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Abstract. School districts in the T8, tyi::ically have multiple schools, centralized finance, and

student assignment determined by neighborhood of residence. In many states, centralization is
extending beyond the distric? level as states assume an increasing rolc in the finance of education.
At the same time, movement toward increased pubhe school choice, particularly in large urban
distnicts, is growing rapidly. Models that focus on community-level differcoces in tax and
expenditure policy as the driving force in determination of residential choice, scheel peer groups,
wod political owcomes are inadequate for analysis of muli-schocl districts and, hence, for
understanding changing education policies. This paper develops a model of neighborhood formation
and tax-expenditure policics in neighberhoud school sys;ems with centralized finance. Stratification
across neighborhoods and their schools is hkely to arise in cquilibrium. Consequences of intra-
district choice with and without frictions are characterized, including cffects on the allocation of
students across schoals, tax and expenditure levels, student achievament, and houschold welfare,
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Neighborhood Schools, Choice, and the Distribution of Educational Benefits

Denmnis Epple and Richard Romano

1. Introductiop.

In this Chaprer, we examing the implications of a neiphborhood system of public
schooting and compare it to provision that allows district-wide open enrollment or choice. We
also contrast these policy regimes w.th the mest decentralized form of direct public educational
provision where neighborhoods constitute their own school districts. This study is part of a
rescarch agenda that investigates school choice and finance polices. We begin by cutlining our
research findings to date, to place the results developed below in the broader context of our
conception of alternative educational policies and their consequences.

Our rescarch emphasizes differences in attributes of students and their hovseholds
{especially in smdent ability and household mcome), peer groups in achools and in the ¢lassroom,
equilibrium sorting of types of stmdents within the schaoling system, and the consequences for
school qualities and the distribution of educational benefits. Whilc variation in schoaoling
expendimure plays a role, we {ind that substantial heterogeneity in schools and outcomes results
even under policics that cqualize finance or if expenditure vanation has smal| effects.

In our research, we have developed a theoretical model of stadents, (heir houscholds, and
of related educational institutions that makes primitive assumptions. For example, we preswme
that households with a school-age child obtain higher wtility as their child’s educational
achievement increases, and attendance at a highar guality school increases that achievement. Cur
model is detailed below. Qur intent in focusing on primitive characteristics in developing the

model is to allow the flexibility to analyze the vanety of educational policy alternatives that exist



and have been proposed. Given a pelicy rogime, we predict consequences for schooling qualitics
and educational outcomes. We quantify. and illustrate these predictions with a computational
model that complements the theoretical model. The compulalional moedel specifies functional
forms for components of the model like the household 111:_ilitj.fr function, and its pararneters are
calibrated to a vanety of empirical findings.

Most of the theoretical components of our madel are part of reccived theory. However,
we.must make assumptions about what are the crucial elements of the educational process,
includmy about issues lacking definitive empirical evidence, and, in calibrating the
computational model, we can rely only on the best available estimates. The most unportant of
these asswmptions we make is that a student’s educalional achicvement is influenced by her peer
group in school. For these reasons, it is important that predictions of the model are tested. ‘While
Epple. Figlio, and Rotmano {2000) provide evidence that supports the basic model, more such
testing remains to be done. We focns on develaping pradictions in this Chapter.

Qur research prediets that the nature of student sorting into schools and the consequences
for school qualities and educational outcomes is dramatically influshced by public policy. This
15 lustrated by the three pancls of Figure 1, which depict student sorting into schools under three
different policy regumes. Abstracting from detadl that 15 developed below, our model
characterizes households as having exogenous income (¥) and one student with ability level
denoted b. ITouseholds value educational achievement of their child, which rises with the quality
of the school attendad and their child’s own ability, Scaool quality is determined at lzast in part
by the distribmj.ﬂn of student ahitity in the school, with higher ability students improving school
quality for all through a peer-group effect. Higher income households are wiliing to pay more for

increases in their child’s educational achievement, hence are willmg te pay more for mereases m



the quality of their child’s school. The set of houscholds is characterized by s joiat distribution
over income and ability, which we will usually assume 1o exhibit positive corrslation (for several
reasons discussed below).

The panels of Figure 1 show how the type space of students, i.e., the abiiity-income plane,
is partitioned inte schoels in equilibrium under three differsnt policy regimes. In each of these
cases there 15 one larpe school district or a single political jurisdiction that determines
educarional expenditure per student in public schools. [n Panel A, there is open-cnrollment in
the public scctor, students may choose any (free} public school so long as they live in the district,
and a competitive (free entry) private scclor. In cquilibrium, public schools are homegeneous
and serve a large population consisting of relatively non-afMluent and lower ability students, those
that make up the wiangle with vertex at the origin. The upper diagonal lines, which we call
“boundary loci,” delincate the s;tudent_ bodies of four private schools that arise in the equilibrium.
The private schocl that serves the most affluent and highest ability set of students is of highest
quality, due to it having the highest-ability peer group (and perhaps higher por student
¢xpenditure). The private schools as one moves southwest in Panel A decline in quality, but are
all of higher quality than the homogenceus public-scctar schools, Private schools charge tuition
that varies with ability and, to some extent, will meome. Povale schools give tuition discounts
to higher ability stndents because they inereasa the quality of the school through the pecr-group
effect on education, thus allowing the school to charge everyone higher tuition. Very high ability
students tnay pay zero lution or recerve fellowships. The discounting to ability combined with
mcreased demand for quality with income leads to s cross subsidization within schoois from the
relatively higher income and lower ability ta the opposite types of students, henee, the partition

with downward sloping boundary loci. As either ncome or ability itself increases, students find



themselves in better schools. We refer 1o this as income and ability stratification. A student
must ether be of sufiiciently high income or ability {or some combination) to find hersell in a
private schoaol.

Panel B depicts an equilibrium with only privatc schools serving students, $uch a system
ohbviously arises if public policy pmvi&es no public option but it also arises if all households have
aceess to a voucher of magnitude equal to at least average school ¢ost. In the latter case, no
students choose the public option. Private schools behave as in Panel A, the difference being that
there are many private schools and a wider disteibwion of schoolirg qualities. The differences in
peer groups and school qualitics between students near the origin and far cut in the ability-
income plane is substantial.

Panel C dapicts an equilibrium with no private schools (s if illegal or unable to cover
their costs), but with the district divided into small neighboerhoods each of which has its own
school, Public policy requires that a household send their child to school in the neighborhood in
which they reside. This equilibrium presumes as could be in the other cases in Figure 1 that
demand for schooling quality is independent of student ability but that household income and
student ahility arc positively correlated. Thongh per student expenditurc is the same across the
schools since this is within one Cistrict, the income sicali ficalion and income-ability corrclation
leuds o a hierarchy of public school qualitics. The quality hierarchy is supporied by rising
housing prices across neighborheods with school qualities, and selsction of higher income
households into neighbothoods with better schools.

We see that the three policy regimes have substantially different predictions about the
equilibrium allocation. As well, they provide means to test the model: While both a

neighborhood schooling regime and private schooling are associated with income stratification



across schools, only the latter exhibits ability stratification for given income. Hence, for
example, our model predicts that vouchers or lower eniry barricrs on private schools will increase
ability stratification.

Detailed analysis of the regimes in Panels A and B are in Eppls and Romano
(1998,1999}. Tha first paper develops the modsl with no and with flat-rate {universal} vouchers.
Hpple and Romano (1999} investipates voucher design, allowing veuchers to he conditioned on
student attnbutes and, perhaps, characteristics of the school attended. In thie Chapter we develop
propertics and altendant predictions of the equiiibrium that is depicted in Panel C, as well as
investigate the effects of'a public school choiee policy.! We will alse in Section & return to a
more detailed comparison of neighborhood public schooling provision w private provision.

This Chapter proceeds as follows. The next scction motivates our study of neighborhood
schooling and public school choice, provides an overview of the related results, and discusses
related literature. Section 3 presents the theoretical model and Scction 4 develaps the theoretical
predictions. Section 5 details the computational analysis, including normative findings. Section
6 further contrasts the neighborhood equilibrinm with the private provision alternative. Section 7
draws corclusions. Some of the more techrical analysis is in the appendix.

2. Meighborhood Schooling and the Choice Movemept.

Public education i the LS. is increasingly characterized by centralized finance but with
school determined by ncighborhood of residence. Within jurisdictions households frequently
may choose among neighberhoods to reside and send their children to school, but with limited
opportnity to choose alternative tax-expenditure schooling packages, In 199%, aine states had
schoal districts that were coterminous with counties or very nearly so, and the ratio of school

districts to countizs was 2 or below m four more states.’ Since counties are relatively large



geogmphic entities, county districts are typically multi-school districts. Moreover, these thituen
states do not include a number of states that have the lowest varjaticn arnuony districts in
cxpenditure per student due to relatively centralized finance systems. Examples are Delaware,
Colorado, and California, whose ratios of 95 percentile tn 5 percentile district expenditures in
1594 were respectively, 126, 1.31, and 1.34° While uneven and of limited “success,” a central
theme in educational finance retorm over the last several decades has been expenditure
equalization.” For example, the same district experditure ratios in 1972 for the three states Just
mentioned were respectively 1.81, 1.61, and 1.95.° Most students live in districts wish multipls
schoo.s: In 1993-94, 91 (66) percent of elementary- (high-)school students lived in distdvts with
multiple elementary (high) schools (Commen Core of Data 94). While there is a growing trend
toward centralization of finance in the LS., centralization of finance already is well established
in many other counities (Benabou, 2000). Analysis of the provision of education using a Tiehotrt
model with community-level finance of education is inappropriate in such settings. Cne purpose
of this Chapter is to examine neighborhood formation and schooling provision when no choice
amang paolitical jurisdictions is practical, but cheice among neighborhoods within the jurisdiction
can be exercised. Here any neighborhood sorting of houscholds and variation in school qualily
that results is driven by pecr-group effects.,

As school finance is under reform in the U.S., a school choice movement is gaining
momentum.® Choice policies and proposals inglude inter- and intra-district open enrollment,
formation of magnet and charter schools, and vouchers for private schoels. The 1S, is by no
means on the forefront of this movement. For example, broad schoeol choice reforms were
adopted in the United Kingdem in the early 1980'. It remains to be seen how the school choice

movement will evolve, bit it seems likely that increased school choice will play a role in the



future. Anather purpose of this Chapter is to investigate the effects of public-school choice. We
examine the consequences of elimination of territorial (ncighborhood) restrictions on school
attendance in our model, with and without friction 11 the exercise of schoel choice.”

We develop a theorelicul and complementary computational medel to study equilibria in
the above policy regimes, with attention to the distribution of educational benefits. School
quality is presumed to depend both en per student educational expenditure and on the make up of
the student body, the latter measured hy mean student ability. Households differ continuously by
income and student ability, with normal demand for educational quality. The economy is made
up of an exogenous number of neighborhoods, each having a school and with given housing
supply. Houscholds choose in which neighborhood to reside, where 1o send their child to school
as consirained by policy, and vote over the economy’s tax-expenditure package. With
neighborhood schooling, students must attend school in their nzighborhood of residence. With
choice, students may attend school in another neighborhood, which may or may not entail a
private (transportation) eost. We also compare these equilibria to that of the tradirional Tiebout
environment, where neighborhoods provide schooling only to their residents who then also
collectively determing their neighborhoced’s tax-expenditure package.

The main predictions are as follows. Neighborhood schooling is cnough to lead to
stratificd equilibrium and a school-guality hierarchy it ability and income are positively
correlated or if demand for school quality rises with student ability. Thus stratification typically
arises even though there is no vanation in expenditure per student. Introducing frietionless
school choice n such a setting eliminates schooling differences while increasing per student
cxpenditure due te an income effect from reduced housing prices in rich communities. We find

aggregate welfare losses from frictionless choice in our computational analysis.  When intra-
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district choice programs do not induce movement acrosa districts, residents of poor
ncighborhoods typical ly experience a welfare gain though this is dependent (o sume degree on
how howsitg ownership is distribputed, Choice with friction can lead the poerest to stay behind in
weakened schools. De-centralization of finance in Tiebout equilibrinm can be expected to
increase further the dispersion of school qualities relative to the neighborhood equilibrium as
expenditure rises in richer neighborhoods and deelines in poorer neighborhoods. We calenlate
higher apgregate welfare in Tiehout equilibrium relative to the neighborhood equilibrium, but,
again, with uneven distribution.

Our analysis is in the tradition of multicommunity models of lecal public good provision
begun by Tiebout (1956)." A nunber ol papers stuly provision of public education in such a
framewotk in¢luding Inman (1978}, de Bartolome (1990,1997), Glomm and Ravikumar {1992),
Benabou (1993, 19496}, Silva and Sonstelie (1995), Durlauf (1996), Fernandez and Rogerson
(1996, 19972, 1997h, 1998}, and Nechyha {1999,2000). Central to our mode! arc peer effects
which play a role only in de Bartolome (1990}, Benabou {(1992,1996), Durlauf (19967, and
Nechyba (1999,2000) among the latrer list. Further narrowing the overlap, only Benabou
(1993,1996} has an analoguc to neighborhood provision of schooling within a jurisdiction.”
similar to one of “our” findings, he shows that complementarities in individual and group
charactcristics can lead to community stratification without expenditure differences. The models
and emphasis differ substantially. Other related research is noted at various points helow.
3. The Model.

