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Heterogeneity, Stratification, and Growth: Macroeconomic 
Implications of Community Structure and School Finance 

By ROLAND BE'NABOU * 

This paper examines how socioeconomic stratification and alternative systems of 
education finance affect inequality and growth. Agents interact through local 
public goods or externalities (school funding, neighborhood effects) and 
economy-wide linkages (complementary skills, knowledge spillovers). Sorting 
families into homogeneous communities often minimizes the costs of existing het- 
erogeneity, but mixing reduces heterogeneity faster. Integration therefore tends 
to slow down growth in the short run yet raise it in the long run. A move to state 
funding of education presents society with a similar intertemporal trade-off. Local 
and global complementarities play major roles in determining the efficient social 
and educational structures. (JEL D31, I22, 040, J24) 

This paper studies how economic stratifi- 
cation affects inequality and growth, and how 
alternative systems of education finance con- 
tribute to these dynamics. In the United States 
a person's income, education, ethnic back- 
ground, and lifestyle can be predicted quite ac- 
curately from his zip code. Gated communities 
are multiplying while in other neighborhoods 
poverty is becoming entrenched. This high de- 
gree of socioeconomic segregation has com- 
bined with a system where primary and 
secondary education is largely financed from 
property taxes, resulting in considerable dis- 
parities in school districts' resources. A pro- 
found legal and political debate has ensued, 
pitting the proponents of equalization against 
the advocates of home rule. Nearly half the 
states are currently facing constitutional chal- 
lenges to their education financing systems. 
Compounding the inequality in school fund- 
ing, there has been an even greater divergence 
in the norms of behavior, role models and val- 

ues to which the young from different social 
strata are exposed during their formative 
years.' 

The production of goods and services thus 
brings together in factories and offices, work- 
ers on one hand, managers and professionals 
on the other, whose upbringing and levels of 
human capital are becoming increasingly dis- 
parate. This polarization has been put forth as 
a contributing factor, not only to the rise of 
income inequality over the last two decades, 
but also to the productivity slowdown. One 
reads for instance in the MIT Commission's 
Report on Industrial Productivity (Michael 
Dertouzos et al., 1989; pp. 84-85) 

American and foreign students differ not 
only in their average scores on standard- 
ized tests, but also in the dispersion of 

* Department of Economics, New York University, 
269 Mercer Street, New York, NY 10003, NBER and 
CEPR. I am grateful to Olivier Blanchard, Ricardo 
Caballero, Peter Diamond, Steven Durlauf, John Heaton, 
Richard Romano, Jacques Thisse, Jean Tirole, Yoram 
Weiss and especially Julio Rotemberg for helpful discus- 
sions. I also thank Preston McAfee, Paul Milgrom and 
three referees for many useful comments. Financial sup- 
port from the National Science Foundation (SES92- 
09267) is gratefully acknowledged. 

'Martin Weiss (1989) provides a fascinating descrip- 
tion of the socioeconomic "clusters" used in commercial 
and political marketing, and Jonathan Kozol (1991) a stark 
account of local disparities in school resources. Using 
Census tract data for 1970, 1980, and 1990, Paul 
Jargowsky (1995) demonstrates that significant nation- 
wide increases in economic segregation occurred during 
the seventies and especially the eighties. The evidence on 
how neighborhood and school composition affect the 
young's educational and socioeconomic outcomes is sur- 
veyed by Christopher Jencks and Susan Mayer (1990). 
The evidence on the role of purchased educational inputs 
is surveyed by Eric Hanushek (1986). 
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those scores around the mean. The Jap- 
anese aim at bringing all students to a 
high common level of competence, and 
they are largely successful; as a result ... 
new entrants to the Japanese work force 
are generally literate, numerate, and pre- 
pared to learn. In the U.S. work force, 
employers have discovered high rates of 
illiteracy and difficulty with basic math- 
ematics and reading in workers with 
high school diplomas ... Only a tiny frac- 
tion of young Americans are technolog- 
ically literate and have some knowledge 
of foreign societies. 

This paper provides a framework in which 
these issues can be formally analyzed. I model 
the dynamics of income distribution, human 
capital and productivity growth in a class of 
economies with both local public goods or ex- 
ternalities, such as community-funded schools 
or neighborhood effects, and economy-wide 
linkages, such as complementarity in produc- 
tion or knowledge spillovers. Two main ques- 
tions are then addressed. I first ask which form 
of social organization is more efficient: strat- 
ification of communities and schools by eco- 
nomic status, or integration? The second issue 
stems directly from the policy debate: should 
education should be funded privately, locally, 
or nationally? This turns out to be, in large 
part, a special case of the previous question. 

Whether sorting or mixing is more condu- 
cive to growth depends on the interplay of two 
effects, which can give rise to an interesting 
intertemporal trade-off. The first effect mea- 
sures how efficient each social structure is at 
processing heterogeneity, that is, at aggregat- 
ing disparate levels of human capital into the 
production of goods and, ultimately, new 
knowledge. Stratification tends to minimize 
the drag on growth from any given amount of 
heterogeneity, especially when family back- 
ground and community quality are comple- 
ments in a child's education. The second effect 
is dynamic: an integrated society is better at 
reducing heterogeneity. It converges faster to 
a homogeneous outcome, or in the presence of 
shocks, to a less unequal distribution of skills. 
Since mixing delivers its payoff only gradually 
it may slow down growth in the short run, yet 
enhance it in the long run. Initially, rich fam- 
ilies lose more than poor ones gain, but even- 

tually all incomes rise, resulting in a Pareto 
improvement if agents have a low enough dis- 
count rate. 

Naturally, it is not always the case that mix- 
ing is more efficient in the long run. For in- 
stance, stratification remains preferable if the 
degree of complementarity between individu- 
als' levels of human capital is sufficiently 
stronger in local interactions than in global in- 
teractions. Intuitively, this means that dispar- 
ities in knowledge at the community level (for 
example, in schooling) entail sufficiently 
greater losses than at the aggregate level (for 
example, in production). What this paper of- 
fers is thus a framework in which the costs and 
benefits of stratification can be spelled out and 
the critical parameters identified. In addition 
to a theory, it aims to provide guidance for 
future empirical work on spillovers, neighbor- 
hood and peer effects. I show for instance how 
the standard practice of not distinguishing be- 
tween the mean of the logs and the log of the 
mean (the geometric and arithmetic averages) 
can bias both econometric estimates and pol- 
icy conclusions. 

One important case where the intertemporal 
trade-off does occur is education finance re- 
form. Equalizing school budgets at the state 
level amounts to integrating the tax bases of 
segregated communities, or mixing the popu- 
lations themselves when the only local inter- 
actions are fiscal. The distortions from 
constraining heterogeneous families to uni- 
form funding initially reduce growth, but in 
the long run the gains from homogenization 
dominate. These arise because credit market 
imperfections do not allow poor communities 
and families to borrow from rich ones, even 
though their return to human capital invest- 
ment is higher. Generally, a move to state or 
national financing (I make no distinction) in- 
volves more than a simple redistribution of ed- 
ucational monies; it also affects the total 
resources which parents and voters choose to 
invest in human capital. Whereas most of the 
literature treats voters as myopic, I solve for 
the time-consistent choices of dynastic fami- 
lies. The results tend to further strengthen the 
case for national funding, which allows voters 
to better internalize the intertemporal spill- 
overs from mobility across communities and 
economy-wide complementarities in production. 
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This paper draws most directly on Benabou 
(1993), Robert Tamura (1991), and Gerhard 
Glomm and B. Ravikumar (1992). Benabou 
(1993) shows that individuals' incentives to 
segregate in response to local spillovers in ed- 
ucation can have severe general equilibrium 
effects on productivity and welfare, even with 
perfect capital markets. But that paper's rep- 
resentative agent, steady-state model does not 
address issues of inequality or dynamics. 
Tamura shows how heterogeneity among 
agents who face decreasing returns in human 
capital accumulation but are linked by an 
economy-wide spillover slows down aggre- 
gate growth. This effect is only transitory, as 
his deterministic economy converges to a ho- 
mogeneous outcome. Glomm and Ravikumar 
show that long-run growth is higher when ed- 
ucation is privately purchased than when it is 
publicly funded, as a private system provides 
better incentives to invest in human capital. I 
show that just taking into account the random- 
ness in children's ability, or any other shock 
to human wealth, will generally reverse this 
ranking. The paper thus makes clear the im- 
portance of analyzing stratification and edu- 
cation finance in a dynamic and stochastic 
framework. That emphasis is shared with 
Steven Durlauf (1996) and Suzanne Cooper 
(1992), whose papers are closest in spirit to 
this one. Durlauf demonstrates how endoge- 
nous community formation and local funding 
of education can generate path dependence in 
dynastic income, including poverty traps. 
Cooper incorporates redistribution into his 
model, by allowing communities linked 
through production externalities to vote on 
cross subsidies for education. The political 
economy of local school finance is examined 
by Raquel Fernandez and Richard Rogerson 
(1996), who compare the effects of different 
reforms on communities' composition and ed- 
ucation spending. The political economy of 
state public education and some of its conse- 
quences for inequality and growth are studied 
by Glenn Loury (1981), Roberto Perotti 
(1993) and Gilles Saint-Paul and Thierry 
Verdier (1993). 

Section I develops a general dynamic model 
with local and global interactions. Section II 
compares short- and long-run growth in a seg- 
regated and in an integrated economy. Section 

III analyzes individual welfare and discusses 
the model's implications for empirical work 
on spillovers. Section IV applies the general 
analysis to the comparison between nation- 
ally funded public education, locally funded 
public education, and private education. 
Section V concludes. All proofs are gathered 
in Appendix B. 

L. Local and Global Interactions 
in Human Capital 

To build up intuition for the general model 
I begin this section with some concrete ex- 
amples. The first one centers on community 
funding of schools and imperfect substitutabil- 
ity in production; it will be extended later on 
to analyze education finance policy. The oth- 
ers, taken mostly from the literature, involve 
peer or neighborhood effects and economy- 
wide knowledge spillovers. Observing that 
these problems all share the same underlying 
structure (reduced form of the equilibrium dy- 
namics), I then present the core model in 
Section I.C. 

