SORTING AND LONG-RUN INEQUALITY*

RAQUEL FERNANDEZ AND RICHARD ROGERSON

Many social commentators have raised concerns over the possibility that
increased sorting in society may lead to greater inequality. To investigate this, we
construct a dynamic model of intergenerational education acquisition, fertility,
and marital sorting and parameterize the steady state to match several basic
empirical findings. We find that increased sorting will significantly increase
income inequality. Four factors are important to our findings: a negative correla-
tion between fertility and education, a decreasing marginal effect of parental
education on children’s years of education, wages that are sensitive to the relative
supply of skilled workers, and borrowing constraints that affect educational
attainment for some low-income households.

I. INTRODUCTION

Many social commentators claim that American society is
becoming more stratified, in the sense that individuals are tend-
ing to interact more with others who are similar to themselves,
and less with others who are different. These interactions can
include with whom one works, with whom one forms a household,
with whom one goes to school, and whom one has as neighbors.
Income, aptitude, skills, education, tastes, race, and ethnicity are
all dimensions along which this sorting may occur.*

It has been argued in many contexts that patterns of social
and economic interactions may have important effects on society.
Increased sorting, for example, may affect the degree and popu-
larity of redistribution, the extent and geographic dispersion of
crime or disease, the formation of social capital or trust, or the

* We thank Alberto Alesina and two anonymous referees for helpful sugges-
tions. We also thank Michael Kremer, Nezih Guner, John Knowles, Victor Rios-
Rull, and seminar participants at numerous conferences and universities. We
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1. Whether stratification or what we will generally call “sorting” has actually
increased is a separate question and one that we will not investigate here. Kremer
and Maskin [1996] present some evidence in support of the argument that sorting
by skill level in the workplace has increased. Evidence on marital/household
sorting appears mixed. Based on years of schooling, the evidence leads to the
conclusion that sorting has not increased; however, the decreased probability that
certain educational barriers will be crossed (e.g., high school graduate married to
college graduate), suggests greater sorting [Mare 1991]. Sorting at the neighbor-
hood level by income (and controlling for racial and ethnic group) appears to have
increased across all groups in U. S. metropolitan areas, but particularly for Blacks
and Hispanics [Jargowsky 1996], whereas anecdotal evidence of increased track-
ing in schools and the proliferation of magnet schools suggests that sorting in
schools may be increasing.
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costs and benefits associated with peer effects in the classroom.
Furthermore, some observers, (e.g., Wilson [1987] and Reich
[1991]) have argued that over time increases in sorting may have
significant consequences for the degree of inequality in society.

Will increased sorting increase inequality? What are the
mechanisms by which this happens? How significant are these
channels quantitatively? These are important questions that to
date have received relatively little theoretical or empirical analy-
sis. The objective of this paper is to provide some answers to these
questions in the area of marital or household sorting.? In partic-
ular, we wish to examine the consequences of increased house-
hold sorting on inequality in income and educational attainment.

We develop a simple model of intergenerational education
acquisition and marital sorting that allows us to highlight the key
interactions between parental income, fertility, and education.
Individuals are assumed to be either skilled (college educated) or
ungkilled (high school educated). They meet, match, and have
children. Unable to borrow against future human capital, fami-
lies decide how many of their children to send to college based on
their family income, their children’s abilities, and the expected
wage differential for skilled relative to unskilled labor. The dis-
tribution of education determines wages and the distribution of
income.

We solve for the steady states of the dynamic model. A steady
state is a constant ratio of skilled to unskilled workers (and thus
constant wages and inequality). Different initial conditions may
lead to different steady states as the former determines the
number of individuals who are borrowing constrained. We par-
ameterize the model to match several basic empirical findings
and use it to examine the quantitative consequences of a change
in the degree of sorting.

The degree of sorting in this model is captured by the fraction
of the population that gets perfectly (as opposed to randomly)
matched with a partner. An increase in the degree of sorting can,
in theory, either increase or decrease the skilled fraction of the
population, depending on a number of factors that we discuss in
our analysis. In our calibrated model we find that if marital
sorting increases, then a smaller fraction of children will become
skilled. This drives down wages for unskilled workers and in-

2. Throughout we use the term marriage to mean household matching inde-
pendently of whether the couple is officially married.
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creases those of skilled workers and also increases the degree of
wage inequality. If, as a result of lower wages, borrowing con-
straints become tighter for low-income families, the effect on
wage inequality is further magnified. Our main finding (robust to
a number of alternative specifications) is that increased sorting
can significantly increase income inequality.

There is a relatively small literature in the area of sorting
and distribution.® The work most directly related to ours is Kre-
mer’s [1997] recent and provocative paper that argues that even
very large increases in sorting—whether marital or residential —
are likely to have negligible effects on the distribution of income
and education. As will be made clear in Section VI which con-
trasts our findings with that of Kremer’s, we find three factors (all
absent in Kremer’s analysis and, we argue, present in the data),
to be central to our results. In particular, a negative correlation
between fertility and education, a decreasing marginal effect of
parental education on children’s years of education, and a process
of wage determination that is sensitive to the relative supply of
skilled to unskilled workers all contribute to our qualitative and
quantitative conclusions.

In addition to the paper by Kremer, our work is related to
several others in the literature. Benabou [1993], Caucutt [1997],
Cooper [1998], Durlauf [1995], Epple and Romano [1996], and
Fernandez and Rogerson [1996, 1997] examine the effects of
neighborhood and school sorting generated either endogenously
by education policies or exogenously via increased neighborhood
stratification. Alesina and La Ferrara [2000] examine the effect of
sorting on social capital. Banerjee and Newman [1993], Benabou
[1996], Fernandez and Rogerson [1998], Galor and Zeira [1993],
Loury [1981], and Ljungqvist [1993] examine the effects of the
existence of borrowing constraints on the dynamic evolution of
the economy and income inequality. The effects of endogenous
fertility on income distribution (and vice versa) have recently
been the subject of analysis of Dahan and Tsiddon [1998], Fer-
nandez, Guner, and Knowles [2001], Greenwood, Guner, and
Knowles [1999], and Kremer and Chen [1999] among others.

The outline of the paper follows. In the next section we
describe the model and its steady states. In Section III we analyze
the effects of changes in sorting. In Section IV we use data to
parameterize the model, and in Section V we use our parameter-

3. See Fernandez [2001a] for a review of this literature.



1308 QUARTERLY JOURNAL OF ECONOMICS

ized model to assess the effects of a large increase in sorting.
Section VI reviews Kremer’s analysis and contrasts it with our
own. Section VII examines the robustness of our results to alter-
native parameterizations, and Section VIII concludes.

II. THE MODEL

To examine the effects of marital sorting on the process of
intergenerational education transmission and income inequality
requires a dynamic model that incorporates marriage, fertility,
education, and the determination of income. The interaction of
these factors easily yields a nontractable model (see Greenwood,
Guner, and Knowles [1999] for a computational approach to this
problem) so, wherever possible, we choose to model these deci-
sions in as simple a way as possible, keeping many elements
exogenous (in particular, fertility and marriage decisions) in or-
der to highlight the interactions that are central to our analysis.*

The story our model tells is a simple one. In each period the
adult population is characterized by a distribution of education or
skill levels. We assume that individuals are either skilled or
unsgkilled and that a competitive labor market determines the
relative wages of these workers. These individuals meet and
match with their household partner via an exogenous matching
process that exhibits positive assortative matching. Couples have
children and, based on the number of children, their aptitudes,
family income, and expected wages, they decide the education
levels of their children. This generates the next generation’s
distribution of education (skill levels). A more formal description
follows.

A. Marriages
Consider a population at time ¢ whose number is given by N,

and some division of that population into skilled workers, N,
and unskilled workers, N,,, where

D N;=Ngu+ N.

For our purposes, skill levels will be synonymous with an educa-
tional attainment. All college-educated workers are skilled (s); all
others are unskilled (u).®

4. As we argue in the conclusion, we believe that most plausible ways of
endogenizing fertility and marital decisions will reinforce our conclusions.
5. Our model abstracts from any possible differences between women and
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Each individual is matched with another, resulting in a
“marriage” according to the following mechanical process. In or-
der to capture the degree of sorting in the economy, we allow some
fraction of marriages, say 0, to be perfectly matched; i.e., a skilled
worker matches with another skilled worker or an unskilled
worker matches with another unskilled worker. The remaining
fraction of the population is matched in a random fashion result-
ing in homogamous and nonhomogamous households. Thus, mar-
riages will belong to one of three categories: skilled matches with
skilled (denoted by A for high type), skilled matches with un-
skilled (denoted by m for mixed or middle type), and unskilled
matches with unskilled (denoted by [/ for low type). These catego-
ries will also correspond to the relative position of couples in the
income distribution.

