Advances in Economics

and Econometrics

Theory and Applications, Eighth
World Congress, Volume I1

Edited by
Mathias Dewatripont

Université Libre de Bruxelles
and CEPR, London

Lars Peter Hansen
University of Chicago

Stephen J. Turnovsky

University of Washington

CAMBRIDGE

&l/ UNIVERSITY PRESS



PUBLISHED BY THE PRESS SYNDICATE OF THE UNIVERSITY OF CAMBRIDGE
The Pitt Building, Trumpington Street, Cambridge, United Kingdom

CAMBRIDGE UNIVERSITY PRESS

The Edinburgh Building, Cambridge CB2 2RU, UK

40 West 20th Street, New York, NY 10011-4211, USA

477 Williamstown Road, Port Melbourne, VIC 3207, Australia
Ruiz de Alarcén 13, 28014 Madrid, Spain

Dock House, The Waterfront, Cape Town 8001, South Africa

http://www.cambridge.org
(© Mathias Dewatripont, Lars Peter Hansen, and Stephen J. Turnovsky 2003

This book is in copyright. Subject to statutory exception

and to the provisions of relevant collective licensing agreements,
no reproduction of any part may take place without

the written permission of Cambridge University Press.

First published 2003

Printed in the United States of America

Typeface Times Roman 10/12 pt. System KTEX 2¢  [TB]

A catalog record for this book is available from the British Library.

Library of Congress Cataloging-in-Publication Data
Advances in economics and econometrics : theory and applications : eighth world
Congress / edited by Mathias Dewatripont, Lars Peter Hansen, Stephen J. Turnovsky.
p. cm. — (Econometric Society monographs ; 2003.)
ISBN 0-521-81872-9 (v.1) — ISBN 0-521-52411-3 (pb.) — ISBN 0-521-81873-7 (v.2) —
ISBN 0-521-52412-1 (pb.) - ISBN 0-521-81874-5 (v.3) — ISBN 0-521-52413-X (pb.)

1. Econometrics — Congresses. 2. Economics — Congresses. 1. Dewatripont, M.
(Mathias) II. Hansen, Lars Peter. III. Turnovsky, Stephen J. IV. Econometric
Society. World Congress (7th : 1995 : Tokyo, Japan) V. Series.

HB139 .A35 2003
330 — dc21 2002071258

ISBN 0 521 81873 7 hardback
ISBN 0 521 52412 1 paperback



Contents

List of Contributors
Preface

Sorting, Education, and Inequality

RAQUEL FERNANDEZ

Wage Equations and Education Policy

KENNETH I. WOLPIN

Empirical and Theoretical Issues in the Analysis of
Education Policy: A Discussion of the Papers by Raquel
Fernandez and by Kenneth I. Wolpin

COSTAS MEGHIR

Toward a Theory of Competition Policy

PATRICK REY

Identification and Estimation of Cost Functions Using
Observed Bid Data: An Application to Electricity Markets
FRANK A. WOLAK

Liquidity, Default, and Crashes: Endogenous Contracts in
General Equilibrium

JOHN GEANAKOPLOS

Trading Volume

ANDREW W. LO AND JIANG WANG

A Discussion of the Papers by John Geanakoplos and by
Andrew W. Lo and Jiang Wang

FRANKLIN ALLEN

Inverse Problems and Structural Econometrics: The
Example of Instrumental Variables

JEAN-PIERRE FLORENS

Endogeneity in Nonparametric and Semiparametric
Regression Models

RICHARD BLUNDELL AND JAMES L. POWELL

page ix
xi

41
73
82

133

170

206
278
284

312



viii Contents

Endogeneity and Instruments in Nonparametric Models:

A Discussion of the Papers by Jean-Pierre Florens and by

Richard Blundell and James L. Powell 358
MANUEL ARELLANO

Index 365



Contributors

Franklin Allen
University of Pennsylvania

Manuel Arellano
CEMFI, Madrid

Richard Blundell
University College, London and Institute
for Fiscal Studies

Raquel Ferndndez
New York University, CEPR, and NBER

Jean-Pierre Florens
University of Toulouse

John Geanakoplos
Yale University

Andrew W. Lo
Massachusetts Institute of Technology
and NBER

Costas Meghir
University College, London and Institute
for Fiscal Studies

James L. Powell
University of California at Berkeley

Patrick Rey
IDEI, University of Toulouse

Jiang Wang
Massachusetts Institute of Technology
and NBER

Frank A. Wolak
Stanford University

Kenneth 1. Wolpin
University of Pennsylvania



CHAPTER 1

Sorting, Education, and Inequality

Raquel Fernandez

1. INTRODUCTION

Individuals sortin a variety of fashions. The workplace, the school of one’s child,
the choice of neighborhood in which to reside, and the selection of a spouse
are all important arenas in which a choice of peers and access to particular
goods and networks is explicitly or implicitly made. The aim of this chapter is
to review the subset of the literature in the rapidly growing field of education
and inequality that is primarily concerned with how individuals sort and the
consequences of this for the accumulation of human capital, equity, efficiency,
and welfare.

