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ABSTRACT
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the conditional probability distribution of their children’s income through the choice of a
neighborheod in which to live. Neighborhood location affects children through two mechanisms.
First, the level of education depends on the total income of a neighborhood, as all school funding
is determined by majority voting. Human capital markets are incomplete as neighborhoods
cannot borrow to supplement tax revenues available for education. Second, the cenditional
probability distribution of individual-specific productivity shocks is affected by the income
distribution within a neighborhood. This dependence reflects cultural influences such as the
presence in a community of successful role models. These forces interact to endogenously
stratify the economy as families segregate themselves into economically hoemogeneous
neighborhoods. Our model has two important features, First, starting from identical initial
conditions, families can exhibit different long term income levels, leading to persistent income
inequality. Second, areas of permanent poverty can emerge endogenously in a growing economy
as neighborhood-wide feedback effects transmit poverty across generations.

Steven N. Durlauf

Department of Economics

Stanford University

Stanford, CA 94305-6072
and NBER



1. Introduction

Starting with Becker and Tomes [1979] and Loury [1981], many researchers have
examined models explaining a nondegenerate cross-section income distribution. (See
Galor and Zeira [1989], Banerjee and Newman [1991], Aghion and Bolton [1991] and
Bénabou [1991] for some important recent contributions.) In both the Becker-Tomes and
Loury formulations, a central role is played by the evolution of families across time where
parents affect children’s income earnings potential through human capital investment.
Generally, researchers have assumed that human capital markets are incomplete in the
sense that human capital formation cannot be financed by issuing claims against a child’s
future earnings due to the lack of enforceability of such contracts. Human capital
investment is thus constrained by the level of parental income. As a result, high income
families are better able than poor families to invest in human capital and income
disparities are passed on across generations. Consequently, imperfect human capital
markets can induce substantial serial correlation in the time series profile of income
distribution as relative income rankings change slowly over time.

Despite the ability of these models to explain some stickiness in relative income
rankings, this work has centered on meodels with a striking implication for the average
behavior of families over time. With the exceptions of Galor and Zeira [1989] and
Benabou {1991}, these models generally predict that average incomes are equal for all
families, when computed over sufficiently long time horizons. Further, the models imply
that there is no asymptotic tendency for one family to rank above another in income.
Becker and Tomes [1979] in fact argue that these features are reflected in the data since
cross-section rtegressions of child income on parental income typically imply relatively
rapid mean reversion in family income. (Solon [1990], however, provides evidence that
these studies underestimated the impact of parental income on children’s income.)

Granting that the cross-section income distribution exhibits mean reversion,

there also exists substantial evidence of persistence in the tails of the income distribution.



In sociology, many scholars have argued in favor of the existence of an “underclass” of
chronically poor people who are trapped in ghettos and are victims of a “culture of
poverty”. Wilson [1987] has documented the growth and persistence of the chronically
poor in a number of studies. Wilson’s work has emphasized the idea that as middle- and
upper-class blacks have moved outside of historically segregated neighborhoods, the
remaining residents have found themselves confronted by a breakdown of social and
economic institutions which has rendered poverty in these neighborhoods self-
perpetuating. This breakdown has been attributed to economic factors such as the lack of
an adequate tax base to support schools, as well as sociological explanations such as the
lack of successful role models to motivate children to try to leave the ghetto. Streufert
[1991] formally models this phenomenon and shows how the absence of successful role
models can inhibit the ability of the young to correctly infer the benefits of high
education investment. These ideas are consistent with the empirical findings of Datcher
(1982] and Corcoran, Gordon, Laren and Solon [1989] that neighborhood characteristics
are an important determinant of individual income levels. Even those studies such as
Jaynes and Williams [1989] which reject the idea of a culture of poverty accept the view
that poverty may be self-perpetuating when low community income leads to low human
capital formation.

Many studies exist which document substantial persistence in relative income
rankings. A major analysis is due to Brittain [1977], who explored relative income in the
US. Brittain examined the correlations between measures of overall economic status for
fathers and sons based upon a survey of 659 fathers who died in Cleveland in 1964-1965.!
Brittain’s analysis found that parental economic status played a significant role in

determining the economic status of sons. For example, among fathers whose relative

IThe overall index of the economic status of fathers is based upon a weighted
average of variables which measure education, race, occupation type, family size, religion
and wealth, whereas the index of overall status of sons is computed as a weighted average
of variables measuring family income, occupation type and quality of residence. This
index thus represents a proxy for permanent income. See Brittain [1977] for details.



status ranking was in the top 10% of the sample, the average son's percentile ranking was
13%. Conversely, for fathers whose percentile ranking was 90% or below, the average
son’s percentile ranking was 71.8%.

Similar evidence exists for intragenerational persistence. Bane and Ellwood
[1986] have shown how the chronic or long term poor are a major component of total
poverty in the United States. Using the Panel Study of Income Dynamics, these authors
have decomposed the current poor population by length of spell in poverty. Bane and
Ellwood demonstrate that although most people who are ever poor experience only brief
spells of poverty, a large percentage of total poverty is associated with chronic spells.
Over 50% of the poor at a fixed point in time are experiencing spells which last over 8
years, the length of their available sample, whereas only 25% are experiencing spells of
less than 4 years, illustrating the magnitude of long term poverty. Similar results for a
longer data set are reported by Adams, Duncan and Rogers [1988]. Studies such as
these, when combined with the more field-oriented work in sociology, strongly support
the view that there is substantial intertemporal and intergenerational persistence in
economic status, especially at the lower extreme of the income distribution.

One important implication of the work on the underclass is that a family’s
income is not a sufficient statistic for determining whether poverty persists across
generations. Community-wide forces determine a child’s economic prospects. These
feedbacks are not necessarily attitudinal. For example, if education is a public good,
then community rather than family income determines human capital formation. The
complex ways in which community-level forces determine individual income is reflected in
the contrast between the relatively transitory poverty of various immigrant groups
arriving in the early 20th century, versus the conclusions drawn about contemporary
inner-city poverty.