A. A First Model: Education 
and Production 

There is a continuum of overlapping- 
generation families i E= Q, of unit measure. 
During each period adults work, consume, and 
spend time rearing their single child. At time 
zero, the adult member of dynasty i faces the 
following problem: 

maximize U =Eo[ E ptln 
c'] 

subject to: 

( 1) cit = -rt)yi 

(2) yi = iwi 

(3) h,+ = Ki( (1 - v)h)6(E') 1 6 

and ho given. There are no financial assets, 
only human wealth. At time t, adult i has hu- 
man capital h,. He spends a fraction vi of his 
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unit time endowment at work, earning the 
hourly wage w', and devotes the rest to help- 
ing his child learn. The term h, in (3) could 
also be due in part to inherited ability; the un- 
predictable component of the child's innate 
talent is represented by the independently and 
identically distributed (i.i.d.) shock (t, with 
E[EJ] = 1. The other input in the production 
of human capital is formal schooling, which is 
financed by taxing the labor income of local 
residents. Per-capita expenditures are therefore 

(4) Et = T'Y -tJ yfdm'(y) 

where m' is the distribution of income and Y' 
its average, in the community Q to which fam- 
ily i belongs at time t: city or suburb, state, 
and so on. In addition to primary and second- 
ary education, Et could also include other lo- 
cally provided, skill-enhancing public goods, 
such as libraries and public safety. 

Consider now the production sector. Final 
output is produced by competitive firms with 
the technology Yt = (f0 (x')(a - 1)/a ds)a/(a- 1), 

where xs denotes intermediate input s and T > 
1. I assume that a worker must specialize in a 
single input; given downward-sloping demand 
curves pt = (x/lYt)- 1/, each individual then 
chooses a different task, s(i) = i. A worker 
with human capital ht, working vZ C 1 hours, 
produces x' = v4h' and earns y= px = 
(v ih')(a - 1I)c'(Yt)l'. Equivalently, y' = h'OYtl 
ahO = v'w', where wi p'h' = aYtl/av is 
his hourly wage. I shall now state a result which 
is intuitive, given logarithmic utility, but whose 
proof is sufficiently complex that it will be de- 
ferred until Section IV (Proposition 6). 

LEMMA: The optimal fraction of time v' spent 
working and the tax rate T unanimously chosen 
under any voting -system are both time invariant, 
and independent of community composition. 

The equilibrium values of v and -r will be 
derived later on, but for present purposes one 
can simply treat them as fixed parameters.2 

With vl = v for all i, aggregate output sim- 
plifies to 

00 al(ar 1I 
(5) 1Y, = h(f ha- ')la dI,(h) 

- vHti, 

where tit denotes the distribution of human 
capital in the whole labor force Q. Similarly, 
each worker's earnings depend positively 
on a simple economy-wide index of human 
capital: 

(6) yi = vw' = v(H)l a(h')(`- l)/a 

This complementarity captures the idea that 
poorly educated, insufficiently skilled pro-. 
duction or clerical workers will drag down 
the productivity of engineers, managers, doc- 
tors, and so on. Conversely, lagging advances 
in knowledge by scientists, engineers and 
other professionals will mean lagging wages 
for basic workers. That there is some degree 
of interdependence seems quite plausible; 
the model requires a to be finite, but it can 
be very large.3 This interdependence is also 
reflected in the per-capita income of each 
community: 

00 
(7) Y=f Ydmt(Y) 

= v(H,) l a( h(a -/adq(h) 

VP(Ht) 1 af( Lt) (a - "la, 

where t denotes the distribution of human cap- 
ital in community Q'. Finally, incorporating 

2 Log utility also leads to a constant investment rate in 
Tamura (1991) and to constant tax rates in Glomm and 
Ravikumar (1992). Note that Proposition 6, hence also the 
lemma, assume that the shocks (, and initial conditions 
ho are log-normally distributed. 

'Note also that monopolistic competition in the labor 
market is essentially a shortcut which allows us to abstract 
from occupational choice. Similar economy-wide linkages 
arise in a neoclassical model with competitive markets for 
complementary labor inputs, such as those of workers and 
managers; see Benabou (1993). Tamura (1992) offers yet 
another model of specialization, which leads to expres- 
sions very similar to (5) and (6). 
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(4) and (7) into (3) yields the reduced form: 

(8) h,+ - 0'(h9)6(L9)' -6)(1-1)/a 

X (FI)(lb/ 

where 0 = K(l - v)6(VT) -. Equation (8) 
involves both a local linkage L,, because pub- 
lic goods are funded by community income, 
and a global linkage H, = Y,/v, because all 
workers are complementary in production. 
These raise the following questions. Is it more 
efficient, in the sense of increased total output, 
for the population to stratify into homoge- 
neous jurisdictions (L, = h') or to mix in rep- 
resentative, integrated districts and towns 
(L' = H,) ? Does the answer depend on 
whether one takes a short or a long-run per- 
spective? Can integration be Pareto-improving 
without compensating transfers to richer 
families? 

One one hand, parental background h' and 
school or community quality L' are comple- 
ments, suggesting that assortative matching 
of families is efficient. On the other, the 
complementarity and symmetry of individ- 
ual inputs in (5) imply that worker hetero- 
geneity lowers productivity; this argues in 
favor of integration and its homogenizing ef- 
fect. Which way the balance goes in this 
model is worked out in Section IV, which is 
specifically devoted to school finance. In- 
deed, when the only local externality is fiscal, 
integrating communities or integrating their 
tax bases through a shift to state funding is 
essentially equivalent. But the set of issues 
raised above clearly extends beyond pecu- 
niary spillovers and the functional forms em- 
bodied in (8). It is therefore important to 
relax these assumptions and broaden the 
study to a wider class of models. 

B. Other Models Raising the Same Issues 

There are many potential channels through 
which local and economy-wide interactions in 
human capital can arise, leading to a structure 
similar to (8) and the same questions regard- 
ing stratification. Sociologists have long de- 
scribed, and economists recently modeled, 
several mechanisms through which a com- 
munity's makeup affects the educational out- 

comes of its young people. These sources of 
"4social capital," in the terminology of Glenn 
Loury (1977) and James Coleman (1990), in- 
clude: peer effects in school between students 
with different backgrounds or abilities 
(Abhijit Banerjee and Timothy Besley, 1990); 
the role models and networking contacts pro- 
vided by neighboring adults, whether benefi- 
cial or contributing to a "culture of poverty" 
(William Julius Wilson, 1987; Peter Streufert, 
1991; James Montgomery, 1991); and crime 
or other activities which interfere with edu- 
cation. Formally, h+, = F(h,, L,), where 
L, is some socioeconomic characteristic of the 
relevant community: school, neighborhood, 
ethnic group (George Borjas, 1992), and so 
on. There is also substantial empirical support 
for such peer or local interactions. Jencks and 
Mayer (1990) survey most of the evidence, 
while Benabou (1993) and Durlauf (1996) 
discuss more recent studies. But perhaps most 
eloquent is parents' constant preoccupation 
with the quality of their children' s classmates, 
as in the contentious debate over tracking. The 
following model provides a starting point for 
thinking about this last issue. In each genera- 
tion, the young choose studying effort to 
maximize 

(9) u,+1 max{ u(h,+,) - eIh,+ e 

= ef(F,,h,L,) } . 

In addition to his own talent and family back- 
ground, a child's return to studying is affected 
by the quality of his classmates, measured by 
some index L, specified below. When adult, 
he consumes all his income, equal to his hu- 
man capital. With constant relative risk aver- 
sion 1 /a, optimal effort rises or falls with the 
other inputs, depending on whether the income 
or substitution effect dominates: et+ += 
f(i, h,, L9)a- '. Maximized utility is solely 
a function of human wealth, u,+ = 
((h,+ l)(a - 1)a - a)l(a - 1), and intergen- 
erational dynamics take the simple form h,t+ = 
f((, h,, L')a F( t, h,, L,). Tracking and 
untracking correspond to different composi- 
tions of the group over which L, is computed. 
Let this index reflect both the innate abilities 
and the socioeconomic backgrounds of child 
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(i, t)'s set of classmates, denoted Q2: 

(10) L, = ((J)b(h i) - b dj. 

When students are randomly matched, Q, = Q 
and L = E[ b]E,[h'b] Lt for all i. Track- 
ing, on the other hand, consists of sorting them 
according to their performance on some test: 
Q, = { j E Q 1 7ri = i7r; }. For simplicity, let this 
test yield an exact measure of a student's value 
to his peers: r, = ((i)b(hi)' -b so L' = ri 4 

In the law of motion h,+ = F((,, h, Li), the 
third input is now L,= ()b(hI)' -b instead 
of L, = L, previously. Tracking magnifies the 
effect of talent and, most importantly, the per- 
sistence of human wealth disparities across 
families. These effects are more important, the 
larger the intertemporal elasticity of substitu- 
tion a. 

Turning now to the aggregate level, knowl- 
edge spillovers 'a la Robert Lucas Jr. (1988) 
may affect everyone's productivity: y, = 
0(h)a (H,)b, or more generally y, = F(h, 
H,), where H, is some economy-wide index of 
human capital. As long as schooling and R&D 
require produced resources, h+ I will then be 
affected by H,. Alternatively, Tamura (1991) 
assumes that the aggregate level of knowledge 
directly affects the creation of new human cap- 
ital: y, = h, but h,+ =0(h )a(H,)b.S This 
same reduced form also arises in Glomm and 
Ravikumar's (1992) model of public educa- 
tion. Indeed, aggregate resources matter if the 
accumulation of knowledge uses (directly or 
through its inputs from the production sector) 
any kind of nationally provided public good: 
funding for R&D, infrastructure, defense, pub- 
lic safety, and so on. 

C. A General Framework 

The previous examples all share the same 
reduced form. In addition to own ability and 
family background, a child's education is af- 
fected by the local and economy-wide distri- 
butions of human capital, through a variety of 
fiscal, technological, and social spillovers: 
hit= I((,, h,, ,u, ,i,). The problem is to find 
functional forms which make these dynamics 
tractable, yet yield general insights into the 
economic forces at work. For instance, when 
schools or communities are integrated the rich 
lose and the poor benefit. The net loss or gain 
must be weighed against the social value, or 
cost, of a more homogeneous workforce in the 
next generation. This raises in turn the ques- 
tion: how costly or beneficial is heterogeneity 
at the local and aggregate levels? Do the 
stronger students in a classroom pull everyone 
up, or do the weaker ones drag everyone 
down? How effectively can highly educated 
managers make up for poorly literate workers? 
Intuitively, the lower (upper) tail of the dis- 
tribution of human capital is more important 
in shaping the outcome, the greater the com- 
plementarity (substitutability) between indi- 
vidual contributions. Most issues of interest 
can therefore be captured with the following 
simple structure: 

(11) h'_ + I - O9i(h,)a( L,) 0( Ht) 

(12) L, =-1 (h) 

(13) Ht = h d (h) 

(14) Inh'o_ X\(M, A2) 

and ln ( _ 
N(-S2 /2, S2). 