At first blush, sorting may seem like a rather strange lens through which
to examine education. After all, this field has been primarily concerned with
examining issues such as the returns to education, the nature of the education
production function, or, at a more macro level, the relationship between educa-
tion and per capita output growth.! A bit more thought, though, quickly reveals
that sorting is an integral component of these questions. With whom one goes
to school or works, who one’s neighbors are, and who is a member of one’s
household are all likely to be important ingredients in determining both the
resources devoted to and the returns to human capital accumulation.

Itis interesting to note that in all these spheres there is at least some evidence
indicating that sorting is increasing in the United States. Jargowsky (1996), for
example, examines the changing pattern of residential segregation in the United
States over the past few decades. He finds that although racial and ethnic seg-
regation has stayed fairly constant (with some small decline in recent years),
segregation by income has increased (for whites, blacks, and Hispanics) in all
U.S. metropolitan areas from 1970 to 1990. This increased economic segrega-
tion, and the fact that schools increasingly track students by ability, suggests
that there is likely to be increased sorting at the school or classroom level by

! For a survey of the education production function literature, see Hanushek (1986); for returns
to education, see, for example, Heckman, Layne-Farrar, and Todd (1996); for education and
growth, see, for example, Benhabib and Spiegel (1994).
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income and ability. Kremer and Maskin (1996) find evidence for the United
States, Britain, and France that there is increased sorting of workers into firms,
with some high-tech firms (e.g., silicon valley firms) employing predominantly
high-skilled workers and low-tech firms (e.g., the fast-food industry) employ-
ing predominantly low-skilled workers. Lastly, there is also some indication
of greater sorting at the level of household partner (or “marital” sorting). Al-
though the correlation between spousal partners in terms of years of education
has not changed much over the past few decades (see Kremer, 1997), the condi-
tional probability of some sociological barriers being crossed — for example, the
probability that an individual with only a high-school education will match with
another with a college education — has decreased, indicating greater household
sorting (see Mare, 1991).

This chapter examines some of the literature that deals with the intersection
of sorting, education, and inequality. This review is not meant to be exhaustive
but to give a flavor of some of the advances in the theory and quantitative
evidence. Furthermore, it should be noted that there is no overarching theoretical
framework in this field. Rather, different models are interesting because of
how they illuminate some of the particular interactions among these variables
and others — for example, the role of politics, the interaction between private
and public schools, or the efficacy of different mechanisms (e.g., markets vs.
tournaments) in solving assignment problems. Thus, rather than sketch the
contribution of each paper, I have chosen to discuss a few models in depth.
Furthermore, as a primary concern in this area is the magnitude of different
effects, wherever possible I focus on the contributions that have attempted to
evaluate these.

The organization of the chapter is as follows. I begin with the topic of
residential sorting. Local schooling is prevalent in most of the world. This
policy easily leads to residential sorting and may have important implications
for education and inequality, particularly in countries such as the United States
in which the funding of education is also largely at the local level. I also use
this section to review the theory of sorting. Next, I turn to examining sorting at
the school level. The papers here are different, as they are primarily concerned
with the interaction of public and private schools and with the properties of
different mechanisms. Lastly I turn to recent work on household sorting and its
consequences for education and inequality.

2. SORTING INTO NEIGHBORHOODS

Neighborhoods do not tend to be representative samples of the population as
a whole. Why is this? Sorting into neighborhoods may occur because of pref-
erences for amenities associated with a particular neighborhood (say, parks),
because of some individuals’ desire to live with some types of people or not to
live with some others (say, ethnic groups who wish to live together in order to
preserve their culture, or who end up doing so as a result of discrimination), and
in response to economic incentives. This chapter is primarily concerned with
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the latter, and in particular with the endogenous sorting that occurs in response
to economic incentives that arise as a result of education policies.

Primary and secondary education is a good that is provided locally. In indus-
trialized countries, the overwhelming majority of children attend public schools
(in the United States, this number was a bit over 91 percent in 1996; similar
percentages exist in other countries).? Typically, children are required to live
in a school’s district to attend school there, making a neighborhood’s school
quality a primary concern of families in deciding where to reside. Furthermore,
in most countries at least some school funding (usually that used to increase
spending above some minimum) is provided locally; this is particularly true
in the United States, where only 6.6 percent of funding is at the federal level,
48 percent is at the state level, and 42 percent is at the local level .

Does it matter that education is provided at the local level? How does local
provision of education affect the accumulation of human capital, its distribu-
tion, and efficiency in general? What are the dynamic consequences of local
provision? How do other systems of financing and providing education com-
pare? These are some of the questions explored in this section. I start with a
brief overview of the economics of sorting, much of which carries through to
the other sections.