This paper attempts to understand persistent income inequality by constructing a
dynamic model of income distribution. Following Loury and Becker and Tomes, we

model intragenerational persistence through the impact of human capital formation on



earnings. Agents in our economy are poor because of lack of skills. This assumption
ensures that poverty persists throughout adulthood. To understand intertemporal
persistence, we focus on the role of community income in human capital formation.? We
extend the work of previous authors in two directions. First, we model education as a
local public good, allowing different communities to choose different levels of human
capital investment. As a result, average income in a community is a primary
determinant of human capital investment per child.> We also allow the distribution of
productivity shocks to be influenced by neighborhood composition. These factors allow
high and low incomes to be self-reinforcing within neighborhoods. Second, each family
chooses a neighborhood in which to live, subject to income requirements. The rich can
therefore choose to isclate themselves from the poor. Collectively, these features induce a
complex pattern of income dynamics which can lead to persistent income inequality.?

By modelling individual education levels and productivity as functions of
neighborhood behavior, we introduce a mechanism by which each family’s opportunity

set is affected by the choices of others. This idea has been the basis for much recent work

2Our emphasis on human capital as a fundamental determinant of economic
status is consistent with a large body of empirical evidence. Johnson and Stafford [1973},
Wachtel [1976], Card and Krueger [1990] all find that improvements in educational
quality, measured along different dimensions including per pupil expenditure,
significantly improve future earnings.

3See Kozol [1991] for a description of how the lack of adequate funding has
affected education quality in poor school districts throughout the US. Kozol documents
how per capita student expenditure differences on the order of 75% to 100% between
adjacent inner cily and suburban schools are not uncemmon, with the New York City
and Chicago areas representing two prominent examples.

Galor and Zeira [1989] show how if the poor cannot borrow at low enough
interest rates, then multiple long run equilibria can exist in family income. Qur model,
however, explains how initially identical families can diverge, leading to complex
dynamics as families move in and out of poverty and has very different predictions about
which variables determine whether a family becomes trapped in poverty. Schelling [1971]

derives complementary results to ours in the context of racial segregation by using
mechanical rules for neighborhood formation.



in economic theory and underlies a number of models of multiple equilibria (see Cooper
and John [1988] or Durlauf [1991] for examples in macroeconomics). One important
distinction between our model and previous work is that we do not rely on positive
feedbacks between agents to generate multiplicity in long run behavior. (Our model
exhibits negative feedbacks across some agents.) Instead, our analysis relies on the
feature of “endogenous stratification” of the economy — which we define as the tendency
in the economy for agents of similar characteristics to choose to interact with one
another. Endogenous stratification leads the rich to segregate themselves from the poor
in our model, which can produce distinct neighborhoods with different long run
characteristics.

Methodologically, we extend an approach developed in Durlauf {1991] which
requires us to compute an equilibrium stochastic process describing the evolution of each
family as the population endogenously sorts itself into neighborhoods. We exploit the
properties of the stochastic process to describe the long run dynamics of the economy.
When the long run behavior of families with identical initial conditions diverges, then the
economy exhibits permanent income inequality. In this case, the stochastic process
characterizing the aggregate economy is nonergodic.

Qur analysis also provides a way of understanding how agents evolve towards
different equilibria. The many papers in the coordination failure/multiple equilibrium
literature (see Cooper and John [1988] for an overview) have generally concentrated on
demonstrating the existence of multiple steady states in an economy, without explaining
how different equilibria actually come about. Further, this literature generally assumes
that all agents end up at the same equilibrium, Qur results indicate how endogenous
stratification models can allow distinct long run equilibria to emerge among groups of
agents as a consequence of the particular sample path realization of the economy.’

50ur model can exhibit multiple long run equilibria for individual families in the
sense that the long run average behavior of each family’s income depends on the sample

path realization of the economy. Some sample paths lead a family to persistent poverty
whereas others do not.



Two basic conclusions emerge from the analysis. First, we show that if
endogenous stratification and within-neighborhood feedback effects are strong enough,
arbitrarily persistent income inequality can occur between families with identical initial
conditions. Second, we show that neighborhoods where no one escapes poverty can
emerge and coexist with wealthy communities even in an economy experiencing economic
growth. These features hold due to the economic segregation of families through
neighborhood formation. OQur results indicate how community factors must be accounted
for in determining whether a family is trapped in poverty.

Section 2 of the paper describes the evolution of family income. Section 3
characterizes the equilibrium income distribution when all human capital investment is
private. Section 4 analyzes the aggregate equilibrium when human capital is an
economy-wide public good. Section 5 characterizes the behavior of the economy with
endogenous neighborhood formation and local public goods. Some sufficient conditions
are provided for persistent inequality to emerge in an economy. Section 6 considers a
variant of the model which addresses the issue of the breakup of urban centers and the
emergence of inner city poverty. Section 7 contains a summary and conclusions. A

Technical Appendix is available from the author which contains proofs for all theorems.

2. A model of evolving familics

We first outline a model of human capital formation and income determination

for a population of overlapping generations.

i. Population structure

The population censists of a finite collection of families, indexed by i. The

collection of all families is denoted as J; the total number of families is fixed at some



finite number I. Each generation within a family lives two periods. We shall refer to the
person born in family ¢ at {—1 as agent t,t—1; family 1,1 is composed of agent ¢, {—1
and his offspring. In the first period, the young receive education or human capital
investment which acts to affect their earnings potential when old. In the second period,
each old person works, has one child and makes a decision as to how much to consume
and how much human capital he would like to see invested in his offspring. Human
capital investment is a public good; its determination is discussed below.