The acquisition of human capital reflects the 
influence of family, community and economy- 
wide factors, with respective weights a, ,6, and 
y. Individual shocks are normalized so that 
E[(,] = 1. Human wealth is initially distrib- 
uted lognormally across agents, making the 
losses from heterogeneity at each level exactly 

'More generally, test scores depend on some combi- 
nation of own ability and parental education, ir, = 

Integrating L' over Q, when b * c is quite 
complicated, but it can be done under assumptions of log- 
normality, with qualitatively similar results. 

' Some of these knowledge spillovers could also be lo- 
calized, if only because geographical distance limits fre- 
quency of interaction. Lucas (1988) points to cities as the 
very manifestation of local externalities. Edward Glaeser 
et al. (1992) find evidence of external increasing returns 
at the city level, and James Rauch (1993) of human-capital 
spillovers. 
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L = minfh') 

local complements, local and 
global substitutes global complements 

H =maxfhi) < H - min(hi) 

local and local substitutes, 
global substitutes global complements 

L = max(hi' 

FIGURE 1. THE COSTS OF HETEROGENEITY: LOCAL AND GLOBAL DEGREES 
OF COMPLEMENTARITY 1/? AND 1/C 

proportional to the degree of complementarity: 
Ho = E[(ho)(`)`]a1(`) = e-A2/2aE[h'] 
and Lo = e - 2IE[ho]. All these properties 
will be shown to remain true over time. Of 
critical importance, naturally, are the overall 
costs of heterogeneity in economy-wide and 
community-specific interactions, 1 /a and 1 /es. 
As shown on Figure 1, I allow them to take 
any values, positive or negative. As 1/a de- 
creases from +oo to -00, H, spans the whole 
range of technologies from Leontieff or 
"weakest link," H, = min{h,, i E h}, to 
"best shot," H, = max{h,, i E Q}, as in 
Kevin Murphy et al. (1991) where the best 
innovation is incorporated into the next gener- 
ation' s know-how. Similarly at the local level, 
I allow all cases from peer effects where "one 
bad apple spoils the bunch" to role models 
where the best individual sets the standard.6 

While the exposition in the paper will focus 
on (11)-(14), the analysis extends beyond 
these functional and distributional assump- 
tions. In the Appendix I incorporate multiple 
spillovers, 

(15) ht+I 

= F((., 
ht, 

. L'K,t, Hl,t,* HN,,) 

and only require F to be homogeneous of ar- 
bitrary degree in (h, Ll, ..., LK, Hl,... , HN). 
The results show that L, and H, in ( 12) - (13) 
can legitimately be viewed as composites of 
all local and global interactions. Thus 1/a re- 
flects the relative importance of say, comple- 
mentarity in the production of goods, which 
makes heterogeneity costly (1 /oa > 0), and 
substitutability in the creation of nonrival, 
nonexcludable ideas, where inequality is ben- 
eficial ( 1 /02 < 0) . Similarly, 1 /es incorporates 
the contributions to education of school fund- 
ing (1/s = 1/a1), role models (say, 1/82 < 

0), and so forth. The general model also re- 
veals how the interplay between parental back- 
ground and community inputs contributes to 

6 There is an interesting parallel here with Anthony 
Atkinson's (1970) index of inequality aversion in a social- 
welfare function. But the underlying economic motivation 
is quite different, allowing in particular for "inequality- 
loving" interactions. 
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the efficient social structure. Clearly, the com- 
plementarity inherent in the standard Cobb- 
Douglas specification (11) tends to favor 
segregation. Making F a constant elasticity of 
substitution function (CES) with elasticity X, 
say, shows how the long-run effects of strati- 
fication depend on the relative values of the 
elasticities s, a and X operating within and be- 
tween inputs to education. 

Finally, it is worth stressing that ( 15 ) is gen- 
erally the reduced form of a fully specified, 
choice-theoretic model, and as such embodies 
all appropriate optimality and equilibrium 
conditions.7 In particular, any effects of com- 
munity composition on agents' decisions are 
already captured by the dependence of F on 
the Li's; one can thus study the consequences 
of stratification without being subject to the 
Lucas critique. 

H. Stratification and Growth: The Short 
and the Long Run 

Given the model described by ( 11) - ( 14), 
I shall compare human capital accumulation 
and welfare under two polar regimes. Under 
perfect segregation adults are sorted into com- 
pletely homogeneous communities (L, = h,), 
so the local environment compounds family 
differences: 

(16) hti = Oei(hia+6( Ht) 

Under perfect integration each community is 
a representative sample of the population at 
large (L, = L4), so everyone shares in the same 
level of local externality or public good. De- 
noting all variables with a hat, 

(17) h,+, = tkl(ht)a(Lt)fi(FI) 

For simplicity, community composition will not 
be endogenized. This was done in Benabou 
(1993) and Durlauf (1996), with segregation 
emerging as the equilibrium outcome. The same 
forces are at work here: (a) with &2Fl/h&L > 
0, better educated parents tend to outbid less ed- 
ucated ones for space in a better community; (b) 
in the absence of significant fixed costs, the rich 
have no desire to let in the poor and will vote 
for zoning or income requirements which help 
keep them out.8 The other reason for treating 
group composition as exogenous is that the 
mixing and sorting regimes correspond to al- 
ternative policies: local versus state funding 
of schools (tax base integration), historically 
segregated schools districts versus busing or 
magnet schools, ability tracking versus compre- 
hensive classrooms, low-income public housing 
projects versus subsidies to mixed income de- 
velopments. Affirmative action in the workplace 
is yet another potential application.9 

A. Dynamics and Losses from Heterogeneity 

The dynamic path of the economy under each 
regime will now be derived. Conveniently, the 
distribution of human capital always remains 
lognormal. To see this, suppose that in a seg- 
regated economy ln h, -(m,, A\'). Then 
In H, = m, + A' (c - 1) /2a, and ( 16) implies 

m,t+ = 0 - s2/2 

(18) ' (a + )+ 2 
'A ,2+ a + 8)2,A2 + S2 

7In the model of education finance of Section L.A, the 
equilibrium time allocation, wages, and tax rate are all 
reflected in the coefficient 0 and the exponents a, /, y of 
equation (8). Similarly, the transition equation derived for 
the tracking model of Section I.B captures students' op- 
timal responses to their classroom environment. Finally, 
the intertemporal equilibrium models of Tamura (1991, 
1992), Borjas (1992) and Glomm and Ravikumar (1992) 
also have (VI)-(13) as a reduced form. The valiue of re- 
duced form models of intergenerational transmission was 
persuasively demonstrated by Arthur Goldberger (1989). 

8 Alternatively, in Fernandez and Rogerson (1996) sort- 
ing occurs through different local tax rates. Benabou 
(1996) provides a general analysis of the conditions on 
technologies, preferences and capital markets which lead 
to stratification. 

9 Note also that the accumulation factor 0 is kept con- 
stant across the two regimes. Equating growth rates when 
agents are identical better highlights the effects of hetero- 
geneity within and across communities. If optimal invest- 
ment decisions vary across regimes it is easy to allow for 
distinct 0 and e, as done in Section IV when comparing 
different systems of education finance. Similarly, it is im- 
mediate to accommodate the case wheTe the exponent on 
the shocks (, differs across regimes, as in the tracking 
model of Section I.B when b * 0. 
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where 0 I in 0 and R e a + / + y. Similarly 
in an integrated economy, if In ht Mt, 
Ab) then In Lt = Mt + L'(e - 1)/2e and 

IMt+ l =-s /2 + Rmrt 

(19) +6 

A 2+= a2A2 + s2. 

Integrating communities changes the effective 
technology of accumulation. Comparing the 
two dynamical systems shows that this has a 
dual effect on the economy. First, it alters the 
impact of any given amount of heterogeneity 
on the growth rate; more on this below. Sec- 
ond, it accelerates convergence towards a 
(more) homogeneous society: L\2 < At2 in 
each period, and when S2 > 0 this remains true 
in the limit: 

2 s2 

(20) AW=_l 2 S 

The interplay between these instantaneous and 
dynamic effects is what creates the potential 
for different rankings of the two economies in 
the short and long run. Whether or not this 
trade-off occurs, the combined impact of het- 
erogeneity and social structure can be brought 
out most clearly by a simple change of vari- 
ables. In tracking aggregate growth I shall focus 
on per-capita human wealth A,t fo h d1i,(h), 
rather than m, = In A, - A\ 2/2 or some other 
index such as H, which is not invariant to mean- 
preserving spreads in the distribution of human 
capital.10 Under stratification, ( 16) implies 
A,+ I = (fo ha+, dyt,(h))H7, which (18) al- 
lows me to write as 

- ((a + a)(1 - P) + ) At 
al 2 

The first two terms give the growth rate of a 
standard representative agent economy. When 
levels of knowledge are unequal, however, 
fJO ha + 8 

dyt(h) * A ` + and H7 * A7 due to 
Jensen's inequality; these differences are re- 
flected in the last term of (21). In fact, the drag 
on growth from heterogeneity is simply the 
product of the current variance \ 2 with a con- 
stant term measuring the economy's efficiency 
loss per unit of dispersion: 

(22) e (a + ,)(1 -Cal-f3) + y/a. 

The intuition is straightforward: losses reflect 
the concavity of the function ha+ 6 and the 
complementarity l/a of agents' inputs in the 
economy-wide aggregate H, which has weight 
y. Conversely, heterogeneity is a source of 
gains when communities face increasing re- 
turns or agents are substitutes. For the inte- 
grated economy, similar derivations lead to 

(23) In( 1 =9+(R-1)lnAt 

- ((l ) 
+ a +t+i) 
e al 2 

so that the reduction in growth per unit of vari- 
ance is now 

(24) ea(l-xa) + ,6e + y/a. 

The interpretation is the same, except that it is 
now family rather than community returns to 
scale which matter, and that the interaction of 
heterogeneous individuals at the local level re- 
sults in an additional loss ,/3/. While the terms 
in ? and ? will often be described as losses, it 
should be kept in mind that the model allows 
for any configuration of (a, ,3 y, a, s). It does 
not impose that inequality be bad for growth, 
even though this is a consistent finding of em- 
pirical studies (for example, Alberto Alesina 

'? It is immediate to go from the arithmetic average A, 
to any other one: H, = A,e`A32a, Lt = Ate-A 2e, and so 
on, but only At is neutral toward segregation or integration: 
as t> At, At = At implies At > H, for 1/ > 0, and 
vice-versa for 11/ < 0. Also, while H, corresponds to out- 
put in the model of Section IA, such is not the case in 
general. For instance, Yt = A, * Ht in Tamura (1991) and 
similarly Yt = At * Lt in my tracking model; see Section 
I.B. 
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and Dani Rodrik, 1994; Torsten Persson and 
Guido Tabellini, 1994). 

