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Abstract

We analyze five education finance systems: local, State, foundation,
power equalizing with recapture (PER) and power equalizing without re-
capture (PEN). In a calibrated model, we find that finance systems have
large effects on educational resources and equity. The trade-off between
equity and resources, however, is not monotone. Ranking systems by ex-
pected utility, we find that PER consistently ranks highest, though it pro-
vides fewer resources to education than the foundation and PEN systems,
and is less equitable than a state system. We prove that for an important
subset of preferences, PER will win in majority voting comparisons with
the other systems.

1. Introduction

Publicly financed education is a pervasive feature of modern economies. Even a
casual look at education spending patterns across either states within the US or
across countries, however, reveals substantial variation in both spending on public
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education and its distribution across students. This may be thought to be in large
part a result of the rules which impact on education spending—what we will call
the education finance system.

Education finance systems differ significantly across US states and across coun-
tries and, not surprisingly, are the subject of much controversy. In the US, states
have found themselves facing actual or threatened court challenges to their edu-
cation finance systems over the last several decades, most often on the grounds
that the actual system results in large inequities. As a result, many states have
made dramatic changes to their systems of financing K-12 education with the
specific objective of providing more equitable educational opportunities. There
has been relatively little accompanying analysis, however, examining how these
changes might affect the total sum of resources dedicated to education and whether
indeed increased equality is a likely outcome.

Central to understanding how a school finance system affects the sum and
distribution of education resources is an analysis of the mechanisms through which
it transfers resources across individuals and distorts incentives to devote funds to
education. The objective of this paper is to study these mechanisms in a simple
general equilibrium model and to perform a calibration exercise to assess their
quantitative significance. In order to do so, we use a standard model of local
public finance in which there are a large number of families that are heterogeneous
with regard to income that are perfectly sorted into homogeneous communities.
The education finance system sets down the rules that govern how revenues are
raised and distributed across communities for education spending. A defining
characteristic of our approach is that the key parameters of the education finance
system are determined by a political economy system—in our case, by majority
vote. This model seems the natural starting point for a comparison of systems.
Its simplicity allows us to highlight the basic forces at work, yet is also hopefully
rich enough to incorporate many of the elements essential to the issue.

We examine the implications of several prototypical education finance systems
for resources devoted to education, their distribution across children, and welfare.
We attempt to identify the tradeoffs across systems between equity and efficiency.
In doing so, we ask whether there is a systematic relationship between resources
devoted to education and equity. And, given the centrality of political economy
in our approach, we also ask which groups benefit and which lose when one system
is adopted rather than another.

We analyze five different finance systems that are or have been in use in various
states: local, State, foundation, power equalizing with recapture (PER) and power



equalizing without recapture (PEN), all of which we describe in more detail below.
We find that finance systems can have very large effects on both resources devoted
to education and equity. Our calibration suggests that total spending on education
may differ by as much as 25% across systems. The tradeoff between equity and
resources, however, is not monotone. While spending in a local system is typically
greater than that in either the State system or in the PER system, total spending
is typically highest for the foundation and PEN systems, both of which reduce
inequality of educational resources substantially relative to a local system.

We also rank systems in welfare terms by carrying out an expected utility
calculation. Once again, the tradeoff between total resources and equity is not
simple. We find that the power equalizing system with recapture is consistently
rated the best in this utility comparison, though it does not do as well in terms
of total resources compared to the foundation and PEN systems, and falls well
short of the state system in terms of equity. Relative to a local system, PER offers
roughly the same total resources but brings about a large reduction in inequality.
Additionally, we find that the PER system is remarkably popular among these
alternative finance systems—we prove analytically that for an important subset of
preferences PER will win in majority voting comparisons with each of the other
systems.

Our work is closely related to several papers. It builds directly on the work
initiated by Inman (1978) who was among the first to carry out a quantitative
comparison of education finance systems in the context of an explicit model. A
key difference between his work and ours is that his abstracted from political econ-
omy issues. In using a political economy approach to contrast education finance
systems we continue the work begun in Ferndandez and Rogerson (1995ab, 1996,
and 1998). Several others have also examined education finance issues using a
political economy approach. Glomm and Ravikumar (1992) and Silva and Son-
stelie (1995) contrast state and local finance systems, whereas Nechyba (1996) and
de Bartolome (1997) study foundation systems. Epple and Romano (1996a) and
Glomm and Ravikumar (1998) examine how private education affects spending
on public education.

There is also a growing empirical literature devoted to examining how changes
in state-level education financing systems affect education spending, including
Card and Payne (1998), Courant and Loeb (1997), Downes and Shah (1994),
Evans, Murray, and Schwab (1997), Hoxby (1998), Loeb (2001), Murray, Evans,
and Schwab (1998), and Manwaring and Sheffrin (1997). Hoxby’s paper is perhaps
most relevant since it also focus on the mechanics through which finance systems



affect the incentives for individuals to spend on education. Her analysis, however,
uses a reduced form empirical approach to understand how a given system with
specified parameters will affect education spending. In contrast, our analysis
stresses the general equilibrium interactions and the political economy issues that
determine the key parameter settings within a given finance system. An additional
advantage of our approach is that it allows us to obtain analytical results and to
do welfare comparisons of the various systems.

Though their paper is not specifically on education finance, it is of interest to
contrast our results with Epple and Romano (1996b). They consider the provision
of a private good and examine three regimes: market provision only, government
provision only, and government provision supplemented by the private market
system. Although they have in mind a good such as health care which can be pro-
vided by the government yet supplemented privately, their framework is similar to
ours. They assume that with any government intervention, majority vote decides
the level of the proportional tax used to finance the private good, as do we. Thus,
for the three systems in common in our analysis, we obtain the same theoretical
results. Our theoretical analysis, however, includes two additional systems—PER
and PEN—which are central to our welfare and majority voting results. In addition
we focus on the issue of equity and, most importantly, we provide a quantitative
assessment of the five systems.

An outline of the paper follows. In Section 2 we provide an overview of the five
finance systems and in section 3 we characterize each of them analytically. Section
3 calibrates the model and provides a quantitative comparison of these systems.
Section 4 examines the robustness of our conclusions. Section 5 concludes.

2. An Overview of Education Finance Systems

In this section we describe and contrast the five prototypical education finance
systems that we analyze. These five systems are local, State, foundation, power
equalizing with recapture (PER) and power equalizing without recapture (PEN).

We start with what we call the local finance system. Prior to the Great
Depression, almost all spending on public K-12 education in the US was generated
by taxes levied at the local (county and city) level. From 1890 to the mid 1930s,
local government provided over 75% of financial support.! Thus, it is of historical

!See Goldin (1999) for an account of the large expansion in secondary school education that
occurred in the US from 1910 to 1940.



as well as theoretical interest to examine the extreme case of only local financing,
or what we refer to as a (pure) local finance system.

In a pure local finance system, each district determines its own level of spending
on education and there are no transfers of resources across districts. To the extent
that districts differ in their tax bases, there will be large differences in the ability of
districts to fund education using local tax revenues. It is clear that such a system
will tend to lead to large disparities in spending per student across districts.

After the early 1930’s, the proportion of education revenues provided by the
state and federal governments rose dramatically with the share of funding from
State governments levelling off at around 40% during the decades of the 50s,
60s, and early 70s.> Beginning with Serrano v. Priest (1971), however, states
started facing challenges to the constitutionality of their school-finance systems in
court. By 1996, the supreme court in 43 states had heard cases challenging the
constitutionality of the state’s system.?> This movement led to a second important
increase in the proportion of state (relative to local) financing of education. In
1978-79, the state proportion exceeded the local proportion for the first time and
this share remained more or less at close to 50% level through 1990s (see the US
Department of Education (1993) for a breakdown of spending from 1870 to 1990).

Each of the alternative four systems that we study can be viewed as providing
a mechanism to redistribute some resources across districts to at least partially
offset the differences in tax bases across communities and the resulting differences
in per student spending across districts. Below we describe each in turn.

A State system represents the extreme case of offsetting differences in per
student spending. In a (pure) State system, all students receive equal funding
from state revenue sources and districts are not allowed to increase spending over
that level. Hence, by definition, all students in the public system will receive the
same resources independently of the district in which they reside. Currently, only
California and Hawaii employ this system.

Many state constitutions require that the state provide all students with an
“adequate” education. One interpretation of this requirement is that there is
some minimally acceptable level of education that no student should fall below.
A foundation system represents a natural way to meet this requirement. This
system offers all districts a guaranteed minimum amount of support per student

2The proportion of funding from the federal goverment has always been relatively small-under
10%.

3See Table 1 in Murray et al. (1998) for a list of state supreme court rulings on the consti-
tuionality of school-finance systems from 1971-1996.



from state revenue sources, but still allows individual districts to tax themselves
should they wish to supplement this guaranteed amount. Hence, a foundation
system guarantees that all students will receive at least some minimum level of
resources, but does not in any sense restrict districts from generating local revenues
to spend on education. Currently, foundation systems are the most common
system of finance employed by states.