Families are organized into distinct neighborhoods. We denote the physical
location of a neighborhood as d and the collection of families occupying location d at ¢ as
N, ¢ The number of neighborhoods is assumed to be at least as large as the number of
families; not all neighborhoods need to be occupied each period. Membership is exclusive;
family i,{ cannot belong to more than one neighborhood. Neighborhoods may vary
according to size, so we define #(R; ;) as the number of families in neighborhood d at ¢.

Taxes and human capital investment are determined at the neighborhood level.
ii. Preferences

Agent i,{— 1 maximizes the expected utility function

E(“(Ci,z) + o Yi,t+1) [ &) (1)

where C; , = consumption of f,{—1 when old, Y; ,,; =income of offspring 1, { when old
and §, denotes all information available at t  The functions u(-) and +{-) are

continuous and nonconvex with the restrictions

du(co) _ du(o0) _
dC;y  dY; 1

u(o0) = v{oo) = o0;

0. (2)

Finally, we assume that there is no disutility of work so that each agent applies his full



labor endowment L to the highest paying job for which he is qualified.
fii. Production technology

Aggregate output Y, is produced by a standard neoclassical production function
which takes as arguments different occupations L, ...Lg ;. The number of occupations
will in some contexts be assumed to equal infinity.® The aggregate production function is

linear in the labor types,

K
Y, =k§—:1kak't (3)

ensuring that labor type k has constant marginal product wy. All occupations are paid
their marginal product; the sequence )_’1 = wlf, }_"2 = wzz ,.-. defines the state space for
family 1, £’s income. We assume that }_/k+l - }—"k equals 1 for all i. We therefore denote
the joint state space for all family incomes as V!, the space of I-length vectors of positive
integers. Y, = {Yl,t’ "'YI,t} represents a realization in this state space. Poverty occurs
when a parent’s income is less than or equal to YP°Y, the income associated with the p’th
occupation. At time —1, all families arc assumed to have identical initial incomes above
the poverty line, ie. YV, =V, ;> YP°Y ¥ i, and to be located in equal size

neighborhoods.
iv. Education constraints on labor supply

Each agent is constrained in the type of labor he can supply by the amount of

human capital invested in him. H; , = human capital invested in agent i, ¢ during youth.

61t is perhaps more natural to assume that X is an increasing function of time
and becomes asymptotically infinite. In this case, technical change manifests itself as the
emergence of more and more productive occupations over time. Such an alternate
formulation would have no effect on our results.



The level of human capital invested in the young, places an upper bound on the set of
occupations which can be entered when old. Letting 8, , = r if occupation ris chosen by

agent f,{— 1, then
3 numbers ¢;...eg such that if e, <H; ,_y < ;4 then 8, , <mar(l,k+(; ). (4)

¢; ¢ is a human capital productivity shock. The support of ¢; , is uniformly bounded.

The maz operator accounts for the existence of a lowest paying occupation.
v. Relationship between human capital and productivity increases

We impose a non-increasing returns condition on the implied relationship

between human capital formation and productivity.

Y .1-Y

ﬁ_—?;"—l is nonincreasing tn m. (5)
However, we do assume that the marginal benefit of additional skill acquisition relative
to the cost of human capital formation does not become asymptotically negligible.
Specifically, we assume that there exists a ¢ > 0 such that

Ym+1 - Ym

it Cm >cV m. {6)

This technology allows the implicit producticn function cenverting human capital into

output to become asymptotically linear, as in Jones and Manuelli [1990].
vi. Budget constraint

Agent {,{ — | divides income between consumption C; , and taxes T ,.



Yie=Cio+ Ty (7)
vii. Human capital formation

The level of human capital is determined by the total taxes collected and number
of children in a neighborhood. Given the desired level of per capita human capital and
the number of families in a neighborhood, the function g(H'-,t,#(ﬂTd't)) determines the
required level of per capita neighborhood human capital expenditure. We assume that

necessary per capita expenditures increase in the desired level of education,

Bg(H,-’t,#(md,t))
BH'»_t >0 (8)

and that the function is not concave,

2
0%g(H; o #(Ry,)) >0 )
aH,.,,2 =

Finally, we assume that per capita expenditures is decreasing for a fixed human capital

level, which creates a possible incentive for large neighborhoods.

Og(H; o #(Ry,0))
EM, ) < 0 (10)

viti. Structure of taxes

All taxes are proportional to income. Tax rates T4 , are set at the neighborhoed

level each period.

T =7q, Y vherei€ Ry (11)

)

10



ix. Determination of tax rate

74.¢ €[0,1] is an equilibrium tax rate for families in R , if at least one half of
the members of neighborhood d prefer the rate to any given alternative. A
neighborhood’s tax rate is always chosen after income is determined for all its members.
Any nonuniqueness in equilibrium tax rates is resolved, without loss of generality, by
choosing the highest tax rate among the candidates for an equilibrium rate. We similarly
assume that if a family is indifferent between two neighborhoods which it is eligible to
join, it always chooses the one with the highest per capita investment in children.

This model will be complete once we determine the distribution of families by
neighborhood. We now consider the implications of different assumptions on

neighborhood structure for the dynamics of income inequality.

3. Equilibrium with family-specific feedback effects

In this section, we outline a model of private human capital formation. Our
model is essentially equivalent to Loury [1981]. The model explores the dynamics of
income when there are no cross family effects.
Assumption 1. Human capital formation is a private good
Each family is a member of a separate neighborhood.
Assumption 2. Distribution of productivity shocks is a function of family-specific eflects

A. The conditional probability of each productivity shock is family-specific,

11



Prob(C; 31 | B ) = Prob(¢; 4| Y, ) (12)

B. The innovation in each productivity shock is family-specific,

Ci 141~ E(Ci 141 | B} is independent of Coroepr ™ A (T | §,) (13)

Given these assumptions, it is straightforward to verify that there exist

equilibrium human capital and consumption sequences for each family in this economy.