Each hausehald has one ehild of ability b who will attend public school, Hounschald
income is denoted v. The population of households is normalized to one and characterized by

Joint probability density functien t{b,y), with £b,y} continuous and strictly positive on its support



8 = [b,b,] % [¥5.¥,] — R?,. Whether income and ability are correlated in the population is
important. To simplify, we assume that either E[b|y] is strictly increasing in y or indepeadent of
¥ implying cither positive or zero correlation.

Household utilily depends on numar.aire and housing consumption, and the educational
achievement of the ¢aild denoted 2. Every household consumes exactly one unit of housing at
price denoted p, the simple housing market discussed further below. The student's educational
achmevement depends on the quality, g, of the school attended, and on the student’s ability,
denoted b a = a(q,b). Schocl quality depends on per student educational expenditure in the
school, X, and on the mean ability of the school's peer group, deneted 9. The latter peer group
effcel in education is central to cur model and discussed further below. Educational expenditure
is financed by a propurtivnal income tax, 1. Thus wrility is given by U = U[y{1-0)-p, a{q(3,8).b)],
with all functions increasing, continnous, and differentiable. Demand for edusational quality is
assurned normal:

F‘* increases with v, {A-1)
¥

In much of the analysis we employ a Cobb-Douglas utility-achicvement specification:

o - [}'{1 —t}—p]xEHThﬁ; q = XHBY; a = qbﬁ; m:?&ﬁ =0, {1)

The econemy consists of N £ {2,3,....} neighborhoads, with exogencusly defined
boundaries and with one school in every neighborhood. Each neighborhood has a backward-L
houging supply, honizental at magnitude ¢ until neighborhood land capacity is reached. Interprot
¢ tn be the construction cost of a unit of housing, each housing unit requiring one lot of land. For

now, assume the economy land capacity is exactly enough to house the population. We offer a



more appealing interpretation below, but it can introduce additional equilibria that we wish to
avoid initially,

Households make a residence choice, choose a school for their child, and participate in a
vote over tax rates. The namre of these cheices depends on a binary policy parameter that we
vary exogenously. The "choice” of school may or may not be restricted by a neighhorhond
regidence requirement. A residence requirement implies the neighborhood school's peer group
cerresponds to that of the neighborhood'’s residents. Of course, the absence of such a requirement
permits real schoeol cheice, and this is what we mcan below by a schoel-choice or epen-
crrollment policy. We will consider the effects of a school choice policy with and without any
Inelivns {costs of exercising choice).

As motivated above, we focus on the case where school finance is centralized. A singls
income tax rate is determined by majority preference in the entire economy under centralized
tinance. Constant remums to seale in schooling is assumed, implying per student expenditure in
thz economy is invariant in this case. This conforms to cases with district-level finance and
large enough districts thet nonschool factors determine district cheice or to some cases with
statewide finance.' For purposes of comparison, we wiil also examing the more traditional
Tiwboul public-finance problem with multiple political jurisdictions by assuming neighborhoods
correspond to jurisdictions.

Equihbria are determined under the timing and behavioral assumptions, summarized in
Figure 2. 1n the first stage, {atomistic) households make neighbarhood residence choices as price
takers and the housing markets clear. Houscholds then choose a school, although a residence
requirement renders this 4 degenerate choice. Voting over taxes takes place last, voters taking

the (now committed) residences and schools as given.'" The model has a single period; no real
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time elapses between the stages. Houscholds correctly anticipate the ensuing propertics of

equilibrium when making choices, of courss.

RESIDENCE CHOICES SCHOOLS VOTING OVER
& HOUSING MARKETS - CHOSEN - PROPORTIONAL
CLEAR INCOME TAX

Figure 2

Some elements of the model warrant further discussion. School quality is determined in
part by a peer-group externality, which influences neighborhood formation and schaal choice,
Ability-based peer effects in the classroom are confirmed by numerous studies, but this is no:
without controversy.” This aspect of the model can be given a more generic interpresation. Any
hausehold variable that positively impaets both the performance of the child and the child's
schoo] conforms to the model.” Parental input in the cducation process thal entails both helping
the child and his school is an example.  Parental input in the school might come in the form of
direct participation in education (.g., classroom volunteer work) and/or in monitoring and
disciplining teachers and administrators.'® For all these interpretations of nouschold
characteristic b, it is likely to be positively comrelated with parental educational attainmenit, hence
also with household income. We show when and why positive correlation between b and v is
important,. We will continue to refer to b as student ability."?

That housing prices serve ag screons to acecssing neighborhoods is not controversial (see
Black, 1999 and Barrow, 1399} . We think it is important to introduce housing markets into the
mudel but adopt 4 simple specification. ' We examine income taxation rather than property
taxation so that tax liabilities rise continuously with income. The modal can be varied to

SX4mnine property taxation, with results that are qualitatively the same.
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4. School Policy and Equilibrium.
A. Equilibrium with Neighborhood Schooling,

This model applies whenever the political jurisdiction encompasses multiple
neighborhoods, each providing schooling for its own residents, if househeld entry into and exit
from the urisdiction can reasonably be ignored. This analysis also provides a basis for
Investigating cases with multiple districts consisting of multiple neighborhoods as we discuss in
the concluding section, Toward developing the properiies of equilibrium, note first that here the
school-choice stage is trivial, committed in the initial residential-c1oice stage. Providing
conditions for and describing a voting equilibrium is not problematic excepl for one minor issue,
We must guarantee equilibrimm permits cveryone to purchase a house. Below we explicitly
address this issue and develop voting equilibrium properties for the case of Cobb-Douglas
preferences {equation {1)). For now, take as given the existence of a unique voiing equilibrium
in the third stage, with everyone ablc to afford a house, By definition, centralized finance im plies
a single tax rate and X, =3, = ... = X, where here and henceforth, subscripts indicate the
neighborhood.

We focus now on the residential choices, Although the voting equilibrium depends on
the residential allocation, it is not influenced by ind:vidual (gtomistic) household choice,
implying households treat the anticipated voting outcome as parametric in the residentiai-choice
stage. Qur primary concern is with the nature of equilibria having ditterentiated neighborhoods,
school peer groups, and school qualihes. An issue relevant to the squilibrium allocation of
househalds about which there is little evidence is how student gbility affects the demand for

school quality. We restrict consideration to two possibilities:
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U—“ 1§ invariant to ahility, (A2-1)

¥

1

Uq increases with ability. (A2-2)

¥
In the larter case the demand for school quality is rormal in student abifity. Case (A2- 1is
neutral on this issue and is a property ot the Cobb-Douglas specification.
The first proposition describes some necessary propertics of any equilibrium with

differentiated schools/neighborhoods.

Proposition 1: For K < N, suppose g, <q, <... <qg. (if K <N, then some neighborhoods have
sthoo.s of the same quahty.) Then:

a) Housing prices aseend: p, < p, < ... <p,.

b) The allocation exhibits income stratification: [f houschold with income y, chooscs
neighborhood having school quality g and household with child uf the same ability but income y;
necessarily chooses neighborhood having higher school quality g, (j = 1), then v, > y,.

c) 1t (A2-2), the allocation exhibits abifity strazification analogously defined.'® Under (A2-1),
houschold residential cheice is invariant to the student’s ability.

d} The allocation exhibits houndary indifference and strict preference within boundaries: Type
space {the (b.y) plane) is partitioned into neighborhoods by (neasure zero) boundarics along
which the commesponding households arc indifferent to adjacent neighborhoods, amd for which
interior households have strct preference for their neighborhood over differentiated

neighborhoods.

Proof: Since everyonc pays the same tax rate, part (a) follows simply. Housing price must be



lower if school quality is lower to attract any residents, Given part (al, the converse of part (b)

contradicts (A1), Tart ¢ is proved analogously. Part (d) is implied by continuity of U{"), n

Figure 3 illustrates a potential equilibrium allocation for a case with K=N =3 and
assuming (A2-1), Stratification by income arises but not by ability, households with incomes v,
(v.) are indifferent to residing in neighborhoods 1 or 2 {2 or 3), and all other households strictly
prefer their neighborhood of residerce. For proforences instead salisfyng {A2-2), the boundary
loci in type space separating differentiated neiphberhoods are downward sloping, exhibiting
stratification by both ability and incoms.

The next proposibion establishes conditions for existence af equilibrium with
differentiated neighborhoods and schools (continuing to take as given existence and uniqueness
of voting equilibrium}.

['roposition 2: a) Equilibrium with differentiated schools exists if preferences satisfy {A2-1)and
E[b|y] is increasing 1 y.

by) BEquilibrium with differentiated schoels sometimes exists if preferences satisty (A2-2) and
ecither E|b|y] is increasing in ¥ or constant.

¢) Constancy of E[b|y] and preferences satistving (A2-1} arc inconsisicnt with existence of

equilibrium having differentiated schools.

Proof;, We show part (a} in the appendix by construction (see the Proof of Proposition A1), We
have worked out examples demonstrating part (b) (available on tequest). Regarding part (),
under {A2-1), Proposition 1 shows an equilibrinm with differentiated schnals must exhibit
stratification by income but not by ability, e.g. as in Figure 3. But constancy of E[b|y] then

implies equal €' in all schools, hence schools of equivalent quality, a contradiction. "
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School qualities can vary only due to variation in peer groups since expenditures are
equalized across neighborhoods. Access to neighborhoods with better peer groups is rationed by
higher housing prices. This rativning must be consistent with differentiated peer groups for such
an equilibrium. If willingness to pay for school guality depends only on income (i.c. under (A2-
1)), then stratification across neighborhoods will be determined solely by income as in Fi gure 3.
Income and ability must then be positively correlated to produce the school quality hierarchy.

The mean ability or peer group measure in any neighborhood i (i = 1,2, ..., N) can be written;

¥, by % b,

[ [piby)dbdy  [E[b|y {fb.y)dbldy
[ {fib.y)dbay [ [foydbay
by Yot

where y,,, is the minimum income type of household residing in neighborkood i and v, is the
maximum. Hence, given E[bly] is increasing in y, the income stratificaticn implies school
quality stratification,

Alternatively, if willingness te pay for school quality also increases with the child's ability
{1.e., under assumption A2-2}, then positive correlation between ability and incorne is
unnccessary for ditferentiated equilibrium. In these equilibria, the (b,¥) plane is partitioned into
neighborhoods by downward sloping boundary loci, with relatively high-income and low-ability
houssholds mixing with relatively low-income and high-ability houscholds. While existence of
equilibrium with differentiated neighborhioods cannot generally he shown under (A2-2), we bave
consistently found such cquilibria in simulations of specific cases.

In afl that follows {without constant repetition), we adopt assumption {A2-1) and thus

also assume E[b|y] is increasing in y. With N neighborhoods, squilibrium can have N different
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neighborhood pesr groups and school qualities. In fact, Proposition A, 1 in the appendix shows
that a multiplicity of such equilibria exist if neighborhoods differ in size. We Lenceforth assume
that school administrators choose ncighborhood boundaties so that schools are of the same size,
thus eliminating this multiplicity. This is a narural simplifying assumption since differertiated
equilibria arise whether or net schools are of equal size, and no new issues arise in extending the
results to schools of unequal size. We also anchor the housing prize in the poorest neighborhood
at ¢, us must arise in the variation of the model with elastic housing supply in one neighborhood,
eliminating a degree of freedom in housing prices that arises otherwise. Other equilibria exist as
wetl with subsets of neighborhoeds having the same peer groups, school qualities, and housing
prices, including the allocation with no neighborbood differentiation. Such equilibria are
unstable under reasonable adjustment assumptions.”” This instability and the empirical evidence
(see below), in¢luding on school-driven housing pnee differentials within jurisdictions {Black,
199% and Bartow, 1999), lead us to ignore such equilibna

Hence, we study the equihbrium with each neighborhood baving a differentiated school
and with housing price of ¢ in the poorest neighborhood. We emphasize that all stable equilibria
in out model, whether or not schools arc of cqual size, have every neighborhood school
differentiated.

Cenural cilies in the U.S. are typically served by a single school district, as assumed in our
model, and provide evidence supporting our predictions. Income stratification across central-city
neighborhood schools of the form we have described 15 quite evident in cities. Data from high
schools in the eity school distriet of Los Angeles (i.e., the Los Angeles Unified District) provide
an llustration of the extent of income stratification. While direct measures of household income

by school are unavailable, data are available on the porcent of students in each school who are
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from low income houscholds -- children who qualify for free or reduced-price lnnch.