2.1. Multicommunity Models: The Economics of Sorting

Characterizing equilibrium in models in which heterogeneous individuals can
choose among a given number of potential residences, and in which these
choices in aggregate affect the attributes of the community, is generally a dif-
ficult task. Since Westhoff (1977), economists working with these often called
“multicommunity models” have tended to impose a single-crossing condition
on preferences in order to obtain and characterize equilibria in which individu-
als either partially or completely separate out by type.* As discussed in further
detail in the paragraphs that follow, the single-crossing condition also has two
other very useful implications. First, it guarantees the existence of a majority
voting equilibrium. Second, in many models it allows one to get rid of “trivial”
equilibria (e.g., those in which all communities are identical) when a local
stability condition is employed.

A typical multicommunity model consists of a given number of communities,
each associated with a bundle (g, p). These bundles consist of a good, or input
that is provided in some quality or quantity g at the community level and of
a community level price p of some (usually other) good or service. The latter

2 Digest of Education Statistics (1999).

3 The remaining percentages come from other miscellaneous sources. These figures are for
1996-1997 (Digest of Education Statistics, 1999).

4 In games of asymmetric information (e.g., signaling models and insurance provision), the as-
sumption of single-crossing indifference curves is used to obtain either partial or completely
separating equilibria.
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can simply be a price associated with residing in the neighborhood, such as a
local property tax. Thus, we can assess the indirect utility of an individual from
these residing in a given community as V (g, p; y), where y is an attribute of the
individual such as income, ability, parental human capital, wealth, or taste. We
assume throughout that g is “good” in the sense that V, > 0, whereas V,, < 0.

Individuals choose a community in which to reside. In these models,
equilibria in which individuals sort into communities along their charac-
teristic y are obtained by requiring the slope of indifference curves in
(g, p) space,

dp = — ﬁ, 2.1
dC] V=1
to be everywhere increasing (or decreasing) in y. This implies that indifference
curves cross only once and that where they do, if (2.1) is increasing in y, then
the slope of the curve of an individual with a higher y is greater than one with
a lower y; the opposite is true if (2.1) is decreasing in y.

The assumption of a slope that increases (decreases) in y ensures that if
an individual with y; prefers the bundle (g;, p;) offered by community j to
some other bundle (g, px) offered by community k, and p; > py, then the
same preference ordering over these bundles is shared by all individuals with
y > y; (y < y;). Alternatively, if the individual with y; prefers (g, px), then
community k will also be preferred to community j by all individuals with
y <y (y>y)

Either an increasing or a decreasing slope can be used to obtain separation.’
Henceforth, unless explicitly stated otherwise, I assume that (2.1) is increasing
in y; that is,

9 ("—" )
dq lv=v _ _ qu Vp B VP}" VV >0 (2 2)
ay Vlg . |

We shall refer to equilibria in which there is (at least some) separation by
characteristic as sorting or stratification.

Condition (2.2) is very powerful. Independent of the magnitude of the ex-
pression, the fact that it is positive implies that individuals have an incentive to
sort. As we discuss in the next section, this will be problematic for efficiency
because it implies that even very small private incentives to sort will lead to
a stratified equilibrium, independent of the overall social costs (which may be
large) from doing so.

There are many economic situations in which condition (2.2) arises naturally.
Suppose, for example, that ¢ is the quality of education, and that this is deter-
mined by either a lump sum or a proportional tax p on income. If individuals

3 Note that although either assumption can be used to obtain separation, the economic implications
are very different. If increasing, then in a stratified equilibrium, higher-y individuals would obtain
a higher (g, p). If decreasing, the high (g, p) bundle would be obtained by lower-y individuals.
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are, for example, heterogeneous in income (so y denotes the income of the
individual), then this condition would imply that higher-income individuals are
willing to pay more (either in levels or as a proportion of their income, depend-
ing on the definition of p) to obtain a greater quality of education. This can then
result in an equilibrium stratified along the dimension of income. Alternatively,
if the quality of education is determined by the mean ability of individuals in
the community school, p is the price of housing in the community, and indi-
viduals are heterogeneous in ability y, then (2.2) will be met if higher-ability
individuals are willing to pay a higher price of housing to obtain higher-quality
(mean ability) schooling, allowing the possibility of a stratified equilibrium
along the ability dimension.

It is important to note, given the centrality of borrowing constraints in the
human capital literature, that differential willingness to pay a given price is
not the only criterion that determines whether sorting occurs.® Suppose, for
example, that individuals are unable to borrow against future human capital or,
less restrictively, that individuals with lower income, or lower wealth, or whose
parents have a lower education level, face a higher cost of borrowing. Then
even in models in which there is no other incentive to sort (e.g., in which the
return to human capital is not increasing in parental assets or, more generally,
in which V, is not a function of y), there will nonetheless be an incentive to
sort if the cost of residing in communities with higher gs (i.e., the effective p
that individuals face) is decreasing in y. So, for example, if individuals with
fewer assets face a higher effective cost of borrowing (they are charged higher
rates of interest by banks), then they will be outbid by wealthier individuals for
housing in communities with a higher q.

In many variants of multicommunity models, not only does (2.2) give rise
to stratified equilibria, but it also implies that all locally stable equilibria must
be stratified.” In particular, the equilibrium in which all communities offer the
same bundle, and thus each contains a representative slice of the population, is
locally unstable.?