Some State Supreme Court cases have challenged education finance systems in
several states by arguing that a situation in which districts have different tax bases
from which to generate education spending is unconstitutional. In particular, it
has been argued that equal access to education cannot be obtained if districts
that tax at the same rate obtain unequal resources. Power equalizing systems,
originally introduced into the education finance debate by Coons et al. (1970),
were the natural outgrowth of this argument. In a power equalizing system with
recapture all districts are given a common tax base (per student). That is,
districts are free to choose different tax rates, but all districts face the same
schedule of tax rates and tax revenues. Hence, a given tax rate generates the same
revenue for all districts, independent of the district’s underlying characteristics.
A power equalizing system without recapture is similar except that districts with
tax bases that exceed the specified common base use their own higher base to
generate revenue for education. Currently about twenty percent of states employ
power equalizing systems. As a practical matter, the common tax base ranges
from around the mean or median tax base to as high as ninety percent of the tax
base of the district in the 85th percentile in New Jersey.

To understand how these different systems work, a useful analogy is the more
traditional case of redistributive policy in the context of labor earnings. Here
economists find it useful to distinguish between those policies which involve lump-
sum transfers of resources to individuals and those which affect the marginal return
to working faced by individuals. This also provides a valuable way to contrast
the five finance systems just described above. In characterizing distortions at the
margin a useful concept is a district’s tax price for education spending, which gives
the amount of extra local tax revenue that a community must generate in order
to yield an extra dollar of local spending on education.

A local system of finance is simply a system in which there is no redistribution:
there are neither lump-sum transfers nor distortions to decisions at the margin,
so the tax price of education spending is one for all districts. A state system, on
the other hand, provides each district with a lump-sum transfer of educational
resources, but precludes an individual district from additional spending, thereby



making the tax price for education spending effectively infinite for all districts. A
foundation system also provides each district with a lump-sum transfer of educa-
tional resources, but does not interfere with districts who wish to raise additional
revenues, thereby leaving the tax price for education spending equal to one in
all districts. Power equalizing systems, on the other hand, do not involve any
lump-sum transfers of educational resources but instead affect outcomes by alter-
ing the distribution of tax prices across districts. In a power equalizing system
with recapture, a given district has a tax price equal to the ratio of its (per capita)
tax base to the common (or equalizing) tax base. It follows that poorer districts
have tax prices less than one while richer districts have tax prices that are greater
than one. Whether the mean price is greater or less than one is influenced by the
magnitude of the equalizing factor. A power equalizing system without recapture
similarly affects the distribution of tax prices across districts but because a district
is allowed to generate revenues using the maximum of the equalizing factor or its
own tax base, the tax prices are effectively capped at one.

The above discussion should clarify the incentive effects on marginal spending
for education across districts and across systems. Equally important, of course,
are how parameters of a system (e.g. the foundation grant in a foundation system
or the equalizing factor in a power equalizing system) affect the inframarginal
incentives to spend on education. The advantage of a general equilibrium analysis
(in which we require the state budget to be balanced) is that it allows us to
endogenize the parameters of these systems and thus gain a better understanding
of the tradeoffs across different systems of financing education.

3. A Theoretical Analysis of Alternative Finance Systems

3.1. The Model

The analysis of the effects of different financing systems is a complex undertaking.
As noted previously, the impact of a particular education-finance system will in
general depend upon the details of the financing system and their interaction
with the state and local tax systems, on the distribution of income, on the way in
which tax rates, spending, and other key variables are chosen, on the distribution
of employment and housing locations, etc. Here we choose to abstract away
from many of these important elements in order to concentrate on primarily two
variables: the distribution of income and the endogenous determination of the
parameters of the financing system.



The model we present is extremely simple. The economy consists of a contin-
uum of agents, with population normalized to one, and with identical preferences
over a private consumption good ¢ (the numeraire) and over the child’s education,
q. These preferences are given by

u(c) + v(q) (3.1)
where u and v are both increasing and concave with «/(0) = v/(0) = co.?

To calibrate our model, we need to specify preferences. We assume that these
are given by

c q’
—+A— A>0,a<0 (3.2)
o 8
and when our more general preferences do not yield an unambiguous theoretical
result, we will refer to these.

Agents are assumed to differ only in their initial endowment of income, ;,
whose cumulative distribution is described by F(y), and whose mean, p, is as-
sumed to be greater than its median, y, i.e. F'(u) > 0.5. The amount or quality
of education received by a child is assumed to be solely a function of spending
(E) per student (V) which, without loss of generality, we assume is linear, i.e.

1= (3.3)

To focus the analysis on the different incentives associated with alternative school
financing schemes, we assume that peer effects and parental attributes do not
affect school quality.® In order to further simplify matters, we restrict our atten-
tion to proportional taxation of income. In reality, while state taxes are often
based on income, local funds are raised by property taxation. Respecting this
distinction would require us to endogenize the value of housing (and commercial

4Many of our results are easily extendable to more general preferences Ul(c,q), where U is
strictly increasing and quasi concave. We present the case of separable preferences as it simplifies
the algebraic exposition. We indicate throughout the assumptions required for the more general
class of preferences.

®Several authors have studied peer effects. See de Bartolome (1990) for a survey of the
empirical literature and a theoretical model incorporating peer effects. See also Benabou (1993,
1996), Durlauf (1995), Epple and Romano (1996a, 1998), and Caucutt (1997) for other studies
incorporating peer effects.



property) in a district which, although feasible, would complicate matters consid-
erably.® Since the focus of our analysis here is on a comparison across systems,
rather than on the gains and losses associated with switching from one system
to another (which is where the effect on housing prices would presumably most
matter to an analysis), we choose to ignore this distinction in what follows and
assume proportional income taxation at both the state and local level.

We assume that all children attend public schools in the district in which they
live.” The consequences of a finance system are likely to depend on the degree
of sorting of individuals into different districts.> We focus on one extreme (which
is standard in much of the public finance literature)—perfect sorting—which allows
us to abstract from issues of distribution within a community in order to focus
on distribution across communities. Thus, districts consist of individuals with
the same level of income, implying no disagreement at the district level over the
preferred levels of consumption and education. While this case is admittedly
extreme, in our quantitative work we examine the extent to which our results are
affected by imperfect sorting and find that the effects are not substantial.

With the exception of a pure local finance system, the remaining education
finance systems require the determination of key state-level variables. For exam-
ple, a foundation grant system requires the foundation amount to be determined,
a state system requires that the level of funds devoted to education to be chosen,
and both power equalizing systems require the common base to be specified. At
a district level, how preferences vary across individuals is irrelevant in our model
since perfect sorting implies no disagreement over district level variables. At the
state level, however, different individuals will prefer different outcomes. Undoubt-
edly there is a complex political economy that aggregates individual preferences
into a collective outcome. We follow what we consider to be a useful tradition in
political economy, and attempt to capture some component of how heterogeneous
preferences map into aggregate outcomes by assuming that these variables are
determined by majority vote. We think that this serves as a useful benchmark.

6For analyses of school finance systems with endogenous housing prices see Ferndndez and
Rogerson (1998) and Nechyba (1996). Epple and Romer (1991) develop of model of local public
finance with a housing market, though they do not analyze education finance.

"Introducing private schools into the analysis tends to produce non-existence of a majority
vote equilibrium. See Epple and Romano (1998) for an analysis of private and public schooling.

8See Fernandez and Rogerson (1996, 1998b), Fernandez (1997) and Nechyba (2001) for an
analysis of local public finance systems with heterogeneous communties.



3.2. A Local Finance System

As noted previously, this is a system with no redistribution. Although currently no
state has a purely local system, local finance plays an important role in providing
revenue for education and it is of interest to understand the implications of this
extreme system. Furthermore, this system corresponds to Tiebout’s (1956) model
of public good provision in which (static) efficiency is achieved by individuals
who “vote with their feet” so as to end up in homogeneous communities that
tailor their provision of local public goods to exactly match the demands of their
residents.’

In a local finance system, each district chooses a tax rate t; to fund the entirety
of its education expenditures. Thus,

¢ = tiyi (3.4)

where t; solves

max u((1 —ti)y:) + v(tsys) (3.5)

Thus, each district’s tax rate t; is given by the first-order condition:

—u'(y:(1 — t;)) + V' (tiy;) =0 (3.6)
that equates the marginal utility from consumption to that from education.

It will be of interest further on to know how district tax rates depend on
income. Using the implicit function rule on (3.6) yields:

dt;  u'c; —v"g
dy W@+ 2
whose sign depends on u”¢; — v”q; which, for the preferences specified in (3.2),
gives sgn(dt;/dy;) = sgn(y — «). In our calibration we will focus our attention on

the case of @ = vy, which implies an invariant district tax rate with a local finance
system.!’

(3.7)

90f course, no such perfectly stratified equilibrium may be possible since lower-income indi-
viduals may wish to reside with higher-income individuals for redistributional reasons. Segrega-
tion into homogenous communities may be obtained, however, by zoning and other restrictions
(see Fernandez and Rogerson (1997a) and Hamilton(1975)).

0For the case of non-separable preferences, the sign of dt;/dy; depends on the sign of U..c —
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3.3. A State Finance System

The extreme opposite of the local finance system is what we call the “State sys-
tem”. Under this system all districts receive the same per capita revenue for
education and are restricted to using only these funds for education (equivalently,
one may think of this as a system with only one district). For those who argue
that equity is achieved only by providing equal resources for all children, this is
the natural system to consider.!!

Education spending is assumed to be financed by a proportional tax on income,

Ts, SO that

¢ = q=TsH

We assume that 7 is the outcome of majority vote (i.e. 75 must be preferred to
any other tax rate in a pair-wise comparison by at least 50% of the voters).