In Figure 4A we plot the percentage of low income students in each of the 55 “regular”
high schools in the city of Los Angeles for the 1997-98 school yvear. We exclude schools
classified in the Commeon Core of Data as “speciai cducational” or “alternative,” mainly because
they frequently have much smaller enrollments, though their inclusion would not alter the
message. In this plot, schools are ordered by percent low income students. This figure reveals
that there is substantial income stratification. As a benchmark for comparison, consider random
assignment of students to schools. We also show on Figure 44 95% confidence bounds for the
mean number of low income students per school under randem assignment of this population of
students to schools.'® The narrowness of these bounds stands in dramatic contrasl (o the
ubscrvel varation across schools, confimming that there is a high degrze of income stratification
across ncighborhood schools.

Research on loca. junisdigtions, following Tiebout, has traditionally emphasized sorting
across rather than within jurisdictions. Most of the ligh schools in the other 110 districts in
metropolitan Los Angeles have just one or a few high schools. In 1997-98, 11% of these districts
had one {regular} high school, 62% had two or less, and 78% had three or less. Thus,
Junzdictians in scburban Los Angeles accord reasonably well with the kind of structure
presumed in most prior researct. In light of this, it is of inerest to compare stratification patterns
between the 53 city high schools and the 266 suburban high schools in the Los Angeles
mettopolitan area, This is done in Figure 413. The dashed curve ir: the plot reproduces Figure
44, while the new curve centains the percentage low income for the suburhan schoals, with these
also ordered by their percentages of low income students. There is, as expected, stratification by

income between city and suburbs. The mean of the proportion of low income students in the city
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schools is .525 while it is .312 in the suburban schools. Of more intcrest, however, is the degree
of stratification among suburban { Tiebout) schools relative 1o the degree of stratification among
ciry {neighborhood) schools. Inspection of Figure 4B suggests that the pattern of stratification
amoeny the city schoals is not dramatically different from that among the suburban schools, The
standard deviations of percent low income in city aad suburhs are 222 and 230 respectively.
While it i3 not clear what is the nght metric for comparing stratification in the two cases, the data
for T.os Angeles high schools reveal a high degree of income stratification across all schools and
points to the need for more extensive investigation of the sorting of househalds within
juriadictions.

We now discuss voling cyuilibrivm. To obtain precise results, we restrict consideration
hencetorth to the Cobb-Douglas utility specification {11 We also set N = 2 in what follows far
simplicity. Hence, the neighborhood housing capacities are Y4, and we know that the equilibrium
partition of households has y, =y, as the boundary locus, y,,, denoting the median income.
Nurmhzer the poorer neighborhood 1 and the wealthier neighborhood 2. Using (13 and setting p, =
¢, Tind p, from the fact that the median-income houschold is indifferent to residence in

equilibrium (Proposition 14d):

By =€ * ¥ (1-0-c][1-(8,/8,)7]. {33

Sinee the partition implies 6, < 8, (and assuming the median income household can afford a
house), inspection of (3) confirms that p, > p,. We also see that housing prices are independent
of per student expenditure.

One can find voting cquilibrium follewing the methodology used in Epple and Romer

(1991}, The detailed analysis is in the appendix. Here we summarize the logic and results.
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Assnme for simplicity only tax rates that allow the poorest type to purchase homes can be
adepted: t < (y,-e)y, ™ It mrns out that preference for higher expenditure-tax pairs increases
w:th y/p. That s, houscholds with a higher ratio of income to housing price favor more
educational cxpendinue though his requires a higher tax rate. The tax rate rmost preterred by
households with median value of v/p is then majority preterred. The latter tax and implied per
student educational expenditure is the equilibrium pair since it would defeat any other feasible
pair in a tax referendum.

With one miner technical assurnption on the income distribution (see ¢al} in the
appendix), there are median preference houschalds residing in (the poorer) neighborhood 1
having income denoted ¥ and median preference households residing in neighborhood 2 having

INcome ¥y, = {p,/u)y,,. Letting F, denote the marginal c.d f. of income, ¥p1 SOlVes:

R Y - R - @

We haye:

Proposition 3 The solution to:

MAX., (v, (1t} - O)X*

- -c
s.t.X=ty;t.c:F'“ : (5)

Y

is the unique majority volng equilibrium, where ¥ denotes the mean incame in the population.

The solution to problem (5) 1s;

t' = £ -2y amd Xt = 2 (1-Sy (6)
l+e v, I-a" ¥y,
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provided it is not on the upper bound of t which is 2asily ruled out*’ Comparison to other policy
outcomes and numerical examples are provided below.

sSummarizing te this peint, for Cobb-Deuglas preferences, E[b|y] increasing in y, and two
nuighborhoods ol equal size, equilibnium splits households by income at the median into the two
neighborhoods, with the wealthy neighborhood having higher O (equation (2)). Withp, =¢, the
remaitling equilibrium variables are deseribed by (3}, (4), and {6). In addition to the pivotal
voters in neighborhond 1, those with income poy, /e, wha reside in neighborhood 2, also have
medisn vohing preferences.

Equilibrium is characterized by income stratification across neighborhoods with
differences in school quality deriving from differences in pecr groups. More neighborhoods
would increase stratification and the spread of schools™ peer qualities. While stratification affects
expenditure levels (as discussed further belew), differences in school qualities obviously have
nothing to do with expenditures. All that is needed is that a positive cxternality in schooling is
correlated with househald income. The preponderance of rezearch concerning differences in
quality of public schools emphasizes expenditure differences. But equalization of finance will
not itself create equal-quality schools. The emphasis on expenditure 1n most of the literature as
well as in policy reform misses a crucial element of the equilibrium determination of schooling
guality. The coneern [or the implications of peer-group elfects i schooling 15 furiher heightened
by the evidence indicating that expenditure per se matters little (e.g., see Hanushek, 1986). We
return to this discussion after clantying the impheations of alternative policies and welfare
effects.

B. Equilibrivm With School Choice.

The analysis of school choice with no frictions is straightforward. Hounseholds select
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schools without constraint in the second stage of Figure 2. We assume schools face no capacily
constraints and must admit all comers.” Schoal finance continues to ¢ntail 1n allocation of funds
to schools so as o equalize expendizure per student. Those that send their child to schocl in the
“ather neighborhood” bear no transportation or other transactions costs {introduced below). ™
Lacking evidence on productivity cffects of intra-district choice, we held fixed the schooling
production fanetion gi-).

The immediate implication is that the exercise of schocl choice must lead to equal school
qualities in equilibrium, and, since cxpenditures are equalized, 8, = 0, Further, indifference to
residence is implied, so that p; =p, (= ¢). Voting equilibrium continues 1o reflect the preference
of household with median ratio of income (o housing price. Since housing prices do not vary,
only one type of household has median preference, those with median income (who ¢an live in
cither neighborhood). The solution to {6) substituting y._, for ¥, 15 the outcome of the voting

cquilibnum.” We have established:

Proposition 4: Equilibriumn values with frictionless choice are siven by:
=p, =56, =6, =0, amd X, -X, - L u-Ly,
Py =P =6 Y = =0 and X, -X, ']'E( ﬁ}}r’ (7}

where 8 denotes the mean ability in the entire population. Households with median income are
pivotal in the voting equilibtium. The residential allocation is indeterminate. Any allocation
assigning 2 the populatian te each neighborhood is an equilibrium. Any set of school choices

resulting in &, = 8, is an cquilibrium set.

Compzring equilibria, introduction of (frictionless) school choice leads to higher @, and

lower 8. Using (6) and (7) and that y,,; > ,,, the tax ratc and cxpenditure are higher under
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choice. This is explained by an income cffect on voting of a lower p,. The sirongest implication
15 that households with income below the median attend betier schools unambiguously, Further

normative and quantitative analysis is in Section 5.

Inter-Neighborhood Transportation Costs. We now [nroduce friction in the exercise of school

choice. We assume that it costs any household T to send their child to school in the other
ncighborhood. Hence, for example, intra-uciphburhood transportation is costless {or provided)
but households bear a private cost of T to wansport their children between neighborhoods as
across a “Hoxby (2000) river.”

Transportation costs cifectively prohibit the exercise of choice if T exceeds the housing
price diffzrential that arises without choice. Here, of course, equilibrium is as though choice is
not allowed. Letting p,” denote neighborhood 2's housing price in the equilibrium without

chaice, we then supposc:

T<p, - ¢ (A3)

We describe an "interior equilibrium," one where some bu: not all bouseholds exercise
choice. Figure 5 depicts an interior equilibrium allocation.” A threshold income helow the
median, ¥, divides households according to the neighborhood where their children attend school.
Those with income helow v, live in neighborhood 1 and their chaldren attend school there, Those
with higher income send their children to the better school in neigaborhood 2, but arc indifferent
to their neighborhood of residence. A number of houscholds equal to % the population drawn
[rom the latter group must live in neighborhood 2 for housing-market clearance. Their
residential indifference is supported by a housing price differential equal 1o the fransportation
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P, - ¢ =T, (8)

It is equivalent ta live in neighborhood 1 and pay the transportation cost, or aveid it but pay the
higher heusing price in neighborhoud 2.

Let 0,'(y;), i =1.2, denote the implied mean abihty in neighborhood 1. Since E[b|y] is
increasing, 8, > 9," for all ,, although housing-market clearance requires y, < Yoeg  Inditference

to transporting one's child from neighborhooed 1 to 2 for schooling identifies v,

T = (yil-9 - o[l - R(¥p¥l; (9}

where R(y) = 6,76,

Voting equilibrium can be determined analogously to the previous models with T+e
replacing the housing price for those who live in neighborhood 1 and transpert their child to
school in neighborhood 2. All those with y > y; pay "effective housing price” equal to p,. There
15 always a median preference voter with y > y,, whose income we denote ¥, (and may or may
not be one having ¥ <¥;). By ordering househelds according to their income divided by cffective

housing price one can identify y,, as detailed in the appendix. Replacing Yoo Wwith y, in (6), we

;;\'ff:t:EG
o 2 -
t = (1 - =2 and X = ty. (10)
L+z Y2
Froposition 3 contains a more formal statement of the equilibrium properties:
Proposition $: Assume (A3) is satisfied and any voling cquiliboum permits everyone o afford

housing. A sulutivn (p,,y,1,¥,,,X) with y, < v, 10 (3} - (10), with V.. 85 calculated in the

appendix, and with €, = &'(yp, i=1,2. is an interior equilibrium with allocation depicted in Figure
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3 (and with any mass equal lo % of households having y > y; living in neighberhood 2).

While existence and uniqueness of an interior equilibrium is not guaranteed, we find
unique interior equilibnum for a range of T in our computational medel of Section 5. Another
possibility is a “boundary equilibrium™ having p, = T+e, but where everyone attends school in
neighborhood 2. Flere T is low cncugh that choice induces everyone to get the satme schooling,

Relative to the no-choice equilibrium, (he cxercise of choice by those with below median
inoIme is on average associated with a negative pecr-group externality to both those who stay
behind and attend school in neiphbothood 1, and to those with above-median income. Both 8
and 8, declinc since E[b|y] is an increasing function of y. The decline in neighborhood 1, bom
hy the poorest segment of the population, supports the concerns of same critics of choige: Those
least equipped to exercise choice suffer from its introduction. Because the outcome of the voting
equilibrium changes, we must quantify effects to pursue further normative analysis, which is
laken up later in Section 5.

. Multipl : Tiehout F

Tt 15 Of interest to compare the single-district equilibria above to the more de-centralized
provision regime where educatian finance is highly localized. Iere the two neighborhoods are
assurned to correspond to two political junsdictions for the determination of the tax rate and per
student expenditure. Policy dictates that households' children must attend school in their
ncighborhood-district of residence. Otherwise, we maiatain the propertics ol the model
iicluding Cobb-Douglas preferences (hence (A2-1)), the same housing capacities of % in each
now jurisdiction, and E[b|y] increasing in y. As in the single-district model without choice, the

school-choice stage is degenerate. This version of our model is akin to an environment
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populated but with small school disiricts that is fairly densely populated as in arcas of
Pennsylvania, New Hampshire, Ohio, and Vermont for cxampls.”’
We foeus again on equihbrium with differentiated schouls for the same reasons as above,

First, we have:

Propgsition 6 Any equilibrium with differentiated schools exhibits:
a} stratification by inconic (independent of ability); and

0) boundary indifference and strict preference within boundaries.