There are many local stability concepts that can be imposed in multicommu-
nity models. A particularly simple one is to define local stability as the property
that the relocation of a small mass of individuals from one community to another
implies that under the new configuration of (g, p) in these communities, the
relocated individuals would prefer to reside in their original community. More
rigorously, an equilibrium is locally stable if there exists an ¢ > 0, such that,
for all possible combinations of measure § (0 < § < ¢) of individuals y; € A;
(where A is the set of individuals that in equilibrium reside in community j),

% For human capital models in which imperfections in credit markets play a central role, see
Fernandez and Rogerson (1998), Galor and Zeira (1993), Ljungqvist (1993), and Loury (1981),
among others.

7 In many settings, this gives rise to a unique locally stable equilibrium.

8 Note that this zero sorting configuration is always an equilibrium in multicommunity models,
as no single individual has an incentive to move.
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a switch in residence from community j to k implies

where (g;(8), p;(8)) are the new bundles of (g, p) that result in community
! = j, k. Thus, condition (2.3) requires that, for all individuals who switch
residence (the set A j;), at the new bundles they should still prefer community ;.
This condition is required to hold for all community pairs considered.’

To see why the equilibrium with no sorting is rarely locally stable, consider,
for example, the relocation of a small mass of high-y individuals from commu-
nity j to k. In models in which the provision of the local good is decided by
majority vote, this will tend to make the new community more attractive to the
movers (and the old one less attractive), because the median voter in community
k will now have preferences closer to those of the high-y individuals whereas
the opposite will be true in community j. In models in which ¢ is an increasing
function of the mean of y (or an increasing function of an increasing function
of the mean of y), such as when ¢ is spending per student or the average of the
human capital or ability of parents or students, then again this move will make
community k more attractive than community j for the high-y movers. Thus,
in all these cases, the no-sorting equilibrium will be unstable.

In several variants of multicommunity models, existence of an equilibrium
(other than the unstable one with zero sorting) is not guaranteed.'® For example,
in a model in which the community bundle is decided upon by majority vote and
voters take community composition as given, a locally stable equilibrium may
fail to exist. The reason for this is that although there will exist (often infinite)
sequences of community bundles that sort individuals into communities, ma-
jority vote need not generate any of these sequences. Introducing a good (e.g.,
housing) whose supply is fixed at the local level (so that the entire adjustment
is in prices), though, will typically give rise to existence.'!

Condition (2.2) also has an extremely useful implication for the political
economy aspect of multicommunity models. Suppose that p and ¢ are func-
tions of some other variable 7 to be decided upon by majority vote by the
population in the community (say, a local tax rate). They may also be functions
of the characteristics of the (endogenous) population in the community. An im-
plication of (2.2) is that independent of whether p and g are “nicely” behaved
functions of ¢, the equilibrium outcome of majority vote over ¢ will be the value
preferred by the individual whose y is median in the community.

The proof of this is very simple. Consider the (feasible) bundle (g, p) pre-
ferred by the median-y individual in the community, henceforth denoted y. An

9 See, for example, Fernandez and Rogerson (1996). If communities have only a fixed number
of slots for individuals as in models in which the quantity of housing is held fixed, then this
definition must be amended to include the relocation of a corresponding mass of individuals
from community & to j.

10 See Westhoff (1977) and Rose-Ackerman (1979).

11" See, for example, Nechyba (1997).
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implication of (2.2) is that any feasible (g, p) bundle that is greater than (g, p)
will be rejected by at least 50 percent of the residents in favor of (g, p), in par-
ticular by all those whose y is smaller than ¥. On the other hand, any feasible
bundle with a (g, p) lower than (g, p) will also be rejected by 50 percent of the
residents, namely all those with y > ¥. Thus, the bundle preferred by y will be
chosen by majority vote.!?

It is also important to note that even in the absence of a single-crossing
condition, to the extent that education is funded in a manner that implies redis-
tribution at the local level, wealthier individuals will have an incentive to move
away from less wealthy ones. This is by itself a powerful force that favors sort-
ing but often requires a mechanism (e.g., zoning) to prevent poorer individuals
from chasing richer individuals in order to enjoy both a higher ¢ and a lower p.

For example, a system of local provision of education funded by a local
property tax implicitly redistributes from those with more expensive housing
to those with less expensive housing in the same neighborhood. The extent of
redistribution, though, can be greatly minimized by zoning regulations that, for
example, require minimum lot sizes.'® This will raise the price of living with
the wealthy and thus greatly diminish the amount of redistribution that occurs
in equilibrium. In several models, to simplify matters, it will be assumed that
mechanisms such as zoning ensure perfect sorting.

2.2. The Efficiency of Local Provision of Education

The simplest way to model the local provision of education is in a Tiebout
model with (exogenously imposed) perfect sorting. In this model, individuals
with different incomes y;, but with identical preferences over consumption ¢ and
quality of education ¢, sort themselves into homogeneous communities. Each
community maximizes the utility of its own representative individual subject to
the individual or community budget constraint. Let us assume that the quality of
education depends only on spending per student (i.e., the provision of education
exhibits constant returns to scale and there are no peer effects). Then, perfect
sorting is Pareto efficient. Note that this system is identical to a purely private
system of education provision.