Given the degree of assortative matching 6 and the distribu-
tion of the population at time ¢ into skilled and unskilled, the
fraction of all matches at time # that are high type, A;,, is given
by

(2 M = B0 + (1 — 0)B],
where B is the fraction of skilled workers in the population; i.e.,
3) B, = N /N..

To see why, note that a person is skilled with probability f3,.
Conditional on being skilled, with probability 6 she will be
matched for sure with another skilled individual; and with prob-
ability (1 — 0) she will be randomly matched, in which case there
is probability B, of being matched with another skilled agent.
Similarly, the fraction of all matches at time ¢ that are middle
type is given by

4) M = 2(1 = 0)B(1 — By);
whereas the fraction that are low type is given by
(5) My =01 =By +(1—0)1~ B~

Of course, Ay, + A, + Afp = 1.

men such as preferences, earnings, or differences in how families educate girls
and boys.
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B. Fertility

Fertility probably depends on parental education, income,
culture, and technology among other things. We simplify matters
by assuming that the probability distribution over fertility is
determined entirely by the educational backgrounds of the par-
ents. Thus, the probability of a family having a certain number of
children, n, is a function only of marriage type and can be denoted
by ¢,,;, where n = {0,1,2, .. ., n} andj = h,m, or [. We denote
the average fertility for families of type j by f; = Z;,—0 n¢,,;.

A child can be of two “aptitude” types which we denote by
either high or low, the significance of which will be made clear
shortly. The probability that a given child is of high aptitude,
Y;J = h,m,l is allowed to differ across family types but not across
families within the same category.® Realizations are independent
across children. The probability, therefore, that a family with a
total number of children n has a < n children of high aptitude is

i = )t Z , where Z is the binomial coefficient (equal to

the number of combinations of n things taken a at a time).”

C. Education

A family’s decision to send a child on to college is determined by
the child’s aptitude, family income, and expected wages. If a child
with high aptitude obtains a college education, we assume she
receives one unit of skilled human capital, whereas a low-aptitude
child who goes on to college is assumed to obtain zero units of skilled
human capital.® The quantity of unskilled human capital that a
child obtains is assumed to be independent of her aptitude level; i.e.,
all individuals who obtain only a high school education have the
same level of human capital. The aptitude (and education) of a child
is assumed to be perfectly observable to all.

6. In this sense perhaps the term aptitude is a misnomer since, strictly
speaking it is not genetically determined (otherwise we would have to keep track
of whether a couple included 0,1, or 2 high-aptitude individuals). It is best thought
of as a high or a low ability to obtain marketable skills from college. This ability
is assumed to depend on parental education and hence differs across family types.

7. Our specification assumes that children’s aptitude depends only on aver-
age parental education, and not on how this is distributed across the mother and
the father. In developing countries there is some evidence to suggest that the
mother’s education is more important. However, in the United States, our as-
sumption is consistent with the findings reported in Kremer [1997]. He found no
evidence for differential effects between mother’s and father’s education.

8. We could easily assume that a low-aptitude child ends up with ¢ < 1 units
of skilled human capital. This would multiply the number of potential steady
states we have to examine but not add any new factor of interest to our analysis.
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We assume that the cost of sending a child to high school is
zero; whereas a positive (constant) cost v must be incurred before
obtaining a higher education. To render the decision of whether to
send a child to college as simple as possible, we assume that,
subject to obtaining a minimum per family member consumption
level of ¢, a family would always desire to send a high-aptitude
child to college if the net return from doing so, w; — v, exceeded
the return from high school, w,,. More formally, if a family with n
children of which a are of high aptitude sends r < a of them on
to college, and has per capita consumption equal to ¢, we assume
they receive utility,

(c—r¢) forc<c
n—r

© U= r +(
2+n T 91y

(c—c)+ )wu, otherwise,
where w, and w,, are next period’s wages for skilled and unskilled
workers, respectively.®

We assume a constant returns to scale aggregate production
function given by

ARENE

>0, <0.

Assuming a competitive labor market, it follows that wages are
determined only by the value of B:

8 wyB)= 1~ B B) and w,P)=£B)—BA—-Pf'B),

where the assumptions in (7) imply that skilled wages are de-
creasing in the ratio of skilled to unskilled workers and the
opposite for unskilled wages. Note that no family would want to
send their child to college if the fraction of skilled workers exceeds
B, where P is defined by

9) w(B)=w,P) +v.

We assume henceforth that B is strictly positive. Note, further-
more, that B would be the fraction of the population that would

9. We use this linear utility function for simplicity only; we could specify a
concave utility function. It would be equally simple to incorporate discounting of
children’s future income or differential weights on family members’ consumptions.
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attend college if there were no borrowing constraints and, in
aggregate, the fraction of high-aptitude children exceeded .

D. Budget Constraints

The utility maximization problem of a family of type j with n
children, a of whom are high aptitude is given by the maximization
of U as specified in (6) subject to a budget constraint. Note that in
the absence of any impediments to borrowing against future income,
all high-aptitude children would attend college as long as B < B in
the subsequent period. With borrowing constraints, however, house-
hold income is an important determinant of the number of children
that a family can afford to send to college.

In what follows, we assume that families are unable to access
credit or insurance markets.'® For interpretational purposes, how-
ever, we think that it is important to note that these borrowing
constraints need not be thought of as constraining directly the ca-
pacity of a family to send a child to college (which is debatable as
some colleges are close to free).!! Instead, in a richer model the
inability to borrow against a child’s future income could serve to
constrain a family’s residential choice and consequently the quality
of the high school their children can attend.'? This would then affect
both the amount of human capital obtained from high school atten-
dance and the probability that the child attends college.

Thus, the utility maximization problem of equation (6) is
subject to a household-income budget constraint:

(10) (2+n)e+rv=I(P)

0=r=aq,

10. It is, of course, not necessary to shut down capital markets altogether in
order to obtain the result we desire—that the maximum number of children a
family can afford to send to college is a function of family income. It is simple to
write down microfoundations (e.g., moral hazard or imperfect enforcement tech-
nology) for this or less extreme assumptions (see, for example, Ljungqvist [1993],
Banerjee and Newman [1993], or Galor and Zeira [1993]). Note also that families
would want to pool risk since the number of high-aptitude children each has is
stochastic.

11. Although, of course, there are subsistence costs to be met, etc. Indeed
Behrman, Pollak, and Taubman [1989] argue that unequal access to financing for
college can help explain differences in educational attainment.

12. For a model that examines the consequences of local provision of educa-
tion in which the cost of housing in a wealthy community prevents lower-income
individuals from accessing high-quality primary and secondary education, see
Fernandez and Rogerson [1998].
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where

2w,(B) forj=nh
(11) L(B) =jw.P) +t w,PB) forj=m
2w,(B) forj = 1.

Note that a higher fraction of skilled workers implies lower
wages for skilled workers and higher ones for unskilled work-
ers. Hence, an increase in B implies tighter budget constraints
for high-type families and looser ones for low-type families.
Whether the budget constraint for middle-type families is
loosened or tightened depends on whether the increase in
the wage of unskilled workers is greater than the accompany-
ing decrease in skilled wages; i.e., on whether N, — N, is
positive.

E. Steady States

It is straightforward to show that if B, is the fraction of
the population that is skilled in period ¢, then next period’s
value of B is uniquely determined. The dynamic evolution of
this economy will of course depend on the fertility of each
family type, the fraction of children of each type that are of
high aptitude, wages, minimum required consumption, and the
cost of college.

Although the economy will follow a unique path starting
from any initial condition, in general this economy may have
multiple steady states. To see why this is the case, note that
the fraction of skilled workers in the economy determines the
income level for each marriage type, which in turn determines
who can afford to attend college. A higher fraction of skilled
workers implies a higher wage for unskilled workers and a
lower one for skilled workers. This tightens constraints for
high-type families, loosens constraints for low-type families,
and loosens (tightens) them for middle-type families if f >(<)
0.5. Thus, a low initial proportion of skilled workers can be
reinforcing if as a consequence of low unskilled wages a large
fraction of families find themselves constrained. Similarly, a
high initial proportion of skilled workers can be reinforcing if
as a consequence of high unskilled wages a small fraction of
families find themselves constrained. This positive feedback
effect can give rise to multiple steady states.