B. The Short Run 

Having identified the instantaneous and dy- 
namic effects of social structure on growth, I 
now examine the potential trade-off between 
the two. I first ask which economy grows 
faster, for a given distribution of human cap- 
ital. In other words, suppose that at t = 0 pre- 
viously integrated populations become 
segregated, say through the exodus of upper 
and middle class families from the cities to the 
suburbs. Will human capital at t = 1 be higher 
or lower? 

PROPOSITION 1: The mixed economy has 
higher growth in the short run, that is, for any 
given amount of heterogeneity, if and only if 
e > e, or 

(25) 4 - (1 - 2a - 6 - E/s) > O. 

When 2a + /3 < 1 the education production 
function is less concave in the previous gener- 
ation's human capital under integration than 
under segregation; this tends to make 4 = - 
.e positive." Under constant returns, however, 
then opposite case seems more plausible, as 
2a + 6 > 1 is equivalent to a > y. Thus if 
parental background matters more to a child's 
education than economy-wide factors, sorting 
tends to improve accumulation in the short 
run.'2 Local complementarity 1/s > 0 will 
strengthen this result, as mixing causes a "lev- 
eling down" of school or community quality 
to L4 < AO; the reverse holds when 1/E < 0. 
Moving beyond specific functional forms, 

three general forces determine whether the 
gains which integration confers on the poor are 
sufficient to offset the losses which it inflicts 
on the rich. To make them apparent, rewrite 4 
as: 

(26) 4)--2a,j +,8(1 -/,)-/3 

=-2FI2/ F -F22/ F -F21(Fe), 

where all functions are evaluated at (h, L, 
H) = ( 1, 1, 1). When F12> 0 children from 
well educated families lose more from a mar- 
ginal decline in community quality L than 
their poorer counterparts gain from a corre- 
sponding increase. This tends to make sort- 
ing efficient, as in Gary Becker's (1981) 
theory of marriages; the converse is true 
when parental and local inputs are substi- 
tutes, as allowed in the Appendix. When F22 
< 0 a given improvement in L has a higher 
marginal product in a poor community, 
where local inputs are initially low, than in 
a rich one where they are already high; this 
argues in favor of integration. Finally, the 
term in 1/s measures whether poorly edu- 
cated individuals drag down the quality of a 
mixed community more or less than well ed- 
ucated ones pull it up. 

C. The Long Run 

Because of mixing's homogenizing effect, 
the drag on growth due to dispersion eventu- 
ally becomes smaller in an integrated econ- 
omy. Is this sufficient for the latter to make up 
its initial handicap and overtake the segregated 
economy? The systems of difference equa- 
tions in (At, A,) and (At, At) are solved in 
the Appendix, for any values of a, /3, y. I only 
report here the asymptotic results for a + /3 < 
1 and R - 1, thus abstracting from explosive 
growth or inequality. Two cases must be dis- 
tinguished: a deterministic economy, where 
the effect of social structure on the growth rate 
is only transitory, and a stochastic one, where 
it can be permanent. 

PROPOSITION 2: (The effect of initial in- 
equality.) Let s2 = 0. Under constant returns, 

" Such is clearly the case if the local spillover operates 
through the arithmetic average (1Is = 0), as in Glomm 
and Ravikumar (1992). This is why they find that growth 
in their model can be temporarily higher under public ed- 
ucation than under private education if 2a + 6 < 1, that 
is, a(l - a) < (a + 6)(1 - a - 6). On the other hand if 
L, is a geometric average (1/s = 1) as in Borjas (1992), 
the mixed economy is more vulnerable to heterogeneity 
than the segregated one. 

12 The same is true for ln(fI,/H,) = /3(A2/2)((1 - 2a - 

,6)(I - I/a) + I/C - 1If), unless I/a is sufficiently large. 
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FIGURE 2. THE SHORT- AND LONG-RUN EFFECTS 
OF STRATIFICATION 

the gap between the integrated and segregated 
economies converges to a finite limit: In (AO/ 
A.) = JDA2/2, where 

~(a +f3)(1 - a-f3 + yI 
(27) - 1 (a + /)2 

a(1 - a) + [,/s + y/o 

1-az2 
More generally, for t large enough: 

(28) In At-Pt (28) 
t R - (a + )2 

R -a 2 2R 

The coefficient b is the long-run counterpart 
to 4, and embodies some of the main insights 
of the paper. The two numerators represent 
each economy's instantaneous loss per unit of 
variance, ? and e@. The two denominators re- 
flect the different speeds of convergence to- 
wards a homogeneous society. Clearly, (D 

decreases in p/E and increases in y/a: there 
is a trade-off between incurring the costs of 
local heterogeneity and reducing at a faster 
rate the losses from aggregate heterogeneity. 
The other determinant factor is the difference 
in the concavity of the technologies facing a 
community and a family, adjusted by the ap- 
propriate convergence speeds. This makes b 
positive for 1/s = 1/a = 0. With any R 5 1 
this remains true for the bracketed term in 
(28), which has the same general interpreta- 
tion and properties as (. 

Figure 2 illustrates the case 4 < 0 < 4I and 
R = 1, which is the most interesting. Since it 
is difficult to graph evolving distributions I fo- 
cus on two "representative" dynasties, one 
rich and one poor: i = A, B. " All variables 
are detrended. Suppose that at time to a pre- 
viously integrated population becomes strati- 
fied ("flight to the suburbs" ). Initially, the 
rich benefit by more than the poor lose: the 
distribution of income worsens while overall 
growth accelerates. Over time, growth slows 
down due to the fact that society remains more 
heterogeneous. Eventually, even the A's ac- 
cumulation is dragged down, and all dynasties 
converge to a common level which is lower 
than if society had remained integrated. Plau- 
sible parameter values suggest that these ef- 
fects can be quite large. For instance, let a = 
0.5, /3 = 0.3, y = 0.2, 1/e = 1/CT = 0 and 
A = 0.6. The secession of the rich at first 
raises growth by OA2/2 = 1.6 percent, but 
eventually lowers the steady-state path of the 
economy by \A2/2 = 2 percent. The initial 
boom is erased two generations later. 

Stratification can easily have not just level 
effects, but permanent growth-rate effects. 
To see this, one need only follow the dictates 
of realism and take into account the random- 
ness in children's talent or return to educa- 
tion, which induces social mobility and 
ensures a nondegenerate long-run income 
distribution. 

'3 The same graph applies to an economy constituted 
of two homogeneous groups, A and B, with arbitrary pro- 
portions (n, 1 - n) and small initial dispersion A2 
n(l - n)ln(hAIhB). See Appendix A and previous versions 
of this paper. 
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PROPOSITION 3: (The effect of ongoing in- 
equality.) If s2 > 0 then for t large enough: 

(29) ln(+ )t ) 1 R 

S2 1 -Rt) 
2 t1-R) 

where b is the same as in (27). Under con- 
stant returns, (I - Rt)l(l - R) becomes 
equal to t, and the integrated economy's long- 
run growth rate exceeds that of the segregated 
economy by 4S2/2. 

The more general message from this result 
is that by omitting idiosyncratic uncertainty 
one severely underestimates the long-term 
consequences of sorting arrangements like 
residential segregation, tracking, or decentral- 
ized education finance. Intuitively, recurrent 
sources of heterogeneity impact the economy 
one level higher than initial dispersion. When 
R < 1, s2 affects long-run levels whereas the 
effect of A2 vanishes asymptotically; Figure 2 
still describes the expected trajectories of dy- 
nasties A and B. When R = 1, s2 affects long- 
run growth in the very same way as A 2 

affected long-run levels. In all cases the degree 
of stratification has a permanent effect on the 
economy. Different returns to scale essentially 
dampen or magnify the key trade-off between 
the costs of local and economy-wide hetero- 
geneity, embodied in .14 

A general remark might be useful at 
this point: "long-run" results should not be 
viewed as relevant only to the distant future. 
In reality, many generations interact simulta- 
neously. Children are influenced not just by the 
adults in their community, but also by older sib- 
lings and friends. Similarly, a manager will work 
with several cohorts of employees during his ca- 

reer. The overlapping-generations setup over- 
states the lags involved in the dynamics of 
human capital, and should therefore not be taken 
too literally. 

D. Local Complementarity, Global 
Complementarity, and Efficient Sorting 

Integrated communities and schools can in- 
duce a substantially better long-term outcome, 
even when causing aggregate losses in the 
short term. But of course this is not the only 
possible scenario. In particular, stratification 
remains preferable over long horizons if dis- 
parities in knowledge entail sufficiently greater 
losses at the community level (for example, in 
schooling) than at the aggregate level (for ex- 
ample, in production). Under constant returns, 
for instance: 

(30) 4 as - (l- l a 

1 +a+,6 

The boundary is illustrated on Figure 3. To- 
gether with its short-run counterpart 4 = 0 
they divide the plane into four regions. When 
4 and 4 are both positive (respectively, neg- 
ative) the optimal community structure is the 
same over all horizons: an induction argument 
shows that At > At (respectively, At < At) for 
every t 2 1. When 4 b < 0 the paths of At 
and At cross, reflecting a genuine trade-off.'5 
While there may be multiple intersections, the 
present value t= 7 pt - 'ln (At/At) remains 
monotonic in p. The proper way to think about 
the medium run is therefore to consider the 
locus where this present value equals 0; as the 
discount factor rises from 0 to 1, this line piv- 
ots from the 4 = 0 to the 4 = 0 boundary. 

The triangular area between the two axes 
and the 4 = 0 locus is especially noteworthy. 
Since 1/a < 0 < 1Is, heterogeneity creates 

'4 While Proposition 3 focuses on the arithmetic or per- 
capita average of human capital A, it readily extends to 
any other CES index with elasticity X: one simply adds 
(AO'. - 'A')/2X to the right-hand side of (29), which 
amounts to replacing TX by TX + [(1 - R)/A][1/(l - (a + 
03)2) - 1/(1 - a2)]. When R = 1 this clearly makes no 
difference. 