To determine the majority-vote equilibrium value of the tax rate we need to
understand how individual preferences vary over this variable. An individual’s
preferred tax rate is the solution to:

max u((1 —7s)y;) + v(Tsp) (3.9)

Ts

yielding the first-order condition

—u' (1 = 75)y)ys + V' (Tsp)pp = 0 (3.10)

As indicated by (3.10), the State system renders the implicit price of education
equal to y/u for an individual with income equal to y.

Note that individual preferences are single-peaked in 74, ensuring the existence
of a majority-voting equilibrium. To determine the identity of the median (and
hence decisive) voter, we need to know how the preferred tax rate varies with
income. Using the implicit function rule on (3.10) yields:

Ugqq + Ucy(g — ¢). For homothetic preferences (as in our calibration), this implies that the tax
rate is invariant across districts.

" California’s landmark State Supreme Court ruling against the constitutionality of its previ-
ous (foundation) system in combination with Proposition 13 led to the adoption of this type of
system (see Fernandez and Rogerson (1999) and Silva and Sonstelie (1995) for an analysis).
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dr u'c; +u
y i s (3.11)

whose sign is that of —(u”c + u'). For the preferences specified in (3.2), this
expression is given by —ac® ! which is positive given our assumption of o < 0.2
Note that our assumption on preferences implies that indifference curves are single-
crossing in (7, q) space and that the slopes of these curves are increasing in income
(henceforth we will use the acronym ISC to refer to this characteristic). This turns
out to be an extremely useful property. It implies that if an individual with income
y; prefers some (7, ¢q) bundle to another (7/,¢’) bundle, and if 7 > 7/ and ¢ > ¢/,
then all individuals with y > y; prefer the first bundle as well. If, on the other
hand, the first bundle has a lower 7 and ¢, then all individuals with y < y; prefer
it to (7', ¢).

Thus, the equilibrium tax rate must satisfy (3.10) for the voter with the median
income level, i.e., y; = y. The median voter’s ability to tax mean income rather
than her own lower income implies that in equilibrium she (and all other agents
with income lower than the median) will obtain a greater ¢ under a State relative
to a local system. This does not imply that these individuals are better off under a
State system, as the median voter will be imposing her own preferred (and higher,
given 3.2) tax rate rather than the rates preferred by lower-income individuals.
The median voter though, and by continuity those in some interval around the
median, will be better off. Another implication is that all individuals with income
higher than the mean will be worse off in a State relative to a local system. Not
only do these individuals not obtain their preferred tax rate, but they must also
tax a lower base than their own. Again, continuity implies that there will be an
interval of individuals with income lower than the mean that strictly prefer the
local system to the State finance system.

3.4. A Foundation System

In this system districts are required to tax at some minimum level, 7¢, in exchange
for some guaranteed base level of expenditures per student—the foundation grant
f. We assume that this tax is used to fund the foundation grant, yielding

2For non-separable preferences, the sign of (3.11) is given by the sign of Uy (1—7)u—U,—U.cc.
Requiring this to be positive is equivalent to requiring the slope of indifference curves (in (7, q)
space) to be increasing in income.

12



f = (3.12)

Unlike in the State system, however, a district can choose to augment its
education expenditures by further taxing its own district income. Thus, letting t;
denote the district level tax, we have:'

¢ = [+t
As in the State system, the foundation tax rate (and thus the foundation grant
level) is chosen by majority vote. We assume that tax rate decisions are made
in two stages. In the first stage, majority vote at the state level determines the
foundation tax. In the second stage, districts make their district tax choice.
To solve for the equilibrium tax rates we start with the district tax decision.

Given a state-wide foundation tax rate outcome, 7, a district’s preferred tax rate
is the solution to:

max uw((1 =t —7¢)y) +o(Trn+ tiys), t; >0 (3.14)
yielding the first-order condition

—u' (L —ts = 7p)ys)yi + V' (Tpp+ tay)ys <0 (3.15)

with strict equality for ¢; > 0.
Next, we find the state-wide foundation tax by solving for an individual’s
preferred tax rate as a function of individual income, i.e., we solve:

max u((1 = ti(ry) = 7p)ys) + (T +ti(7r)yi), 7720 (3.16)

yielding the first-order condition:

—u'y; + v’ p+ (—u' + o)yt <0 (3.17)
which, using (3.15) gives:

—u'(1—t; — 7p)ys)yi + 0 (Tpp 4 tiyi)p <0 (3.18)

13See de Bartolome (1997) for an alternative formulation of a foundation system.
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with strict equality for 7, > 0.

Note that if an individual’s preferred foundation tax is positive (i.e. u'y; =
v'p), then (3.15) can only be satisfied for y; < p. So, individuals with income
greater than the mean must have a preferred foundation tax rate of zero. A
similar argument can be used to show that all individuals with income lower than
the mean have a preferred district tax rate of zero (conditional upon obtaining
their preferred foundation tax rate).

The intuition for the above results is clear: All individuals with income below
the mean prefer to finance their education entirely via the foundation grant (in
fact, these individuals’ preferred foundation tax rate is the same as their preferred
tax rate under the state system). This redistributes from those with income above
the mean to those below the mean. Individuals with income greater than the mean,
on the other hand, prefer zero redistribution and to finance their education solely
via the district tax (i.e., their preferred foundation tax rate is zero).!*

The fact that preferred foundation tax rates are the same as preferred State
system tax rates for all individuals with income below the mean (and zero for all
those above the mean) implies that the median voter under a foundation system
is of lower income then the median voter in the State system; all individuals with
income greater than the mean have preferred tax rates of zero and for all others
the preferred foundation tax is increasing in income. Consequently, the median
voter in this system, y;, is determined by

F(u) - F(5y) = 5 (3.19)

Which system will generate greater expenditures on education—Foundation or
State? The foundation system clearly will have lower per capita state government
expenditures (i.e., foundation grant level) than under a State system, i.e., 75 < 7.
This follows from the fact that the foundation median voter has lower income
than the State system median voter, implying a lower preferred tax rate on mean
income.'® Thus, poorer individuals will have lower expenditures on education
under the foundation system. Total expenditures under the State system need

4The logic of this result does not depend on any particular specification of preferences.

5Tn fact, as demonstrated by Epple and Romano (1996b), independently of how preferred tax
rates vary with income, government expenditures will always be at least as large in a government
only system. In comparison with a State system, under a foundation system all voters with
income greater than the mean have a preferred tax of zero (i.e. lower than before), whereas the
preferences of all other individuals are unchanged. Thus, the median voter will have either the
same or a lower preferred tax rate.

14



not be greater, however, since the foundation system allows topping up, which the
State system does not. Thus, a priori, which system dedicates greater resources
to education is ambiguous.

To determine which individuals will choose to top up the equilibrium founda-
tion grant with district spending, note first that all individuals with income lower
than y; will set t; = 0. Furthermore, all individuals with y; > y but smaller than
some level 7, find the foundation tax rate lower than what they would prefer but
nonetheless are unwilling to supplement the foundation grant with additional dis-
trict taxation (since for them u’ > v’). Lastly, all individuals with income greater
than y will set a positive district tax as given by (3.15) (with strict equality). The
income level 3 is implicitly defined by:

u'((1=77)y) =v'(7sp) (3.20)
where 7 solves (3.18) (with strict equality) for y; = y.

Proposition 1. Topping up begins at an income level lower than the mean, i.e.,
y < .

Proof: By definition of y, u/(y(1—17)) = V(7). Now, for all y > yy, if these
individuals did not top up and thus had ¢ = 7, they would have ' (y(1—7))y <
v'(7pp) . Combining these two expression yields v/ (y(1—7))y/p < u'(y(1—7y)),
which is feasible only if ¥ < p.||

Who prefers a foundation system to a State or local system? Individuals with
income below y; (and an interval of individuals above this level) prefer the foun-
dation system to the State system. Both systems redistribute by taxing mean in-
come, but the foundation system has a state-level tax rate closer to their preferred
one since yy < y implies 7y < 7,. The opposite preferences hold for individuals
with income in an interval around 7 . All individuals with income greater than the
mean share the same preferences: they prefer the foundation system as it imposes
a lower state tax rate (i.e., less redistribution) than the State system and allows
them to top up. Below we show formally that a majority of individuals prefer the
foundation system to either local or State.

Proposition 2. A majority of individuals prefer a foundation to a State or local
system.

Proof: Consider first the vote between a foundation and a State system. All
individuals with y; > u strictly prefer a foundation system as it allows them to
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obtain the same ¢ as under the state system but more cheaply given that 7 < 74
and y; > p. Furthermore, all individuals with y; < y strictly prefer the foundation
system, since by revealed preference y; prefers the bundle (7, ¢r) to (75, ¢s) and,
given that the first bundle is smaller in both components than the second, ISC
implies that this ranking is shared by all individuals with income lower than y;.
Since 1 — F(u) + F(yy) = .5, continuity of preferences and income implies that
more than 50% of the population prefers a foundation to State.