Suppose that in equilibrium a family of type j can afford to
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send z,,; of their n children of college (and finds it desirable to do
S0). To solve for the fraction of children that type j families will
send to college in aggregate, I (z)), z; = (24, . . . , 25;) requires
finding the distribution of high-aptitude children over type j
families and evaluating which of these are constrained. In par-
ticular, we have

(12) Tyz)

-1 i ¢nj[§: (Z)“/f(l — YY" e+ i (Z)Y;(l B Yj)naznj]'

a=0 a=zpj+1

Recall that f; is average fertility, ¢,,; is the probability of having
n children, and v, is the probability that a child is of high apti-
tude, in each case for a match of type j. Hence, the first summa-
tion term within the square brackets is the number of children
that attend college from unconstrained families of type j with n
children (i.e., those whose number of high-aptitude kids is fewer
than z,,;) and the second summation is over the number of chil-
dren that attend college from constrained families of type j with
n children.'®

The steady states of the economy are the fixed points of the
dynamic system below:

N1 _ erj(zj(Bt)) f})\'jt(Bt;e) .
N, ij})\«jt(Bt;e) ’

ie., a p such that B,,, = B, = P.

Note that each z; must be consistent with the equilibrium
family budget constralnt (i.e., Vn subject to d) > 0,VYj, (2 + n)E
+z,0 =1 (B) and either (2 + n)c + (z,, 1)v > I(B) or 2,,;

n) and of course, parents must wish to send their chlldren to
college; i.e. B = B We will restrict our attention to locally stable
steady states, and thus impose OB, /0P, |B1=B < 1 as an additional

constraint.

(13) Brr1(0) =

ITI. CHANGES IN SORTING
How will a change in the degree of sorting (i.e., in the level of

0) affect the steady-state level of B? In answering this question, it

13. If a family of type j with n children is not constrained, we simply indicate
this by z,,, = n.
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is useful to distinguish two cases: one in which the change in
sorting does not affect the maximum number of children any
family type can afford to send to college, and the other in which it
does. In the first case what we will call the “bindingness” of
borrowing constraints is not affected; in the second case it is.'*

Assume initially that the bindingness of constraints is not
affected (i.e., assuming that the z;’s do not change and hence that
the I'/’s are constant). Using the implicit function rule on (13)
yields

dp _ LfenB;0)00)T; — B
db L fB:0) + X, OBBIB ~ Ty
Taking the derivatives of the A/s (given by (2), (4), and (5)),

evaluating at B = P, and substituting into the expression above
yields

(14)

df _BA =BT — B —2fuln =P + £l = P
do D
_BA = BUALL = 2fuln + AT = B(fi = 2f + )]
D b

15)

where D = X; fjkj(B;G) +Z; ,g.(axj(B;e)/aB)(B —I'). It is easy to
show that local stability requires that

£ (B30 )BT, — B)
ij})\'j(B ;9)

implying that D is positive.

Note that one way to think about what an increase in sorting
does is that for every two middle-type marriages it destroys, it
creates one high- and one low-type marriage. With this in mind,
note that an interpretation of (15) is that increased sorting in-
creases the steady-state fraction of the population that attends
college if the result of substituting two middle types by one high
and one low type on net increases the number of children who
attend college by more than what would result from that same

(16) <1

14. In a model with a continuous income distribution, there would always be
a change in the bindingness of borrowing constraints for some families (as long as
some of them were constrained in the initial equilibrium). Thus, this second
channel would always be present. In our discrete model, whether constraints
become more binding depends on the cost of college relative to family income.
Thus, small changes in sorting may not affect the extent to which families are
constrained.
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substitution and all three types sending a fraction P of their
children to college.

It is easy to evaluate (14) or (15) in a few special instances.
Consider first the case where the I' ;8 are constant across family
types; i.e., [ ; = I'Vj. Then, by (13), B = I, and a change in the
degree of sorting has no effect on the fraction of the population
that attends college and hence on wages and on the personal
income distribution (e.g., if all family types send 10 percent of
their children to college, the steady-state fraction of the popula-
tion that attends college is 10 percent, irrespective of the degree
of sorting).”

Next consider the case where the I'/’s are not identical but
where average fertility is constant across family types;i.e., f; = f.
In such case the sign of (14) is given by the sign of [, + I'; — 2I,,,.
The intuition behind this is simple given the earlier observation:
since average fertility is the same across family types, the effect
of increased sorting depends on whether the fraction of children
sent to college on average by two middle-type marriages (21}, is
smaller than the combined fraction of children that go to college
on average in one high- and one low-type family (I';, + [';)). Thus,
if the relationship between parents’ education and children’s edu-
cation is linear, changes in sorting will have no effect on B; if it is
concave, increased sorting will decrease B3, and the reverse if the
relationship is convex. More generally, what matters is whether
the production of skilled children as a function of two variables
(mother’s and father’s years of education) has a positive or nega-
tive cross partial in these variables.

Another case for which it is relatively easy to derive an
expressionisifl;, + ['; — 2, = 0 and f, + f; — 2f,, = 0. In this
case, after manipulating (15), it is easy to see that the sign of the
effect of an increase in 0 is given by the sign of (I'y, — I'))(f, — f2).
This is an interesting case since it implies that if both fertility and
the probability of attending college are linear in parents’ average
years of education, the effect of increased sorting is to decrease
the fraction of the population that attends college if children of
high-type parents have a greater probability of attending college
and if the fertility of low-type parents is greater than that of high
types. This points out that although every individual relationship
can be linear, what matters is a nonlinear combination of the two
relationships, which can give rise to nonlinearities.

15. The household income distribution, though, will be affected.
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Last, it is useful to note from (15) that a sufficient condition
for increased sorting to impact negatively on P is for f,I, —
2f L, + ;=< 0and f5, + f; — 2f,, = 0 (with at least one
inequality strict). The first expression captures whether the num-
ber of children that on average attend college is increased or
decreased by substituting two m couples by an 2 and an /. Thus,
it indicates by how much the population that attends college
would increase given this substitution. The second expression
captures the amount by which the population as a whole is
increased or decreased by substituting two m couples by an & and
an [. Obviously, a decrease in the population attending college
will, ceteris paribus, serve to reduce B, as will an increase in the
overall population (since it dilutes further the gain/loss of the first
term). As we shall see farther on, our parameterization implies
that both inequalities hold strictly and hence that increases in
sorting decrease the fraction of the population that goes to
college.

As mentioned previously, the degree of sorting can also affect
the steady-state level of B via its effect on the tightness of bor-
rowing constraints. To see this, suppose that keeping all z;’s
constant as before, an increase in 0 decreases . This smaller
proportion of skllled workers is associated with lower unskilled
wages and higher skilled wages. The change in wages will in-
crease family income for high types and decrease it for low types,
and thus may lead to less binding constraints for the first group
and tighter ones for the second. If this should happen, the original
equilibrium values of the z’s and hence of the I /s would no longer
be feasible and B would change as a result. That is, a change in
the degree of sorting can affect the feasibility (in steady-state
equilibrium) of different values of z;’s.

IV. PARAMETERIZING THE MODEL

In this section we parameterize our model. We choose parame-
ters so that the cross-section data generated in a steady state of the
model are consistent with cross-section relationships in actual
U. S. data. This ensures that the reduced-form relationships
implied by this steady state of the model are “reasonable.”

Many of our relationships will be based on a sample of indi-
viduals from the PSID. We construct a sample that matches
parents and children by selecting all individuals over 25 in the
1993 PSID whose parents were in the PSID in 1968, and for
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whom we have data on educational attainment. The resulting
sample size is 645 parental units and 1385 children. We split this
sample into skill categories by counting all individuals with high
school or below as unskilled, and all individuals with some college
or above as skilled.

Recall that in the model there are three types of marriages—
high, middle, and low—which differ in both the average education
and the average income of the couple. Each type of marriage j is
further characterized by two statistics: ¢,,;, the fraction of fami-
lies of that type that have n children, and y;, the fraction of
children (on average) from that marriage type that have the
aptitude to benefit from skill acquisition. These two profiles are
central to our analysis, so much of our discussion will focus on
them.

