures as students in C,.
To obtain an idea of how much this concavity
matters, we calculate the income distribution
that would result from distributing total
steady-state expenditures on education in the
local system equally across students. The
mean of the resulting income distribution is
22.02, a gain of 2.1 percent over the mean of
21.56 that results from the pattern of educa-
tional expenditures found in the steady state
under local financing and 63.9 percent of the
total increase in mean income found in the
steady state of the state system. Thus, there are
large gains to be realized simply by spreading
resources egually across all students. The re-
mainder of the gain in mean income comes
from the accumulated effects of this change
in income and the increased education expen-
ditures induced by a change in financing
systems.

It may be thought that a substantial portion
of the welfare increase is a consequence of
concavity of preferences over g since our cal-
ibration implies that v{g) is concave. Holding
total spending on education constant,
therefore, the average value of v{g) is maxi-
mized by a constant ¢ across communities. A
simple calculation, however, indicates that the
quantitative magnitude of this effect is small.
In particular, using the steady-state equilib-
rium values under local financing yields

3 At a broader level, there is some evidence to suggest
that the rate of return to schooling decreases as schooling
increases. Willis ( 1986) reviews much of the relevant lit-
erature, and finds evidence to support this, Specifically, he
finds rates of return equal to 17-22 percent for lower ed-
ucation, 15— 16 percent for high school, 1213 percent for
coilege, and 7 percent for graduate school. While these
numbers are not directly relevant for the relationship dis-
cussed above, they do support the notion that as educa-
tional resources are increased, the rate of return decreases.
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0.0008 as the amount by which v(p*g} + (1 —
p*)g3 ) exceeds p*u(gF) + (1 — p*)uigl),
which is only about 10 percent of the differ-
ence in steady-state expected utilities for the
two financing systems.

We now tumn to a closer examination of
the trade-off between local- and state-
financing systems via the use of two illustra-
tive examples.

D. Two Examples

The previous discussion of welfare effects
highlighted two opposing forces central to a
comparison of local- and state-financing sys-
tems. On the one hand, local finance permits
heterogeneous agents to obtain bundles
closer to their preferred ones. On the other
hand, the equalization of expenditures across
students that occurs in a state system results
in greater mean income. In our benchmark
model the second effect is dominant. Here
we present two examples to show that this
outcome is a result of the particular param-
eter values generated by our calibration pro-
cedure and is not inherent to the structure of
the model. These exampies may also help to
illustrate the nature of the trade-off de-
scribed above.

Table 7 displays parameter values (where
different from the benchmark model) and
some selected statistics for the steady-state
allocations under local financing for the two
examples and for the benchmark. As the ta-
ble indicates, both examples are not accept-
able from the perspective of our calibration
procedure. Most importantly, in example 1,
4.4 is too high and i example 2, &, , is tco
tow. Our focus is on the predictions of these
two examples for steady-state welfare gains
associated with a change from local finance
to state finance. These are reported on the
last row of the table. Expressed as before
in terms of output, A, the gains are —6.2
and +0.27 percent for examples 1 and 2
respectively.

Table & presenis two additional pieces of in-
formation useful for interpreting the above dif-
ferences in welfare predictions. First it lists
preferred tax rates in the steady state under state
financing by income level for the benchmark
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TABLE 7—SELECTED FEATURES
Unper Locar. FINANCING

Benchmark model  Example 1 Example 2
) -39 0.5 -8
B 8 0.23 35
Yo 3.0 2.0 29
a, 0.03 0.05 .20
“ 21.56 18.16 21.79
EITC 0.0545 0.0852 0.0556
By 0.616 3.12 (.35
Emg 0.19 0.15 0.03
A 32 —6.2 0.27

model and the two examples. This provides some
indication of the extent to which individuals de-
sire different bundles of goods.” Preferred tax
rates exhibit the smallest range in example 2 and
the greatest range in example 1. The second piece
of information provided is the percent change in
mean income (percent w) that would result if the
resources devoted to education in the local-
financing steady staie were spread equally across
all students (as in the earlier discussion). This
figure provides some indication of the potential
gains from equalizing expenditures. Note that this
number is largest in the benchmark model and
smallest in example 2.