Consider next the vote between a foundation and a local system. Note that
a possible outcome under a foundation system is 7y = 0, i.e., the equivalent of
a pure local system. Thus, the choice of a strictly positive 7; in a foundation
system allows us to conclude that by revealed preference, a majority must strictly
prefer a foundation system to a local system.!6||

The intuition for the first part of this result is that a coalition of individuals
richer than the mean and below the median voter prefer a foundation system to
a state system since it taxes at a lower level and yet permits richer individuals
to top up their spending on education. The coalition in favor of a local system
(everyone above the mean and perhaps some individuals with income lower than
yr) is defeated by the 50% of people who want to redistribute with an even higher
tax rate than that chosen under the foundation system (all those that lie in the
interval [F'(yy), F(u)]).

3.5. A Power Equalizing with Recapture System (PER)

In this section we explore the implications of a power equalizing system with
recapture (PER henceforth) in which the tax base is determined endogenously
and all districts are required to tax this common base (unlike a system without
recapture, which we explore in the next section).

In a PER system, each district finances education by taxing its own base at
some chosen rate t;. The revenue generated by doing so is independent of the
district’s tax base, however, and instead is determined by the level of the common
tax base zr. Thus,

The difference between aggregate expenditures on education and the amount
raised by each district is assumed to be funded by a state-wide tax 7z on income.
Thus 7r must satisfy:

16See also Epple and Romano (1996b).
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TRIL = /tz‘(ZR —yi) [ (yi)di (3.22)

)

with private consumption in each district given by:

C; = (1 — ti — TR)yi (323)

Note that the state tax need not be positive (i.e., (3.22) may imply a negative
tax rate) since districts with income greater than zp contribute a net positive
amount of ¢;(y; — zr) to the funds available for other districts. This is slightly
problematic since it raises the issue (absent in other systems) of what should be
done with the potentially excess funds. One possibility is to redistribute these
funds in proportion to individual income. While we report on the result of such
a scheme further on, we were more persuaded by the alternative approach of
constraining individuals to tax bases that yield a non-negative 7. This has the
attractive feature of ensuring that the choice of tax base is not the result of the
desire to redistribute income for private consumption rather than for education
(the latter being the focus of our study), i.e., it ensures that individuals do not
choose a low tax base so as to obtain a negative state income tax rate. Hence, we
impose T > 0.

As in the foundation case, we can think of choices being made in two stages.
In the first stage, agents vote on the level of the common tax base. In the sec-
ond stage, districts choose their tax rates. Thus, individuals face the following
maximization problem:

maxu((1 —t; — Tr)yi) + v(tizr) (3.24)

Zr,ti

st. (322)and 75 >0

yielding, after some substitutions, the first-order conditions:
—u'((1 =t = TR)Y:)yi + V' (tizr)zr = 0 (3.25)

’U/<tiZR)[—ZRT/R + tz] S 0 (326)

where (3.26) is a strict equality if 75 > 0. The first equation gives an individual’s
district income tax for any given tax base level.!” The second gives the individual’s

1"Note that when choosing a district tax rate, the individual ignores the effect of this on 75
since any one district’s choice has a negligible effect on the total funds needed.
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preferred tax base level subject to the requirement that the state income tax
implied by that base be non-negative. Note that (3.26) incorporates information
obtained from (3.25) and that calculating 7 requires use of (3.22) and (3.25).

Using the implicit function rule on (3.25) we can find how, for a given 2, the
district tax rate varies with income:

d _ _woatu (3.27)
dy, u'y; +0"z%
Thus, for our assumption of o < 0, this implies (as with the preferred state tax
rate under the State system) that district tax rates are increasing in income.!®
We cannot guarantee that our preferences are single peaked in zz. We are
assured, nonetheless, of the existence of a majority vote equilibrium since prefer-
ences can be shown to be single crossing in (7, zgr) space. To see this, note that
the slope of an individual’s indifference curves is given by

dr v (tz ZR)ti
|ui = /
wyi

and differentiating (3.28) with respect to y yields after using (3.27), (3.25), and
some algebra:

- 0 3.28
T > (3.28)

o

dZR

dt;
ay'"i) — ufj; Vuyit; > 0 (3.29)

Thus any two indifference curves of any two individuals with different incomes
cross only once, and the slope of an indifference curve through any (7, zg) point is
increasing in income. This guarantees that the individual with median income is
the decisive voter since any greater and feasible (7, zz) bundles would be blocked
by at least those 50% with income lower than the median and any smaller and
feasible bundle would be blocked by at least those 50% with income greater than
the median.’

For many specifications, preferences are sufficiently single-peaked with respect
to z so that if a majority of individuals are effectively constrained in their preferred
value of z by the non-negativity restriction on the state tax rate, the outcome of
majority vote will be zg = 2* where z* solves

18Note again that for non-separable preferences, preferred tax rates are increasing in income
if Uqc(l —t; — TR)Z —U,—U.c>0.

19See, for example, Epple and Romer (1991) for a proof that single crossing preferences imply
the existence of a majority vote equilibrium.
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/ b2 — y) f(yi)di = 0 (3.30)

)

Proposition 3. z* > u.

Proof: Let t; be y;’s choice of district tax rate given a tax base of level z,
with ¢, being the rate chosen by an individual with income y; = z. Note that any
individual with income y; < z is imposing a burden on taxpayers of the amount
ti(z —y;) < t.(z — y;); any individual with y; > z is reducing the burden on
taxpayers by the amount t;(y; — z) < t,(y; — z). Hence,

TRV = /Z ti(z — i) f(ys)di — /ytz‘(%‘ — 2) f(y:)di

</ e — ) f ()i — / " — ) f()di

Yy z

= t.(z —p)

which is non-positive if z < p. The strict inequality follows from our assumption
on preferences that guarantees that district tax rates are increasing in income (see
3.27).2% Thus, for 2 < p, it follows that 7z < 0 and thus z* > p.||

Proposition 4. PER is preferred by a majority over a State system.

Proof: Note that (zg = 2*, Tg = 0) is a feasible outcome under PER. Fur-
thermore, it is preferred by all to the equilibrium outcome under a State system
since z* > u, Tr < 75 implies that any individual can obtain ¢s = 751 (the equi-
librium ¢ under the state system) under PER more cheaply than under the State
system. Next, note that the equilibrium bundle (z*, 7g) is by revealed preference
majority (weakly) preferred to (z*,0) (of course, it can also coincide with this
bundle). By transitivity, therefore, PER is (strictly) preferred by a majority to a
State system. ||

The intuition for this result is straightforward. PER is preferred by all to
a State system since it allows for redistribution without forcing individuals to
consume the same education bundle and it does so at a lower tax rate.

20Note that any preferences that imply indifference curves whose slope is increasing in income
in (t;,q) space, i.e. any preferences that satisfy the condition in footnote (18), yield (‘% > 0.
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Proposition 5. If in equilibrium zz = z* (i.e., TR = 0), then PER is preferred
by a majority to a local or foundation system.

Proof: All individuals with y; < 2* (i.e., a majority) prefer PER to a founda-
tion or local system as PER allows them to obtain the same ¢ as under either of
those systems but at a lower cost given that z* > y; implies that they can tax a
higher tax base than their own at a zero state income tax.||

We cannot extend the result above to the case of an unconstrained outcome
(i.e.,, zg > z*, T > 0) under PER, however. Although by revealed preference
a majority prefers the equilibrium bundle to (z*,0), this may not be the same
majority that prefers z* to a foundation or to a local system. In fact, ISC guar-
antees that all individuals with y; > y prefer the equilibrium bundle to (z*,0),
but we can only be sure that individuals with y; < z* prefer (z*,0) to either the
foundation or local system. Therefore a transitivity argument cannot be used as
was done in the case of Proposition 4. Note that a foundation system may be pre-
ferred to PER by the wealthiest individuals since it allows them to tax their own
income (rather than the common tax base) to obtain resources for education over
the common foundation level. Individuals with income lower than the median,
on the other hand, may prefer the foundation system over PER despite the lower
tax base and the uniform tax rate, since the state tax rate under PER may be
too high. Similarly, because of the state tax burden in PER, it can no longer be
argued that all those with income below z must prefer PER over a local system.

In our calibration we end up specifying preferences as % + A%, a < 0. For
these preferences, for the large variety of a values we experimented with, the
equilibrium outcome under PER is always constrained yielding zg = z* (i.e.,
Tr = 0). Hence, were individuals with these preferences given to choose among
the four education finance systems discussed so far, propositions 4 and 5 imply
that a majority would favor PER over all others.

It is also of interest to examine how each ¢; will differ across systems for
this family of preferences. Assuming that our preferences guarantee that the tax
base under PER will be z* (i.e., T = 0), which is greater than the tax base of
1 available under the State system, it follows that all individuals with income
greater than some 3/, 4/ < y, will obtain a greater ¢; under PER than under a
State system.?! Comparing PER with a foundation system, zz > p implies all

21For the extreme case of o = 0, all individuals share the same preferred tax base of z* =
and impose the same district tax rate. This tax rate is the same as the one imposed by the
median voter under a State system. Thus, all individuals obtain the same ¢ under both systems.
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Yi € [yr, 2] obtain a greater ¢; under PER (and by continuity, so does an interval
of individuals with income lower than y; and an interval with income greater than
2*). Relative to a local system, all individuals with y; < z* will have a greater ¢;
under PER; all those with income greater than z* will have a greater ¢; under the
local system.