It is empirically well established that fertility rates are nega-
tively correlated with both income and education. To calibrate our
fertility profiles, we use the fertility rates for the parent portion of
our PSID sample. We use the parents since the children do not
have completed fertility profiles. For our sample the average
number of children from high-, middle-, and low-type families is
equal to 1.84, 1.90, and 2.26, respectively. In each case we assume
that families of a given type have realized fertility corresponding
to the two integers that bracket the actual fertility rate, with the
probability of obtaining a given integer specified so as to match
the average fertility rate for that family type. This gives ¢, =
16, ¢op = .84, ¢4, = .10, b5, = .90, do; = .74, b5, = .26, and
all other ¢,’s are equal to 0.6

There is also information on the relationship between wom-
en’s education and fertility.'” Although these data do not provide
information about fertility and family education, and hence are
not directly relevant to our calibration, it is still instructive to
observe the magnitudes of fertility differences they indicate.'®
For the period from 1960 on, Mare [1997] finds that the gross
reproductive rate for white women with high school education or
less varies between 1.18 and 1.35 times larger than the gross

16. We could choose the ¢,,’s to match the distributions of fertility within
each marriage type, but since this does not affect the results, we have chosen the
simpler procedure.

17. Mare [1997], for example, tracks this relationship over the period 1920—
1990 for both blacks and whites.

18. Average fertility rates have varied considerably over this time period. In
our model, proportional shifts in fertility are not important, so we focus on relative
fertility rates.
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TABLE 1
APTITUDE PROFILES UNDER VARIOUS SCENARIOS z,,,,, = N, Z,,, = I
2 =N 2y = 2 29 = 2,23 =1 z2, =1
Yn .81 .81 .81 .81
Y .63 .63 .63 .63
Yz .30 .303 .334 401

reproductive rate for white women who have at least some col-
lege. For black women the corresponding range is between 1.41
and 1.61. Our data from the PSID suggest differences between
high- and low-type marriages that are roughly in accordance with
the range that Mare found for white women. We will investigate
the importance of different fertility profiles in our sensitivity
analysis.'®

Next we consider the choice of the y;/s. We have no direct
measure of the fraction of children from marriages of different
types that have an aptitude for skill acquisition. From our PSID
sample, however, we have data on the relationship between the
educational attainments of parents and their children. We find
that the fraction of children from high-type families that acquire
education beyond high school is .81, whereas the values for mid-
dle- and low-type families are .63 and .30, respectively. In the
steady state of our model, we require that the I'/s match these
values.

As is evident from equation (12), I'; is a function of v; and z;.
Thus, the probability that a child from a particular marriage type
is of high aptitude (i.e., the y,) can be deduced from the value of
I'; in conjunction with an assumption about the maximum num-
ber of children that the distribution of families of each family type
can afford to send to college (i.e., the z,,;) in the steady state. Table
I illustrates this mapping by showing the values of the y,’s im-
plied by various assumptions regarding the tightness of borrow-
ing constraints subject to the requirement that each (y,,z;) pair
yield the aggregate I'; found in the data.

19. One factor in favor of considering relatively larger fertility differences is
that our model does not allow for the fact that lower income families have their
first child some five years before richer families. This would increase the relative
size of the poorer group in steady state by more than what would be predicted
based solely on differences in the number of children. See Knowles [1999] for
details.
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The first column of Table I corresponds to a case in which no
one is constrained—all high-aptitude children become skilled. In
this case the values of I ;s and v,’s must coincide. In the remain-
ing columns we consider various scenarios under which low-type
families face some credit constraints but the middle- and high-
type families do not. The second column assumes that all low-type
families can afford to send at most two children to college. The
third column assumes that low-type families with three children
suffer different constraints than do low-type families with two
children. Whereas the latter can afford to send two children to
college, the former can afford to send only one child to college.
Last, the fourth column assumes that all low-type families can
afford to send only one child to college.

Our analysis, for the most part, is independent of which of
these scenarios we take to represent the steady state. If the
maximum number of children that different family types can
afford to send to college remains unchanged when the degree of
sorting increases, then as equation (15) indicates, the effect of
sorting depends only on the I'’s which are given by the data; the
mix of ¥/’s and z,,/’s used to generate them is irrelevant. It is only
when we allow the steady-state equilibrium value of the z,,/’s to be
affected by the increased degree of sorting that the exact specifi-
cation might matter. But even in that case all that matters to our
results, as will be seen in the next section, is the change in the set
of people affected by a tightening of the borrowing constraints,
not the number who are initially affected.

We choose the second column of the table for our benchmark
specification; i.e., we assume that borrowing constraints do not
affect middle and high marriage types, but that low types with
three children are able to send at most two of their children to
college. This is actually a very mild constraint: since only families
who have three children all of whom are high aptitude are con-
strained, less than 1 percent of low-type families are affected. Of
course, as outlined in the previous section, it is necessary to check
that our assumptions on credit constraints are consistent with
wages, consumption requirements, and the cost of skill acquisi-
tion. We leave this for later in the analysis.

Next we assign a value to 6, the fraction of marriages that are
matched perfectly as opposed to at random. Note that this match-
ing procedure implies that 0 is equivalent mathematically to the
correlation between the education levels of spouses. We use our
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sample from the PSID to obtain an estimate of this correlation for
the United States, yielding 6 = .6.

Given the values assigned thus far, we can solve for p (the
fraction of population that goes to college in the steady state).
Doing so, we obtain § = .60. This turns out to be slightly higher
than the corresponding number found in current data, as, accord-
ing to the 1996 CPS, roughly 55 percent of individuals aged 25-34
have at least some college. Since average educational attainment
in the United States continues to increase and our calculation is
for the steady state, there is no real inconsistency here, especially
as our model abstracts from immigration and childbirth outside
of two-parent households.

It remains to specify the production function, for which we
choose a constant elasticity of substitution production function:

y = A[bBN® + (1 — b) N,

Note that the ratio of skilled to unskilled workers can be written
as B/(1 — PB), and that the relative wage of skilled to unskilled
workers is given by w/w, = b/(1 — b)(B/(1 — B)P L As is
well-known, the ratio of skilled to unskilled wages has varied
considerably over the last 30 years in the United States.?® Recall
that our two skill groups are those with at least some college and
those with high school or less. Based on the data in Katz and
Murphy [1992], we match a ratio of 1.9 for our benchmark case.
This value is at the upper end of what has been observed in the
United States, so in our robustness check we redo our analysis
assuming a ratio of 1.4 and find that it has no impact on our
results.

There is a literature that attempts to estimate the degree of
substitutability between skilled and unskilled labor that we can
use to obtain an estimate for p. The survey by Katz and Autor
[1999] suggests that a reasonable range of values for the elastic-
ity is between 1 and 2.5. We match an elasticity of substitution of
1.5 for our benchmark case, which implies that p = .33. As we will
see shortly, the elasticity of substitution is a key parameter for
our analysis—if we use a value that is substantially larger, the
model generates smaller effects from changes in sorting. We
explore the range of values suggested by Katz and Autor in our
sensitivity analysis. Our chosen value of p and the above-men-

20. See, e.g., Katz and Murphy [1992].
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tioned value for the skill premium implies that b = .7135. Last,
for ease of interpretation of our results, we choose a value of
A to scale steady-state unskilled wages to some “reasonable”
value, which we set to be 30,000. This is purely an issue of
normalization. %!

Having assigned parameter values, we can solve for the
steady state in which educational attainment is dictated by the
observed values of the I'/’s as discussed previously. We now report
some additional properties of this steady state. The model pro-
duces a distribution for individual income, with mass at two
points, corresponding to the skilled and unskilled wage rates. The
standard deviation of log income in the steady state equals .315.
Distributions of annual income in the United States typically
imply a value of around .6 for this figure. Alternatively, the
lifetime income distribution generated by Fullerton and Rogers
[1993] using PSID data yields a value around .4. Since we are
relying entirely on the skill premium to generate our variation in
income, it is not surprising that we produce less variation than is
found in the data.