' The case 4 > 0 > TX requires that heterogeneity be 
beneficial in local interactions, but even more so in global 
interactions: I < I < 0; see (27). By contrast, 4 < 0 < 
TX can occur with I and I taking any sign. 
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negative spillovers in local interactions but 
positive ones at the aggregate level. Nonethe- 
less, integrated communities lead to a superior 
long-run outcome, due to the effects of de- 
creasing returns in accumulation which were 
mentioned earlier. To overcome this effect, 
1/e must be sufficiently larger than 1/ul. A 
related result is that when heterogeneity entails 
similar costs at the local and economy-wide 
levels, 1/e = 1/a, then 41 > 0 provided 1 > 
1/a. This is a plausible assumption: it means 
that parental background, community quality 
and economy-wide inputs are poorer substi- 
tutes in a child's education than individuals 
with different skills in the production of output 
or know-how.'6 

Figure 3 is perhaps best summarized by a 
simple story, which relates to the quotation 

given in the introduction: it will be efficient 
for the professional and working classes to live 
and be educated separately, only if good man- 
agers can make up for poorly qualified work- 
ers in the production process much more easily 
than students from favorable backgrounds can 
offset the effect of weaker schoolmates in peer 
interactions. 

III. Welfare Analysis and Empirical Implications 

A. Discounting and Welfare 

As shown on Figure 2, each dynasty's dis- 
tribution of human capital eventually con- 
verges-or asymptotes, with endogenous 
growth-to the economy's cross-sectional 
distribution. The latter always has a lower dis- 
persion under integration than under segrega- 
tion, and when 4> > 0 it also has a higher mean. 
This suggests that integration could be Pareto 
improving, without need for compensating 
transfers, if people value the future suffi- 
ciently. More generally, one wants to assess 

6 When F(h, L, H) is a CES with elasticity X, the rel- 
evant comparison is lI/ > 1/a; see (A6) in the Appendix, 
which also provides the analogue of (30) when R < 1. 
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how community structure affects a family's 
welfare, given its initial wealth h' and discount 
factor p < 1. To derive simple, closed form 
expressions, I assume logarithmic utility in hu- 
man capital.'7 

PROPOSITION 4: Let UO and UO denote 
family i's expected present value of log-human 
capital under stratification and integration re- 
spectively. Then 

(31) U0-U0 

(A2 + -jS)( -PR 
2 ( 1 _ p I (IpR) 

x 1 - p(a+ +) 1 -pa ) 

2 ( 1 - p) 

+ 1 1 + 
X(1 - p(a + 3)2 1lpa2) 

pf(m - ln(h')) 

'1-paY)(- p(CY + ) 

When ID > 0, the fraction offamilies who are 
better off under integration tends to one with 
the discount factor p. This may still be true 
when b < 0. 

The degree to which society is stratified 
affects a family's welfare through three 
channels: efficiency, insurance, and redistri- 
bution. First, integration lets all dynasties 
share in the aggregate-or complete mar- 
kets-gains or losses computed earlier: the 

first component of (31 ) is simply the present 
value tZ,o pt ln(A,fAt). Note how the ex- 
pression involving ? and ? tends to 4 when 
p -+ 0 and to 4> when p -+ 1. Equalizing the 
local input L, across all children partially re- 
places the missing loans and insurance mar- 
kets, by bringing closer to equality families' 
marginal rates of substitution (growth rates 
of human wealth) across dates and states. 
Thus in the second component of (31 ), equal 
to : pt(\ - )/2 > 0, the term in s2 
is the insurance value of reducing the per- 
sistence of shocks by equalizing L'; the term 
in /\2 iS the gain, averaged over all agents 
(or computed ex ante), of smoothing out the 
impact of initial conditions on the consump- 
tion path. Finally, the difference between 
agent i's ex-ante and ex-post (knowing ho) 
valuations of this smoothing is captured by 
the last component of (31): ignoring effi- 
ciency and insurance effects, dynasties 
which start above the mean lose from inte- 
gration, while those which start below the 
mean gain. 

As p increases towards 1 this redistributive 
effect becomes dominated by the other two.'8 
That sum is generally positive because effi- 
ciency gains (4I > 0) are somewhat more 
likely than losses, as explained earlier, and 
because the insurance effect is always ben- 
eficial. Hence the second part of Proposition 
4. In practice, the distribution of human 
wealth at any point in time has finite support. 
Therefore integration is indeed Pareto im- 
proving if individuals care enough about fu- 
ture generations. 

B. Implications for Empirical Research 
on Spillovers 

The elasticities of substitution in local and 
global interactions were shown to play a key 
role in the dynamics and welfare properties of 
a heterogeneous economy. To demonstrate 
concretely how important it is for empirical 

1 If income and consumption depend not only on own 
human capital but also on some index of aggregate pro- 
ductivity H,, as in (6), this will understate the relative ben- 
efit of integration with respect to segregation when 1/a > 
0. The bias is reversed when 1/a < 0. In either case, going 
from (31) to the expected present value of income or con- 
sumption is straightforward. Note finally that I shall re- 
quire max[ pR, p(a + ,B)2} < 1 to ensure finite utility, but 
need not restrict R or a + f3 to be less than 1. 

8 Except in the case s2 = 0 and R < 1, where the effect 
of integration is transitory, like that of initial conditions 
ln(h) - m. Absent compensating transfers, the fraction 
of families with a net gain then remains bounded even as 
p-8 1. 4 
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work on spillovers to estimate these parame- 
ters-rather than constrain them, as usually 
done-I use Borjas' (1992) study of "ethnic 
capital." Using longitudinal data, he estimates 
the model: 

(32) ln h,+= a ln h, + l ln L 

+ control variables + u', 

where h,+ l and h, are a son's and his father's 
levels of human capital, measured by their 
hourly wages; L, is "ethnic capital," defined 
as the geometric average of human wealth 
among adults in the father's ethnic group: 
ln L,- fo ln h dp,(h); and u, is a random 
shock. Borjas estimates both a and /3 to be 
between 0.25 and 0.30 and statistically signif- 
icant.19 These results are very interesting in 
and of themselves, adding to the body of evi- 
dence that group interactions influence the ac- 
quisition of skills.20 

One might hope that they could also shed 
light on the momentous issue of ethnic seg- 
regation, if only from a narrowly economic 
point of view: will a country be more produc- 
tive if poorer minorities or immigrants share 
neighborhoods, schools, and other public 
goods with the richer majority population, or 
if they remain isolated in ethnic "ghettos"? 
Unfortunately, my results show that using a 
geometric average constraints the answer a 
priori: with 1/s = 1, 4 < 0 and b < 0. There- 
fore total income is always higher under seg- 
regation. But suppose now that ethnic capital 
actually operates through the arithmetic aver- 
age: ln L, = ln(foo h d44(h)). With 1/s = 0, 

+ 0 and b > 0.21 Integration is now more 
efficient, at least in the long run! The common 
practice of not distinguishing between the 

mean of the logs and the log of the mean can 
thus be very misleading. The point is more 
general, and extends beyond the issue of in- 
tegration. Unless the particular aggregator 
which they impose happens to be the true one, 
standard "spillover" equations such as (32) 
are misspecified, and the presence of hetero- 
geneity within each group can bias the esti- 
mates. One solution is to specify L, as a CES 
index and estimate 1/s by nonlinear methods. 
More simply, one could include in the linear 
regression not only the mean, but also the 
variance (Ai)2 of log-human capital in the 
individual's group. The ratio of their coeffi- 
cients, times two, will provide an estimate of 
(s - 1)/S. 

IV. Education Finance 

Our general analysis has implications for the 
current debate on school funding. In over half 
the states, the inequities arising from the tradi- 
tional reliance on property-tax revenues have 
resulted in constitutional challenges. While a va- 
riety of "remedies" have been proposed, those 
adopted in practice represent a significant move 
toward the equalization of expenditures per pu- 
pil-a situation which is the norm in most other 
countries. The first and best-known case is the 
1976 ruling of the California Supreme Court 
(Serrano v. Priest II) declaring unconstitutional 
any formula which results in a positive correla- 
tion between districts' school expenditures and 
taxable wealth. Another instructive example is 
that of New Jersey. Following a 1973 Supreme 
Court decision, the state enacted an income tax 
to finance increased aid to poor school districts. 
But as communities were allowed to supplement 
these funds with property taxes, disparities in ex- 
penditures continued to grow. This lead to a new 
Supreme Court ruling in 1990 (Abott v. Burke) 
mandating "substantially equal" expenditures 
between the poorest and richest districts (New 
York Times, 1990). Most recently, Michigan has 
moved to replace its property-tax financing by 
an increase in the sales tax. 

I therefore use the model developed in Sec- 
tion I.A, which involves only pecuniary spill- 
overs, to compare three systems. Under 
national or state funding, all school budgets 
are equalized: E, = rt NY,, and the tax rate rt,N 
is determined by a national vote. Under local 

19 Using years of education instead of log wages leads 
to similar results. The discussion below applies equally to 
that specification. 

20 One suspects, and Borjas' (1995) later work indeed 
tends to indicate, that "ethnic capital" really arises from 
neighborhood effects combined with ethnic segregation. 

21 Here and above I used (27) with y = 0, as Borjas 
does not allow for aggregate spillovers. The inequalities 
remain unchanged when I y/oI I > 0, unless it is large. The 
same results follow from (28) if u, only represents mea- 
surement error. 
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funding, expenditures reflect community re- 
sources and locally chosen tax rates: E, = 
-rf,LYf. I shall assume that income classes are 
perfectly segregated, reflecting the wide dis- 
parities in tax base observed in practice; thus 

Y = yt. Finally, I also consider private 
education, as in Glomm and Ravikumar 
(1992); E, is then replaced in (4) by e, = 
, py,, where T, p represents the fraction of 
his income which adult i invests in his 
child's education. 

In comparing these alternatives, it is useful 
to distinguish two questions. The first is 
whether a given amount of educational re- 
sources is best allocated equally or unequally 
across different families. The second is how 
the total money and time invested in human 
capital vary with the financing system, through 
the incentives facing parents and voters. I 
therefore first compare the three regimes as- 
suming the same, constant investment rates r 
and v. I then endogenize T, and v' for each 
education system. Finally, I put together real- 
location and aggregate investment effects. 