3.6. A Power Equalizing System with No Recapture (PEN)

Lastly, we turn to an analysis of a power equalizing system without recapture
(henceforth PEN). In contrast to the previous case, this system allows districts
with mean income greater than the common base to tax their own income, so that

tizn Yi < ZN
%= { tilYi Yi > 2N (3:31)
where 7y is the common tax base. This system is somewhat of a hybrid between
the foundation system and the PER system, in that while it does not guarantee
any particular level of education spending per student, it does guarantee the tax
base which districts can use to generate education spending.
We assume, as in the previous case, that the required education funds are
generated by a state income tax, 7y, so that private consumption is given by:

and the state tax rate must satisfy the budget constraint:

. / e — ) ()i (3.33)

Note that, unlike the previous case, 7y is strictly positive for any zy > y since
higher-income individuals no longer automatically redistribute simply by taxing
themselves to provide for their own education.

As before, we can think of the choice over zy and t; as occurring in two stages,
with majority vote over zy followed by individual choice over the district tax rate.
Individuals therefore face the following maximization problem:

maxu((1 —t; — 7n)y:) + v(t; max{zy, v }) (3.34)

ZN,ti
st. TNp= / ti(zn — yi) f(yi)di
Yi<ZN
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The maximization problem over ¢; is not problematic; it simply depends on
whether the (at that stage given) value of zy is greater or smaller than the indi-
vidual’s district income. Thus, the first-order conditions are:

—u' (1=t —7n)y)yi + V' (tys)ys = 0,y > 2y (3.35)

and

—u' (1=t — 7)Yy + V' (tizn)zey =0, 4 < 2y (3.36)

Unfortunately, the maximization problem over zy is generally not single peaked.
Even if the state income tax rate is convex in zp, individuals will tend to have a
local maximum at zy =y (or equivalently at zy = 0) and at some zy > y;. Thus,
the existence of a majority vote equilibrium is not guaranteed, although for all
the parameter values we study equilibrium always exists.

The first-order condition for an interior maximum for zy yields, after substi-
tuting (3.36),

V(tizn) =Ty +ti] =0

where calculating 7/ requires (3.33), (3.35) and (3.36). It is easy to show that 7y
is increasing in zy.

Proposition 6. A majority of individuals (weakly) prefer PEN to a local system.

Proof: Note that a feasible outcome under PEN is zy = y which is equivalent
to a system with no redistribution, i.e., a local system.?? Hence any outcome
zy > y indicates that a majority strictly prefers PEN to a local system and an
outcome of zy = y indicates that a majority is indifferent.||

For the same level of z (given z < ), the state tax rate required to fund
education expenditures is greater under PEN than under PER. To see this, note
that (3.25) and (3.36) imply that when faced with the same common tax base
z, were the state tax the same under both systems, all individuals with y; < z
would choose the same district tax rates under both systems. Since under PER
individuals with y; > 2 contribute to the funds available whereas under PEN
they do not, it follows from concavity of the utility function that 7r(2) < 7y(2)

?2Note that all values of z € [0,y] are equivalent; they all imply no redistribution and a state
tax rate of zero.
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(where 7;(z) indicates the state tax rate required to fund education under system
J, 7= (R (PER), N (PEN)), given a tax base of z).

For the proposition that follows, it is important to note that if faced with a
choice between (zg, Tr) under PER and (zy, 7y) under PEN, then all individuals
with y; < min{zg, 2y} need compare only the utility that they obtain from each
bundle to determine which system they prefer. By way of contrast, the preferences
of individuals with y; > min{zg, 2y} depend not solely on the two bundles but
also on the system, as PEN allows them to tax their own income whereas PER
does not.

Proposition 7. A majority of individuals prefer PER over PEN if zy > zg.

Proof: To begin, note that if min{zy, zg} > ¥, then zy = zz and the two
systems are equivalent; they yield the same utility to all individuals and hence
all are indifferent. For all other cases, note first that zy > zz implies 7y >
Tr(zn) > Tr(zr). But under a PER system, by revealed preference, the median
voter (weakly) prefers (zg, Tr) to (2n,Tr(2x)). Since the first bundle is weakly
smaller in both components than the second, ISC implies that all individuals
with y; <y also prefer (zg, Tr(2r)) to (zn, Tr(2n)). But (2, Tr(2y)) is strictly
preferred by all to obtaining, under PER, (zy, 7). Since for all y; < zg only the
choice of bundles matters, this implies that at least 50% of individuals strictly
prefer PER to PEN.?||

It is also easy to show that a majority of individuals prefer PER to PEN if the
outcome under PER is z*.

Proposition 8. Proposition 9. A majority of individuals prefer PER over PEN
if zp = 2z*.

Proof: By Proposition 7, if zy > 2*, PER is majority preferred to PEN. If,
on the other hand, zy < z*, all individuals with y; < 2* prefer PER to PEN since
the former allows them to obtain the same ¢; as under PEN but at a lower cost
since zy < 2" and 7y > 7 = 0. Since z* > pu, these individuals are more than
50% of the population.||

Hence, we are only unable to prove that PER will be majority preferred to
PEN if zy < zg, 2zr # 2%, and Tg > 7. Our inability to prove this stems from the

23Note that the logic of this argument is independent of whether the choice under PER is
constrained by the non-negativity requirement.
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fact that we can no longer use the single-crossing logic to argue that all individuals
with y; > y would prefer (zg,7r) under PER to (zy,7x) under PEN. Some of
these individuals are able to tax their own base under PEN and not under PER.
Consequently, for these individuals a simple comparison of the two bundles that
ignores the system that generated them is insufficient. For the purposes of our
quantitative work, this ambiguity is not problematic since our calibrations always
yield zg = z*, and hence PER is majority preferred to PEN by Proposition 9.

4. Quantitative Results

In this section we report the results of a quantitative comparison of the five
education-finance systems. As discussed in the previous section, each finance
system has distinct implications for total spending on education and its distrib-
ution across students. Our objective is to obtain some sense for how large these
differences might be in a reasonably parameterized version of the model.

4.1. Functional Forms and Parameter Values

We begin by choosing functional forms and assigning parameter values. The
model’s structure is extremely parsimonious—we need to specify only the distri-
bution of income and preferences over consumption and quality of education.

One possible choice for the income distribution is to use households’ income
distribution for a typical year. If one interprets the model-period as corresponding
to the entire schooling period of a child, however, then presumably it is income
over a longer time span that is relevant to the decision makers. Of course, if
parents are unable to borrow against their own future income then probably some
measure in between annual and lifetime income is the correct one. This choice
turns out not to be very important quantitatively. In our benchmark case we
calibrate to the lifetime income distribution, but report the results based on using
annual income in our section on sensitivity.

Fullerton and Rogers (1993) estimate the distribution of lifetime household
income for the US using data from the PSID for the years 1970-1987. They
compute mean lifetime income for each decile (subdividing the lowest and highest
deciles each into two groups) for both pretax income as well as income net of
taxes and transfers. We used both measures in our analysis, but found that the
results did not differ in any significant way. Consequently, we only report results
for the case of income net of taxes and transfers. Table 1 displays the income
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distribution.

This distribution has a mean of $738,310 and a median of $665,000 (implying
a mean to median ratio of approximately 1.1), and a variance of log income equal
to .17. Note that relative to a distribution of annual household income (with a
typical ratio of mean to median of 1.2 and variance of log income of approximately
.36), this distribution displays less variance.

In the theory section we considered separable preferences in (c,q) that had
the characteristic that the slope of indifference curves (in the relevant price and ¢
space) were increasing in income. In our simulations we further restrict this class
of preferences by imposing an income elasticity of one. The motivation for this
restriction comes from an examination of longer-run trends in education spending.
Over the last thirty years, spending on K-12 education as a fraction of personal
income has remained roughly constant despite roughly a doubling of real personal
income.? In our model, for all the education finance systems we considered, the
requirement that a proportional shift in the income distribution (holding fixed the
education finance system) keep constant the share of income spent on education
requires that preferences be homothetic.?> Note that homotheticity implies that
if two states have the same education system but households in one state are all
2% richer than in the other, then the two states will devote the same fraction of
their income to education. Equivalently, differences in state-level mean incomes
per se will have no effect on the share of personal income devoted to education.
Thus, the combined restrictions of homotheticity and separability yield preferences
described by

24See Fernandez and Rogerson (2001) for an examination of this issue using a state-level panel
data set. This aggregate unitary elasticity is, of course, distinct from the issue of how spending
on education varies cross-sectionally with income.

250ne point should be noted regarding this inference about preferences. If there were large
changes in other factors which also have significant impacts on the level of education spending,
then our inference will be incorrect. There are two such potential factors over this period.
One is the large changes in the relative size of the student population due to the baby boom.
The second is the roughly twenty percent increase in the standard deviation of earnings over
this period (see, e.g., Gosling and Lemieux (2001)). With regard to the size of the student
population, the unitary elasticity estimated by Ferndndez and Rogerson (2001) controlled for
this factor. With regard to the increased standard deviation of earnings, we find that in our
benchmark specification with homothetic preferences and a foundation system, a twenty percent
increase in the standard deviation of the income distribution increases education spending but
by less than one percent. We conclude that our inference is robust to considering changes in
these other factors.
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C Al aso (4.1)
(6 (0]

Given the above specification of preferences, there are only two parameters to
choose, A and a. For any given finance system, total resources spent on education
are increasing in the parameter A. We choose A so as to generate a “reasonable”
share of total income devoted to education. For US states, the ratio of expendi-
tures on K-12 education to personal income ranges from around 3.2% to 6.2%.
We set A such that the share of total income devoted to education under a foun-
dation system is 5%. We choose the foundation system as our benchmark system
for the calibration exercise since we think it best approximates the “average” ex-
isting system. As discussed in our sensitivity analysis, however, our results are
not sensitive to choosing other values for the expenditure share within this range,
or to choosing a local system as the benchmark.