Last, we can also compute the standard deviation and mean
of the educational attainment distribution. We assume that a
high school education corresponds to e = 11.3 and a college
education corresponds to e = 15.0, our choice of numbers given
by the average educational attainments of children with high
school or less and those with college or more in our PSID sample.
The resulting standard deviation and mean of the steady-state
educational attainment distribution are equal to 1.81 and 13.5.
For our sample of children from the PSID, the corresponding
values are 2.56 and 12.9. Given our restriction to two levels of
education, it is not surprising that we generate less variation
than the data. The fact that our mean is somewhat higher is
related to the fact that it is the steady-state value.

V. THE EFFECTS OF INCREASED SORTING

We now use the parameterized model to assess the effects
associated with an exogenous increase in the degree of sorting in

21. It is not clear what the “best” normalization is, since in our model these
are lifetime earnings. Rescaling of this variable, of course, implies that the
parameters ¢ and v need to be scaled accordingly as well.
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TABLE II
EFFECTS OF INCREASED SORTING ON STEADY STATE
0=.6 0=.7 6=.8
r,=.30 r,=.30 r,=.27 r,=.30 r,=.27
mean(e) 13.52 13.48 13.40 13.44 13.36
std(e) 1.81 1.82 1.83 1.83 1.84
cv(e) 134 .135 137 .136 .138
]3 .600 .589 .568 579 .556
NJN,, 1.50 1.43 1.31 1.38 1.25
wilw, 1.900 1.95 2.07 2.01 2.14
w, 30,000 29,375 28,125 28,774 27,453
std(log y) .315 .330 .361 .345 .379

the marriage market. Our objective is to examine whether the
concern that some writers have expressed—namely, that in-
creased sorting will lead to increased inequality—has any signifi-
cant quantitative support. To this end, we analyze the conse-
quences of increases in sorting corresponding to increases in 6 to
.7 and .8.

Table IT displays the results. The first column gives the
values for the original steady state (i.e., ® = .6). The second
column shows what the steady state would be if ® were to increase
to .7 and the tightness of borrowing constraints were unchanged
(i.e., all high-aptitude children from middle- and high-type fami-
lies could afford to attend college but among low-type families at
most two children per household could be sent to college). The
third column reports the new steady-state values ensuing from
the 6 change, but assumes that the wage change associated with
this increase tightens constraints for low-type families with three
children to the point that they can afford to send at most one of
their children to college.?? The fourth and fifth columns are analo-
gous to the second and third columns except that they correspond
to a 0 increase to .8. Below we discuss each case in turn, first
examining those cases in which the borrowing constraints are
assumed to be unaffected by the change in sorting (i.e., columns
2 and 4).

22. Later in this section we show that this outcome is consistent with choices
for ¢ and v.
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A. Case 1: Set of Borrowing Constrained Individuals Remains
Constant

We begin by comparing the first column with the second
column. This amounts to examining the effects of an increase in
sorting from .6 and .7 holding the pattern of college attendance
fixed. The first three rows report the mean, standard deviation,
and coefficient of variation for the steady-state distribution of
educational attainment. The effect of the increase in sorting is to
cause a small decrease in both the mean and the standard devia-
tion of the distribution (less than 1 percent), and a small increase
in the coefficient of variation (slightly more than 1 percent).?*

The decrease in mean educational attainment results from
the decrease in the fraction of the population that goes to college;
the fourth row shows that the fraction of the population that
becomes skilled falls to 59 percent in the new steady state. Al-
though this is a seemingly small decrease, it implies a fall in the
ratio of skilled to unskilled workers of about 4 percent, as shown
in the fifth row. As the next row indicates, this change in relative
labor supply induces an increase in the skill premium of roughly
2.5 percent.?* The next to last row shows that the standard
deviation of the log income distribution increases by almost 5
percent. This is a sizable increase. By way of comparison, the
much publicized increase in wage inequality that took place in
the 1980s resulted in roughly a 10 percent increase in the stan-
dard deviation of male log weekly wages.

Thus far, we have reported properties of the individual in-
come distribution. It is also of interest to examine the changes in
the distribution of family income. This distribution changes both
because household partners are more correlated and because of
the general equilibrium effect this has on wages and on the
fraction of the population that becomes skilled. Thus, to decom-
pose the two effects, note that keeping wages and B constant at
their original steady state values, the increase in 0 from .6 to .7

23. Note that since our educational attainment distribution is over two lev-
els, its variance is maximized when the population is evenly distributed across
them. Hence, whether a change in B results in an increase or decrease in the
standard deviation of education depends entirely upon whether the starting value
was above or below .5. Having said this, we think that what is most relevant to
notice is that the change in the standard deviation is very small, rather than the
direction in which it changes.

24. Recall that the elasticity of substitution in the production function is 1.5,
which implies that the percent change in N /N, will be 1.5 times as large as the
percent change in wJ/w, for small changes. For large changes this expression
continues to hold exactly in logs, but only approximately in ratios.
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itself would increase the standard deviation of log family income
by 3.2 percent. Allowing the skill premium and B to adjust, the
increased correlation of household partners yields an increase in
the standard deviation of log family income of 8.3 percent. We
conclude that both components are important.

The results for the case in which 6 increases to .8 follow a
pattern similar to the one above. The change in the mean and
standard deviation of the education distribution are small, as
before. The increase in the skill premium is now greater—ap-
proximately 5 percent—and the increase in the standard deviation
of log income is now almost 10 percent relative to the 6 = .6 case.
This increase is roughly double that found in the case of 6 = .7,
suggesting that the effect of changes in 0 on inequality is close to
linear. The increase in the standard deviation of log family in-
come is 16.5 percent, again roughly double the increase found in
the previous case.

B. Case 2: Set of Borrowing Constrained Individuals Changes

The preceding analysis assumed that borrowing constraints
did not change as a result of the increase in the degree of sorting.
As shown in row 7, however, associated with the increase in 0 to
.7 is a decrease of a bit over $600 in the wages of unskilled
workers and hence a decrease in low-type family income of more
than $1200. This wage decrease makes it possible that some
low-type families will be able to send fewer children to college
than previously and hence that the steady-state equilibrium val-
ues of z; used in column 2 are no longer feasible.

In the third column we assume that as a result of the 6
increase, in the new steady state low-type families who have
three children can afford to send a maximum of one child to
college, rather than two (i.e., z5; = 1); low-type families with two
children are assumed to remain unconstrained. This constraint
implies that the fraction of children from low-type marriages that
go to college drops from .30 to .2745 (as indicated by the reported
values of [')). The reason that this drop is relatively small is that
only 24 percent of low-type families have three children and of
these, only some 22 percent have at least two children of high
aptitude.

As the table shows, the tightening of borrowing constraints
has a sizable effect on how the 0 increase affects the income
distribution. In particular, although the change in the mean level
of education is still relatively small (roughly 1 percent) and the



1326 QUARTERLY JOURNAL OF ECONOMICS

change in the steady-state equilibrium seemingly not large (B
now equals .568), this implies a drop of almost 15 percent in the
ratio of skilled to unskilled workers, relative to the 6 = .6 case.
The skill premium (w/w,) also increases by more than 9 percent
and the standard deviation of the distribution of log income
increases by almost 15 percent. The standard deviation of log
family income increases by almost 19 percent.

The final column of Table II shows results for the case in
which 0 increases from .6 to .8 and the increase in the degree to
which credit constraints bind is again assumed to reduce I'; from
.30 to .27.2° The resulting change in the standard deviation of log
income is more than 20 percent. Once again, we note that the
change in the mean and standard deviation of the education
distribution are still small. For example, the change in mean
education is roughly 1 percent relative to the 6 = .6 case.

We next verify that the structural change in college atten-
dance decisions is a feasible equilibrium outcome. We do so only
for the case of the change in 0 to .7; the change to .8 is similar. In
what follows, let w,(B;) be the unskilled wage rate when the
equilibrium ratio of skilled to unskilled workers, is given in
columni,i =1,...,5, of Table II.

For column 1 to represent an equilibrium steady state, it
must be that type [ families with three kids can send two but not
three children to college. This requires (i) 2v + 5¢ < 2w, () <
3v + 5¢.26 For the allocations in column 2 to be infeasible because
at those wages [-type families with three kids cannot afford to
send two of them to college, requires (ii) 2v + 5¢ > Zwu(Bz). Last,
to ensure that the outcome in column 3 is an equilibrium requires
checking that it allows type [ families with three kids to send one
child and type ! families with two kids to send two to college. That
is, it requires (iii) v + 5¢ < 2w, (P3) and (iv) 2v + 4¢ < 2w,(B3).
Note that if type [ families with two kids can afford to send two
kids to college then so can type m and h families. Inequalities (ii)
and (iii) imply that v > 2(w,(B2) — w,(B3)), so that v > 1250
given the numbers in Table II. There are many combinations of v
and c that satisfy these inequalities. For example, v = 10,000,
and ¢ = 7800.