Theorem 1. Existence and probability structure of equilibrium in economy with family-

specific feedback effects

A. For each family i, there ezists a sequence of consumpliion and human capital choices
such that each generation mazimizes ezpecled ulility subject io the aggregaie production

function.
B. Each family’s income obeys a conditional probability structure of the form

Prob(Y; , 1 | &) = Prob(Y; w41 | Y ). (14)

The behavior of relative income in this model will depend on the properties of the
Markov chain which characterizes the evolution of family income. In particular, the
following theorem illustrates how permanent inequality will emerge from identical initial

conditions only if there are income states from which a family can never escape.

Theorem 2. Conditions for presence of permancnt income inequality

"Throughout, Prob(z | y) denotes the conditional probability of z given y.

12



For the process characlerizing individual family income, if Y. communicates® with

?m+n for all myn >0, then either income inequalily 1s nol permanent, t.e.

Prob(Y; 44— Y 045 >0V s> 0 | Y=Y >0)=0 (15)
or for all r> 0,
The set {¥,,...Y } is transient.® (16)

The conditions of the theorem permit one family to always have greater income
than another, but only if both family incomes are becoming infinite with probability 1.
Permanent poverty will therefore be a feature of permanent inequality only if there are
low income absorbing states for the Markov process describing family income.
Intuitively, poverty requires that some families get stuck within a certain income range
which other families can avoid. The combination of poverty and inequality thus requires
that the stochastic process governing family income is nonergodic.

In this model, low income absorbing states naturally correspond to income levels
where liquidity constraints are binding. When agents are too poor, they cannot form
sufficient human capital in their offspring to allow them to attain high income
occupations. These absorbing states correspond to a stochastic generalization of the

multiple equilibria derived by Galor and Zeira {1989].

8When we say that element }_’m communicates with element )—’m, of the state
space for family income, we mean that there is positive probability that a family with
income Y attains Y, in the future.

9f a set of states is transient, then the stochastic process under analysis will.
with probability one, never re-enter these states after some finite length of time.

13



4. Equilibrium with economy-wide feedback eflccts

We next consider the evolution of the economy when all families occupy a
common neighborhood. The equilibrium in this economy corresponds to the public
education model studied by Glemm and Ravikumar [1990]. The key feature of this

model is that all children experience the same intertemporal feedback effects.
Assumptlion 3. Human capital formation is an economy-wide good
All families are members of the same neighborhood.
For all families 1, 1€ Ny ,.
Assumption 4. Distribution of productivity shocks is a function of economy-wide eflects

Prob{(¢; 1oy | 8y) = Prod(¢; ppq | F1AMp )10 (17)

The existence of an equilibrium in this economy is equivalent to the existence of
a sequence of equilibrium tax rates. As is well known, an equilibrium tax rate may not
exist due to nontransitive voting behavior. It is easy to establish that preferences are
single-peaked with respect to tax rates in this economy, which rules out nonexistence
problems. To see this, consider the choice of the tax rate which agent f,¢ — 1 would make
if he could dictate to the entire community. Our restrictions on the utility and
preduction functions jointly imply that individual utility must be monotonically
increasing over Tg,¢ values below an individual’s most preferred tax rate and decreasing

over 7 , values above that level. Therefore, there must exist at least one tax rate in

1°j'y(md‘t) denotes the empirical probability measure of income for families in
neighborhood !I]d,t.

14



each peried such that at least half of the population would be opposed to any change in
the rate, which means that there exists at least one equilibrium tax rate. By choosing
any procedure to resolve ties, the tax rates are determined. The existence of an
equilibrium sequence of tax rates is equivalent to the existence of an equilibrium

stochastic process for individual and aggregate income.

Theorem 3. Existcnce and probability structure of equilibrium with economy-wide

feedback effects

A. There ezxisis a joint stochastic process over income, consumplion and human capital

accumulalion for all families in all periods where lax rales are delermined by majority

voling.
B. Each family’s income obeys a conditional probability structure of the form

Prob(Y; o 11 | Fy) = Prob(Y; 1y | FA®g ), D1 (18)

This economy cannot generate any intertemporal income inequality, unlike the
economy in section 3. The difference follows immediately from the elimination of any
differences in the human capital formation and productivity shock probability
distributions across the young. The models in sections 3 and 4 thus represent polar cases
illustrating how forces in the economy which affect the degree of cross-section income
stratification can affect intertemporal income equality. Homogeneous neighborhoods
allow different income classes to evolve separately from one another. Heterogeneous

neighborhoods promote equality through the effects of the rich on the poor through both

111 appears in this conditional probability due to the effect of neighborhood size
on per capita expenditure requirements for each human capital level, as reflected in the
function g( -, - ) described in section 2.vir.

15



redistribution and role model effects. This difference illustrates how the public good
feature of education helps to offset the incompleteness of human capital markets, as
redistribution can counteract the liquidity constraints affecting the poor. The way in
which neighborhoods are endogenously determined therefore becomes a key feature in

understanding the dynamics of income distribution and the persistence of poverty.

5. Equilibrium with endogenous ncighborhood formation and local feedback effects

We now consider an economy where families organize themselves into
neighborhoods. The dynamics of this economy depend critically on the evolution of the
distribution of families by neighborhood. This evolution in turn depends on the
interaction of several factors. Decreasing per capita costs in the production of human
capital and mobility costs will promote income heterogeneity within neighborhoods. On
the other hand, the proportional tax assumption means that heterogeneity also ieads to
redistribution fromn rich to poor, creating incentives for the wealthy to form isolated
communities. The rich may also choose to isolate themselves from the poor in order to
induce a more favorable conditional probability distribution for their children’s
productivity shocks. Alternatively, concave preferences may lead a poor minority to
avoid taxes set by the rest of the economy. As suggested by the results in sections 3 and

4, inequality emerges in response to forces which act to promote the stratification of

communities by income.
i. Characterization of equilibrium

First, we assume that productivity shocks across individuals are determined by a

combination of neighborhood-specific and individual-specific effects.