Proof: Using (1), calculate the sign of the wiility difference (A} from residing in neighborbood 2
versus 1: spm A = spm {[{1-4,)q; - (2-t,)q, ]y + (Piy, - P2%)}. Housing marker clearance implies
that one-half the population lives in each neighborhood. Linearity of A in v then implies either
income stratification (that is independent of ability) and ditferentiated schools or that A vanishes
for every income, The latter case is an unstable Equi]ihﬁuml havinz cveryone indifferent. Given
A does nat vanish for some v, boundary indifference for y = y__, and s:rict preference otherwise

are then implied by the linearnity. n

Residential cheaces and peer groups are then the same as in the single-jurisdiction model
without chaice. Each neighborbood/jurisdiction chooses its own tax rate, however. Households
within a neighberhood face the same housing price and voting equilibrium is calculated as above.
The houscholds with median preferences in neighborhoods 1 and 2 have first-quartile income
(¥} and third-quartile income (y,,), respectively. The voter's problems arc analogous 1o (3) with

the obvious substitulions:*®
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¥ p] —
t = I-—3 X, =ty; i
1 1+ﬂ( }'ql} ] 1¥ {11}
o= (-2 md X, = 1y, ' 12
R ’ = (12}

where EJ i=1,2, denotes mean income in neighborhood 1. Note that it is not immediately clear
where tax ratzs are higher and where per student expenditire is higher. However, using the

boundary indifference Boundary indifference implies prices satisfy:

[¥ a1t = Play = [¥ 4110 - pJag: (13)

which allows us to dzmonstrate:

Proposition 7: q, > q, in equilibrium.

Proof: If p, < py, then t, > t, and X, = X,, both by (11)and (12). The better peer group in
ncighborhood 2 then unplics the result. For the case of py < p;, suppose to the contrary that g, <
q;- From (13) then, [y, (1-G)p] 2 [Yoeal1-60-py ], implying p-py < (4-t))¥pe. Substitute from

{11} and {12) for the t's in the latter yielding:

s ¥ Yne
P, - Py s —(p,=F - p =), (14)
Stnce e/(L+a) < | and y,, > ¥4 > ¥, (14) contradicts p, > p,. »

Propasition A2 in the apperdix provides conditions for existence of difterentiated
equilibrium. These also imply that the housing price will be lower in the poorer distmct, hence
= ¢. These conditions are satisfied in realistic cases, including in our computational analysis in

the next section.
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Relative to the single-jurisdiction, multi-neighborhood environment without choice, one
would expect here lower per student expenditure ir. the poor neighborhood-distriet and the
opposite in the wealthy neighborhood-district due to the changes in the tax base. A wider
dispersion in school yualities under multiple jurisdictions is then implied. The theoretical
analysis is, bowever, obscured by changes across the equilibria in “he identities of the pivotal
voters and housmg prices. We then explore this issue computationally in Section 5.

Far our Cobb-Douglas specification with fixed housing capacitics, residential choicos and
thus peer groups are exactly the same with no school choice whether or not neighborhoods arc
also political jurisdiciions. This iilustrates a central result of this paper: Peer-group efficts afone
can fead (o invome-stratified equilibriun and school guality differences, as in a Tiebout
equilibrium with local public finance™ If we depart from a Cobb-Douglas specification and/or
assurne upward sloping housing supplies, then the rzsidential allocation will vary somewhat
across the two regimes. But this is only to the extent that educational expendinures is Important
to school qualities. Tn the Cobb-Douglas case with upward-sloping housing supplies for
example, the allocations converge as o - 0. ff educational expenditire has small effects uf the
margin as most evidence indicates fsee Hanushek, 1986, 1997 und Beus, 1996), then policies
that more evenly distribute educutional funds will not muck reduce stratification absent schooi
choice ™

Inter-junisdictional school choice is also worthy of smdy.”’ The analysis of inter-
jurisdictional scheol choice depends on how the chaice policy implements school finance when
choice is exerciscd. Here we briefly summarize some resulis, as space constrainls prevent a
complete presentation. [n an early version of this paper (Epple and Romano, 1995), we analyzed

Inctionless intat-jurisdictional choice assuming that those who cross district boundaries bring
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with them their own jurisdiction’s locally deterrmned per student expenditure, This policy leads
to & nonstratificd outcome and homogeneous schools, but with a severs fice-rider problem in
schoal finance: Voting to raise one’s local lax would altract outsiders (or reduce exit), this
extermahity leading to substantially lower schooling expendimire. Anticipating this, an inter-
jurisdictional choice pohcy might require that a household exercising choice become a member
of their chosen school’s jurisdiction for purpeses of school finance. That is, they pay their
chosen district’s tax rate while being allowed to votc there on the school budget.” We show in
the appendix that thiz policy would “frequently” lead to the same outcome as does choice in a
single junsdiction if there are ne frictions {i.e., non-tax costs) w exercising choice. However, as
we discuss more fully below, putential recipient districts generally have an incentive to resis:
accepting students from outside the district, casting doubt on the extent to which choice is likely
to be frictionless, The logic 1s that housing prices must be equalized, and potential difterences mn

tax rates will “frequently” not alone be enough ta support an equilibrium with stratified schaols.

5. Computational Analysis and Welfare Effects.

We bhegin with a general discussion of welfare issues which will fucilitate the
interpretation of our computational rcsults which follow. While much of our analysis concems
traditional efficiency measures, this is presented with serious caveats. First, education is
recarded by many as a primary means to lessen equity problems, and we are not unsympathetic (o
this view. Second, equity aside, long-term externalities associated with low cducational
achicvement or wide variance in cducationsl achievement may exist, ¢.g., crime and rcscntment.
For both these reasons, it is important to alse consider the distribution of educational
achievement.

A third caveat concerns education as an investmeni rather than consumption goed. If



education is an investment good, then our model implicitly assumes imperfeet opportunities for
borrowing on future earnings which constrains all households. This follows fram our assumption
that houseliold demand for educationat quality increases with income.®® The standard static
analysis does nul pruperly measure welfare changes under the investment interpretation: ene
must measure and value changes in aggregate achievement and factor this into the welfare
MEeasure,

With these reservations in mind, we turn to standard efficiency anatysis. Understanding
properties of Pareto efficient (P.E.) allocations provides perspective for understanding tha
variation in welfare (producer surplus plus comnpensating variation) across the policy regitnes
analyzed below. In examining P.E. allocations, we assuiue that there are at most two schools and
that an allocation entails an assignment of all students to a school (i.e., no schooling is not an
option). Let A;(b,y) € [0,1] denote the proportion of students of type {b,¥) attending school i, i =
1.2, s0 that A (b,¥) + A,(b,y)= 1 forall (b,y). For the applications we study, A_ will equal 0 or |
for almost all types, i.e., efficient student bodies entail virtually no overlap of types. We assume
no transportation costs so that neighborhood residence is irrelevant to efficiency. Sctp, =c, i
=1,2, giving the anonymous land owners no rents. Proposition § is the main rasult in Epple and
Romano (2000}. Tt iccludes a description of the "social marginal cost” of a student attending
schoul i which we denote SMC,. Also, let r{b,y) denote the "regulated price™ that a social
planner charges type (b,y) to attend school i. Actually, r,(b.y) will only be a function of b at the
optimum as we wit] see.

Proposition & is a vanant of the Second Fundamental Welfare Theorem in economics.

Proposidon &' If appropriate lump-sum transfers of income are arranged, then every P.E.

allocation can be achieved by utility-maximizing school choices, with, for all (b,y), students
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paying prices:

q4(X,.0) .

| o= S . - B—b = . :

rihy) = SMC, = X, + ':lx'fxp*?‘;l'[ by, =12 {15)
with X, satisfying:
JU {b,y¥X

Afby)—————fihyldody = [ [A(byiby)dbdy, i=1; 16
f U '(b,y)/ay !f ({18)
U by} = Uly-c+R{by)-r(by).a((X.E} b, i=1,2; (17

Rib,¥) denoting the lump-sum transfer function; and, finally, 6, 1= 1,2, and A(b.y) those

implied by utilitv-maximizing choices of schools.

I'roof: See Cpple and Romano (2000). N
Here we just provide infuition for this result, with formal proof in the paper cited. With
prices that reflect the peer extemality in schools {and efficiently chosen expenditure icvels),
individual school choice will yield an efficient allocation. The social cost of type (b,y) entering
school i is given hy SMC,, which equals the per student expenditure plus the dollar value of the
peer-group cxternality. The value of the peer externality is the last term in (15). q4/q, equals
the cost of maintaining quality as € changes, which 1s multiplied by {8-b}, the change in 0, that
rcsults duc to student type b.‘s attendance at [. Note that the peer-group "cost” of attendance is
negative for students having abilily higber than the student body's mean (b = 0,), and their SMC
can then be negative. Mote, too, that the social cost depends on b, but not v. Hence, efficient

prices depend on ability but not incame,
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The efficicnt expenditure levels satisfy the usual “Samuelsonian conditions™ (16}, that
equate the sum of marginal values of educational cxpenditure 1o marginal expenditure cost, Note
that school budgets balance: integrating r, aver the student body in i yields total expendinire m
school i. The lump-sum transfers that are considered must also sarisfy budget balancs.

We next consider implications in the case of Cobb-Douglas utility that we have adopred.
A natural benchmark allocation presumes no incotre transfers, se set Rib,y) = 0 for all (b,y). We

have:

Proposition 9: For Cobb-Douglas ut:lity/achievement, the no-transfer P.E. allocation has:
a)q; 7 qy

b) stratification by income with linear boundary locus:

. O:2+n232]q1_(xl+n]ﬂllq]] _ [nlqz_ﬂlql]b
4z -4 94 (I8

where n. = {q/q,)., 1=1,2;

y=le

X — .
X.= —Jv. -cl.i =12; and
T (19)

_ ¥ [;,'_CJ
M (1+a) 8 °

1= 12 (20}

where § and ©; are the school means implicd by the efficient allocation. Further, E[b|y}
invarant to y is sufficient for:

dy 0,0, and

¢) stratification by ability (hence, a downward sloping boundary locus).
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If, also, v < 1, then

HX,> X,
Proof: See the appendix. u

Figure & illustrates a typical P.E. allocation, calculated for the bascline case of our
computational mode: {parameter values match those in Table 1, discussed below). Tt 1s notable
that a strict hierarchy (g, = q,) 15 efticient even if expenditure is not permitted to vary (see Epple
and Romang, 1998). This results because relatively low-ability and high-income types are
willing to subsidize relatvely low-income and high-ability types te atiend the same school. This
necessarily leads to a downward sloping boundary between the student bodies i{'b and y are
independently distributed (resulis (d) and (¢} in Proposition 9). But the efficient boundary locus
will typically be downward sloping when E[b|y] is increasing in ¥ as well, as we have found
consigtently in numerons computations (e.g., Figure 6 has E[biy] increasing in ¥}, Sitmilarly, the
candition in part f of Proposition 9 that v < 1 for X, > X is not necessary, but neither is it very
restrictive. As discussed further in Scction 6, a private schooling equilibrium also results in a
(niearly’ P.E. allocation.

This P.E. benchrnark reveals sources of inefficiency in the equilibriumn outcomes above.
Welfare gains would result on average from partitioning the population into schools as in Figure
6. We then expect that the introduction of school choice will tend to reduce aggregats welfare,
because the neighborhood-school partition is a better approximation to the efficient partition
when E[b|¥] is increasing. The neighborhond-equilibriam partitian is not, however, afficient in
general. The implicit pricing of schoels in neighborhood equilibrium is independent of ability,

hence, ingorrectly accounts for the pecr-group effect.  As the correlation in (b,y} increases,
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partit:oning enly according to income as in the neighborhoad equilibrium becomes a perfect
stbshitute for partitioning by income and ability, While the point of partiticn in the
neighborhood equilibrium will not generally bi: the efficient one s'nce it is driven by
neighbothood lines and their housing supplies, this line of arpument saggests that welfars losses
from choice will rise with the correlation in (b,y).

Proposition 9-f indicates that expenditure "typically" rises with school quality in the
efficient allocation. Consider ceniralized versus de-centralized finance (Tiebeut equilibrium)
without school choice. Comparing equations (113-(12) to (19), we see de-centralized finance
provides a first approximation to the efficient outcome. A standard voting bias from median
(naighborhood) income differing from mean income arises, as does another voting bias from the
distorted housing price in neighborhood 2, Newvertheless, we expect that centralization of finance
(absent choice) will lower welfare.

Tablegs 1 -7 prescnf representative resulls from our simulations, with Table 1 the

"haseline case.” Throughout we set the minimum population ability b_ —  and

a8surne

. r . 1 '] - . 2
Inb J 13 distributed bi-variate normal with covariance matrix [ a, PUHU}]

Inty-y,.) poo, o,

We set y, = 55000 and use 1982 1.8 annual mean ($36,360) and median ($28,860) income to
set the mean and variance of In (y-y,}. We use the Cobb-Douglas utility-achicvement functicn,
which (not obviously) implies that the mean of ability is irrelevant to owr calculations.