The model sketched in the previous paragraph often guides many people’s
intuition in the field of education. This is unfortunate, as it ignores many issues
central to the provision of education. In particular, it ignores the fact that edu-
cation is an investment that benefits the child and potentially affects the welfare
of others as well. These are important considerations, as the fact that education
is primarily an investment rather than a consumption good implies that bor-
rowing constraints may have significant dynamic consequences; the fact that

12 See Westhoff (1977) and Epple and Romer (1991). Also see Gans and Smart (1996) for a more
general ordinal version of single crossing and existence of majority vote.

13 See Fernandez and Rogerson (1997b) for an analysis that endogenizes zoning, sorting, and the
provision of education.
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education primarily affects the child’s (rather than the parents’) welfare raises
the possibility that parents may not be making the best decisions for the child.
Furthermore, the potential externalities of an agent’s education raise the usual
problems for Pareto optimality.

In the paragraphs that follow, I explore some departures from the assump-
tions in the basic Tiebout framework and discuss how they lead to inefficiency
of the stratified equilibrium. This makes clear a simple pervasive problem asso-
ciated with sorting, namely that utility-maximizing individuals do not take into
account the effect of their residence decisions on community variables. I start
by discussing the simplest modification to the basic Tiebout model — reducing
the number of communities relative to types.

Following Ferndndez and Rogerson (1996), consider an economy with a
given number of communities j = {1, 2, ..., N}, each (endogenously) charac-
terized by a proportional income tax rate ¢; and a quality of education ¢; equal
to per pupil expenditure, thatis, ¢; = ¢; ;. Individuals who differ in income y;,
wherei e I ={1,2,..., 1} (withy; > y» > --- > yj), simultaneously decide
in which community, C;, they wish to reside. Once that decision is made, com-
munities choose tax rates by means of majority vote at the community level.
Individuals then consume their after-tax income and obtain education.'*

Assume for simplicity that individual preferences are characterized by the
following separable specification,

u(e) +v(q), 24

so that sorting condition (2.2) is satisfied if —{[u"(c)c]/[u'(c)]} > 1, Vc. We
henceforth assume that the inequality is satisfied, ensuring that individuals
with higher income are willing to suffer a higher tax rate for higher quality.'
Suppose that the number of communities is smaller than the number of
income types.'® In such a case the equilibrium will generally not be Pareto
efficient. The clearest illustration of this can be given for the case in which
individuals have preferences such that an increase in the mean income of the
community ceteris paribus decreases the tax rate that any given individual would

14 Very often, the literature in this field has implicitly adopted a sequencing such as the one
outlined here. Making the order of moves explicit as in Ferndndez and Rogerson (1996) allows
the properties of equilibrium (e.g., local stability) to be studied in a more rigorous fashion.
It would also be of interest to examine properties of models in which communities act more
strategically and take into account the effect of their tax rate on the community composition.
There is no reason to believe that this modification would generate an efficient equilibrium,
however.

Most assumptions here are for simplicity only; for example, preferences need not be separable,
and introducing housing and property taxation rather than income taxation would allow a sorting
equilibrium to be characterized by higher-income communities having lower tax rates (but higher
tax-inclusive prices) and higher g. We forgo the last option, as it simply complicates matters
without contributing additional insights.

Note that type here is synonymous with income level. Hence the assumption that there are fewer
neighborhoods than types is a reasonable one to make.
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like to impose. As the preferred tax rate of an individual is given by equating
u'(c)y; to v'(g)u, this is ensured by assuming —{[v"(¢)q1/[v'(¢)]} > 1 (note
that this is the parallel of the condition on u that generates sorting).!”

As discussed previously, the result of majority vote at the community level
is the preferred tax rate of the median-income individual in the community.
There are a few things to note about the characteristics of equilibrium. First, in
equilibrium, no community will be empty. If one were, then in any community
that contained more than one income type, those with higher income would be
made better off by moving to the empty community, imposing their preferred tax
rate, and engaging in no redistribution. Second, in a locally stable equilibrium,
communities cannot offer the same bundles and contain more than one type
of individual (as a small measure of those with higher income could move
to one of the communities, increase mean income there, and end up with the
same or a higher-income median voter who has preferences closer to theirs).
Lastly, if communities have different qualities of education (as they must if
the communities are heterogeneous), then a community with a strictly higher ¢
than another must also have a strictly higher # (otherwise no individual would
choose to reside in the lower-quality—higher-tax community).

In the economic environment described herein, all locally stable equilibria
must be stratified; that is, individuals will sort into communities by income. In
such equilibria, communities can be ranked by the quality of education they
offer, their income tax rate, and the income of the individuals that belong to them.
Thus, all stable equilibria can be characterized by a ranking of communities
suchthatVj, q; > gjt1,t; > tjt,andmin y; € C; > max y; € Cj.