16



Assumption 5. Productivity shocks are a combination of ncighborhood-specific and
family-gpecific effects

A. The conditional probability of each productivity shock is neighborhood-specific,

Prob(¢; 44115 ¢) = Prob((; 14y 1fy(md|t)) where i€ Ny . (19)

B. The conditional distribution of the productivily shocks ts monotonically shifted to the
right by a monotlonic shift to the right of the empirical distribution of tncome. If f; and
f, are two realizations ofj"}/(fnd‘t), then

a

If J'a_wfl(u)dw < I oofz(w)dw\f a, then

.[b_mPTOb(C;,L+1 | £)d¢ < Jb

Prob((; 41 1 f2)dC ¥ b (20)

C. The innovation in each productivily shock is a combination of a neighborhood-specific

componenl ¥g 444 and a family-specific component v, , .,

Cioew1 — ELCi i1 1T = Ya, 041+ Vi e41- (21)

Vd,t+1 and y; ;41 are identically distribuled over d and i and gre independent of each
other and all Yo 141 and Tt
Part A. of the assumption generalizes the probability structure of the previous models to
the case of multiple neighborhoods. Part B. says that higher incomes promote more
favorable productivity realizations in a neighborhood. This assumption is similar to the
human capital complementarities used by deBartolome {1991] and Bénabou [1991]. See

Streufert [1991] for a comprehensive analysis of how a neighborhood income distribution

17



can affect careet choices. Notice that if this feedback effect is due to the presence of
successful role models, then the addition of poor families to 2 wealthy neighborhood will
not necessarily have any adverse effect on the wealthy. Part C. introduces a factor
structure for the unpredictable component of productivity shocks.

Second, we define a set of rules for the formation of neighborhoods based on the
assumption that communities can erect income barriers to keep poorer families from
entering. This corresponds to the situation where house prices, possibly supported by
zoning requirements, represent the only barrier to neighborhood entry.'? Ideally, one
would like to show that by allowing neighborhoods to erect minimum income
requirements for membership, there exists a configuration of families inte different
neighborhoods defined by income classes such that no family wishes to move to a poorer
neighborhood. However, there does not necessarily exist an equilibrium with these

13

characteristics.”®> The problem is that there is no mechanism by which poor families can

avoid living with rich families that is analogous to house prices. In the absence of such a
barrier, the rich may move to a poor neighborhood, the poor then move out, the rich
then follow, creating an unending cycle. In order to ensure that an equilibrium exists, we
need to introduce some sort of cost which prevents rich families from chasing poor
families from neighborhood to neighborhood. @ We therefore assume that families
sequentially choose neighborhoods during a period but that once a family enters a
neighborhood, the cost of changing neighborhoods within a period is so high that the

family will not move again.!?

12The use of minimum income requirements rather than housing prices supported
by zoning restrictions to define neighborhood entry barriers greatly simplifies the analysis

without having any qualitative effect on the results. See Durlauf [1992] for further
discussion.

3Existence results derived in Westhoff [1977] require strong additional
restrictions on the joint distribution of utility functions and income far beyond those we
impose and are based on a much different specification of the economy. For example,
Westhoff assumes that a continuum of consumers are allocated among a finite number of
communities with no role for income barriers to exclude families.

18



Assumption 6. Rules for ncighborhood formation

A. At the beginning of time t all productivity shocks (; , are realized and income 1s
determined for each family. Each agent knows the empirical distribution of income

among children of families in md.t—l as well as #(Ny ,_;) for all neighborhoods d.

B. All families are ordered by income from high to low. The highest income family
moves first, choosing a neighborhood and erecting an income barrier which prevents
families below the barrier from enlering the neighborhood. The barrier can be set at any

level less than or equal to the family’s income.

C. Fach family then proceeds to enier a neighborhood in order of descending income.
Each fdmily either chooses a neighborhood from among those in which it meets the

income requirement or enlers an emply neighborhood.

D. A majorily of families who have entered any neighborhood during time { can change
the income requirement for joining the neighborhood at any point during the process of
neighborhood formation. The new barrier cannol ezclude any of the families thatl have

entered the neighborhood during time {.

E. If family i changes neighborhoods between f—1 and t, agent i,t —1 pays a fized
mobility cost M.

This sequential algorithm always produces an equilibrium neighborhood

configuration. The procedure further ensures that the upper tail of the income

MMetaphorically, entering a neighborhood requires one to invest a high
percentage of income into a house which cannot be resold except at a very large loss.
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distribution can always form a distinct neighborhood, permits all families to live in the
same neighborhood if unanimously agreed upon, and avoids forcing the poor to live with
the rich. The chief disadvantage of the procedure is that a different ordering of the
families will produce different configurations, although no ordering can ever force the rich
to live with the poor. Part E. introduces an intertemporal mobility cost {which may be
interpreted as a preference for one’s childhood neighborhood) which augments decreasing
per capita human capital costs as a source of neighborhood heterogeneity; none of our
results change when M = 0.

With this assumption, one can prove theorem 4.