How to determine the value of « is less obvious. We consider three pieces of in-
formation. First, Ferndndez and Rogerson (1999) model California’s pre-Serrano
system as a foundation system and find that a = —.2 does the best job of fitting
the distribution of expenditures across districts. Second, the parameter a has
implications for the price elasticity of education expenditures. In a survey of the
empirical literature that attempts to estimate this elasticity, Bergstrom, Rubin-
feld and Shapiro (1982) report a range of estimates between —0.5 and —0.25.2°
These imply values of a between —2 and —1. Finally, under a foundation system,
as described in more detail below, the value of o influences the cross sectional dis-
tribution of education spending across districts. One statistic that captures this
is the cross-sectional elasticity of education spending with respect to district-level
income within a given state. There is a large literature that estimates this elastic-
ity, and though the range of estimates is substantial, the vast majority lie between
4 and .8 (see Bergstrom et al. (1982) for a survey of these estimates). As shown
below, this suggests that a lies between 0 and —2. In light of this information,
we calibrate our benchmark model to a = —1, and in our sensitivity analysis we
examine « values between 0 and —3.%7

26One qualification that should be noted about these estimates is that they come from data
on total spending and marginal tax prices. In systems with substantial amounts of aid given
inframarginally this may seriously bias those estimates.

2TAll of the information just reviewed has suggested negative values for a.. There are also
other reasons to restrict attention to non-positive value. As shown in the previous section, in
a State system preferred state income tax rates are non-decreasing in income only if « is non-
positive. Moreover, in a PER system, education expenditures would be negatively correlated
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4.2. Calibration Results

In this section we report the results of our calibration. Table 2 summarizes several
features of the allocations generated by each of the education finance systems.

For each system, Table 2 reports the fraction of total income devoted to ed-
ucation (E/Y'), the coefficient of variation of spending across students (CV), the
ratio of spending per pupil at the 95th percentile relative to that at the 5th per-
centile (95:5), and the cross-sectional elasticity of education spending with respect
to income (g4,).>® Not reported in the table are the power equalizing factors (the
2’s) for PER and PEN. These are 1.08 and 1.40 times mean income, respectively.
As anticipated in our theory section, under PER we find zg = 2*. That is, the
majority vote equilibrium is constrained by the non-negative requirement on the
state tax rate and thus generates a state tax rate of zero. For PEN, a state-level
income tax rate of 7y = .015 is required to fund the power equalizing system.

There is substantial variation across systems in both total resources and the
distribution of resources across students. For example, the highest spending sys-
tem (PEN) generates almost 25% more spending on education than does the lowest
spending system (State). And even excluding the State system, which by defini-
tion provides equal resources to all students, the system with the most inequality
(local) has a coefficient of variation that is a bit over double the corresponding
figure for the PER system.

Note that ¢4 is equal to one for the local system. This follows directly from
the homotheticity restriction on preferences that allows the model to match the
longer-run data. Under a local system, homothetic preferences imply that each
district allocates the same fraction of income to education. In the cross section,
therefore, education spending and income move one for one in percentage terms.
This also implies that under local finance the coefficient of variation is the same
for the distribution of education spending across districts as for the distribution
of income across districts. As the table shows, the mechanism through which a
finance system reduces the variation in spending across students is to decrease the
impact of district-level income on educational spending, i.e., systems with lower

with district-level income if o were positive. Additionally, in a richer model with endogenous
stratification of income types into communities, this condition is required to ensure that richer
communities have higher quality education. See, for example, Westhoff (1977) and Fernandez
and Rogerson (1996). To us, this suggests that requiring « to be non-positive is a natural
restriction independently of the evidence provided in the text.

28This elasticity is the regression coefficient on log income that results from regressing log of
education spending on a constant and log income.

27



values of €4, have more equal distributions of resources across students.

Given that these systems yield large variations both in the total resources de-
voted to education and in the distribution of these resources across students, it is
natural to ask whether the choice of system can be portrayed as a simple trade-
off between resources and equity. For example, the local system provides more
resources than does the State system, but also generates much greater inequality
in resources per student. The results in Table 2 show, however, that there is no
simple tradeoff. In particular, the relationship between resources and inequality
is not monotone—in fact, the two systems with intermediate amounts of inequality
(foundation and PEN) generate the greatest resources allocated to education.

Table 3 below examines in more detail how the allocation of education spending
varies across districts under the different finance systems. The table gives the
entire profile of education resources across districts. For convenience, we have
normalized these levels relative to economy-wide mean income. Recall that under
our calibration aggregate spending relative to income was equal to .05 under the
foundation system.

One way to contrast the different spending patterns is to examine the extent to
which the different education finance systems achieve greater equality by “leveling
up” or “leveling down” relative to the most unequal distribution—that generated
by the local system.?’

The foundation and PEN systems achieve greater equality primarily by level-
ing up. To see this, note that for the top 30% of the population all three systems
(local, PEN and foundation) deliver basically the same resources. However, foun-
dation provides significantly more resources to the bottom 20% of the population
than does local, and PEN provides significantly more resources than local to the
bottom 70% of the income distribution. In contrasting foundation and PEN, note
that foundation provides more resources to the bottom 2% of the income distrib-
ution, whereas PEN provides substantially more to everyone else below the 80th
percentile. So, while it is true that foundation and PEN both involve leveling up
relative to the local system, the mechanics of this leveling up differ significantly
between the two systems.

State and PER, in contrast, achieve greater equality through a combination
of leveling up and leveling down, with the difference between the two being that
State implies a much greater degree of compression. In particular, while State

29Note that no particular welfare interpretation should be attached to these patterns. In
particular, neither greater resources for education nor a more equitable distribution of resources
should necessarily connote an increase in welfare.
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provides fewer resources for education for the top 50% of the income distribution
than any of the other systems, it also provides more resources than all other
systems for the bottom 40%. Under PER, the bottom 60% of the distribution
receive substantially more resources than under a local system, whereas the upper
30% all receive substantially less.

Contrasting PER with foundation, one observes that while the foundation
system provides more resources to the very poorest 2% and the richest 40% of
the population than does the PER system, the latter provides more educational
resources to the remaining 58% of the population. PEN, on the other hand,
provides more educational resources to all income groups than PER.

Figure 1 shows the Lorenz curves for each of the five systems.

4.3. Welfare Analysis

In this section we examine the welfare implications of the five different finance
systems. Of course, in economies with heterogenous agents and without lump-
sum transfers, welfare comparisons pose some difficulty since any aggregate welfare
measure depends on the weight placed on the utilities of different agents. With
this caveat in mind, we carry out the following “behind-the-veil-of-ignorance”
welfare comparison. For each system, we compute the expected utility that an
agent would obtain if, under that system, her income were a random draw from
the actual income distribution. Note that this welfare criterion is equivalent to
a utilitarian welfare function (i.e., one that places equal weight on all agents’
utilities).

We provide a measure of welfare differences which is not affected by affine
transformations of the utility function. Using the foundation system as the bench-
mark for our utility comparison, we compute the factor (1+A) by which the entire
income distribution would have to be scaled in the foundation system in order for
the expected utility in that system to equal the level obtained under the alterna-
tive j (where j is local, State, PER, or PEN).3 That is, we solve:

EUR(A) = Z l((l — 75 —t)yi(1+A))” N A((tiyz‘ + )1+ A

- - f(yi) = EU;

(4.2)

7

yielding:

30See also Fernandez and Rogerson (1998b).
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1+ A = (BEU;/EUR(A))V (4.3)

The district tax rates in expression (4.2) are those from the foundation system.
It should be noted here that, given (4.1), the district and state tax rates in the
foundation system are invariant to proportional increases in the income distribu-
tion.

Table 4 displays the results of our welfare comparisons.

An immediate result from Table 4 is that the local system is dominated by all
the other education finance systems (note that a value of 1 + A greater than one
indicates that agents obtain a lower expected utility under a foundation system
than under the alternative). We emphasize that any welfare gain over the local
system in particular does not reflect efficiency gains ex post (i.e., once agents’
identities or income levels have been determined); the allocation generated by
the local system is in fact Pareto efficient in this sense. Rather, these gains
reflect the fact that resources are being reallocated from wealthier to less wealthy
individuals or equivalently, that the variance of the consumption and quality of
education distributions are being diminished. These gains are weighed against the
fact that each of the systems introduces some distortion into the economy. Table
4 allows us to conclude that relative to a system without any redistribution (i.e.,
the local system) the benefits from the redistribution implicit in the other four
systems outweigh the costs of the distortions in every case.

The main conclusion from Table 4 is that PER dominates all systems whereas
the foundation system dominates the local, State, and PEN system. It is of interest
to note that although PEN offers greater educational resources to all individuals
than does PER, it is nonetheless dominated by PER. This is because of the cost
of financing PEN. Whereas under PER the tax base chosen implies a state tax
rate of zero, all tax bases under PEN imply a positive state tax. In some cases
these welfare differences are not particularly large-PEN and State differ by .1% of
total income. This is due in part to the fact that education comprises only 5% of
income—if we were to scale our welfare differences in proportion to the size of the
education sector, then the difference between PER and local is more than 25% of
the size of the education sector!!