We do not attach too much significance to the magnitudes of

25. Although we have kept the decrease in ['; constant, it may be of interest
to consider even larger decreases since the drop in unskilled wages is now larger.

26. Of course, if low-type families can afford to send two children to college,
so can higher-type families.
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TABLE III
TRANSITION FROM 0 = .6 STEADY STATE TO 0 = .7 STEADY STATE
t B std(log y)
0 .5996 .3145
1 .5949 .3218
2 .5922 .3256
3 .5908 .3276
4 .5901 .3287
5 .5897 .3292
6 .5895 .3295
10 .5892 .3298

v and c. The simple choices that we made about utility functions
and the fact that we abstract from life-cycle income dynamics and
the timing of college attendance make us reluctant to do so as
does our unwillingness to interpret the borrowing constraints
literally as the ability to afford college. The main point of the
above paragraph is to establish the logical consistency of our
argument that the change in sorting can lead to a change in the
extent to which credit constraints bind. It is perhaps not surpris-
ing that this can be done, given that we have not imposed any
discipline on our choices of ¢ and v.*

Our analysis thus far has focused on steady states. Given
that our model predicts large changes in income inequality, it
may also be of interest to ask how long it may take for these
changes to occur. To pursue this, we have solved for the transition
path between steady states. Our basic finding is that the value of
B moves roughly halfway to its new steady state value each
period. In view of this we conclude that the changes in income
inequality that we are finding are large not only in the steady
state but also at small horizons as well. We illustrate this in
Table III, which shows the time series for B and the standard

27. Having said this, however, we do offer one check of “reasonableness” for
the value of v. Specifically, we can compute the annual rate of return to spending
on education. This obviously depends on how many years one assumes there are
between the expenditure and the return in the form of higher wages, since the
expenditure takes place in the first period of life but yields higher wages in the
second period. If one interprets a period to be a generation, then twenty years may
be reasonable. On the other hand, if one wants to look at the time between college
expenditures and the midpoint of a typical working life, then a slightly smaller
period length may be appropriate. In any case, for the steady state in column 1,
the annual rate of return lies between 5 and 10 percent as we vary the number of
years between ten and twenty.
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deviation of log income as the economy moves from the 6 = .6
steady state to the 8 = .7 steady state, assuming no change in the
degree to which credit constraints bind. In the table we denote
period O to be the initial period of the change in the degree of
sorting. Since P is a state variable, it does not respond until the
following period.

VI. DiscussioN

Our results support a conclusion very different from that
reached by Kremer [1997]. Whereas he concluded that a large
increase in sorting would have little effect on steady-state in-
equality given a reasonable parameterization, we have concluded
that even moderate changes in the degree of sorting can have
sizable effects on inequality. In this section we analyze what lies
behind this difference. Having identified the factors that generate
such different conclusions, we then examine the robustness of our
results to different specifications. We first turn to a brief review of
Kremer’s analysis.

Kremer posits an intergenerational model of marriage, fer-
tility, and educational attainment in which a child’s educational
attainment e can be written as a linear function of parental and
neighborhood average education. For expositional purposes we
consider the argument in the simplest context, and hence ab-
stract from neighborhood effects.

The model assumes that all individuals marry and have two
kids. A child’s educational attainment is determined by the fol-
lowing linear relationship:

€41 = K+ af(e;; + ei',t)/z] + g,

where e; ;. 1 is the educational level for the child, e; , and e; , are
the education levels of the two parents, and € is a normally
distributed random shock that is iid across families, with mean 0
and standard deviation equal to 6. An exogenous (assortative)
matching of individuals takes place such that p,,, is the correla-
tion between the education levels of parents. Assuming that
parameter values are constant over time, the distribution of edu-
cation will converge to a normal distribution with mean and
standard deviation given by p.,, = x/(1 — o) and 6, = ¢ /([1 —
a®(1 + p,,)/2]"), respectively.

Kremer’s objective was to determine how changes in sorting
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among marriage partners (i.e., p,,,) would affect the level of in-
equality in the steady state. His main measure of inequality was
the standard deviation of educational attainment, and he argued
that since there is a linear relationship between educational
attainment and log of income in the cross section, this measure of
inequality would probably be a good proxy for inequality in log of
income as well. We shall return to this point later.

The effect of an increase in p,,, on the steady-state distribu-
tion of education can be read off the limiting distribution equa-
tions. Because of the assumption of linearity, there is no effect of
P, on the mean of the distribution of education, but its standard
deviation is increasing in p,,,. Obviously, this model is at least
qualitatively consistent with the view that increased sorting
leads to increased inequality.

Kremer’s main contribution, however, was to show that while
the model supported this view qualitatively, there was little sup-
port for the view that this effect was important quantitatively. As
the equation showing the limiting standard deviation makes
clear, the percentage change in the standard deviation of income
due to a change in the sorting parameter p,,, is determined solely
by the magnitude of the parameter a. Using data from the PSID
(the same source that we used to parameterize our model), he
obtained an estimate of o of about .4 and p,,, = .6.%% In this case,
an increase in p,,, from .6 to .8 would result in only a 1 percent
increase in the standard deviation of education.

These results, as Kremer showed, are fairly insensitive to the
exact value of o used in this vicinity. The easiest way to see this
is by asking how large a would need to be in order that an
increase in p,,, from .6 to .8 results in a 10 percent increase in the
standard deviation of log income. It is easy to show that this
requires o = .852.

Kremer’s paper is mainly about the effect of increased neigh-
borhood and marital sorting on the distribution of education.
However, if ones takes the view (as Kremer does in his introduc-
tion) that log earnings are approximately linear in years of edu-
cation, and that the coefficients in this relationship are invariant
to changes in the distribution of education, then the same con-
clusion applies to inequality in income; a large increase in sorting

28. When neighborhood effects were included, the sum of coefficients on
parental and neighborhood education was about .55. This does not change his
conclusions.
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will not significantly affect income inequality in the United
States; an increase in marital sorting from .6 to .8 will increase
the standard deviation of log income by only 1 percent.

It should be clear that the results we report in Table IT do not
contradict Kremer’s finding that sorting has a small impact on
the level of inequality in the skill distribution, especially if the
increase in sorting does not affect the bindingness of borrowing
constraints. To further demonstrate that there is no inconsis-
tency between our results and his, we perform his analysis on
data generated from our model. Specifically, using data generated
by the steady state of our calibrated model (i.e., column 1 in Table
IT), we take a random sample of 1200 families and run a regres-
sion of a child’s educational attainment (e; ;. 1) on a constant and
the average educational attainment of its parents (éi,t).29 As
noted previously, we assume that a high school education corre-
sponds to e = 11.3 and a college education corresponds to e =
15.0.3° We do this 100 times and average across the trials. The
result of this exercise is®"

€itr1 6.69 + -5léi,t-

It follows that if Kremer had performed his exercise using data
generated from our model he would still have reached the same
conclusion; i.e., he would have concluded that the coefficient on
average parental education is too small to matter.

What gives rise to our very different conclusion about income
inequality is the interaction between changes in the skill distri-
bution and the price of skill in our general equilibrium model.
This interaction is governed by three elements that are absent in
Kremer’s analysis but that are central to generating this effect on
the price of skill: (i) the existence of a nonlinear relationship
between parental years of education and those of their children;
(i1) a negative correlation between fertility and parental educa-
tion; and (iii) wage rates that are sensitive to changes in the skill

29. Note that since our model is not linear, it does not lead one to run this
regression. We run this regression simply to illustrate how Kremer’s analysis
would look in our setup.

30. The specific values chosen here affect the constant term in the regression
but have very little effect on the coefficient on parent’s education.

31. Running this regression on our sample from the PSID yields a coefficient
of .37. This discrepancy is accounted for by the fact that in our model we compress
the education distribution to two levels, thereby increasing the correlation be-
tweelil the education levels of parents and their children. We have verified this via
simulation.
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distribution. As we shall see, it turns out that if we had only
incorporated any one of these three elements, we would have
reached the same conclusion as Kremer.?? But, allowing for the
interaction of all three factors (especially (i) and (iii)) leads to a
very different conclusion.