An explanation of the contrasting results for
welfare gains in the three cases is as follows.
Example 2 is a case where spending on edu-
cation is not very important {as evidenced by
the small value of ¢,, ). Consequently, neither
of the two factors mentioned above is partic-
ularly significant and the overall welfare gain
is also small. Example 1 is a case where het-
erogeneity is quite important. Thus, although
there are sizable gains to be had simply by
smoothing expenditures across students, these
are outweighed by the gains associated with
allowing individuals to sort themselves into
different communities. Relative to exampie i,
the benchmark model reverses the relative

%7 Note that this is a rough indication since both pref-
erences and technology differ in the three cases.
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TasLE 8—PrEFERRED TAX RATES UNDER STATE
FINANCING AND PERCENT

Benchmark model FExample 1 Example 2
¥ 0.22 0.00 0.30
Y2 0.30 0.08 0.35
s 0.32 0.16 0.36
¥s .35 0.32 0.38
¥s 0.39 0.51 0406
Vs 0.41 .68 042
¥ 0.44 0.93 0.44
Vs 0.49 1.31 .46
Yo 9.53 1.81 0.48
Percent p 2.1 1.0 0.2

magnitudes of the two effects yielding a large
overall welfare improvement.

IV, Sensitivity Analysis and
Alternative Comparisons

Qur calibration exercise relies on several es-
tirpates obtained from empirical work. Be-
cause the empirical studies often suggest a
range of estimates rather than a single value,
it is of interest to check the sensitivity of our
policy analysis to the use of alternative values
in the calibration exercise. Furthermore, it is
also of interest to see what our model implies
for some statistics not used in our calibration
exercise.

A. Sensitivity to Alternative
Parameter Values

In all the exercises that foliow, the model’s
parameters are recalibrated, i.e., parameters
are chosen so that the model’s steady state
matches the appropriate set of statistics. To fo-
cus the discussion, we consider only the effect
of these alternatives on the steady-state wel-
fare calculation carried out in Section L, sub-
section C.

We begin with a brief discussion of three
variations that we found to have virtually no
effect on the magnitude of the steady-state
welfare gain: changes in the preference param-
eter v and in the two housing price elasticities.

Recall that ¥ was set to 0 in the benchmark
specification. The results are very similar
when ¥ is set to values of 0.5, 0.25, —1, and
—5. Similarly, we found no significant effect
of changing the values of the price elasticities
of housing used in the calibration. For the de-
mand elasticity we used a value of —0.93
{ which corresponds to the upper range of es-
timates ), and for the supply elasticity we used
values ranging from '/ to 3.

In contrast to the above, we found that vari-
ations in &, , and &, , have a significant impact
on the magnitude of the steady-state welfare
gains predicted by our model. Table 9 presents
the results for several alternative values of
these two clasticities. (In each case the table
shows the parameter values that differ from
those of the benchmark specification.} In the
interest of space we do not include any of the
other summary statistics for the steady-state
equilibria, but note that in all cases these val-
ues are similar to those for the benchmark
model.

From the table we note that although changes
in &, , result in a sizable range of associated
welfare gains, in all cases the welfare gain is
substantial. Furthermore, welfare gains sig-
pificanily larger than those reported in our
welfare section, are apparently plausible. As
for the alternative values for g,,,, these are
not chosen in accord with those suggested by
any specific empirical work. Nonetheless,
given the controversy in this area, we think
it informative to indicate the sensitivity of
our resuits to this value. For the range of val-
ues displayed in the table, the steady-state
welfare gain appears to be roughly linear in
this elasticity. Note that even using a value
almost 50 percent lower than our chosen es-
timate, the welfare gains are still sizable.

B. Some Additional Comparisons

In addition to the sensitivity analysis per-
formed above, an additional check on the rea-
sonableness of our calibrated model can be
obtained by contrasting the income distribu-
tion and the intergenerational mobility gener-
ated by our model with that observed in reality
as well as with some alternative measures of
the rate of return to education. These are all
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TABLE S——SENSITIVITY ANALYSIS

£qu & B Vo a, A

062 -39 8.00 3.01 0.034 3.20

1.28 -1 095 337 0.030 5.67

092 -2 200 3135 0.032 448

074 -3 430 3052 G030 410

051 -5 18.5 2985 0.032 290

036 =7 90.0 2950 0.035 223

€y b B Ya a, A r
062 -39 800 301 0.034 320 8.6
0.12 —45 770 295 0.053 1.60 54
031 -38 1225 3105 0021 569 122

measures that our model did not calibrate to
directly.

The calibration ensures that the mean and
median income in the model’s steady state are
approximately equal to their counterparts in
the U.S. data. The distribution of income from
the 1980 U.S. Census is given by (0.07, 0.06,
0.07, 0.15, 0.15, 0.14, 0.19, 0.11, 0.06). As is
well known, the lognormal distribution does a
good job of accounting for the observed in-
come distribution except that it does not have
enough mass in the tails. Not surprisingly,
therefore, comparing with the A in Table 1, the
same is true of the model’s steady-state in-
come distribution,