31 Another factor is that our analysis is static. See Ferndndez and Rogerson (1997, 1998) for
an analysis of why dynamic considerations may produce much larger welfare differences.
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4.4. Determining the Choice of Finance System by Majority Vote

Table 5 reports the majority voting outcomes across systems. To read the ta-
ble, note that the row and column headings report which two systems are being
compared under pairwise voting, with the entry in the corresponding box report-
ing which system wins. As the table indicates, the power equalizing system with
recapture (PER) wins against all alternatives and the foundation system beats
all alternatives except PER. Local does not win against any alternatives. Thus,
perhaps somewhat surprisingly, both our “behind-the-veil-of-ignorance” welfare
criteria and majority voting yield the same outcome-PER is the preferred sys-
tem.

The popularity of PER is itself not surprising. By proposition 4, PER is
preferred to a State system. Furthermore, recalling that for our calibration we
obtain zz = z*, propositions 5 and 9 imply that PER is majority preferred to a
local, foundation or PEN system.

We noted in Section 2 that currently in the US the most common system
is a foundation system. In fact, a foundation system is preferred in this voting
comparison to all systems except PER. There are at least two fairly general
reasons why a foundation system may prevail over PER in reality. At the modeling
level our analysis abstracts from individual state variables such as housing. Hence
our voting results do not attach any special significance to which system represents
the status quo. In reality, changes from the status quo system of education finance
will influence the distribution of housing prices across districts, thereby creating
“winners” and “losers” in the housing market. Our analysis shows how individuals
would compare systems assuming that measures are taken to offset these gains and
losses. As is generally true, in reality it may be difficult to adopt more efficient
practices without carrying out necessary side payments.

The other reason is the centrality of the court system in shaping the financing
of public K-12 education. How judges evaluate various systems is beyond the scope
of our model. One point to mention in this regard is that an important difference
between PER and foundation systems is that a foundation system guarantees a
certain amount of resources to children, independently of the decisions made by
parents in their district. In contrast, PER only guarantees a certain tax base, but
leaves the funding decision to the discretion of the district. One could imagine a
judge who is primarily concerned about unequal outcomes having a preference for
the former over the latter.
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5. Conclusion

In this paper we used a political economy approach to analyse the outcomes
generated by five different education finance systems. In addition to analytically
characterizing the outcome generated by each system, we carried out a calibration
exercise to assess the quantitative significance of the differences across systems.
We found that the choice of system can have a large impact on total resources
allocated to education, as well as how those resources are distributed across stu-
dents. A key finding is that the problem of choosing an education finance system
from among this set cannot be portrayed as providing policy makers with a sim-
ple tradeoft between equity and efficiency. In particular, we find that it is those
systems with intermediate degrees of redistribution that generate the greatest
spending on education. We also show that a power equalizing system with recap-
ture (PER) yields the greatest social welfare (using a utilitarian welfare function)
and that PER would be chosen above all the other systems were they subject to
choice by majority vote.

Our model was purposefully simple in order to explore the tradeoffs between
equity and total resources to education, highlighting the fact that different incomes
implied different preferences and implicit prices for education across individuals
and finance systems. This approach, unlike most of the other literature in this
field, allowed us to obtain both analytical and quantitative results regarding the
five finance systems. The next step would be to incorporate several other dimen-
sions that would allow the model to capture other elements that may be important
in reality. In particular, for example, it would be important to examine how the
results hold up to the introduction of a private alternative. The model already
gives some insight into this question. For example, PEN can be interpreted as
the outcome of a PER system with private options. Alternatively, a foundation
system can be interpreted as the outcome of allowing a voucher program with
private alternatives under the State system. Another factor that should be exam-
ined would be how the results are modified by the existence of property (especially
non-residential property) in a property-tax based system. Other questions to be
explored include endogenous imperfect stratification of individuals into communi-
ties, more complex political economy than that given by majority vote, and the
dynamic implications of the different systems. We leave these explorations for
future work.
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A. Sensitivity

This section explores the robustness of our findings to alternative values of «,
alternative income distributions, and to relaxing the non-negative state tax rate
constraint in PER. We also investigated (but do not report on the details) the
sensitivity of our findings to using systems other than the foundation for calibra-
tion and to ratios of F/Y in the neighborhood of 5%. These were found to have
no impact on our results.

A.1. Alternative Values of o

As discussed earlier, empirical work suggests o values in the range between 0 and
—2. We chose a = —1 for our benchmark calibration. In this subsection we
examine other values of o and show that our main findings are not sensitive to
its exact value within the range suggested by empirical work. Before presenting
these results it is perhaps worthwhile to discuss briefly the mechanics through
which changes in a manifest themselves. Central to this is an understanding of
how changes in « affect the preferred tax rates that govern redistribution. Table
6 is instructive in this regard.

This table shows, for different values of «, the preferred state tax rates for
each income group under a State system. Note that, for each «, the value of A is
chosen so that total spending on education under a foundation system is equal to
5% of income, as in our benchmark calibration. As a increases in absolute value,
the distribution of preferred tax rates spreads out; preferred tax rates decrease for
individuals with income below the mean and the reverse happens for those with
income above the mean (preferred tax rates for those in the 40-60th percentiles
are relatively constant for « < —.5). A similar “spreading-out” of preferences
occurs under the foundation and power equalizing systems.

With this in mind we next turn to an examination of how the equilibrium
state tax rate 7; j = s, f, R, N varies across systems with a. For PER and PEN,
alongside the tax rate we also report the equilibrium values of z; that result (these
are reported as multiples of mean income).

A few patterns emerge from Table 7. Note first that as o decreases the foun-
dation grant falls (recall that the foundation grant is given by 7;u). Since the
amount of leveling up that occurs in a foundation system relative to a local sys-
tem is determined by the size of the foundation grant, one may expect smaller
reductions in inequality relative to a local system as a decreases. Under the State
system, the fact that the median voter’s preferred tax rate is fairly constant (see
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Table 6) gives the result of a fairly constant state tax rate as a decreases. Under
PEN, there is a large switch in outcome associated with different values of . For
values of « close to zero (not shown), the outcome under PEN is equivalent to a
local system. Majority vote results in zy = 0, hence all districts tax only their
own district income to obtain funds for education. For more negative values of
«, the value of z increases at first dramatically (as the system jumps from a local
outcome to a large value of z), and then stays more or less constant.

Table 8 provides the analogous information as in Table 2 for a range of values
of a.

In the table above, a = 0 (i.e., log preferences) is a special case. As noted
previously, for this specification of preferences all individuals have the same pre-
ferred district tax rates in the local system and the same preferred state tax rate
in the State system. Moreover, these rates are equal. Thus the local and State
system yield the same total resources devoted to education, but with very different
distributions since in the local system district spending is proportional to district
income, whereas in the state system it is proportional to mean income. A similar
situation holds for PER. With log preferences, all individuals prefer the same zg,
yielding the (unconstrained) outcome of zp = 1 and hence a state tax rate of zero.
Note that although the state tax rate is zero, the district tax rate chosen is the
same as the state tax rate would be under a State system. Hence PER and State
are identical for these preferences. Lastly, as discussed previously, the outcome
of majority vote for log preferences under PEN yield a local system. Hence the
aggregate, but not distributional implications for these four systems are the same.

The foundation system, on the other hand, generates greater aggregate spend-
ing on education. To see why, note that the fact that all individuals with income
below the mean share the same preferences under the State system, implies that
the median voter in the foundation system will impose the same state tax rate as
under the State system. Thus, all individuals with income below the mean will
obtain the same education funds as under the State system, but individuals with
greater income will top up, yielding a greater £/Y than under the State system.

With the exception of the o = 0 case, the patterns that emerge are the same
for each of the values of o considered. The ranking of systems in terms of resources
devoted to education, or the coefficient of variation of education spending across
students is the same for all values of . Moreover, while the exact magnitudes of
differences across systems do depend on the value of «, these differences are very
similar for o between —.5 and —2. Qualitatively, as a becomes smaller in absolute
value, differences in total resources across systems become somewhat larger and
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differences in distributions across students become somewhat smaller.

Turning next to the welfare comparisons, Table 9 displays the results for dif-
ferent values of a.

Once again the results are not very sensitive to the value of a: except for a close
to zero, PER dominates all systems whereas the foundation system dominates the
local, State, and PEN system for all values of . For more negative values of a,
the welfare differences across systems are larger.

Majority vote among the systems yields PER as the winner against all systems
for a« < 0. There is a discontinuity at a = 0, however, since for this value all
individuals with income below the mean are indifferent between PER and the
foundation systems, whereas individuals with income above the mean prefer the
ability to top up available in the foundation system, since this allows them to use
their own higher district income. All other majority vote results between systems
are unchanged from what we reported in Table 4.

A.2. Alternative Income Distributions

As discussed earlier, which income distribution would be most appropriate to use
in our calibration-lifetime income, annual income, or something in between—is
unclear. We chose to calibrate to lifetime income, but here we report findings
based on calibrating to the distribution of annual income. For this exercise we
take a discrete approximation to a log-normal distribution. Whereas the lifetime
income distribution implied a variance of log income equal to .17, we now set this
parameter equal to .36. Table 10 reports some results for a = —1.0. This value
of a implies a value of ¢4, equal to .70, and thus very similar its value of .71 in
the lifetime income distribution case.