We begin with a discussion of the third factor. The distribu-
tion of labor earnings can be thought of as depending on the
interaction of two factors. One is the distribution of skill (in our
model, education) across individuals, and the second is the price
of skill (i.e., the skill premium). As stated in our discussion of
Table II, the impact of sorting on the level of inequality in the
skill distribution is small. In fact, if wages were not responsive to
the distribution of skills, the change in the standard deviation of
log income would have been around one-half of 1 percent. What
drives our results is that a change in sorting produces a signifi-
cant change in the skill premium, even if it seemingly does not
produce “large” effects on mean educational attainment. As can
be seen from a comparison of columns 1 and 2 in Table II, a less
than 1 percent decrease in the mean of the education distribution
is associated with an almost 4 percent decrease in the relative
supply of skilled labor. This translates to a 2.5 percent increase in
the wage premium, leading to a significant change in the distri-
bution of income.

To better understand how various elements interact to yield
the increase in the skill premium, note first that in our model the
impact of a change in 6 on wJ/w, can be decomposed into two
distinct effects. The first concerns how a given change in 0 affects
B, and the second with how a given change in P affects wJw,,.
This decomposition is useful because college attendance and fer-
tility profiles are only relevant for the first effect, whereas the
elasticity of substitution in the production function is only rele-
vant for the second.??

32. In fact, Kremer considers a Markov model in Section IV of his paper, and
finds little effect of sorting on the standard deviation of education. This is obvi-
ously consistent with our findings. We have also rewritten Kremer’s model to
account for differential fertility and used numerical techniques to compute the
steady-state distribution of education. Once again, changes in sorting have little
effect on the standard deviation of this distribution.

33. In particular, the change in log w /w, equals the inverse of this elasticity
times the change in log B/(1 — B). Moreover, how this change in w /w,, is split
between changes in each of the two wages is entirely determined by the elasticity
and the initial value of . If we had assumed that p = 1, i.e., a linear production
function, there would be no effect of sorting on wages and, as discussed previously,
we would have found very small effects from increased sorting on inequality.
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Consider now the roles of fertility differences and of the
function relating parental education to children’s education in
generating the change in B. Recall from the discussion in Section
III that a sufficient condition for increased sorting to impact
negatively on B is for £,I';, — 27,0, + f,L; < 0 and f,, — 2f,, +
f; = 0 (with at least one strict inequality). Our parameter values
strictly satisfy both inequalities, guaranteeing that increased
sorting will decrease the fraction of the population that attends
college. The magnitude of the respective contributions of our
fertility profile and the concavity of the intergenerational educa-
tion transmission function will be discussed in the next section on
robustness.

One can ask under what conditions our model would give rise
to the conclusion that changes in sorting do not have significant
effects on the income distribution (without shutting down the
effect of changes in the skill distribution on wages). A simple
condition is given by the combination of a linear relationship
between parents’ and children’s education (i.e., 2I',, =T, + I')
and no fertility differentials (i.e., f; = f for all j). But these are
precisely the assumptions made by Kremer in his paper—all
parents have two kids and the child’s years of education are
linear in average parental years of education. Thus, if we had
adopted Kremer’s assumptions, our model would not have gener-
ated any effect from increased sorting on the steady-state value of
B, and hence no effect on wage rates or inequality either. More-
over, the fact that wage rates would not have changed would
necessarily imply that the bindingness of borrowing constraints
would be unaffected and consequently there would be no scope for
any change in college attendance decisions via this channel
either.

Last, our analysis also suggests that one should exercise
caution in interpreting regressions of child’s educational attain-
ment on parental educational attainment. In our discussion of
Kremer’s work, this regression coefficient was denoted o and was
treated as a structural parameter that would not be affected by
changes in sorting. However, as should be clear from our model,
the degree to which education is heritable may differ across
family types for a variety of reasons including the presence of
borrowing constraints. The degree of sorting, as evidenced in
columns 3 and 5 of Table II, affects the bindingness of borrowing
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constraints and hence the degree to which parents’ education is
passed on to their children.?*

VII. ROBUSTNESS

In this section we report how the results from our benchmark
model are affected by changes in our parameterization. Our find-
ing of a quantitatively important increase in income inequality
arising from changes in the degree of sorting is robust to reason-
able variation in the model’s parameterization.

We begin by considering how alternative profiles for fertility
affect our results. Specifically, we consider two alternative fertil-
ity profiles. In the first, we assume that all families have exactly
two children. In the second, we explore the consequences of hav-
ing greater fertility differences between low-type marriages and
the other marriages, and hence consider a 25 percent increase in
/1 to 2.83, keeping f;, = 1.84 and f,,, = 1.90. In each case we
recalibrate our model to match the same statistics as before. The
comparative statics exercises are the same as in columns 2 and 3
in Table III. That is, we examine the effect of an increase in 0 from
.6 to .7 first assuming that the bindingness of constraints is
unchanged, and subsequently assuming that they are tightened
so as to cause a decrease in ['; from .30 to .27.

The results are reported in Table IV. The basic message is
the same for both of the alternative fertility profiles. Even with no
fertility differences the increase in income inequality is still sub-
stantial, albeit somewhat less than in Table II (3.5 percent versus
4.8 percent, with no change in credit constraints and 11.5 percent
versus 14.9 percent if ['; decreases to .27). For the case in which
low-type families have 2.83 kids, the increase is 5.3 percent
assuming no change in constraints and 16.9 percent if the con-
straints are tightened.?”

Next we examine how our findings are affected by changes in
the profile of ' ’s used in the calibration. Table V shows the effect

34. Running a linear regression for the steady state in column 3 of Table II
(using the same procedure described earlier), we obtain .53 rather than the .51
obtained for the scenarios in columns 1 and 2, although the true “heritability” of
education is unchanged as reflected in the y,’s.

35. We also considered the case in which the fertility profile is linear in
average parental education, a result that would obtain if, for example, fertility
were solely determined by the mother’s education. To check this, we increased f,,
to 2.05. We found this to have minimal effect relative to our benchmark case and
so do not report the results.
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TABLE IV
EFFECT OF ALTERNATIVE FERTILITY PROFILES
r,=.81,rT,, = .63

fo=2fmn=2/f=2 fo=184,f, =19, f =283
0=.6 0=.7 6=.7 0=.6 0=.7 6=
r,=230 I,=30 I,=.27 I,=.30 I,=.30 I,=.27

mean(e) 13.7 13.64 13.59 13.33 13.28 13.18
std(e) 1.78 1.78 1.80 1.84 1.85 1.85
cv(e) .130 131 132 .138 .139 .140
B .640 .634 .619 .547 .5635 .508
NJN,, 1.78 1.73 1.62 1.21 1.15 1.03
wslw, 1.90 1.94 2.03 1.90 1.96 2.11
w, 30,000 29,543 28,539 30,000 29,312 27,873
std(log y) .308 319 .343 .320 .337 374

of varying [',,, from its value of .63 in our benchmark model. First,
we examine the consequences of decreasing the degree of concav-
ity in the relationship between parental and children’s education
to the point where it is linear (I',,, = .555), and then we explore
the consequences of increasing the degree of concavity. In each
case the production function parameters are recalibrated to
match the same statistics as before.

Qualitatively the results are not surprising. As we move
closer to the linear case, the increase in the standard deviation of
log income caused by an increase in sorting becomes smaller.
What is most interesting is the quantitative impact of the in-

TABLE V
EFFECT OF ALTERNATIVE I',,,’s
fo=1.84,f,=190,f=226,T, =81

r, = .58 T, = .555 r, = .68
0=6 0=7 06=.7 0=6 0=.7 0=.7 0=6 0=.7 0=.7
=3I,=30,=271,=380,=3T,=.21T,=.3T,=.3T,=.27

mean(e) 13.44 13.42 13.34 13.41 13.40 13.32 13.59 13.53 13.46

std(e) 1.83 1.83 1.84 1.83 1.83 1.84 1.80 1.81 1.82
cv(e) .136 .136 138 137 137 138 132 134 .136
B .580 575 .5563 .570 .567 .545 .619 .604 .583
N/N,, 1.38 1.35 1.23 1.33 1.31 1.19 1.62 1.52 1.39
wlw, 1.90 1.93 2.05 1.90 1.91 2.04 1.90 1.98 2.10

w,(000"s) 30.00 29.68 2841 30.00 29.83 2855 30.00 29.07 27.86
std(log y) 317 .325 .357 .318 322 .354 312 .335 .365
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TABLE VI

1335

CHILDREN’S EDUCATION AS A FUNCTION OF PARENT’S EDUCATION

Dependent variable is years of education for the child.
(Standard errors are in parentheses.)