To facilitate the illustration of inefficiency, assume for simplicity that there
are only two communities, j = 1,2, and I > 2 types of individuals.'® A strati-
fied equilibrium will have all individuals with income strictly greater than some
level y,, living in C; and those with income strictly lower than y;, living in C,
with q2 > (1 and 1, > 1.

Suppose that in equilibrium individuals with income yj, live in both commu-
nities. It is easy to graph the utility

W/ = u(yp(1 — ;) + v(tju;) (2.5)

of these “boundary” individuals as a function of the community in which they
reside and as a function of the fraction p, of these individuals that reside in
C,. Let p; denote the equilibrium value of the boundary individuals residing
in C;. Note that a decrease in p,, from its equilibrium value that does not alter
the identity of the median voter in either community will make individuals
with income y;, better off in both communities, as mean incomes will rise,
qualities of education increase, and tax rates fall in both communities. Thus,

17 This assumption implies that an increase in the mean income of the community that does not
change the identity of the median voter will result in a higher g and a lower ¢, ensuring that all
residents are made better off.

18 See Ferndndez and Rogerson (1996) for a generalization of this argument to many communities.
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Figure 1.1. Equilibrium.

for this equilibrium to be locally stable, it must be that such a decrease makes
v, individuals even better off in C, relative to C,, reversing the outward flow
and reestablishing p; as the equilibrium. Thus, as shown in Figure 1.1, the W}
curve must cross the W curve from above."

This equilibrium is clearly inefficient. Consider a marginal subsidy of s > 0
to all individuals with income y, who choose to reside in C,.%° Given that
without a subsidy these individuals are indifferent between residing in either
community, it follows that a subsidy will increase the attractiveness of C;
relative to C;. Consequently, some y; individuals will move to C», thereby in-
creasing mean income in both communities. For a small enough subsidy such
that the identity of the median voter does not change in either community, the
overall effect will be to decrease tax rates and increase the quality of educa-
tion in both communities, thus making all individuals better off. Thus, it only
remains to show that the subsidy can be financed in such a way to retain the
Pareto-improving nature of this policy. A simple way to do so is by (marginally)
taxing those y, individuals who remain in C,.?' This tax will only further in-
crease their outflow from C; to the point where they are once again indifferent
between residing in both communities. As shown in Figure 1.1, the tax serves
to further increase the utility of this income group (and consequently every-
one else’s). This last point suggests that a simpler way of producing the same

19 Note that we are assuming for the range of p;, shown that neither of the communities’ median
voters are changing.

20 If income is unobservable, then a small subsidy to all individuals who reside in C; would have
to be paid.

21 Again, if income is not observable, it is possible to preserve the Pareto-improving nature of this
policy by (marginally) taxing all C residents.
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Pareto-improving results is a policy that forgoes the subsidy and simply taxes
any y, individual in C;. This would again induce the desired migration and
increase mean income in both communities.

Ferndndez and Rogerson (1996) examine these and other interventions in
a model with many communities. The principle guiding the nature of Pareto-
improving policies is not affected by the number of communities considered;
policies that serve to increase mean income in some or in all communities by
creating incentives to move relatively wealthier individuals into poorer com-
munities will generate Pareto improvements.??

The possibility of Pareto improvements over the decentralized equilibrium in
the model given here arises when individuals do not take into account the effect
of their residence decisions on community mean income. In the next example,
the inefficiency of equilibrium occurs when individual residence decisions do
not internalize diminishing returns.

Consider a multicommunity model with two communities, C; and C,, and
a total population (of parents) of N = 2. Parents differ in their human capital,
h;, and potentially in their own income y;. To simplify matters, we assume that
the initial distribution is confined to two values 4| and h, with h; > h,, and
total numbers of parents of each type given by n; and n,, respectively, such that
ny+np, =2.

We assume that each community has a fixed number of residences, N/2 = 1,
each available at a price p;, j =1, 2. Let A; be the fraction of high-human-
capital parents who choose to live in C; (and thus A, = n; — A1), and let 11 ; be
the mean human capital of parents that reside in C;. Thus, u;(X;) = Xk +
(1 = Xj)h,.

Parents decide in which community to live, pay the price p; of residing there,
and send their children to the community school. Parents care about aggregate
family consumption, which is given by the sum of their own income and the
child’s future income, I, minus the cost of residing in the community and a
lump-sum transfer 7.

The child’s future income is an increasing function of the human capital he
or she acquires. This depends on his or her parents’ human capital and on local
human capital g, which is assumed to be an increasing function of the mean
human capital in the neighborhood. As the latter is simply a linear function of
Aj, we denote this function as ¢; = Q(%;), Q" > 0. Thus,

Iij = F(hi, Q(%))), (2.6)

with Fy,, F, > 0, and where /;; indicates the income of a child with a parent of
human capital h; that resides in neighborhood ;.
Hence, parents choose a community in which to reside that maximizes

u(yi +1Lij —pj +T) 2.7

22 The exact specification of these policies, however, depends on the number of communities
involved in a rather odd fashion, as explained in Fernandez (1997).
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subject to (2.6) and taking p;, T, and g; as given. Note that if parental and local
human capital are complements in the production of a child’s future income,
then (2.7) obeys (2.2), and hence individuals will sort.>> Henceforth, I assume
this is the case; that is,

d(dp/dA |u=r)
oh

Given (2.8), the only locally stable equilibrium is that with maximal sorting.
Individuals with human capital & live in C|, characterized by a higher p and
a higher ¢ than that in C5; individuals with %, live in C;. If the number of one
of these types exceeds the space available in a community (i.e., 1), then that
type is indifferent and lives in both communities. Thus, in equilibrium, A; =
min(1, ny).