W calibrate the distribution of ability so that il bas the same median and mean as

income. This may be molivated as follows. Consider a steady state and suppose that income is



proportional to achievement. This provides a cardinalization of achievement, and this coupled
with the educational production function induces a distnbution on ability. Fer simplicity we
calibrate ability for a case in which all students receive the same educational yuality, In this case,
ihe Cobb-Deuglas achievement tunction implies that the logarithm of achicvement is a linear
function of the logarithm of ability. Hence, in this casc, the steady state lognonnal disteibution of
mceome and the assumption that income 1 proportienal to achicvement imply that ability has a
lognormal distribution as well, [t is then convenient to choose the unit of measurement of ability
s0 that the mean and median of ability for this case of equal school qualities equals the mean and
median of income.

Two papers (Solon, 1992; Zimmerman, 1992) provide evidence on the currelation
belween father's and son's income, and they are in agreement that the best point estimate of this
carrelation is approximately 4. Flence, we set p = .4 in the baseline case. This completes the
calibration of fib,y).

We have set ¢ = 06 because this implies a househeold purcaasing educaticnal expenditure
would spend approximately 5.6% = o/{1+a) percent of their income, the actual U.S. educational
percentage expenditure in 1989, Lacking evidence on the relative importance of peer group and
expenditure, we also sct y = .06 in the baseling case. The value of § is irrelevant Lo vur
caliulations, again due to the Cobb-Douglas specification.

We sor the annual amortized construction cost of a house, ¢, equal to $2,500. Last, we set
the transportation cost of exercising inter-neighborhood chaice equal to $300 for the case of
choice with frichion. We have computed eqnilibria with all parameters varied and report
representative results here.

In addition to the equilibrivm valves in the four equiliboa, each table presents welfare
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changes relative to the neighborhood- school, one-jurisdiction equilibrium. CV,, i=1,2, denotes
the mean compensating variation resulting from the policy change of those who reside in
neighborhood 1 in the neighborhood-school, one-jurisdiction eyuilibrivm, averaged over Lhe
cntire poputation. {Multiply CV, by two 10 get the mean CV, for the given subset of the
population.) Adding to (CV, + CV,) the per capita change in the housing price in neighborhood
2 iy = ¢ always), one obtains the per capita welfare change, equal to per capita preducer surplus
plns compensating variation. We have calenlatad equilibrium without redistributing the land
rents for simplicity and because it is not likely to much affect cquilibrium. In so deing, we also
avoid having to specify land ownership.™
Frictionless choice lowers aggregale welfare i every simulation (Including al)

unreported ones), i.e., AW is consistently negative. Noting (hat per student expenditure changes
little from the benchmark (one-jurisdiction, neighborhood) equilibrium, in fact rises {becausc of
the positive income effect on voting from the reduction 1n p,), it is clear the welfare Joss is
explained by the homogenization of peer groups. Comparing Table 1 to 2, the latter having a
higher {lowcr) v (), one sees that the welfare loss rises with increased weight placed on the peer
group 1o educational achievement. (Scc also Table 3.) The reason that CV, is usually positive
when choice is introduccd is because the housing price p, declines -~ bul spmeone bears this oss.

Witle choice causes an overall welfare loss, thuse residing initially in neighborhood 7
consistently guin on mverage from its introduction. This holds when we assign to this group a
proportion of the loss th praducer surplus in the housing market from choice equal to their
incormne share (these calculatians nat shown in the tables).

Absent scheol cheice, decentralizing the finance decision by poing from one jurisdiction

to two consistently increases welfare, but alse increases the dispersion of school qualitics. Since
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peer groups in schools are unchanged, these result because of changes in cducational
cxpenditures, Not surprisingly, the housing price in neighborhuod 2 rises substantially. Those
initially residing in neighborhuod 1 lose owt on average from decentrafization af finance, and
this persisis if they are assigned thelr income-proportional share of the increased producer
Surpius in the housing market (not shown). Hencee, again, the poor are affected in the opposite
direction than the average.

For the case of cheice with a transport cost, we set T = 300 in the computations, latting it
vary once (T = 500 in Table 4). With one exception (Table ), we find T = 300 {or 500) mduces
a large percentage of thosc with income below the median to exervise choice and attend school in
neighborhood 2, that percentage ranging from about 72 to 99.7. Compare this equilibrium to
friciioniess chotce with one jurisdiction (ignoring Table 5 for the moment). The voting equilihria
are not much different a0 expenditures vary little. The welfare loss from choiee with transport
costs exceeds that from frictionless choice by about the amount of the transportation costs
expended. Assigning the losses in producer surplus again by income shares {not shown in the
tables), we find that the greater welfure loss under choice with transport costs is boruc Larpely by
those with below median income, Those that exercise cheice ubviously pay the transportation
costs. Those that choose not o commute face a substantially diminished peer group,

The exceptional case of Table 5 has low correlation of income and ability, The per capita
welfare Joss relative to the benchmark equilibrium equals only $17.65. Because the peer gToup
difference 15 small in the neighberhood equilibrium, little incentive to exercise choice is present
and less than 9% of those with below median income do so. Note, too, that the price difference
betwecn neighborhoods (p.-c) is only $322 in the benchmark equilibrium for the parameter

setiings in Table 5. This :s another matifestation of the limited value of the peer quality gain to
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migration in this case. By contrast, for the other cases we report in the tables, the price
differential in the benchmark case is much larger, ranging between $530 and $960. Tablc 6 has a
higher construction cost of housing than in the baseling cuse. This has a regative income effect,
manifest in lower schooling cxpenditures in all equilibria and less exercise of choice when there
15 4 tTansportation cost,

Table 7 has a more right-skewed income distribution, halding constant the median
income. This is associated with greater inframarginal demand for segregation by the relatively
wealthy, This amplifies the aggregate welfare loss from frictionless choice and the aggregatc
welfare gain from neighborhoods becoming jurisdictions.

An important caveat concerning our normative analysis is that our model abstracts from
potential productivity gains from increased competition among schools for students. Hoxby
{2000} finds such gains when district competition for students increases, as would ocenr with
finance decentralization. Inc¢reased school choice within districts riight have similar effects. Our
model emphasizes the likely sorting effects of such policies. While we do not by any means
beiteve our welfare findings to be definitive, we think it crucial in policy design to anticipatc

potential changes in school composition,

6. ¥Youchers and Private Schoolipg.
7. Digeussion and Copclusions.

Many models of multi-jurisdictional equilibrivm arc structured so that differences in tax
and expenditure policics across jurisdictions are the only force leading 1o stratification of
pepulation across jurisdiclions. These models have been quite fruitful in stadying a variety of
policy issues related to state and local government finance. In inveshigatmg school finance policy

issues, it is natural to turn to those models to understand the effects of changing the stmeture of
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schoal finance. In geographic arcas in which students are served by a single school in sach
district, these models should give reasonablc guidance, particularly in sludying finance policies
that entail only partial equalization across jurisdictions.

Unfortunately, these conditions are almost never met. As we noted in the Introduction,
the vast majority of children in the U.8. go 1o school in multi-school districts. Central-city
districts are virtually all multi-school districts. Thus many students go to school in districts that
have dozens of schools, The second difficulty with using the traditiona! model to study achool
policy is that it gives either no prcdicﬁons or ingorrect predictions in cascs where there is full
equalization of expenditure per student or in the study of intra-district public schoul choice. The
difficulty lies in the common assumption that stratification of the population across schools is
driven by expenditure differcnces and that stratification does not arise when expenditures are
equalized.

Even a cursory 1ok at the stratification of househalds across neighborhood schools in
large urhan districts is sufficient to put the rest the notion that there is no stratification among
schools in a district when expenditures are equalized. We have shown in this paper that thers is
likely to be little or no change in stratification when expenditures are exqualized in neighborhood
school systems. School quality d:fferenwes arising from peer effects give rise to housing price
differentials across neighborhoods that are sufficient to sustain stratification. Thus, while
expenditure equalization may lead to some reduction of school quality differences, cqualivation
of school quality will generally not anse when expenditures per student are caualized.

Our paper provides insights into pubiie school choice programs and offers & foundation
for addressing many issues related to public scheol ¢hoice. We noted carlier that, while many

states have inter-district school choice programs, few students participate in such programs. This
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i3 as our model would predict, becaunse districts that are prospective recipients of choice students
will resist accepting such students. To see why, consider two districts D1 and D2 and a student
from D1 wishing to atiend school in D2. For simplicity, suppose that each district has only one
school. It is easy to see that D2 will resist il the funding the studert brings from D1 is less than
Lhe expenditure per student in D2, Suppose then that the choice program compensates for any
such funding disparities. Our medel predicts that D2 will nonetheless resist. In the absence of
funding disparities, students will wish to transfer from schools with low average peer ability to
those with high average peer ability, The clientele of the prospective recipient schaol will resist
accepting such students ¢ince, on average, they will be of lower peer ability than the incumbent
students. In practice, in statcs where district participation in inter-district choice prograrns s
valuntary, high income districts typically opt vut. In states where such formial opting out is not
permirted, de fzcro opting out is nonetheless likely 70 occur as prospective recipient districts give
priority to local residents and then “find” that they have little or no excess capacity to serve
students from outside the district.

Of course, the same incentives to resist choice students arise within districts. Within-
district programs often tackle this resistance by requiring schogls to sclect at random from their
apphicant list if they arc over subscribed. Of course, a recipient school may still be less
welcoming to students from outside the neighborhoud than to students from inside the
neighborhood, but such informal resistance is likely to be muted if district adminiastrators are
sufficiently committed to the chaice program. Students exercising choice may then find that the
gain in school quality 1s sufficient to justify living with any residual resistance. Such resistance
may, however, be similar to the role of our transporiation cost variable, T, in discouraging

students from the lowest-income households from attending a higher quality choice school.
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Our model points to potential unintended conscequences of puklic school choice programs.
For example, suppose, ngain, that there are two districts, D1 and D2. Suppose now that D1 has
two neighborhood schools, A and B, while D2 has onc school, C. For simplicity, let the threc
schools be of equal size. Suppose that low- and high-income students are in district D1 while
middle-income districts are in [¥2. Specifically, let the incomes of attendees of A be low-income
students, with B serving high-income stadents, and C serving middle-incame students, Thus, the
ordcting of school qualities is A, C, B. How coutd such an allocation be an equilibnnum? Gne
could easily construct realistic examples in which tax basc per student in D1 would bz
comparable to tax base per student in D2, so that equilibrivm would be characterized by litile
difference in spending per smdent in the two districts, With E[b|y] increasing in y, the ordering
of school gualities A, C, B would then primarily reflect differences in pect gualitics.

Beginning with such an equilibrium, consider the effect of introducing a frictionless intra-
district choi¢e program in D1. What are the possible equilibria with this choice program? The
equalization of peer qualitics in D1 means that there will no longer be stratification within
districis. There will, however, be stratification across districts. Thus, one possible equilibrium is
that the high-income houscholds wil. remain in D1, middle-income households will move to D1 .
and the poor will move to D2. The other possible equilibrivm is that the high-income households
will muve to D2 and the middle-income households will move to 1. What are the cffects on
school quality? In the first case, students in poor households receive a worse education after
introduction of the choice program. They face the same peer quality as before the change and
reside in a district where the tax base is lower than in the original equilibrium, In addihon, the
pivotal voter is poorer than in the original equilibrium, so there will be a decline in spending duc

both to the lower tax base and to the lower willingness of the pivotal voter to tax in support of
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education. Middle-income students will likely gain since they move to a district with higher
average tax base and higher average peer quality. The ¢ffect on high-income studcnts is
arnbiguous sinee their district’s tax base per student rises but choice causes the quality of peer
students to fall. In the second case, the effect of the change on students in low-incoma
houscholds 1§ ambiguous, depending on whether peer cffects or expenditure effects are more
important, Students in high-income households will receive higher quality cducation than before
the changz and students in middle-incore households will receive lower-quality education.

The preceding illustrates the potential of our model for anticipating consequences of
public school cheice programs.* Since choice programs have becr undertaken by a number of
central-city districts, the possibilities raised in this example cannot be casily dismissed.
Metropolitan areas Lypically conlain suburban distreicts that have lower average income than
average income in the wealthiest contral city neighborhoods. Thus. there is a very real possibility
that introduction of choice programs in eentral-city districts will induce exodus from the ciry by
the high-income househalds and entry by middle-income houscholds. Of course, a central city
district may noncrheless decide that the choice program should be undertaken. The point of the
example 15 to illustrate that cur model provides a vehiele for thunking through the hikely

consequences of such policy changes.
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Footnotes.

1. Epple, Newlon, and Romano {fortheoming) investigats the squilibrium canses and corseyguences of ghility
trecking in schools, beacs the imteraction of soming of studen's within and across schools.

2. The first ming states are Hawall, Maryland, West Yirginia, Nevada, Florida, Lovisiaia, Georgla, Virgnia, and
Morth Carclina, and the second four states are Tennessee, Utah, Alabama, and Mississippi. These data are from the
Comtnon Core of Data for 1998,

3, These calculations use data from the Census of Governments fer 1972 and the Common Core of Data for 1994,
The ratios for these vears have been caleulured Zor 45 states, excluding Hawail {whaose rtin 13 one), Alaska,
Arkunsas, Montana, and Vermont, Disiriets arc nonunitied in the latter three stutes wnd were cxcmpied from the
calculations,  Specisl thanks 1o David Figlo for providing access 1o his duta hase,

4. Scc Public School Finanee Programs of the L8, and Canada 1433-04 for gtate-by-state description of their
schoul finance tacir school finance systei and sunuway vl relorms und iniliatives.