Theorem 4. Existence and probability structure of equilibrium in cconomy with

endogenous neighborhood formation and local feedback effects

A. There exists a joinl slochaslic process over consumplion, neighborhood membership
and tazes for all families at all dates such that each agent i, 1 is mazimizing ezpecied
utility sudbject to the aggregale production function and consiraints on neighborhood

membership.
B. Each family’s income obeys ¢ conditional probability structure of the form

Prob( Yin | &) = Prob( Yien If}’(md,t)’#(md,!)}' (22)

This economy exhibits complex dynamics over time. Neighborhoods emerge and
disappear as families trade ofl incentives for heterogeneous neighborhoods versus
homogeneous neighborhoods to determine the level of economic stratification. Alternative
specifications of the functional forms and parameters of our model can produce extremely
different cross-section and intertemporal behavior across family incomes. We now

describe some sufficient conditions for the emergence of poverty, prosperity and persistent
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inequality in the economy by placing some restrictions on the behavior of families in and

out of poverty.
it. The emergence of persistent poverty

In order to understand how persistent poverty can emerge in this model, it is
necessary to bound the conditional probability characterizing the occupation choices of
children born in poor neighborhoods. This bound characterizes the degree of persistence

in poverty, once some set of families is isolated in the low income states,

Prob(Y; 443 < YrPoUvie Nyl
TRy ) such that ¥; , <YPUVieM, ,#(Ry ) = 1=« (23)

When ¢ is small, uniform neighborhood poverty is persistent. When ¢ = 0, the poverty is
permanent. In terms of the underlying stochastic process characterizing family income,
this means that low income levels do not communicate with high income levels.

The case where ¢ = 0 is the stochastic generalization of the poverty trap derived
by Bénabou [1991]), Galor and Zeira [1991] and others. In fact, any of the multiple
equilibrium models in Cooper and John [1988] can be interpreted as producing poverty
traps of the form (23). The endogenous neighborhoods model captures the main features
of the previous work on poverty traps through the feedback of community income to the

income of offspring.!®

We therefore follow other authors and take as given that poverty
is persistent in uniformly poor neighborhoods. The goal of our analysis is to see whether
poor stricken communities can emerge endogenously from nonpoor initial conditions.

The existence of low income trapping states does not, in fact, mean that any
families are actually trapped in poverty for substantial lengths of time. Forces which

promote heterogeneous neighborhoods can prevent any families from being isolated into

low income communities. Poverty emerges if (with positive probability) poor families
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become isclated from the rest of the economy, leaving them unable to accumulate human
capital. We therefore make an assumption which says that the maximum income among

families within a neighborhood can decrease over time, for some income range.
Assumption 7. Feasible range of income movemecnts

There ezists an income level YPTe2h yith Prob(n}arsY,- L < PHhresh for some 1) > 0 such
1e !
that for any neighborhood M, ,,

Prod( maz Y, < maz Y, ,|YP%< maz VY.,< T"“‘rc’h)> 0 (24)
(iemd’t 1,141 iemd’l 1,t temd‘t i, t

This assumption is much weaker than one which says that all families can
experience downward mobility every period regardless of income or neighborhood. All we
require is that the wealthiest family in each neighborhood can move downward over some

income range. For any choice of the utility and production functions there will always

15To see how ¢ =0 may be generated by our model, observe that (23) imposes
restrictions on both the level of human capital investment and the distribution of
productivity shocks in poor neighborhoods. First, human capital investment in poor
children cannot allow them to leave poverty, i.e. there exists a b (which may depend on
the neighborhood income distribution) such that

For all families i€ N, , such that Y, 1 SYPUVien, , H,, < €p b
Given the borrowing constraints in the model, which require that all educational
expenditures are financed by within-neighborhood taxes, this condition will hold, for

example, when the fixed costs to operating a school district are sufficiently high or the

the u(-) function is sufficiently concave at low consumption levels. Second, productivity
shocks must be bounded from above with probability 1,

Prob({; yyy SOV i€MN, | f1AN, ) such that ¥, , <FPUViem, J=1.

This condition will hold if the effect of uniform poverty on productivity shocks is strong
enough.
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exist specifications of the distribution of {; , which fulfill the assumption. Assumption 7

immediately implies theorem 5.
Theorem 5. Persistent poverty

Under assumplions 5, 6, and 7, for any femily 1, there exists a sel AIC?I with
Prob(Y, € A, for some t) > 0 such that

A. For sufficiently small ¢ in eq. (23), the probability that the family is trapped in povertly

over any finile interval S can be made arbitrarily close to 1. For any £ > 0,
Prob(Y; ,,,<YP"Vse(l,..,8]|Y,€4))>1-¢ (25)
B. For ¢ =0, family i becomes permanently trapped in poverty.
Prob(Y, ,,<YP'Vs>0|Y,€4)) =1 (26)

Theorem 5 does not preclude the peossibility that human capital per adult is
growing among all families early on. The key to our results is that as the wealthier
residents isolate themselves, human capital accumulation among others slows down and

can even reverse itself,

iti. The emergence of prosperity

We next consider how the economy can exhibit sample paths along which some
families always avoid poverty. One possibility is that there exists an income threshold

such that if neighborhood income exceeds this level, family income can never move down

across time. Such an assumption would require either that negative productivity shocks
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disappear among the nonpoor or that nonpoor families invest in children at such a rate
that negative shocks never cause downward mobility. The elimination of any negative
shocks would appear to be unnatural to the model even if poverty were a persistent state.
For example, the arguments made by Wilson {1987] in explaining the culture of poverty,
which imply that positive shocks among poor children are unlikely, do not imply that
wealthy children will always be as able as their parents, given a constant level of human
capital investment across generations. Further, the assumption that sufficiently wealthy
families will invest so much human capital in their children that downward mobility is
eliminated implies a very strong restriction on preferences. A more natural approach
may be based on the idea that nonpoor families partially insure their children against
negative shocks by choosing an increasing sequence of human capital investments over
time. In this case, the average income of a nonpoor family grows across time.