A. Reallocating Educational Funds: 
Stratification Effects 

Going back to the model of Section I.A, 
note that for given r and v the three systems 
of education finance differ only by their tax 
base: family, community, or state. With ho- 
mogenous jurisdictions, moreover, local and 
private funding lead to the same outcome, 
E, = rY, = ry, = e,, and both are equivalent 
to segregation in the reduced form (8): L,= 
h,. Conversely, state funding transforms the 
local fiscal spillover into an aggregate one, 
Et = rY,, and is therefore equivalent to inte- 
gration: L, = H,. When agents are identical all 
three systems result in the same growth rate 
0 = K(l - v)6(vr)`6, where 6 and 1 - 6 
are the weights of parental background and 
school expenditures in a child's education. 
This "level playing field" will better highlight 
the effects of a pure redistribution of educa- 
tional.funds across segregated communities or 
individual families. Recall now that (8) is a 
special case of ( 11) - ( 14), with the following 
restrictions: (a) the local and global spillovers 
L, and H, are defined by the same elasticity 
? = a > 1, inherited from the production sec- 

tor; (b) the weights of parental, local and 
economy-wide inputs to human capital are 
a = 6, /3 = (1 - 6)(a - 1)/T and y = (1 - 

6)/Io; they sum to R = 1. Moreover, output is 
Y, = vH,. Therefore, replacing in (25) and 
(27) gives Proposition 5. 

PROPOSITION 5: For given rates of re- 
source and time investment in education, r 
and v: 

(1) In the short run, state funding of edu- 
cation leads to less human capital accumula- 
tion than local or private funding, since 
4 = - 6(I - 6)(I - J/a'2) < 0. Output 
responds similarly if and only if /Ca < 
61(1 - 6), as ln(Y/Y,) = 'IA2/2 with 

(2) In the long run, state funding is more 
efficient than local or private funding, since: 

(D af I ( 6 )o(r _ 1 )2 

When initial endowments are the only source 
of inequality (S2 = 0), statefunding raises the 
long-run levels of human capital A, and output 
Y, by (DA 2/2. When children's ability or re- 
turns to education are uncertain (S2 > 0), it 
raises the long-run growth rate of human cap- 
ital and output by (DS2/2. 

The interpretation of this intertemporal 
trade-off is simple: focusing on output growth, 

iA2 /2 reflects the distortions from con- 
straining everyone to the same school budget, 
and (DS2/2 the long-run benefits from homog- 
enization. The higher is the intergenerational 
discount factor, the more families would vote 
for a national system; this remains true when 
r and v are made endogenous in the next sec- 
tion.22 The key assumption in Proposition 5 is 

22 It will also be confirmed that the tax rate chosen un- 
der local financing is independent of community compo- 
sition, as claimed in the Lemma of Section I. This makes 
Proposition 5 applicable without any change to the com- 
parison between integrated and segregated communities, 
given local funding. 
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indeed not the invariance of r and v across 
regimes. It is, as in Loury ( 1981), the absence 
of credit markets where poor communities or 
families could borrow from rich ones to fi- 
nance education. State funding amounts to a 
partial redistribution of human wealth, with a 
later payback to society in the form of a higher 
H,. Since each dynasty faces decreasing re- 
turns (a + / = 1 - (1 - 6)/lo), it seems 
intuitive that this would increase efficiency. 
But, perhaps surprisingly, this is only true in 
the long run: early on, human capital accu- 
mulation is actually reduced, as rich families 
lose more than poor ones gain. This translates 
into lower output if production complemen- 
tarities are not too strong. Also unexpected is 
the result that a national scheme increases the 
steady-state growth rate by a positive amount 
even when dynasties face returns arbitrarily 
close to one: as workers become perfect sub- 
stitutes, limax(4) = '/2( - 6)1( + 6) > 0. 

B. The Supply of Educational Funds: 
Incentive Effects 

I shall now endogenize the allocation of 
time v' and the tax or savings rate i- chosen 
under each system of education finance. In 
contrast to many models where "myopic" 
voters care only about their consumption and 
their child's education, I solve for the subgame 
perfect equilibrium between dynastic agents. 

PROPOSITION 6: (1) Parents devote the 
same, constant fraction of their time to 
educating their children whether education 
is funded privately, locally or nationally: 
I - , = p6. 

(2) Under each system, the tax or savings 
rate is constant over time. Define or* < r < 
r* as: 

1 p(l - 1)(1 - /c) 
* 1 - pa + p(l - 6)(1 -la </ f 

p(l - 6)(1 - 1/cr) p(l - 6) 
1 - p6 1 - p6 

(a) Under private funding, adults contribute 
a fraction -rp = r of their income to their 
child's education. 

(b) Under local finding, the tax rate unani- 
mously chosen is TL = T* if there is fill 
intergenerational mobility across commu- 
nities. It is TL = T if there is no mobility and 
voters internalize the effects of current expen- 
ditures on future community resources. 

(c) Under state funding, the tax rate unani- 
mously chosen is TN = T * if voters inter- 
nalize the effects of current expenditures 
on future productivity and aggregate re- 
sources. It is TN = T* if they fail to do so. 

Voters in a public system choose the tax rate 
r* if they only take into account the private mar- 
ginal value of human capital. The inequality r* 
< r reflects the fact that this value is higher in 
a private system, where an additional unit allows 
the adult not only to consume more but also to 
purchase more education for his offspring. This 
is similar to Glomm and Ravikumar's (1992) 
result that the young take less leisure and study 
harder if education is privately purchased. In my 
model, time is allocated between production and 
home instruction, both of which allow parents to 
better educate their offspring. Differences in the 
return to human capital are then reflected in r 
rather than v. 

Rational voters, however, should take into 
account the benefits which their child derives 
from other members of his cohort's being 
more educated. If a community remains com- 
posed of the same families over time, a higher 
current tax rate bestows on each child not 
only more schooling, but also access to a 
larger tax base Y, I from which to finance 
future education; thus -rL = -, as with private 
funding. More likely, children move away 
and form new associations in each period. 
This reshuffling, which necessarily occurs 
when idiosyncratic shocks combine with strat- 
ification, leads to -rL = -r*. A national system 
allows voters to internalize the tax spillovers 
from mobility across communities, as well 
as those from production complementari- 
ties: yt+i = (h,+1)(a-I)/a(Ht+1I0/a. Self- 
interested but economically sophisticated 
voters will then choose TrN = -*, which re- 
flects the social return to education. 

COROLLARY: With rational, forward-looking 
voters, the representative agent economy's 
growth rate 0 = K(1- v)6(v-r)' - 6 is higher 
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under a state system than a private one:ON > 

Op. It is always lowest under local funding: 
OL <mint(p, ONI, for any degree of public 
sophistication. 

Factors other than voter myopia could also 
affect these rankings. First, underinvestment 
by families or communities could be addressed 
by taxing consumption and subsidizing edu- 
cation, without going to uniform funding. I 
shall not develop this variant of the model 
here, but it is intuitive that a national subsidy 
scheme would also allow sophisticated voters 
to internalize the social value of human capital 
and thus equalize Op and 0L with 0N, just as 
assumed in the previous section. Second, de- 
centralized education systems may have desir- 
able efficiency properties which also raise Op 
or OL relative to EN: better monitoring of 
teachers and administrators, competition be- 
tween schools or municipalities, and so on. 
Third, mandating equal school budgets could 
trigger a flight to private schools by wealthier 
families, leading in turn to decreased political 
support for public funding. It has been argued 
that this is what happened in California fol- 
lowing the 1976 Serrano ruling: enrollment 
in private schools increased while public 
spending per student declined, relative to the 
national average (Lawrence Picus, 1991; 
Thomas Downes and David Shoeman, 1993). 
A model where public and private schooling 
exist side by side is beyond the scope of this 
paper, but a first approximation of this effect 
would be to decrease TN relative to 1L, hence 
once again, ON relative to OL 

These last two arguments are not without 
problems. It is hard to argue that Japan or the 
many European countries which have a state 
funded, centralized education system are in- 
structing their young less efficiently than the 
United States. International comparisons of 
student proficiency and education costs actu- 
ally suggest the opposite. Neither have these 
countries seen any large-scale defection of 
well-to-do families towards private schools. In 
any case, it is easy to incorporate potential 
gains from subsidization, local control or com- 
petition into the analysis. Even though the 
model has ON > OP > L as the most natural 
case, the next section will allow for different 
rankings. 

C. Education Finance and Growth 
with Income Inequality 

The following proposition captures the es- 
sential elements of the debate over education 
finance, namely the relative importance of in- 
centive and reallocation effects, and the rele- 
vant time horizon. 

PROPOSITION 7: Let 0 denote the trend 
growth rate reflecting the incentive effects of ei- 
ther private or local school funding in a repre- 
sentative agent economy, while 0 similarly 
corresponds to state funding. Let 4/ i 0 and 
I > 0 be the expenditure-equalization effects 
derived in Proposition 5. State finance of edu- 
cation may reduce output in the short run if e- 
A > 4/A2/2 but it leads to a higher growth 
rate in the long run if 1s2 > 0-0. 

No restrictions are imposed here on the ac- 
cumulation factors in the three regimes. If Op, 
OL, and 0N are the equilibrium values with 
rational voters derived in Proposition 6, long- 
run growth is always highest under state fund- 
ing and lowest under local funding. If Op 2 

ON or 0L 2 ON due to voter myopia or any of 
the other factors discussed earlier, one still has 
the following corollary. 

COROLLARY: State funding maximizes the 
long-term growth rate, provided there is enough 
variation in innate ability or other idiosyncratic 
shocks. 

These propositions make clear the impor- 
tance of analyzing education finance within a 
framework which is explicitly dynamic and 
stochastic. For instance, they reveal that 
Glomm and Ravikumar's (1992) finding that 
private education is superior in the long run 
arose not only from a particular model of time 
allocation, as seen earlier, but also from the 
omission of all uncertainty.23 

23 Their model's reduced form is hi+ I = K(h,)a(e, ), 
with e, = rPh, under private education, e, = TrN fJo h di,u(h) 
under national education, and rp = TN but Kp > KN. This 
is a special case of (11)-(14), with no global interaction 
(y = 0), perfect local substitutability (1/e = 0) and no 
shocks (s2 = 0). Note that for all a + ,B < 1, TX = 11(1 + 
a) - 1/(1 + a + /3) > 0. 
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What about the robustness of this paper's 
results? Both the initial deadweight loss in 
output 4' A 2/2 and the long-run growth gain 
from homogenization bs2/2 embody the as- 
sumption of logarithmic utility, which makes 
education expenditures proportional to income 
(of the family, community or state) in each 
regime. This property made it possible to solve 
a forward-looking politico-economic model 
where heterogeneous families face different 
returns to educational investment. But one 
may ask whether it is empirically plausible, 
and how crucial it is to the conclusions. 
Theodore Bergstrom et al. (1982) provide the 
most extensive study of the demand for school 
expenditures. Their micro-based estimates of 
income elasticity are between 0.64 and 0.83. 
They also survey previous estimates, which 
range from 0.46 to 1.35, and conclude that a 
value of about 2A3 seems the most plausible. A 
unit elasticity is thus not a bad approximation; 
in fact, that hypothesis cannot be rejected from 
Bergstrom et al.'s results. Moreover, long-run 
time-series data show no tendency for the 
share of income devoted to primary and sec- 
ondary education to fall as the economy 
grows. In the United States the combined pub- 
lic and private share has remained stable from 
1960 to 1990, at around 4 percent of GNP. 