5. Among the 45 states for which caleulsiions were made (z2= footnotz 3}, the change from 1972 to 1994 of the 95
pereentile to 5 pergentile district expenditure ratio excesded 10 pereent {of ihe 1972 raliv) in 18 statcs. Tn 16 of
these srates the ratio declined. The exceptions zre Maine amd Missouri. See Murray, Evans, and Schwah (1995) for
evidence that court cases have suhstantially reduced expenditite inaquality.

t. Probably the bigrest story is Florida™s statewide voucher program for stidents in [ailing public schools
introduced o the 99-00 academic vear. But there ate a mytiad of choice programs and jniliatves. See School
Cheice: What's Heppening in the States 2600 for o tecent state-by-state sunimary.

7. The National Center for Educaional Statistics {1996) estimated that 13.8 pereent of 115 schaol distriets had
intra-district open enrellment policiee end 28.6 pereent of disticts were subject ko inler-district open cnrollment
policies in %3-94, Purlivipation of students subjected to the respective policics was 24.5 percent and L6 percent
respectively, The estimated rate of “participativn” in intra-district policies must be imerpreted with care siace some
programs roquire households to choose their school, with then 100 percent participation rate. More generally,
programs differ in Limitations and requircmiznts. See Stfool Cheice: BRae's Huppening in the Siates 2000 for
deails and sources for more information.

8. Sec Ellickson (1571), Westhoft(1977), Rpple, Iilimon, ard Romer {1954), Goodspeed (1969, Epple and Ruomecr
{1%%1), Fernandez (1997), Brueckner (200(7,and the papers that focus on schooling discussed next.

%. Mechyba's jurisdictions are divided into neighborheods that differ by their qualitics of bousing, but prublic-schogi
students in all neighberhoods within a murisdiction attend the same school. The primary efiect of neighborhoods in
hus analysis is to increase mobility of housebolds among jurisdictions that sond their children to private schoals.

10. The medel applies precisely to statewide finance if houscholds are exogenously assigued to regions (¢.g., by
errtployment opportumities) and regions are homogenecus with regard (o their distributions ofhousehold types and
theit neighborhoods’ housing supplics. Alternatively, the model applies precisely if choive uf neighborhood in the
entire state s determined by schooling, These ave ubvivusly very sirorg assumptions, but are needed only to be
consistent with the model’s determeination of voling equilibrivm. Key results like siratification across neighborhoods
use anly that expendilure is constant across neighborhoods, and then would hold for appropriately roodified
determination of voting equilibriwm,

11. Perhaps surprisiegly, if voting occurs in the second stage and schonl choice is Lagr, all vesults below aee comect
sa long as equilibrium exsts under this allemative, This is becauac, Tor onc subsct of cascs we stody, the exercigse of
choice docs not vary with the tax; and, for the remaining cases, the preferred tax of voters i3 {locally) independent of
anlicipated variation in the excreize ol choice. The problem with the atemative timing is that existence of voting
equilibrium is not guaranteed in the latter cases, leading us W adopt the liming in Figure 1. We developed e resuliz
wilhl the alternet:ve timing in an carlicr version of this paper (Zppls and Romanoe, 1593) while simply assuming
existence,
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12. The influence of ability on own educatinnal achievement is well documented and net controversial (ses
Huoushels, 1286). In the ceonomics litcratore, 1enderson, Mieszkowski, and Sauvagesu {1978) and Summers and
Wolfe (1977), Toma (1996), and Zimmer and Toma (1 $97) find significant peer group ettects. Evans, Oales, and
Schwab (1992} adjust for selection bias in the formation of poar groups and show that it eliminates the sigmficance
ol the peer group in explaining teenape pregrancy aod dropping oul of s¢hwol. They arc carcful to point out that
their results should not be interpreted as supgesling that peor-group offects do not exist, but that scientific
demonstration of those effects [s Llnadequate. Note, too, that their work supports the notion that peer group variahbles
cnler the utility function since a selection process dees take place. See also Cullen, Jacob, and Levitt {2000). The
paychiclogy literelure oo peer proup efleols in educalivn also containg some comroversy. See Moreland and Levine
(19627 for a survey thar conclndas:

"The fact that good students benefit from: ability grouping, wherezs poos stodents are Lanned by il, suggests
that the mean level of abulity among classmates, as well as variability in teir ahility levels, could be an important
factor. The results from several recent sicies ... suppwird this nating.”

Theoretical models of education that incorporate peer-gronp effects include Arnott and RBowse { 198 7), hanski
{1492}, Eden {1992}, Rohaclnld and White (1935), Epple, Newlon, and Eomana (forthcoming), Epple and Eomano
{13984,1999}, and Caucutt {forthcoming), in addition to the papers discussad in Section 2,

13, In fact, many of the resatts are independent of b's positive impact on the child's own achievement. This is go
when assumption [ 42-1) presented below holds,

14, The monitering interpretation of the public school input suggests that teacher-administrator contracts should
rcdcet sehool quality, This interpretation of our model embraces te belief that in fact wsers of 3 school arc the
prisnary enforcers of {inplicil} contacis, aod tey vary in teir abilivy sod willingness o de so. MoMillan (19493
develops a telated theoretical mocel, For a study of the effects of centralized versus decentralized school Dinanee
syatems an the effecivencss of explicl: incemtive contzacts with school administatess see Hoxby (1995,

[5. Wi should alse note that meazuring the peer quality with the mean of b in the school is less rastrictivie than it
may appear. Relevant Lo the student-ability interpretation, some researchers have argued that rednced variation in
ahbility in the clossroom facilitates currieulum specializtion thus imprvving the quality of insTucton. Cur model and
qualitative results generalize to measuting peer quality as the mean in “he school of any increasing function hib) of
ahility {i.e,, 8= Eh{l) in the scheul). TFhib} s concave, for example, then decreases in Rothschilde-Stiglitz
vanubility of student ability increase peer quality, accommodatng the curriculum-specialization bypolhesis, See
Epple, Newlon, and Romano (fortheoming) and Epple and Bomano { 199%) for more detail about *his generalization
ofthe model,  For expositional ease. we present the results here using the simple mean of b,

16, Fur unv piven income, only higher ability siudents aiiend higher qaality schoels.

17. The argument that an equilibrium that .5 nol maximally siratified will (2nd 10 be unstable is as follows. An
arbitrary finite pertarbation of the residences across neighborhoods beginoing with 0, = 0; would generally boply
differences in the peer measures. Houscholds would relocate toward the higher-quality neighborhood and bid up its
relative howsing price, implying the relocation pattern woald satisfy mcome stratification {as in Proposition 1b). [n
tum, the relocations and assumption (A L) would imply greater quality differential. And 20 on. Te formalize this
argument, one needs to make assumptions about the rates at which types relocale and what they anticipate, if
anything, would change, Censide: an example. Suppose that there are twa neighborhoods, initially homogensous
with p, = py = . Trerhurb their residences o that O, i a linle higher than &,. Now let an arbitranly selacted positive
measure of types relocate and suppose that they anticipate no changes in variables due 1o their awn relocat.ons. The
housing market price that clears their housing cxchanges must have p, =, {the laticer price mmight be anchored 2t 6},
and the relocation paltern must satisfy income stratification ameng those moving. But then 8, would rise further and
0, would degline fiuther, these by (A1) and that the measure permitted to move was selocted arbitradly (1., the €75
would change as stated with probabulity one).

18, Wz use the normal approximation to the binomial distribution in caleulating these confidence bounds which 1=

quite avcurate given the smaliest schioel has 212 stadents and all bt three scheels have over 1000 studems, The
fuctuation in the houndaries reflects differences in the sizes of the schoels.
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19, Voting equilibrium can be shown to exist much more generally. Ses Roberts {1977, Epple and Romer (19913,
and Gang asud Smart {1995}, '

). We have in mind an income policy that precludes equilibrium taxation such that the poorcst houssholé cannot
afftrd honsing in so restricting feasible taxes. A specific policy that yiclds this without direct restricliun on the tax
rate dictates no additional tax lrbility once a housekold is driven down (o subsistence: Houschoid with income ¥
ppays & maximnm of y-¢ in taxes. Ome can confi-m that Proposition 3 below conlinues ko anply without its tax ceiling
under sur assumpticr helow that problem (53 has an mterior salution.

21. Thisrequires o(l-cy, Wil +e) < (¥, ¢py,. One set of sulficient conditions is g < | and ¥ = 20

22 The same results obtuin if there are capavity constraints Lt every applicant, independent of residence, has the
same probaoility of edmittance. Apypregate uncerfaintics disappear because of the atomism of househalds.

43, Wealso ignote amy possible changes ir. trarsportation costs born by tax payers. Fxplicit consideration of
lranspurtation ¢osts born by tax payers would not effect the set ol equilibrium residential and schaol choices, since
these costs are invariant 1 individaal chokces.

24 The parameier restrictions provided o foptoete 21 continue to be suilicient.

15 Cullen, Jacob, and Levitt {2000) provide cvidence of sorting due ta public school chaice alnong high schoals in
Chicago that is consistent with the cquilibrivm we deseribe. Instrumenting for peer groups to correct for potent:gl
endogeneities they fail, however, to find cvidence of peer cffects on graduation rates.

26, The parameser restrictions in foolowie 21 rumain syificient,

27, The 1993-94 resaective ratios of high schools to districts in those state were 1.20, 1.03 127, and 1.02
{Corumon Corc of Data, U.S. Department of Education).

28, Again we assume that t is not at it3 upper bound and again the conditions in footnote 21 conkinue to be ufficient
SSRUmIng p) = c.

29. As discussed in Scction 2, an alternative version of this result can be foimd 1 Benabou (1993, 1998).

30. Il1s correct 10 observe that cven for small & in the Cebb-Douplas vase stratification may resul: with multiple
Jurisdictions it E[b|y] is invariant o ¥, while equilibium will not he sirarified in the single<jurisdiction model. Nete,
however, that only slightly rising E|b|y] gets back stratfication in the latter model. Morgaver, fur ulility
speeitications satisfying {A2-2) and E(b;¥] flat, near equivalence holds as expenditure cffects disappear.

i1 In 1993-94, I8 6 pereent of school districts had inter-distriet cavice policies (Natione] Center for Educalion
Stalistics, 1996). However, ouly 1.6% of pehlic-school students residing in thes: districts attended school outside of
the district whete they res:ded.

32, Whether outsiders are allowed to vote or nol doss not matter to equilibrium,

33. Actually, our equilibrium resultz do not require a binding borrowing constraint on "high-iscome households,”
specifically those with income sbove the maximum iccome of any pivotal voter, If demand coases to increase with
mcome above this thresheld, all our equilibrium resubts continue to hold.

34. In cur computations, it all land is owned hy thosc with income above the thizd quartile, ovr squilibrivn
calvulutions would be unchanged. Skewing the top end of the net income distribution has no cffect on equilibrium

because no such houszholds are ever pivotal deeision makers in our computations.