To close the model, we need to specify housing prices. Rather than deter-
mining the price by specifying the microfoundations of the housing market, as
in many models in the literature, we simply solve for the price differential such
that no individual would wish to move.”* Depending on whether 7 is greater
than, smaller than, or equal to 1, there are three different possible configurations,
as in the first case A types must be made indifferent (py — p» = I1; — I12), in
the second case &, types must be made indifferent (p; — p, = I — I), and
in the third case each type must be at least as well off in its own community as
in the other (I;; — 1 > p; — p2» = I — I»). Rather than include landlords
or define the structure of house ownership by agents, we simply assume, as in
de Bartolome (1990), that housing rents are rebated to individuals in a lump-
sum fashion so that each individual receives T = (p; + p»)/2 regardless of the
community of residence.?

Is the decentralized equilibrium efficient? Rather than characterizing Pareto-
improving policies, I confine my discussion here to investigating whether the
unique locally stable decentralized equilibrium (that with maximum sorting)
maximizes productive efficiency.

The tensions that exist in this model are easy to define. On one hand, parental
and local human capital are complements, suggesting that future output is max-
imized by sorting; that is, efficiency requires concentrating high-human-capital

= F, 0 > 0. 2.8)

23 See de Bartolome (1990) for a two-community fixed housing stock model in which there is
complementarity between spending on education and ability but in which peer effects matter
more for low-ability students.

24 See Wheaton (1977) and de Bartolome (1990).

25 See Bénabou (1993) for a multicommunity model in which individuals can acquire high or low
skills or be unemployed. The costs of acquiring skills are decreasing in the proportion of the
community that is highly skilled, but this decrease is larger for those acquiring high skills. This
leads to sorting although ex ante all individuals are identical. As in the model discussed here,
there will be maximal sorting by (ex post) high-skill individuals. The interesting question in this
paper is how the decentralized equilibrium compares with one with no sorting given that neither
is efficient (because in both cases individuals ignore the externality of their skill-acquisition
decision on the costs faced by others).
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parents in the same community, precisely what occurs in equilibrium. On the
other hand, there is an externality to individual residence decisions that is not
being taken into account, namely potentially decreasing returns to the concentra-
tion of high-human-capital individuals in the same neighborhood. In particular,
individuals do not take into account whether an additional unit of high human
capital on the margin increases local human capital more in the community
with a high or low concentration of 4. Similarly, they do not take into account
whether a marginal increase in local human capital will add more to total output
by being allocated to a community with a high or low concentration of /.

To see this more formally, consider the total future income Y generated by
a community given that a fraction A of high-human-capital parents live there:

Y(O) = AF(hy, Q) + (1 = M F(hz, Q). 2.9

Note that if future income is concave in A, then it is maximized by allocating
high-human-capital parents so that they constitute the same proportion in both
communities; that is, A; = A,. If, in contrast, future income is convex in A, then
maximum sorting will maximize future income, that is, as in the decentralized
equilibrium A; = min(1, ny).

Taking the appropriate derivatives yields

Y" = 2[F;(h1, Q) — Fy(ha, QONIQ" + [AFy(h1, Q(M))
+ (1 = M) Fy(ha, QONIQ" + [AFyq(hy, Q1))
+ (1= W) Fyylha, Q)10 (2.10)

Letus examine the terms in (2.10). The complementarity of parental and local
human capital in the production of children’s human capital guarantees that the
expression in the first square brackets is positive. Thus, this factor pushes in the
direction of convexity of Y and thus in favor of sorting. Recall from (2.8) that it
is only on the basis of this factor that sorting occurs in equilibrium. If, however,
there are decreasing returns to community mean human capital in the formation
of local human capital, that is, if Q is concave (and thus Q” < 0), then Q" times
the expression in the second square brackets will be negative, imposing losses
from concentrating parents with high human capital in the community. Lastly,
there will be an additional loss from sorting if there are decreasing returns to
local human capital in the production of future income, that is, if F,, <0,
as this implies that the term in the third square brackets is negative. Thus,
decreasing returns to community mean human capital in the formation of local
human capital and decreasing returns to local human capital in the production
of children’s future income suggest that Y is concave, and hence, that efficiency
would be maximized by having parents with high human capital distributed in
both communities in the same proportion (see Bénabou, 1996a).

It is important to recall that maximum sorting will take place as long as Fh,
is positive but otherwise independently of its magnitude. Hence a very small
amount of complementarity (again, the expression in the first square brackets)



14 Ferniandez

and private gain could easily be swamped by the concavity of F and Q and
social loss.