Suppose nonetheless that the true elasticity 
is some 7 < 1, so that school expenditures in 
equation (4) become E, = -r(Y9), for some 
constant -r.24 The reduced form (8) remains 
the same, except that the weights of the local 
and global spillovers are both multiplied by q: 

= 7(1- 6)(a - 1)/a and y = 7(1 - 6)! 
a. Applying the general results from Section II 
with 1/s = 1//a, it is easy to show how this 
affects the path of output under each financing 
system: one can write ln Y1 /Y1 =ql(,q ) A 2/2 
and, for t large enough, ln Yt/Yt 'J!(,7)(S21 
2) (1 - R')/( 1 - R), with the following prop- 
erties. First, qf( 1 ) and '( 1 ) are of course the 
values 4' t 0 and 4 > 0 computed in Prop- 

osition 5. Second, qf(i) 2 qif( 1 ) and @(n) 2 

ip1(1 ): the short-run costs of equalizing 
school budgets are reduced by at least a factor 
of 7, while the long-run gains (normalized for 
returns to scale) decrease by no more than a 
factor of q.25 The main conclusion is thus un- 
changed: the cumulated growth benefits from 
state funding rise over time to a positive limit, 
although this intertemporal profile is now a lit- 
tle flatter. 

Naturally, certain issues remain beyond the 
scope of this study. One is how the outside 
option of private schooling affects the scope 
for a politically feasible redistribution of ed- 
ucational funds. Another is the argument that 
while one may need to supplement the edu- 
cation budgets of poor communities, it is in- 
efficient to limit investment by rich ones, 
whether through direct state financing or "rev- 
enue limits" on local school spending. In 
Fernandez and Rogerson ( 1996), for instance, 
replacing an expenditure cap by a tax-financed 
floor can be Pareto-improving. My model does 
not deal with these more complex funding 
schemes, but it does suggest an important ca- 
veat: these arguments take the distribution of 
income as given. Replacing equalization by a 
floor would certainly alleviate the distortions 
from state intervention, but it would also slow 
down homogenization, thereby increasing per- 
manent inequality and the associated costs in- 
cuffed in production and human capital 
accumulation. Finally, while segregation and 

24 Unlike the previous one, this demand function is not 
derived from an optimizing model. This could be done 
using myopic preferences similar to those in the tracking 
model of Section IB, but that is not the purpose of this 
discussion. 

25 Specifically, qi(77) = 7,8i(l - 2a - 7,i8)(a - 1)/c and 

Vq) = q,l8(a - l)/[c(l + a)(l + a + 77i,)], where a = 
6, 83 = (1 - 6)(u - 1)/c and y = (1 - 6)/u are the values 
corresponding to 77 = 1. Note that now R < 1, as would 
be the case if constant returns had not been imposed in 
(3), for simplicity. Although endogenous growth can be 
preserved via an economy-wide spillover (see below) one 
must now distinguish between the long-run behavior of A, 
and that of Y, = vH,. Output is clearly the appropriate 
choice here, but using A, would lead to fairly similar re- 
sults: 4(iq) 2 qo(1) and 4(i7) > 0 provided (a - 1)/(r7 - 
1) is large enough. To maintain R = 1 (or any other value) 
it suffices to augment (4) with an aggregate spillover of 
the form: h,+ = Kc(h,)b(T(Y,)I) - b(Yt)(1 - b(1'-). Propo- 
sition 8 and equation (A7) in Appendix A confirm that this 
alters neither /i(i) nor I(iq). Adjusting the weight on h, 
instead would only strengthen the results, by reducing 
qi(77) and increasing I(77). 
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decentralized funding yield a simple form of 
path-dependence when a + /B = 1 (or 1/oa = 
0), the homothetic framework developed here 
cannot generate the richer dynamics of a 
model like Durlauf's (1996): greater inter- 
generational persistence at low levels of in- 
come, poverty traps and nonergodicity of the 
income distribution. 

V. Conclusion 

The model developed in this paper is very 
simple. The accumulation of human capital re- 
flects family, community and economy-wide 
inputs. The degrees of complementarity or 
substitutability in local and economy-wide in- 
teractions capture the direct costs or benefits 
of heterogeneity at each level. These three 
equations encompass the reduced forms of 
many previous models. 

This framework allowed me to study sev- 
eral important issues. I analyzed how eco- 
nomic stratification affects growth, inequality 
and welfare over different horizons. I showed 
in particular that integration may slow down 
growth in the short run but nonetheless in- 
crease it in the long run, due to its gradual 
homogenizing effect. I also compared the 
performance of privately, locally and nation- 
ally funded education systems. Redistributing 
funds to equalize spending across students 
leads to the same intertemporal trade-off 
between initial distortions and long-term ef- 
ficiency gains as integration. Incorporating 
the different investment incentives faced by 
parents and voters under each regime tends 
to raise the performance (over any horizon) 
of a national system relative to a private 
one, and to lower that of community-based 
funding. 

The model could be extended in several di- 
rections. For instance, the coexistence of local 
school finance in the United States with na- 
tional finance in Europe and Japan represents 
a puzzle: how can countries whose citizens 
have similar preferences, technologies and po- 
litical rights make such radically different so- 
cietal choices? This question is pursued in 
Benabou (1995). The general idea of a dy- 
namic interplay between local complementar- 
ities, clustering, and global interactions should 
also be applicable to a variety of other prob- 

lems such as labor markets, learning, or eco- 
nomic geography. 

APPENDIX A: MoRE GENERAL 
EDUCATION TECHNOLOGIES 

In this section I show how to extend the 
paper's analysis to the more general speci- 
fication: 

(i) There are K local and N globals spill- 
overs, each of which is captured by a 
CES index: h,+ I = F(,, h, LI, ..., LK, 
HI, ..., HN)- 

(ii) F is homogeneous of some degree R in 
(h, LI, ... , LK, HI,. ..., HN) . 

(iii) The dispersion of initial conditions and 
the variance of shocks are relatively 
small: Var[ln h'] and Var[ln 6,] < 1, 
and both random variables have bounded 
support. 

1. The Costs of Heterogeneity. -Recall that 
for a lognormally distributed random variable 
the effects of heterogeneity on CES aggregates 
(or uncentered moments) depend explicitly 
on the elasticity of complementarity: ifIn h 
X(E[h] - A22, A2) then H (ff ha 1)/a 
dli (h))fa I) - E[hle 2/2C. The underlying 
intuition is more general. For any positive ran- 
dom variable h, Holder's inequality implies that 
H decreases in l/a. Moreover if hlE[h] has 
variance A2 < 1 and bounded support, H t 
E[h]e /2a remains true as a second-order ap- 
proximation. This will allow us to use Taylor 
expansions. 

2. Homogeneous Education Production 
Functions.-Let F(6, h, L, H) be any e2 func- 
tion, homogeneous of degree R in (h, L, H). 
Let { . }E E S and { h, i E S2 both satisfy assump- 
tion (iii) above, denoting s2 Var[ln 6] z 
Var[6]/E[6]2 < 1 and A2) Var[ln h'] i 
Var[h,]/A, < 1, where A, E[h,]. For h', 
t 2 1 (which unlike (i is neither exogenous nor 
i.i.d.) this is an induction hypothesis, to be 
checked at t + 1. Finally, let 0 F(E[6], 1, 
1, 1 ) and without loss of generality set (dln Fl 
Oln )(E[(], 1, 1, 1) = 1. Under integration, 
we have ht +I = F (, hi, LA, Ht) = F(i, hi, 
A,(1 -A,/2s) + o(A,A,( - A /20) + 
o( A)). Expanding to the second order around 
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(E[(], A,, A,A,), then integrating over i E Q 
yields: 

A,t+, = F- (1 + Var()Ft( / 2F 

+ [AtFh/Fh - A,FL/F -A,FH/oF]A /2) 

+ o(L,2) + o(s2). 

Using homogeneity to evaluate F and all de- 
rivatives at (E[ ], 1, 1, 1) this will be de- 
noted by a "bar" -and then taking logs, 
yields: 

(Al) lnA,+ =I 0 + R lnA,t - A t/2 

+ o(A ) + o(s2), 

(A2) ? (-Fhh + FL/s + FH/Ia)/F, 

and 0 ln 0 + (F44/F)Var(()/2; note that 
F44 = 0 when , enters multiplicatively. Sim- 
ilarly, under segregation h+ 1 = F(, h,, h', 
H,) = F((,, h,, h,, A,(1 - A21/2u) + 
o(A2) + o(s2)) leads to 

A,t+ = F-(1 + Var()F(/2F 

+ [A2(Fhh + FLL + 2FhL) / F-A,FH / oF]At / 2) 

+ O(A2) + o(s2) w 

(A3) ln A, + 1 = 0 + R ln A,t _ -A2 / 2 

+ o(A,2) + O(S2), 

(A4) ?-(-Fhh-FLL-2FhL +FH/a)/FS 

Note that ? and ? are both constant, as are 
a hFh/F_= Fh, ,3 LFLIF = FL and y- 
HFHIF = FH. Moreover, the laws of motion 
for variances are, to a second-order approxi- 
mation: 2V+ 1 = a2A, + S2 + o(A2) + o(s2) 
and A+1 = (a2 + 63)2A2 + s2 + o(A2) + 
O (S2) . The induction hypotheses A 2 1, 

2< 1 (uniformly in t) are thus satisfied if 
a + ,3 < 1, with strict inequality if S2 > 0. 
The rest of the analysis proceeds as in the text 
and in the proofs of Propositions 2 and 3, 
given in Appendix B. 

PROPOSITION 8: Let a + ,3 c 1, with strict 
inequality when s2 > 0. The short- and long- 
run gaps between the integrated and segre- 
gated economies are given by the same 
expressions as in Propositions I to 3, with ? 
and 1 now defined_by (A2) and (A4). Thus 

= 1?- ? = -(2FhL + FLL + FL/?)/F, and 
- (aF + f3)2) 

A 

- a2). 