33, If ang thinks of the: nulti-sshoul district as a central c:ty, then the sceond is the more likely oulcome since forces
ot in our model lead poor to live in cite is (Glacser, Kahn, and Rappoport, 2004),

3. Incorporating a privats schooling sector is vbvivusly of ntcrest, an extension that we are currently purauiny.
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TABLE 1

Neigh. Sch. | Cheice (T=19) | Neigh. Sch. | Choice (T = 300)
1 Jurs. 1 Jurs, 2 Jurs. 1 Jurs.
by 10,434
B, 28,565 36,360 28,565 18,450
a, 44,154 36,360 44,135 36,777
L, 0ial 052 49 D51
[ 051 052 031 451
X, 1,858 1,880 038 1,865
1,858 1.880 2,706 1,865
m 3,142 2,500 4,569 2,800
q, 2.91 295 2.79 2.83
0; 298 295 3.05 205
CY, 114 -306 -20.5
vy, 43.6 -176 -50.5
Apy/2 -321 714 171
AW -163 232 -291
Parameters Utility/Cost Function: o =.06 ¥ = .06 c = 2,500
Parameters Distribution Function:  p = 4 Yo = 5000 ¥ = 36,360
Yo = 19,480 Ymea = 28,860 y,, = 44,290
b =36,360 buea = 28,860 o, = .7397

Ty = 68



TABLE 2

Neigh. Seh. | Choice (T =0) | Neigh, Sch. | Choice (T = 300)
1 Jurs. 1 Jurs. 2 Jurs. 1 Jurs.
Y, 7598
&, 28,565 36,360 28,565 14,392
f, 44,155 36,360 44,155 36,390
i 043 043 042 043
G, 043 043 043 043
X, 1,561 1.581 806 1,564
X, 1,561 1,581 2,283 1,564
P, 3,254 2,500 4,456 2,800
aq, 2.90 3.01 287 282
qQ, 3.05 3.01 in 101
CV, 134 256 -14.9
Cv, 0.9 -148 -B8.3
Apy/2 377 601 277
AW -192 196 -340
Parameters Utility/Cost Function: « = 05 ¥ =.07 ¢ = 2,500
Paramcters Distribution Function: p =40 ¥, — 3000 y = 36,360
¥, = 19,480 y, 4 = 28,860 Y = 44,290
b = 36,360 Dot = 28,860 0y, =.7397
Ty = -68

Chanpe From Table 1: o« lower; v higher



TABLE 3

Neigh. Sch. | Choice (T = 0) | Neigh. Sch. | Chaice (T = 300)
I Jurs. 1 Jurs. 2 Jurs. 1 Jurs.
¥ 14,528
B, 28,565 36,3060 28,565 22,074
8, 44,155 36,360 44,155 38,078
I, 059 060 057 060
6 059 060 059 060
X, 2,152 2,173 1,1G7 2,184
X, 2,152 2,173 3,119 2,184
P 3,021 2,500 4681 2 800
@ 2.86 2.89 2,71 2.82
Q 2.92 2.89 3.00 2.90
CV, 042 -354 -3l4
Y, 36.3 =233 -38.6
Ap,f2 -265 825 -115
AW -135 26¥ -205
Farameters Utility/Cost Function: ¢ =.07 y = .03 ¢ =2500
Parameters Distribution Function: p - 40 ¥, = 5000 ¥ = 36,360
Yo = 19,480 You = 28,360 Yo = 44,200
b = 36,360 b, = 28,860 O, = 7397
g = 68

Change From Tabie |: « higher; v lower



TABLE 4

Neigh, Sch. | Choice (T =0) | Neigh, Sch. | Choice (T — 500)
I Jurs. 1 Jurs. 2 Jurs. 1 Jurs.,
¥ 12,352
d, 28,844 36,360 48,844 14,857
0, 47,876 36,360 47,876 37,630
19 051 052 049 051
T 051 52 A0 A51
X, 1,849 1,880 958 1,862
X, 1,849 1,880 2,6R6 1,862
D, 3,461 2,500 4,370 3,000
aQ 2.88 2.95 2.77 2.80
9 3.00 2,95 3.07 2.96
CY, 179 -306 -49.9
CY, 801 -170 -112
Ap,2 _480 705 230
4% =212 229 =392
Parameters Utility/Cost Function: et = .05 v = 06
Parameters Distribution Function: p=.60 ¥, = 5030
Yo = 19,480 ¥, 4 = 28,860
b = 36360 b,.. = 28,860 O, = 7396
O, = 68

Change From Table 1: g higher; T higher

¢ = 2,500
¥ = 36,360
Yo ~ 44,290




TABLE 5

Neigh. Sch. | Cheice (T = 0) Neigh. Sch. | Choice (T = 300)

1 Jurs, 1 Jurs. 2 Jurs. 1 Jurs.

¥, 26,966

é, 32,427 36,360 32,427 32,102

a, 40,293 36,360 40,2093 39,923
t, 051 052 049 051
t, 051 Us2 051 051
X, 1,869 1,380 058 1,843
X, 1.B6% 1,880 2,727 1,863
P 2,822 . 2,500 4,268 2,300
q, 293 295 2.82 2.93
q; 297 295 3.04 2.97
CV, 54.3 -306 422
CY, 13.8 -1¥1 -2.42
apyf2 -161 723 -11.0
AW -92.9 236 -17.7

Parameters {Ttility/Cost Function: e =06 Y = .06 ¢ =250
Farameters Distribution Function: p=.20 Y., = 5000 ¥ = 36,360
¥y = 19450 Ymea ~ 28,860y, = 44,290
b = 36,360 brea = 28860 G, =.7396

Ul:nh = .GE

Change From Table 1: p lower



TABLE 6

Neigh. Sch. | Choice (T =0) | Neigh. Sch, | Choice (T = 301}
1 Jurs, 1 Jurs, 2 Jurs. 1 Jurs.
Y1 13,644
B, 28,565 36,360 28,565 21,414
B, 44,155 36,360 44155 37,748
t, D48 049 045 549
A 048 049 044 049
X, 1,752 1,773 873 1,790
X, 1,752 1,773 2,612 1,790
P, 4,605 4,000 5,052 4,300
q, 2.90 2.94 2.78 2.85
q; 297 294 3.05 295
Cv, 104 278 -25.2
Cv, 23.5 -149 -63.3
ap,f2 -303 673 -153
AW -166 247 -241
Parameters Utility/Cost Function; o = .06 v =.06 c = 4,000
Parameters Distribution Function: p = .40 ¥, = S000 ¥ = 36,360
¥yp = 19,480 Ymed = 28,860 Yoy = 44.29()
b = 36,360 busg = 28,860 o, = 7397
@, = -H8

Change From Tablc 1: ¢ higher



TABLE 7

Neigh. Sch. | Choice (T =0) | Neigh. Sch. | Choice (T = 300)
1 Jurs. 1 Jurs. 2 Jurs. 1 Jurs.
¥, 12,905
a, 28,565 36,360 28,565 22,860
a, 44,155 363600 44,155 38,534
t, 051 052 048 053
t; 031 052 051 053
X, 2,300 2,326 830 2,365
X, 2,300 2,326 3,708 2,365
P, 3,142 2,500 5,139 2,800
fq, 2.94 2.99 2.77 291
4; 3.02 2.99 3.11 3.00
Cv, 100 412 -15.7
CV, -63.2 -67.4 -96.0
Api2 -321 J0R -171
aW -284 519 -283
Parametgrs Utility/Cost Function: o = .06 Y = .06 ¢ = 2,500
Parameters Distribution Function: p =.40 Y = SO0 ¥y = 45,000
¥, = 17,020 Voo = 25,860 Ya = 52,360
b = 36,360 b = 28,860 o, - 1.017
G, = .08

Change From Table 1: o, higher
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FIGURE 44

PERCENT LOW INCOME STUDENTS AND 95% CONFIDENCE BOUNDS
FOR HIGH SCHOOLS IN LOS ANGELES UNIFIED DISTRICT
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BOUNDARY LOCUS FOR EFFICIENT ALLOCATION
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Allocation Yalues:
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q; 2.84 315
0: 28481 58,081
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Appendix lor “Neighborhood Schools, Choice,
and the Distribution of Educational Benefits”

Model.

Proposition A.1 identifizs the mulaplicity of equilibria that arise n the nzighhorhood
schoolmg model with N neighborhoods. Tt also proves existence of such equilibria, thus proving
part a of Proposition 2,

Proposition Al.1: Divide the N neighborhoods into k { = N) sets, cach sct consisting of all
neighborhoods having the samc housing capacity. Letm,, i = 1,2,...,%, vqual the number of

neighborhoods i set i. The maximnum number of neighborhoodsischools having different peer

N!

distinct such equilibria,
m ! my! m!

groups in an equilibrium cquals N, There are # =

Proof: Obviously N is the maximum number of diflferent school qualities that is feasible in an
equilibrium. # is the number of distinct ways neighborhoods can be ordered by their housing
capacities. We now show each distinct order is consistent with an equilibrium having N
different school qualities by construction. Refer ta Figure 3 for an example. (Note that Figure 3
has 3 neighborheods but not necessarily with distinct housing capacities (populations sizes), the
latter depending on fib,y).)

Take any order of neighborhaods and number them 1, 2., N. Let F (y) denote the
marginal c.d.f. of y in the population. Sety, =y andfindy,i=1,2, ..., N-1, such that FAiy) -
FJ¥.,) equals the land capacity of neighborhood i. Recalling that we normalized the poputarion
ta 1 and also set the aggregate housing capacity equal w 1, it is clear that the ordering of
neighborhoods results in a unique vector (y,,y,, ... ,¥x.). These delineate the equilibrium

partition. Set v, = vy, and let
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¥iB ¥t

denole the implied peer quality measures. Since E[bly] is increasing, 9, < 0, <. <8, Then,
since X 1s constant across neighborhoods, the q's also ascend. Let p, denote the housing price in

neighborhood i, and set p, = ¢. Find p, 1=2,3, ..., N, recursively from

U[}ri .I[l‘t} Ppﬂ(qirbj] = U[:f','-lfl't} Pi_Jsa(qi_pb)L

noting that (A2-1} implies unique solutions independent of b.! Since g > q.,, > ,,. By {Al)
the assigned residential chotces are utility maximizing, and the hoysing markets clear by
construction. We have ther described an equilibtiom consistent with the given crdering of
neighborhoods. A distinet equiliboum can be so constructed from each of the # distinct

ordcrnngs, [

Voting Equilibrinm.

To sclve for voting equilibrium, we follow the same methodology employed in Epple and
Romer (1991). Take as given the household's residence and consider the preference mapping in
tke (X,t) plane for Cobb-Douglas unlity function (see (1Y), An indifference curve is defined:

U(X t;y.p,b,6) = constant. Using (1), it is straightforward to confirm:

Lemina 1: &) Indifference curves in the (X,t) plane are upward sloping and concave, with Jower
(sautheasterly) indifference curves corresponding to higher utility.
b) The indifference curve mapping is independent of b and 8, depending only on y/p and &.

c) Looking acress househelds, the slope of indifference curves through any point (X,t) increases

A2



with y/p. Hence, any pair of indifference curves cross at most once.

Lemma L implies households with higher y/p have a stronger preference for (2,t) in the
following sense. Ifa househeld is indifferent to choices (X,,t,) and (3 t,} where X,>X | and t, >
t;, then all households with higher (lower) y/p strictly prefer point (3, 1,) (point (2,00 over the
alternative. The Iatter can be verified using Lemima 1 by drawing indifference carves in the (X.t)
plane {(sce Figure 1A for example). It also follows that, whether or not the feasible choice set of

(XK. values voters face is well behaved (e.p., convex);

Lemma 2: A most preferred choice of a voter with median preference: {i.e., median y/p) from the
feasible choice set is 3 majority voting equilibrium. Only a most preferred chojce of a voter with
median preference is a voting equilibrium if the density of the preference parameter y/p is

positive in the vicinity of the median.

Proof of Lemmg 2: The argument follows the graphic technique of Epple and Romer (1991),
and is presented here for the reader’s convenience. Refer to Figure 1A where U_, is an
indifference curve of a voter with median preference and suppose point (Xt is a most prefarred
choice of this voter in the feasible choice set {not shown). We argue first that no feasible points
in the (X,t) plane are majority preferred to (X",t"), establishing it is an equilibrium point. The
indifference curve U, and point (X",t'} partitions the (Xt} plane into four regions. No points
below U, arc feasible choices since this would contradict the median voter's preference for
(X"t). Point (X",") is preferred unanimously over all points in the rectangle with lower right-
hand corner at (X"t"). Region I (see Figure 1A} is made up of points above and including U,_,
and with X > X', e.g, point A. Sincc those with below median preferences have flailer
indifference curves through point (X°,t"), e.g., U, in Figure 1 A, they prefer (X" ,t") to all points
inRegion I. 3ince the median voter prefers (X"t or is indifferent (i.e. if the alternative point in

on Up,a), at least a weak majority prefers (X7,t"). By an analogous argument, (X"t} is not

A3



defeated by any points in Region IL We have established that any most preferred point of & voter
with median preference is a majority voting equilibtium,

Any most preferred point of the median voter is preferred by a sidct marority over any
other feasible point assuming a positive density of types in the vicinity of the median. A positive
measure of househalds with y/p in the vicinity of y/p of the median voter will share the jatter's
strict preference, as will cither all those with lower or higher y/p (or buth), Ilence, only most

preferred points of a voter with median preference are voting equilibra. m

Lemma 2 points toward two potential cases of multiple equilibia.  Ong has a gap in the
density of the preference parameter at the 50th percentile and two medizn preference voters with
distnct preferences. The other has multiple most preferved points ol a unique median preference

voter. The former is ruled oul by the {reasonable) parameter restriction:

P
Yy 2 —f}’m- @al)

and the latter will not arise in our model.