The intergenerational mobility implied by
the steady-state equilibrium of the model are
summarized by the numbers in Table 10 and
contrasted with averages obtained for the
United States by David J. Zimmerman {1992)
which are presented in parentheses. Note that
while our model does fairly well for the mo-
bility nunbers in the second and third quartile,
it produces a smaller probability of a child
ending up in the top quarter given that the par-
ent is in that quarter and likewise a smaller
probability of remaining in the bottom quarter
given that the parent is in that quarter. This is
probably in large part due to the fact that we
only have two communities and use a lognor-
mal distribution to approximate the income
distribution generated by the guality of edu-
cation in each community. A larger number of
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TABLE 10—INTERGENERATIONAL, INCOME MOBILITY
(NUMBERS IN PARENTHESES ARE FROM ZIMMERMAN, 1992)
PARENT'S INCOME QUARTILE

Top  Second Third Bottom

Top 0.3t 0.25 .22 0.22

€42y <026 (0200 (0.1

Second  0.23 0.24 0.25 0.25

Child’s ©.34) (0.24) <023y (021
Income

Quartife  Third 0.24 .25 0.26 0.26

(0G.16)  (©27) (031 (D.33)

Bottom 022 .0.25 0.27 0.27

©0%) (0.24) (026} (0.35)

communities would give weaithier parents ac-
cess to a higher ¢ (and thus their children a
greater probability of being likewise wealthy)
and the opposite would hold for poorer
parents.l‘&:‘g

An additional piece of information that can
be computed using the steady-state allocations
is the implicit rate of return to expenditures on
education. In the steady state, C; spends an
additional ¢, — ¢, per student on education.
This leads to a gain in mean income of y., —
L2, Where p; is the mean futare income for
children who go to school in community j. As-
suming that & period lasts 7 years, the implied
annual rate of return r satisfies:

ey — Hen
g — @

For a time period of 30 years, using the ap-
propriate steady-state values yields r = 0.0422
whereas for 7 = {5, r = 0.086.

There is a fairly large literatare that attempts
to determine the rate of retumn to investment
in human capital, in particular, the return to an
additional year of schooling (see, for example,

{19) (1 +ry =

* Note that under state financing, Table 10 would have
0.25 for all its entries since parental income does not affect
the child’s income under a state system. Hence there is
greater intergenerational mobility between the bottom and
the top quartiles under a state-financing system.

* Higher values of either &,,, or g, in the calibration
also make the model’s predictions closer to Zimmerman’s
numbers.
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Becker, 1975). Annual returns of between 4
and 9 percent are in the lower half of the range
found in this literature, where the typical range
is 5—15 percent. Moreover, the estimates of
Wilis (1986) for primary and secondary edu-
cation suggest that the upper part of this range
is more appropriate. Although our calibration
procedure does not attempt to match this rate
of return, it is obviously closely related to g, ,
which is defined as [log{u.) — log{u.2)l/
[log(g:) — log(q,)]. Thus one possibility is
to calibrate to a larger &, , yielding higher im-
ptied annual rates of return. The final column
in Table 9 shows the annual rates of return
based on 7 = 15. If 7 = 30 is used, the rates
of return are roughly half as large. Based on
this evidence, the value of g, , used in the cal-
ibration does not seem extreme.

V. Concluding Remarks

This paper argues that dynamic considerations
are an important element in evaluating alterna-
tive school-finance systems. To make this ar-
gument, we developed a tractable dynamic
multicommunity model and calibrated it to U.S.
data. We used the calibrated model to evaluate
the conseguences of reforming the public-
education finance system from one of pure local
finance to a system in which education is fi-
nanced at the state level and expenditures per
student are equal across communities.

We analyzed the effects of such a reform on
allocations and welfare, both across steady
states and along the transition path. Our find-
ings indicate a substantial welfare gain asso-
ciated with this change in policy. In our
benchmark model the steady-stale welfare
gain associated with the state-finance system
is over 3 percent of total income.

Some simplifying features of the model
should be kept in mind when interpreting the
above welfare gain.*’ First, we assumed that
there are only two communities. In a simpler
setting, however, Ferndndez and Rogerson
{1997b) assumed perfect separation of indi-
viduals and found similar welfare gains. Sec-
ond, our analysis assumes that all parents send

** ¢ should be noted that our analysis does not recom-
mend the centralized provision of education but rather the
centralization of its financing.

their children to public schools. While cur-
rently less than 10 percent of children attend
private schools in the United States, it is pos-
sible that a move 10 a state-finance system
would increase this proportion and thereby di-
minish public support for public expenditure
on education.”! Third, we assume that the qual-
ity of education is only affected by spending
per student; in particular, we abstract from any
peer effects and assume that parental charac-
teristics do not influence educational outcomes
other than through spending on education.
Fourth, this welfare gain presumably over-
states the potential gains from reform facing a
state whose educational-finance system is
somewhere between the extremes of local and
national financing.** Future work should focus
on evaluating how incorporating these factors
influences the evaluation of public-education
finance systems and extending this work to
mixed-finance systems.
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