Basically, the results are very similar to those reported earlier. Relative to the
calibration to lifetime income, all systems (save State by definition) yield distrib-
utions of resources across students that have higher coefficient of variations. This
reflects the increased variance of the underlying income distribution (recall that
under local finance the distributions of income and spending have identical coeffi-
cient of variations). Furthermore, the range of spending across systems increases
slightly.3?

32We also explored the extent to which our results are affected by using a relatively coarse
grid for the income distribution by trying out progressively finer discrete approximations to a
log normal distribution. This had minimal effect on the results and hence is not reported.
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A.3. PER With A Surplus

Previously we restricted the PER system to non-negative values for 7. This
meant that the education finance system was not allowed to generate a surplus.
In all of our simulations reported above, this constraint was binding—i.e., 7z was
always equal to 0 in equilibrium. How do our results differ if we remove this re-
striction and we allow the surplus to be rebated in proportion to income? Much of
the conclusions remain the same with one exception—spending on education drops
significantly. For example, when o = —1, the reduction is about 12%, making
PER the system with the lowest resources devoted to education. Again for the
case of & = —1,majority voting over the power equalizing factor results in a value
of zr equal to .86 times mean income, and everyone receives a rebate from the
state government of more than 1%. The reduction in spending is approximately
uniform across the income distribution, as the coefficient of variation for education
spending is roughly unchanged as a result of removing the restriction. Somewhat
surprisingly, this drop in spending on education does not affect the welfare con-
clusions reported earlier. However, we think the main finding here is a cautionary
note that if education finance systems are allowed to generate resources that can
be used elsewhere, there is a definite danger that resources will be channeled away
from education.

A.4. Imperfect Sorting

All of the results presented thus far are for the case in which households are
assumed to sort themselves perfectly across districts on the basis of their income.
Since this is obviously an extreme assumption, it is of interest to know to what
extent the findings are affected by relaxing it. In this section we report some of
the results found in redoing our quantitative analysis under the assumption of
imperfect sorting.®?

We parameterize the degree of sorting in the following manner. As before
we assume that each district is associated primarily with a given income level
and we keep the measure of the population that resides there constant. However,
differently than before we now assume that a only a fraction s of that income group
resides in that community. The remaining fraction (1 — s) of the community is
composed of a representative sample of the income distribution. Note that if s =1
then sorting is perfect as in our benchmark, whereas if s = 0 then all communities

33Loeb (2001) analyzes how the presence of heterogeneity influences the effects of Michigan’s
school finance reform.
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have the same mix of individuals and this mix perfectly mimics the aggregate
distribution. In our analysis we treat s as an exogenous parameter that is held
constant. This is clearly a simplification, since under some finance systems there
is greater incentive for individuals to sort than others.

We know that at the extreme, the degree of sorting is critical to the differences
implied by the various systems. In particular, if s = 0 then all of the districts
are identical and the outcomes of the systems are identical. Our goal here is to
explore quantitatively how important changes in s are as it decreases from one.

In the interest of space, we only present results for the benchmark case of
a = —1. We report these below in Table 11, where for each system and for each
value of s we report the fraction of income devoted to education and the coefficient
of variation of per student spending. Note that for each value of s the preference
parameter A is calibrated so that under a foundation system five percent of income
is devoted to education. For ease of comparison the table includes results for s = 1,
which simply reproduces the results reported earlier.

The basic pattern that emerges is that as sorting becomes less perfect, the
differences across systems are reduced along both the total spending and equity
dimensions. However, even when s = .5 the differences are still large. A PEN
system still generates increased spending of more than eight percent relative to
a foundation system, and a foundation system still generates increased spending
of more than five percent relative to a state system. Furthermore, a local system
generates a coefficient of variation that is almost fifty percent larger than the
corresponding value for a PER system.

We conclude that allowing for a relatively large degree of imperfect sorting
does not have a large impact on our findings.
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Table 1
Lifetime Income Distribution

Percentile Mean Lifetime Income
(000’s of 1986 dollars)

0—-2 217
2—-10 355
10 — 20 433
20— 30 515
30 — 40 265
40 — 50 665
50 — 60 735
60 — 70 814
70 — 80 911
80 — 90 1028
90 — 98 1305

98 — 100 1734

Source: Fullerton and Rogers (1993)
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Table 2

Comparison of Systems, a = —1

LOCAL STATE FOUND PER PEN

E/Y  .048 046 050 049 057
cvooo4 0 35 20 .25
95:5  3.68 1.00 248 186 211
ey 1.00 0.00 71 48 54
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Table 3

Distributions of Education Spending @ = —1

(Expenditures Relative to Mean Income)

Income Pct. LOCAL STATE FOUND PER PEN

0—2 0142 .0460 0340  .0279 .0314
2—-10 0232 .0460 0340  .0354 .0398
10 — 20 0284 .0460 0340  .0390 .0439
20 - 30 0337 .0460 0342 .0424 .0477
30 — 40 0370 .0460 0374 .0443 .0499
40 — 50 0435 .0460 0437 .0479 .0540
50 — 60 0481 .0460 0481 .0502 .0566
60 — 70 0533 .0460 0531 .0527 .0594
70 — 80 .0596 .0460 0593  .0556 .0627
80 — 90 0673 .0460 0667  .0589 .0665
90 — 98 0854 .0460 0842 .0659 .0841
98 — 100 1135 .0460 1113 .0753 (1118

E/Y 0483 .0460 0500  .0493 .0568

cv 41 0 .35 .20 25
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Table 4
Welfare Comparisons (1 + A)

LOCAL STATE FOUND PER PEN
989 997 1.000  1.002 .998
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Table 5

Voting Comparison, a = —1

LOCAL
STATE
FOUND
PER
PEN

LOCAL STATE FOUND PER
- STATE FOUND

FOUND

PER
PER
PER

PEN
PEN
STATE
FOUND
PER
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Table 6

Preferred State Tax Rates, 74, State System

Income Pct. a=0 a=-5 a=-1 a=-2 a=-3
0—2 .043 .032 .026 .022 .020
2—10 .043 .037 .034 .030 .028

10 — 20 .043 .039 .037 .034 .033
20 — 30 .043 .042 .040 .038 .037
30 — 40 .043 .043 .042 .041 .040
40 — 50 .043 .046 .046 .046 .046
50 — 60 .043 .047 .048 .048 .048
60 — 70 .043 .048 .50 .051 .052
70 — 80 .043 .050 .053 .055 .056
80 — 90 .043 .052 .056 .059 .061
90 — 98 .043 .056 .062 .069 .072
98 — 100 .043 .061 071 .082 .088
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Table 7

Dependence of 7; on «
STATE 7; FOUND 7; PER 7p 2g/it PEN 7Ty 2n/p

.043 .043 0 1.00 0.000 0.00

.046 037 0 1.05 0.014 1.29
.046 034 0 1.08 0.015 1.40
.046 .031 0 1.11 0.015 1.42
.046 .029 0 1.12 0.014 1.42
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Table 8

Comparison of Systems

LOCAL STATE FOUND PER PEN
a=0 E/Y 043 043 050 043 043
cv o4 0 23 0 41
95:5  3.68 1.00 173 1.00 3.68
e 100 0.00 38 000 1.00
a=-5 E/Y 047 046 050 048 057
cvooo4 0 32 13 22
95:5  3.68 1.00 220 151 1.88
ey 100 0.00 61 32 44
a=-1 E/Y 048 046 050 .049 057
cv o4 0 35 20 25
95:5  3.68 1.00 248 186 2.11
gy 100 0.00 71 48 55
a=-2 E/Y 049 046 050 050 .055
cv o4 0 37 26 .30
95:5  3.68 1.00 279 229 250
e 100 0.00 79 64 69
a=-3 E/Y 049 046 050 .050 054
cv o4 0 38 29 .32
95:5  3.68 1.00 296 254 273
gy 100 0.00 83 7276
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Table 9

Welfare Comparisons (1 + A)

a LOCAL STATE FOUND PER PEN
0 995 999 1.000 999 995
—.D 992 998 1.000  1.001 .997
-1 989 997 1.000  1.002 .998
-2 984 995 1.000  1.004 .998
-3 979 992 1.000  1.005 .998
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Table 10

Comparison Using Annual Income, @ = —1

LOCAL STATE FOUND PER PEN

E/Y .048 045 .050 049 .058
CvV 53 0 45 .26 34
Welfare (1 + A) 982 995 1.000  1.004 .997
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Table 11

Effects of Imperfect Sorting

Local State Found PER PEN
s=1.0

E/Y .0481 .0463 .0500 .0489 .0567

CV 418 0 351 218 .266
s=20.9

E/Y .0483 .0465 .0500 .0489 .0563

cv 396 0 .335 218 253
s=0.8

E/Y .0485 .0467 .0500 .0489 .0558

cv 375 0 319 218 .253
s=0.7

E/Y .0487 .0469 .0500 .0489 .0554

cv 353 0 .303 218 247
s=0.6

E/Y .0488 .0471 .0500 .0489 .0549

cv 331 0 .286 218 241
s=0.5

E/Y .0489 .0473 .0500 .0489 .0543

cv o .309 0 267 218 235
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Figure 1. Lorenz curves
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