Applying Lemma 2 to the neighborhood schooling case wilh no transportation cost and
using (al), one finds the pivotal voter in Equation {4} of the text. For the case of choice with
friction, it is straightforward to identify three exhaustive cases that identify imcome yz0fa

pivotal voter:

For ¥~ defined in Fy(:" 'y - Flv} = .5 (a2)
o ¥ ¥

Ypz  Yoee If T 2 (a3-1)
P2 c

Ad



YE = }r" if }f_m“'i_ -4 ﬁ and —:E-- = _Ym; {33'2]
d p; e P ¢

or

. G
¥, Satisfies Fﬁ,(ypz} -F o) F}'(p_}lrp:!] =5
2

. (a3-3)
i Tt o Ttpg ¥ Tm
Py c P2 ¢
Propesitipn A2: A sufficient condition for existence of differentiated equilibrium is:
Ym:d Coun .
{¥egcle(1-—==)]H1-—)" >
¥ q3 1v"'II|:|EI
¥ c 6 v {ad)
{age[ 1Ha(1-=5)])(1-—=)°Q; where Q=(=1j((2H)" < 1,
jllrl|:|_] }rql 2 }’2

and B, andy, ate calculated assuming income stratification with y, = y,, 4 (recall (2)). Given (ad)
is satisfied and setting p, = ¢, equilibrium (with differentiated schaols) is nnique. Two of many

sufficient conditions for satisfaction of (a4) are: (i) ¢ sufficiently low; or {ii} ¢ < Yrmad' ¥os.

Proof of Propositon A.2: To show existence, we must show (113 - (13) has a solution (t.L.p,p)
with p, > c,1=1,2, and consistent with the residential preferences of Proposition 6. Clearance of
housing markets will be implied. We show (ad) implies an equilibrium exists with p, =c. Setp,

= ¢, substitute for p, in (i1}, and substitute ({1} and (12) into (13):
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H(p,) = o[ 1+e(1- 2™ 31 oy,
Fql Yq[
(a5)

where H(D) = (Yo mal LHa(i-220)] (122 )
Vg3 Yo

USING ¥z 2 ¥oeqr ObServe that H'(p,) < € for p, such that Hip.) > 0, and H(p,) | 0 as P, DISES.
Note that the lefi-hand side of the incquality in condition (a4) is H{c). The righl-hand side of the
inequality in (a4} is positive since it has the same sign ag the ulility of median income houscholds
when p, = ¢. It follows that, given (a4}, a unique p, satisfying (a5) exists. Note, too, that this p,
= ¢. Hence, one can find a solution to (11 - {13) withp, = ¢,i=1,2.

To show existence, it remains to be confirmed that the residential choices associated with
the presumed allocation are actually optimal. This requires A (defined in the proof of

Propusition 6) {5 increasing in v, or:
(I)q; > (I-tyg,. {a6)
Rewnte the latter and substitute from (13):

(It) 6 _ S,

_— e —_— b d

(1) g, ¥ 41-t)p,

P14} > py{l-r) (a7)

Substitute from (11) and (12) and again rewrite the condition:

P P
p{lte—) > p,(1+a—>). (a8)
qt Yo

BiNCe Y = ¥, P2 2 Py 1s sullictent for satisfaction of (a8). We have shown p, exceeds p, = ¢,
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completing the proof of existence.

We have already shown uniqueness given p, = c. Sufficiency of (i) for (adjuges (1< 1.
The left-hand side of the mequality in (a4) converges lo y,_, as ¢ 10 while the ri eht-hand side
converges to Ly,.y. To show (if), let g(y} dennte the expression cn the left-hand side of the
inequality in (ad), where y = y,,. With this notation, the inequality (a4) is glya) > gy, ). It
follows that the inequality is satisfied if g(y) is an increasing function over ¥ € [¥5.¥,:] After

straightforward manipulation one obtains:

£ = 22 (1 Syt gty
yiye) ¥ Y ¥

Condition (ii) is sullicient for g' = 0 in this range, proving the result. n

Comment: Since (a4) involves 9 parameters (counting 8,/6, as one), it is not particularly
intuitive. But condition (ad} is “easily” satisfied, ¢.g., as in the two sufficient conditions for its
satisfaction. One can see by inspection that if the constmction cost ¢ of a house is sufficiently
low thal (a4) will be satisfied. Roughly, the sufficient conditions (and other sufficient
conditions) ensure that voting effects do not contradict the sorting implications of puer effects.
For example, as ¢ declines toward zero, t, < t, is implied (use {11}, (12), and that p, = ¢}, and tax
effects reinforce income sorting. Note also that as Q declines, it it "more likely" that (a4) will be
satisfied. Hence, high correlation of (y,b), implying rclatively low 8,/8,, favors existence of
stratified equiibnum. Moreover, (ad) is not necessary for existence of equilibrium, Absent
sanslaction ol (a4), p) = p, in an cquilibrium. It appears that this is possible {but we have not
worked out any such examples). Such an equilibrium would have a munch higher tax rate in
neighborhood 2 than 1, reflecting a relatively high ¥q1» a0d such that a Tower housing price in

neighborheod 2 is necessary to keep the median-incomz honsehold indifferent to residence.

AT



An Inter-Jurisdictional Choice Palicy.

The model is the same as in Section 4C of the text except for the school-choice policy.
Following residential choice, households commit to artend school in their ewn neighborhead or
the other one. Every houschold then votes for the tax-expenditure pair with those committed to
the same school, and with tax base consisting of that school’s households. Hence, those that
atlend a school comprise a junisdiction independent of their residences. We assume
transporiation costs arc negligible (zero).

We show that equilibrum will “likely” be the same as when there is frictionless choice
across two neighberhoods of one jurisdiction. Since school and thus jurisdictional membership
i5 independent of the first-stage residential choice, housing prices must be the same in the twa
neighborhoods. Hence, p, = p, =c, as we have argued earlier that p, = ¢ is a sensible convention.

The difference in utility if school and jurisdiction 2 are selected from that if school and
Jurisdiction I are selected is given by:

& = WP{y(1- 1) - i - [¥(1 - 1)) - €]q,)

=bH{[(L - t)a, - (1 - )]y - e(qa - )} {29)
Assumnng q, = q, with no loss in generality, we see using (a%) that cquilibrium hag either:
(a) q; > 4, ; L, > 1, ; und income stratification;

or

(b}  @=q,:1,=1; and all households indifferent to their school/jurisdictional choice.
If g, > q;, then income stratification is implied by the linearity of A iny. For this case, if not ¢, >
t;, then school/jurisdiction 2 would be preferred by all. We emphasize that the conditions in (a)
are just selected necessary conditions for a stratified equilibrium; they are not sufficient. If g, =
q, aird t, * ¥y, then (a9) would imply everyene prefers the schoolfjurisdiction with lower 1ax rate.
(If everyone were in one school, then a rich type with a bright child would be better off atrending
his awn school.)

For realistic parameterizations, stratified equilibrium will not exist. We show why with
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some inMmitive arguments, in lien of a (more lengthy) computational analysis, Assume that there
is a stratified equilibrium. Then g, = q, both because the rich schooljurisdiction has a better peer
group and a wealthier tax basc {t, > t; is a necessary vondition recall). Such an equilibrinm
would have an indifferent household (income) ag well, for whom (2%) would vanish. Butitis
very difficult to satisfy all these conditions. ‘The reason is that the tax rate that will be selected in
equilibrium by the rich will not typically be high wno ugh o keep out the poorer types, and there
15 no longer a howsing prce differential that can serve as a deterzent,

To see this, first suppose that ¢ is small. Then the equilibrinum tax rates will hardly differ.
Hquation (6} in the toxt describes the tax rate in each jurisdiction :f ¥ 15 replaced by the median
income in the jurisdiction. Asc - 0, t, ~ t, for any allocation, and no indifferent household can
exist. An analogous argument preclndes stratificd equilibrinm as a ~ (.

Another way 1o sce the difficulty in obtaining a stratified equilibrium is by a graphic
analysis. Assume initially that E[b|y] is invariant to y. We will show that it is quite difficult to
obtain a stratified equilibrium and then show E[E|F] that increases in y makes it “more difficult.”

Assuming a stratified equitibrinny, Figure 2A depicts in the (X, t) plane a “voling
indifference curve™ of the pivotal voter in the poor school/jurisdiction (U,1), an indifference
curve of the type indifferent between schools {1}, and the budget constraints of the two
schoolfurisdictiens. (The indifference curves are those discussed in and preceding Lemma 1)
E, shows the equilibrium expenditure per student and tax rate in school/jurisdiction 1. The
indifferent household has indifference curve threugh E, that is steeper than is the pivotal voter’'s
because the former type has higher income. (See Lemma 1.} {Note that in the extreme of ¢ = 0,
the indifference mappings of all types would be the same, again precluding equilibrium as we
will see momentarily.) Equilibrium in schoolfurisdiction 2 would have to be at point E, sa that
“type [" is indifferent. Hence, the indifference eurve of the pivotal voter in schoolfjurisdiction 2
{i.e., the median-income type there) would need to be tangent ta X, = ty, at E;. This indicates

that prelerences for X needs to rise precipitously with income 16 obtain such an equilibrizm. If,
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for example, w is small, then this will not ocour.

It we now iet E[bjy] increase with y, then the difficulty is exacerbated. The preference
mappings are unchanged (due to the Cobb-Douglas specification), but the values of utility are
higher in jurisdiction 2 than in jurisdiction 1. Utility at E, in schoo] 2 is then higher (han utility
at B, in school 1 for type 1. This implivs the equilibrium point in jurisdiction 2 is higher up
X, = ty,than E,.

Given equilibrium of type (a) above does not exist, then equiiibrium is of type (). In
such an equilibrium, everyons (s lndiflerent to their residential and school/jurisdictional choice.
Hence, assume types randomize over their choices, all with the same probabilities. This implies
schools and jurisdictions that are homogeneous, i.e., each school’s distribution of types is the

same as the population disinbution. The outcome is the same as with frictionless choice and one

jurisdiction.

Proof of Proposition 9.
Proposition ¥ is essentially an application of results in Fpple and Romano (1998, 1999).

Here we sicetch prools for the reader’s convenienca.

a. This is the “strict hienarchy result™ in the papers just cited, developed assuming fixed
expenditures across schools in Epple and Romano (1998) and extended to variation in
expenditure in Epple and Romano {1999). The proof proceeds as follows. Assume g, = q, and
show a Pareto improvement is feasible. First show that q, = ¢, implies X, = X, and 6, = 0, using
quasiconcavity of g{(X,0). If say 8, > 9, then X, < X, and g4/, is higher in school 1 than in
school 2. Using Proposition ¥ and the defimtion of SMC,, it is implied that there is an ability
threshold B, such that all types with b > (<)} B would choose to atiend school 1(2). This
contradicts 9, > 8.

Having established q, = g, implies X, =X, and 0, = 1., the schoois can be rcparded as

having homogeneous student bodies (with respect to both b and y). Then it is shown that one can
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engender a Pareto improvement by having the schools exchange students in a particular way that
leads one school to be of hipher quality, with more able and also richer sfudents, and the opposite
for the other school. The Parcto improvement does not reyuire changes in X : O X,
Mathematically, this is somewhat involved since it relies on second-order effects (as first-order
effec’s vanish), so we refer the reader to the Proot of Proposition 1 in Epple and Rormano (1998),
The inmition is, however, not too complicated: Those in the mnproved school are obviously
better off. Those in the school that has deteriorated are better off because the contribution to
costs of the departed smdents are relatively low due to their high abilities and thus low SMC, and
the reduced quality 15 of relatively low “cost” since the student body becomes relatively poor and

cares less ahout quality.

b. Givenq, > q,, income stratification follows by {A - 1) and that prices depend only on student
ability (see (15) in the text), That is, for any given ability, if there is a household indifferent to
the schools when r, = SMC,, i = 1,2, then all types having higher (lower) income strictly prefer
school 2(1). (If there is no indifferent type, then all types with that ability attend one of the two
schools.)

The indifferent set in {18) is found simply by equating utilities given r, = SMC, and using

the definitton of ;.

¢. Equation (19} is found from (16) (and the analogue for X;), again using r. = SMC,, i=1,2.
Specifically, fori=1:
m = i{y -0 - r)
Uiy X, '
q
- X - 2@, - b)
1 q"x (al0)
o ¥ N
= Ziy-c-X -1'@ _p
Xl('v ¢ ' ﬂl( ' »

= v _ o -a- Yo -ty
th* c)- ¢ 51{' %
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the second-to-last equality using:
q, ab
Then substitute (al() into (16) and rcarange, while noting that the density of iypes in school 1 is

(all)

given by Af/j [Afdbdy. X, ig found analogously.
The result in (20) is found by substituting (19) into (al 1)

d. & ¢. These are efficiently proved together. Note from (18) that the boundary locus in the (b,y)
plane is linear (see Figure 6 for an cxample), so that, given we have established income
stratification, ability stratification corresponds to a downward sleping boundary locus. Suppose
this locus is not downward sloping. Then, for E[b|y] constant in v, 0, < 9, Hence, q, > g,
implies X, > X,. This implics n); > 1y, which by (18) implics a dewnward sloping boundary

lacus -- a contradiction.
Hence, the boundary locus ir downward sloping, obviously also implving 8, > 8.

f. ng = gl(i"“ﬂi"". By part e of this proposition and (18), 7,4, > 1,q,. Using part d of this

proposition then, X, > X, whenever y < 1. |
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