In fact, growth can allow permanent prosperity to occur even if all income states
communicate with all lower income states. In a growing economy, nonpoor families will,
on average, move away from the low income states. An upward drift in income
attenuates the probability of a family ever becoming poor by rendering the sequence of
shocks necessary to drive a family into poverty less and less likely. This idea is captured

in assumption 8.16
Assumption 8. Conditions for evolution of family occupations outside of poverty

All families located tn neighborhoods without poverty erperience positive expected growth

in occupation level. There erisls a v > 0 such that for all i €N, ,

E(Y; 41— Yis |fy(md't) such that Y; , > YPUVieMy ,#(RNy ) > v (27)

16See Jones and Manuelli [1990] for a general analysis of how growth can emerge
in models similar to ours.
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Assumption 8 is sufficient to prove that some families can escape poverty.
Theotem 6. Permancnt prosperity

Under assumptions 5, 6, 7, and 8, the probability that a family permanenily escapes
poverly is positive. For any family i, there ezists a set Ay C YT with Prob (Y, e A, for
some 1) > 0 such that

Prob(Y; ;,,>YP" ¥V s5>0|Y, €4,)>0
iv. The emergence of persistent inequality

Theorems 5 and 6 provide general conditions for income extremes to emerge over
the history of an economy. In order for inequality to emerge, it is necessary not only
that each family can achieve poverty or prosperity over a sample path realization of the
economy, but that different families can achieve distinct outcomes. Since families within
a neighborhood experience common intertemporal influences which eliminate expected
intertemporal income differences, persistent inequality requires that families segregate
themselves by income over time. Specifically, distinct neighborhoods must emerge over
time which are preserved under increasing income inequality. We therefore make a very
strong assumption on the dynamics of neighborhood formation. The assumption is

clearly sufficient rather than necessary, but illustrates an intuitive set of conditions.
Assumption 9. Endogcnous stratification

There exists a pair of values Phigh gnd Ylow, with Phigh > vlov, yhigh 5 ¥Pov gnd
)',‘rlow < ?thrcsh, such thatt?

175ee assumption 7 for the definition of ythresh
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A. With positive probability all families across all neighborkoods either have tncomes

Y, 2 Yhioh or incomes Yie < YU for some t.

B. Given any income configuralion such that all families either have incomes
Y‘-'t?_}_’h"gh or incomes Y; , < ¥low  no neighborhood will form which contains both a
family with income Y; , > Vhioh and a family with income Y, < plow,

This assumption ensures that with positive probability, the economy will stratify
itself into income groups which are preserved as inequality, as measured by the gap
between the groups, increases. Assumptions 7, 8, and 9 produce an economy that is
capable of experiencing large income disparities which are preserved across time. This

feature is summarized in theorem 7.
Theorem 7. Persistent income inequality

Under assumptions 5, 6, 7, 8, and 9, for any families i and j, there exists a set A3 C Y!
with Probd (Y, € A3 for some ) > 0 such that

A. For sufficiently small ¢ in eq. (23), tnequality belween the famtlies persists over any

finite time interval S with probability arbitrarily close to 1. For any £ > 0,
Prob(Y; 4, > yrov > Y145 VSE (1,...,5] Y, € A;) > 1-¢&. (28)

B. For ¢ =0, inequalily is permaneni with probability arbitrarily close to 1. For any

£>0,
Prob(Y; 44, >YPV2 Y, Vs>01Y,€43)>1-¢& (29)

26



We note seven features of the equilibrium with poverty. First, the equilibrium is
inefficient, in the sense that the marginal productivity of human capital investment is
not equal across agents. This holds both because the output increase associated with a
rise in the occupation of a poor agent is greater than that of a wealthy agent as well as
because wealthy agents do not account for the feedback effects on the distribution of
productivity shocks the rich can induce by letting poor agents into the community.

Second, forcing all families to live in the same community will not always lead to
an increase in per capita output, although it of course eliminates intertemporal
inequality. If the resources of society are scarce enough, the imposition of income
redistribution through equal education may prevent any families from achieving sustained
growth in income. Inequality might very well be a prerequisite to growth in the economy
as a whole. This is most likely to occur when there are relatively many poor agents.

Third, there also exist versions of these models where poverty is less likely to
occur in the single neighborhood economy than the endogenous neighborhood economy.
For example, if the empirical measure of productivity shocks across all agents is
symmetric with zero mean, then the single neighborhood economy can behave in a
fashion similar to an economy with no individual shocks. Such an economy can easily
exhibit growth. When endogenous neighborhood formation is allowed, then poorer
families can drift off to the low income absorbing states. Heterogeneous neighborhoods
thus can act as a sort of insurance against family income fluctuations. Endogenous
stratification can itself become a source of multiple long run equilibria emerging across
individual families in the economy. Notice that if we modify the model to allow for
negative correlations in productivity shocks across neighborhoods, these insurance effects
are particularly likely to be important.

Fourth, income transfers to the poor may be cost-ineffective as a means of raising
income in some communities. If the neighborhood-specific productivity effects are too

strong, greater human capital investment may have little impact on the income of the
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poor. Put differently, strong productivity effects may require very large human capital
expenditures to move communities out of poverty.

Fifth, the model can be modified to eliminate the feature that the income gap
between rich and poor must become unbounded. Specifically, the difference between
?k+1—?k can be decreasing in k. In this case, assumption 8 must be replaced by a

condition that for all nonpoor neighborhoods there exists a v such that
E0;, 141~ 0i,¢ | FARg () such that ¥, , > FPOV Vi Ny #(Ny ) > v, (30)

so that growth in occupational status is preserved for the nonpoor. This alternative
formulation still implies that the income distribution may be bimodal for a fixed
population size.

Sixth, by introducing population growth, one can produce equilibria exhibiting
persistent inequality without requiring that all families are concentrated at the two ends
of the income range. The disappearance of intermediate occupations which occurs in the
model as rich and poor families separate is an artifact of the assumption that the number
of families is fixed. If new families enter the economy over time, then intermediate
occupations and income levels will never disappear.