The model presented here is one in which all sorting is taking place because
of peer effects — that is, people want to live with individuals with high human
capital, as it increases the earnings of their children. As local human capital and
parental human capital are complements, high-human-capital parents outbid
others to live in a community where the level of local human capital is highest,
leading to stratification by parental human capital levels. Note that income and
the perfection or imperfection of capital markets actually played no role in
producing the results shown here.?®

This analysis also suggests that if spending on education E were an additional
factor in the production of future income but not a factor that individuals sorted
on, that is, F(h, Q(X), E(L)) with Fg > 0, E’ > 0, and Fj,z = 0, then sorting
would occur for the same reasons as before, but even a policy of enforced
equalization of spending across communities would not stop individuals from
sorting.

Unfortunately, there has been very little work done to assess the significance
of the inefficiencies discussed here. Although much work points, for example,
to the importance of peer effects in learning, whether the appropriate cross
partial is negative or positive remains in dispute (i.e., we do not even know
whether it would be efficient, all considerations of diminishing returns aside,
for children to sort by aptitude, say, or for them to mix).?’ Similarly, we do
not know whether quality of education (say, spending) and parental human
capitals are complements. This, to my view, makes models in which the main
imperfection lies in the functioning of the capital market (and sorting on grounds
of minimizing redistribution) relatively more attractive.?®

2.3. Comparing Systems of Financing Public Education:
Dynamic Considerations

The choice of education finance system matters for various reasons. First, and
foremost, different finance systems tend to imply different levels of redistribu-
tion. In economies in which there is imperfect access to financing the acquisi-
tion of human capital, redistribution can play an important role in increasing the
human capital levels of children from lower-income families. Different finance

26 The fact that utility depends only on total net family income and that the latter is not influenced
by spending allows us to abstract from issues of borrowing and lending as long as parents have
sufficient income to bid successfully for housing.

For example, Henderson, Mieszkowski, and Sauvageau (1978) argue for a zero cross partial and
diminishing returns, whereas Summers and Wolfe (1977) argue for a negative cross partial.
These borrowing constraints may not allow families to borrow to send their child to private
school, for example. Alternatively, they may not allow poorer families to borrow to live in
(wealthy) neighborhoods with higher-quality public education. The general failure of these
credit markets is that parents are unable to borrow against the future human capital of their
children.

27

28
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systems may also may have important consequences for who lives where and
thus for the identity of a child’s peers and for the use of the land market.

There have been several papers written in this area that primarily examine the
static consequences of different systems of financing education.”’ Fernandez
and Rogerson (1999b), for example, examine five different education-finance
systems, and they contrast the equity and resources devoted to education across
these systems by assuming that the parameters of the education-finance system
are chosen by majority vote. They calibrate their benchmark model to U.S.
statistics and find that total spending on education may differ by as much as
25 percent across systems. Furthermore, the trade-off between redistribution
and resources to education is not monotone; total spending on education is
high in two of the systems that also substantially work to reduce inequality.
A political economy approach to the contrast of different education-finance
systems has also been pursued by Silva and Sonstelie (1995) and Ferniandez
and Rogerson (1999a), who attempt to explain the consequences of California’s
education-finance reform, whereas Nechyba (1996) and de Bartolome (1997)
both study foundation systems. There is also a growing empirical literature
devoted to examining how changes in state-level education-finance systems
affect education spending, including work by Downes and Schoeman (1998),
Loeb (1998), Hoxby (1998), Evans, Murphy, and Schwab (1997, 1998), and
Manwaring and Sheffrin (1997).

The papers mentioned here, however, are only indirectly concerned with
the consequences of sorting, and they are all static models. In this section, by
way of contrast, we focus on dynamic consequences of sorting in response to
different education-finance systems. To facilitate the theoretical analysis, we
focus on two extreme systems: a pure local system with perfect sorting and a
state system with uniform school spending per student across communities.*

This section presents two models.' The first, based on work by Fernandez
and Rogerson (1997a, 1998), uses a Tiebout model in which perfect sorting,
from a static perspective, is efficient. It then examines the trade-off imposed by
switching to a state-financed system. The model is calibrated to U.S. statistics,
allowing one to determine whether these trade-offs are quantitatively signifi-
cant. The main trade-off this analysis illustrates is that between a system that,
loosely speaking, allows individuals to consume bundles that are “right” for
them given their income versus a system that imposes a uniform education
bundle across heterogeneous individuals, but allows for more efficient use of
resources from the perspective of future generations. In particular, in an econ-
omy in which borrowing constraints prevent individuals from financing their
education and missing insurance markets does not allow children (or parents)

2 See Inman (1978) for an early quantitative comparison of education-finance systems in the
context of an explicit model.

30 See Ferndndez and Rogerson (2000a) for a dynamic analysis of a foundation system.

31 Other dynamic analyses of education-finance systems include those by Cooper (1998), Durlauf
(1996), Glomm and Ravikumar (1992), and Saint-Paul and Verdier (1993).