The case where F is a CES index is of par- 
ticular interest; for any a' + ,3' + y' = 1, R 2 
O and X ! 0, let 

(A5) h'_+ - = [a ' (hi)(- 1)/A 

+ /3t(L9(Al)/A 

+ y'(f H)(k1)/X]Rl/( -1) 

When X -A 1 we obtain ( 11), with a = Ra', 
,-R,' and ey Ry'. Proposition 8 implies 
?e= (a' + 3')(1 - a' - #I')/, + y'/a + 
(I-R)(af'+,2 ande@ = CY'(1 -a')/k + 
#'/3 + 'y'/a + (1 - R)(a')2, so (J can be 
rewritten as 

(A6) b = 

x y(2a + P) + (1-RR 
1-(OF + 4 R / 

x (1 R 
A)I1-(aF + /6)2] 

When 1/A = 1/s = 1/a and R = 1, social 
structure has no steady-state effect on total hu- 
man capital, as (J = 0. Aggregation causes 
similar losses whether it occurs at the level of 
a child's education (within F(h, L, H)), of a 
community (within L) or of the whole econ- 
omy (within H). Departing from this neutral 
point by decreasing local complementarity 1 / 
s lowers the cost of reducing heterogeneity 
through integration, while increasing global 
complementarity 1 /a raises the corresponding 
benefit (if y > 0). That benefit also goes up 
with complementarity 1/A between the three 
inputs; this explains in particular why 4 > 0 
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at the origin on Figure 3, where 1/X = 1 and 
1/E = 1/C = 0. The effects of R are generally 
ambiguous, because it affects (a, ,6, y) and 
interacts with K in the nonmonotonic function 
(1 - R)(1 - R - l/X)/R. 

3. Multiple Spillovers.- Denote by 6k 

and a, respectively the elasticities of substi- 
tution of the Li's and Ha's entering h' = F((, 
h, Ll, ..., LK, H1, ..., HN), and by 13k 

aln F/lln Lk, eyn = ln F/Oln H, their 
weights (partial elasticities) in F. Finally, let 

= k= I3k and y- = Yn. Derivations 
similar to those which lead to (A2) and (A4) 
easily yield that this model is equivalent to 
h= F((,h,L,H) F(,h,L, ... ,L,H, .... 
H), where L and H are CES indices with elas- 
ticities given by 

K 

(A7) f3/s P k /3k/ek, 

k= 1 

N 

ylaa Yn/Un- 
n= 1 

APPENDIX B: PROOFS OF THE PROPOSMIONS 

PROOF OF PROPOSITIONS 2 AND 3: 
The variances which solve (18) and (19) 

are 2 = 2 + (a + /3)2t(A2 _ A2) and 
2= A2 + o2t(A2 - A2), where aS21 

(1 -(a +/3)2)and _s2/( -a2).Note 
that this is true even when a + 6> 1 or a > 
1, in which case the fixed points do not rep- 
resent asymptotic variances. It even holds for 
a + /3 = 1 or a = 1, using l'Hospital's rule. 
Next, the solutions to (21) - (23) are 

(B1) InA,t= R'nA+ a-nd) 

x 
I R )_@ 2 _ 2 

x Rt'-(a. + 
#5)2t an 

R R-(ar + P) 2 

(B2) InAt = RtlnA0 + 0- 2- 

I 

R) -(A2 A2) 

(Rt a2t) 

X R_ a2 

Suppose first that (a + /3)2 < R, which in- 
cludes a + /3 < 1 as a special case. If R C 1, 
taking limits as t -- oo immediately yields Prop- 
ositions 2 and 3, for S2 = 0 and S2 > 0 re- 
spectively. For R > 1, one gets 

(B3) ln(At/At) 

2 R -(at + 
#)2 R - a 2 

x(A2 + R -IRt. 

Note that the coefficient is the same as in equa- 
tion (28), so that the usual interpretations 
apply. Suppose next that (a + /8)2 > R (re- 
quiring a + /3> 1); then 

(B4) ln(At/At) 

LA2 + S2/((a + )2-1) 
Mt -- 

2 (a + /)2-R 

X (a + /)2t. 

Thus only e = (a + ,B)(1 - a - + y/u 
matters, as the effects of exploding heteroge- 
neity under segregation ultimately swamp 
their counterparts under integration. Finally, 
consider the borderline case (a + /)2 = R. If 
a + /3 > 1, the term (a + /8)2t in (B4) is 
simplyreplacedbyt(a +3)2(t- ').If a +/p = 

1, then y = 0, hence ? = 0. Therefore ln(At/ 
At) >-t 00/2. 

PROOF OF PROPOSITION 6: 
1. Private Education. -To simplify the ex- 

position, I first assume that all agents except i 
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choose invariant participation and savings 
rates: vJ = V and Tr = T. Later on I show that 
these restrictions are not binding. The Bellman 
equation for agent i is thus 

(B5) Wt(h,) = max(,,T) I ln((1 - r) 

+ pEW,+ 1 (,K4((1 - v)h96 

The first order conditions are 

(B6) - ) 

=Pt~~ -- J 

x E[h,+ Oh (h,+1)] 

(B7) 1 =p(l-6) 

X E[hit+ ah' (hti I)] 

Since the state of the economy is characterized 
by the Markov process (At, A'), let us guess 
the form of the value function to be W,(h) = 
alnh + blnA, - cA' + d. This leads to v, = 
V, T = , with 

(B8) v I 
+ p(l - 6)a 

1 + p(l - 6)a +p6aa/(u - 1)' 

p(l - 6)a 
1 + p(l - 6)a 

Equilibrium then requires that T = v and 7 = 
-r. Replacing in (B5) and using the recursion 

equations (18) and (21) for A,+, and A2t+ 
identifies the constants. In particular 

(B9) a= (a-1)/a 
( - p6 - p(l - 6)(a - 1)/a' 

a+b=- 1 
1 - p 

b pf+(1-p)/a 
2or2 1-p(a + f)2 

where a = 6, ,3 = (1 - 6)(a - 1)/a, y = 
(1 - 6)/a and e, X are given by (22)-(24). 
Replacing a in (B8) yields the desired results. 
In this equilibrium, all agents choose the same 
constant values v and T. This is in fact the only 
solution, at least in the following sense. Con- 
sider any finite horizon (T < 0o) version of the 
model, without the restrictions VJ = V, TJ = 

r. A backwards induction similar to the 
derivations above shows that in each period: 
(a) v, = v, and T = T,, ensuring Y, = vtHt; 
(b) W,(h) = a,ln h + b,ln A,- c,L, + d,, 
where the (a,, b,, c,, d,) 's satisfy linear dif- 
ference equations whose fixed points are (a, 
b, c, d) calculated above. The finite game 
thus has a unique Markov perfect equilib- 
rium, and it involves symmetric strategies. 
As T -+ oo, it tends to the equilibrium derived 
above. 

2. National Public Education. -Let us 
start again with some useful simplifications. 
First, let Vi = -V for all j * i, so that the 
Markov process (A,, A2) fully describes the 
state of economy. This restriction is relaxed 
later on. Note from (23) and (1-9) that the 
tax rate 1rt,N implemented at t influences A, + 1 

through Ot = K( 1-v ()T(-Tt,N)' ,but does 
not affect At. Second, let agent i choose his 
preferred rate T as if he expected to be the 
decisive voter (or a dictator) not just at t but 
in all future periods. Because this leads to 
the same preferred tax rate for all agents, any 
other voting game (for example, agent i 
chooses 1r as if he were decisive at t but ex- 
pected the median voter to prevail at t' > t) 
will lead to the same outcome. Agent i's 
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Bellman equation and first order conditions 
are therefore 

(B IO) V(h,t A,, At) = max(,,) {Iln((I - r) 

X p ) (0, 
_ 

I)/Of y la ) 

+ pEV(KFj( (1-vi)hi) 

x(TY,)'-6,A,+1,A,2+1) } 

Xr E[,+ _X ah(h+ I, A2+ I,12+) ) 

(B12) 1 = p(l- I ) 
X E hi, (h+ I,At+ I, 2+ 1 

+ I 
X E[h,+ I 9 (h,+I, A,t+ I, A2+ I 

] 

Equation (B12), which determines T*, cor- 
responds to a voter who internalizes the effect 
of taxes on A,t+ , hence on 1 + I and Pt + I. If 
he does not, the rate corresponding rate T,* 
is obtained by dropping the last term. Again, 
I guess the form of the value function: V(h, 
A, A2) = ln h + ln A - A2 + d. Then 
(B11)-(B12) imply v, = v, * = Tr and 

r= T*, where 

A~~~~~ 
(B13) v =I + p6A /(a 

1 p(l _ 6) A (B 14) I+p(1-6)dA 

p(l-6)(dA+b) * 

I +p(l_6)(A+b) 

Whereas r* is based on the private marginal 
value of human capital a', T* reflects the full 
social marginal value a + b. Replacing in 
(B10) and using the recursion equations for 
(A,+I, At+1) leads to 

(B15 ) (a-1 )/a 

1+b- 1E 
a +b = ) 

1 - p 

Replacing in (B 13) and (B 14) leads to the de- 
sired results. Note that a < a <ca + b, imply- 
ing that r* < r < r*. To exclude other 
equilibria, consider again the finite-horizon 
game, without the restriction vJ = -V. An 
agent's value function and (Markov) strategy 
depend on (h,, ,u,), where lil is the distribution 
of human capital. Whether voters internalize 
the effect of Tt,N on ,+ I or not, backwards 
induction easily shows that in each period: (a) 
v,= v,, ensuring in particular that li, remains 
lognormal and that Yt = vt,H,; (b) = t,, that 
is, there is unanimity over the sequence of tax 
rates; (c) V,(h, ,u,) = Itln h + b,n A, - 

Ct,At2+ d,, where the (a,, b,, c,, d,)'s satisfy 
linear difference equations whose fixed points 
are (a, b, c, d) calculated above. Letting the 
horizon tends to infinity concludes the proof. 

3. Local Public Education. -Voters in small 
communities never internalize economy-wide 
complementarities in production. If they also ig- 
nore the intertemporal fiscal spillover (a higher 
tax rate at t raises the tax base at t + 1), whether 
because children move away or due to or myo- 
pia, they choose T = r*. If they fully internalize 
it, which requires perfectly stable communities, 
they operate like a family under private funding, 
and set T, = r. These two numbers also provide 
lower and upper bounds in situations of partial 
mobility or limited forward-looking. 
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