Seventh, the private human capital formation economy of section 3 is a special
case of the endogenous neighborhoods model. When mobility costs and the effects of
increased neighborhood size on required per capita expenditure for a fixed human capital
level are small enough, there is no incentive for any family to share a community with a
poorer family, which means each family must occupy a distinct neighborhood.
Consequently, the model in section 3 can emerge from a variant of the specification in
this section. The general endogenous neighborhoods model, however, gencrates far richer
dynamics than the private education special case. Unlike the private education model,
the general endogenous neighborhoods model predicts that the persistence of poverty will

differ according to whether a family is or is not located in a uniformly poor
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neighborhood. This distinction is emphasized by Wilson [1987] in the sociology literature
and is an implication of empirical work such as Datcher [1882] and Corcoran, Gordon,
Laren and Solon {1989]. In addition, the endogenous neighborhoods model can be used
to study phenomena such as the breakup of heterogeneous urban communities, which is

the subject of the next section.

6. Urban/suburban intcractions

In this section, we examine a variant of the endogenous neighborhoods model to
see how income inequality can emerge in the context of the breakup of urban
communities. Much of the literature on the underclass (see Wilson [1987]) has
emphasized that the underclass is composed of the residual members of large inner city
communities where the wealthier members have departed for suburbs. Further, a
number of authors have argued that the historical experience of many American cities is
well described as a discontinuous withdrawal of wealthy whites from urban centers in
response to changes in the economic and racial composition of neighborhoods, a
phenomenon known as tipping. {See Schelling [1971} for a discussion and references.)
These features can be modelled through the decision of families to leave a heterogeneous
neighborhood in favor of homogeneous communities, which we interpret as suburbs.

Our analysis builds directly on the model in Section 5; see Durlauf [1992] for a
more general version of urban/suburban dynamics. Assumption 10 introduces the urban
center which acts as the original neighborhood for all families. The urban center
augments the endogenous neighborhoods model as it is open to all families regardless of
income. Assumption 11 describes a fixed cost in the human capital production function,

which acts with the mobility cost M in Assumption 6 to help preserve the urban center.

Assumption 10. Propertics of urban center
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A. All families are members of neighborhood Ny, 4.

B. Neighborhoods are formed according {o the rules of assumption 6. However, no family

may be ezcluded from neighborhood Ny  through an income barrier.
Assumption 11. Fixed cost in human capital production function

Human capital production conlains a fized cost F,

o, 0 #(Ra,0)) = — + M0 #(Ra,0) (31)

d,t

where

O, o #(Ry 1))
M) 2 (32)

When redistribution from rich to poor in the urban center is large enough,
wealthy agents have an incentive to abandon the community and form their own
neighborhoods. If the tax base of the initially heterogeneous neighborhood deteriorates
sufficiently, the urban center can become a poverty trap. The emergence of this residual
poor neighborhood will depend on the sample path realization of the income distribution;
some realizations can cause discontinuous changes in the composition of R ,. Theorem 8
illustrates how endogenous stratification and the breaking up of the urban center are

functions of the realized income distribution.

Theorem 8. Properties of urban/suburban communitics model'®
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Suppose that all families i,t ~ 1 inhabit Ny , ;. Given assumptions 5, 6, 7, 8, 10, and
11, there exists a sel A, C ! such that

A. If Y, € Ay, then the urban center will break up at 1.
B. If Prob(Y, € Ay) >0, then theorems 5, 6, and 7 all hold.

Theorem 8 does not rely on the percentage of poor in a neighborhood to drive the
wealthy out as do most tipping models. However, whenever incomes differences are large
enough, changes in the percentage of poor will affect the preservation of the

neighborhood. See Durlauf [1992] for a general analysis.

7. Summary and conclusions

This paper describes the evolution of the distribution of income and the possible
emergence of poverty in an economy where families determine the level of education as a
local public good. In our model, wealthy families have an incentive to isolate themselves
from the rest of the economy in order to provide the highest level of education of their
children at the lowest cost. Decreasing average costs in human capital formation function
and mobility costs, on the other hand, create incentives for communities to emerge with
heterogeneity in income across agents. When the forces leading to homogeneity are
strong enough, endogenous stratification of the economy can occur, causing poor families
to be isolated from the rest of the population. This isolation can induce persistent or
permanent poverty among some families as they are unable to jointly generate sufficient

human capital investment in their children to escape from low paying occupations. The

18We relax assumption 9 in order to show how endogenous stratification arises
directly from the production and preference structure that has been specified.
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model exhibits nonergodic dynamics as different sample path realizations of the same
microeconomic structure can produce different levels of aggregate wealth. Nonergodicity
holds at an individual level as families with identical initial conditions and preferences
can converge to different long run levels of income.

Methodologically, the paper illustrates how endogenous stratification can lead
identically specified agents to converge to different equilibria within the same economy.
The idea that high production agents are more likely to interact with other successful
agents is powerful as it represents a mechanism for understanding how multiple long run
equilibria can emerge as the cutcome of a dynamic process. Endogenous stratification
models thus can allow the incomplete markets/coordination failure literature to address
cross-section/time series questions.

In terms of future research, endogenocus stratification can lead to persistent
income inequality through a number of other mechanisms. One possibility is to explore
the role of successful firms in income distribution. In a world of increasing returns
technologies, if high output firms are more likely to trade with other high output firms,
then multiple trading networks will develop. Average output can vary across the
networks. In this case, the multiple equilibria described in Murphy, Shleifer and Vishny
[1989] can coexist across firms and industries within the same economy.

In addition, there are a number of interesting extensions of the current paper.
One important issue centers on how a society should structure income redistribution in
order to maximize expected utility over time.!® One can think of redistribution schemes
which act to corhplet.e the missing markets whose effects manifest themselves through
rising inequality. Second, if the productivity of each occupation is an increasing function
of the education level of the society, then redistribution incentives will exist for the rich
as the economy evolves. Both of these channels would provide a means of developing a

positive theory of income redistribution by the government.

19gee Cooper [1992] for the development of a positive theory of redistribution.
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