(1)

(2)

(€))

constant 8.71 12.30 16.51
(.247) (.608) (1.285)

e .378 —.347 —1.798
(0.021) (0.114) (0.407)

e2 — 0.034 0.184
(0.005) (0.041)

e3 — — —0.005
(0.001)

N 1385 1385 1385
R? 0.185 0.208 0.216

crease in sorting when the I profile is linear. In this case we still
have an increase in the standard deviation of log income that
exceeds 1 percent, assuming no change in credit constraints. This
is roughly one-quarter of the impact obtained in our benchmark
case. Assuming that constraints are tightened on low types (same
exercise as in previous tables), then, as reported in the next
column, the standard deviation of log income is again more than
10 percent higher. If[',, were increased to .68, the increase in the
standard deviation of log income is higher by about one and a half
percentage points assuming no change in the degree to which
credit constraints bind. If this is not true and the effective value
of I'; decreases to .27 when 0 increases to .7, then the increase in
inequality is 17 percent.

Given the importance in our analysis of a nonlinear relation-
ship between children’s and parents’ schooling, we think it is of
interest to document these beyond the Markov transition proba-
bilities reported earlier. Table VI presents several regression
results that incorporate higher-order terms in Kremer’s original
regression.>® These regressions are based on our sample of par-
ents and children from the PSID and are run on the reported

36. Although Kremer runs a regression that includes the square of parental
average education, he also includes the square of average neighborhood education
and an interactive term between parental and neighborhood effects. In that
rggression all variables are statistically insignificant, including average parental
education.
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years of education rather than the two categories we used for our
model.?”

Column (1) in this table is the equivalent of column (5) in
Table II in Kremer, with basically identical results. What col-
umns (2) and (3) show, however, is that there is strong support for
the notion that this relationship is nonlinear. In every specifica-
tion, all terms are significant at the 1 percent level. Note that in
the cubic specification the second derivative changes from posi-
tive to negative at e = 12.26. Hence, up to this point there are
“increasing returns” to parental education in terms of “producing”
child’s education, but beyond this point there are “decreasing
returns” to parental education.®® The fact that there are increas-
ing returns in the lower part of the distribution suggests that
increased sorting within this part of the distribution may actually
increase mean educational attainment within this group. Our
analysis abstracts from this issue since it is concerned with the
degree of sorting between the top and bottom parts of the income
distribution rather than the within-group sorting. There we find
a concave relationship between children and average parental
years of education.

We have also investigated this issue in another exercise.
Consider the population segmented by four educational attain-
ments: less than high school, high school, some college, and col-
lege and above. There are now six types of marriages. We inves-
tigate concavity through pairwise comparisons; e.g., we consider
two couples, each of whom is perfectly matched, although the two
marriages have different educational attainments. We than con-
sider what happens to the average educational attainment of
children if we turn these two marriages into two mixed mar-
riages, holding the number of kids constant. The only violations of
concavity that we find are for the cases involving the less than
high school group with either the high school or some college
group.®® Hence, these findings tell the same story as the above

37. As in Kremer [1997], individuals with more than sixteen years of school-
ing are treated as having seventeen years of schooling.

38. We have also run regressions by splitting the sample into two groups:
parents with average education less than or equal to twelve years, and parents
with average education greater than or equal to twelve years. These results
confirmed the above finding concerning the switch in returns to scale.

39. The same finding emerged if instead of years of educational attainment
we considered the probability of obtaining at least some college or the probability
of finishing college. These results are of interest since they are not affected by the
fact that years of schooling are effectively bounded above.
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TABLE VII
EFFECTS OF INCREASED SORTING FOR ALTERNATIVE VALUES OF p
fn=184,f,=19,f=224T,=.81,T,, = .63

p=.33 p=.6 p=0
r,=.380 I,=.27 I,=.30 I,=.27 I[,=.30 [,=.27
%AW Jw, 2.63 9.12 1.72 5.35 4.35 13.91
%Aw,, —-2.08 —17.46 -1.25 —-3.74 -3.10 -9.19
%Astd(log y) 4.76 14.85 3.06 9.32 7.06 21.62

regression analysis—we find evidence for concavity except at the
lower end of the distribution.*®

Our conclusion is also not sensitive to the choice of the value
for the wage premium. Although the extent of income inequality
in the steady state is affected by this ratio, using values for the
wage premium anywhere in the range of 1.4 to 1.9 has virtually
no impact on the extent to which the increase in sorting increases
the steady-state standard deviation of log income.

Last, we consider how our results are affected by considering
alternative values for the elasticity of substitution between
skilled and unskilled workers. In our benchmark model we as-
sumed a value for this elasticity equal to 1.5 (i.e., p = .33). Here
we report how our conclusions are affected by assuming values of
1.0 (p = 0) and 2.5 (p = .6), since this is the range of estimates
suggested by Katz and Autor [1999]. Table VII contains the
results, with the first column repeating the findings from Table II
in order to facilitate comparisons. As the change in p (and hence
all changes in the distribution of education) is not affected by the
value of this elasticity, we only include information on wages and
inequality. As expected, the change in the standard deviation of
log income is decreasing in this elasticity, but even for p = .6 the
resulting change is still substantial—more than 3 percent with no
change in the extent to which credit constraints bind and almost
10 percent if low-type families become more constrained.

40. Other researchers have also found evidence for nonlinearities in the
relationship between the earnings of parents and children. See, for example,
Cooper, Durlauf, and Johnson [1993] and Corak and Heisz [1999].
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VIII. CoNcLUSION

This paper investigated the effects of increased assortative
matching in marriage. We constructed a dynamic model of edu-
cation acquisition and parameterized it to U. S. data. Using this
calibrated model, we conclude that an increase in sorting is likely
to have quantitatively significant effects on the degree of income
inequality. Although our conclusion holds even in the absence of
imperfect borrowing markets, if borrowing constraints exist and
are tightened as a result of the increase in sorting, this will
magnify the increase in inequality.

The factors that contribute to our obtaining this conclusion
are a negative correlation between fertility and education, a de-
creasing marginal effect of parental education on children’s years
of education, a process of wage determination that is sensitive to
the relative supply of skilled to unskilled workers, and the poten-
tial tightening in borrowing constraints.

Our model interpreted borrowing constraints as high-apti-
tude individuals unable to borrow to cover the cost of obtaining a
college education. We do not necessarily take this interpretation
literally. An alternative formulation would be to assume that a
child’s aptitude is determined jointly by parental educational
attainment and the resources that they devote to the child’s
development (for example, the quality of K-12 education the child
obtains). If parents are unable to borrow against their child’s
future income to provide them with greater schooling resources,
parental income is again a factor determining investment in a
child’s future education. This alternative interpretation does not
require borrowing constraints to be operative at the time a person
decides whether to attend college. Children who grow up in poor
families will be less likely to attend college, not because they
cannot obtain a loan to finance their college education, but be-
cause they have had lower quality K-12 educations and are less
able to benefit from a college education.

One important question we have ignored in our analysis is
how sorting is determined.** How and why does sorting differ

41. Becker [1973] is the classic static model of marriage. See, for example,
Burdett and Coles [1997] and Cole, Mailath, and Postlewaite [1992] for models
that endogenize the degree of marital sorting and Fernandez and Galf [1999] for
a model that incorporates borrowing constraints into the matching process. Re-
cent work by Greenwood, Guner, and Knowles [1999] provides a computational
analysis that endogenizes fertility, marriage, divorce, and the bargaining power of
males and females.
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across time and across countries? Household sorting is undoubt-
edly a complex process that depends upon variables such as
income differentials, male relative to female education and in-
come distributions, the degree of sorting in other spheres of
society such as residence or schools, on the functioning of net-
works, and on beliefs (e.g., racism or the desire to transmit a
particular culture).*”> Furthermore, the process may well exhibit
multiple equilibria since the desire to match with a certain type
may depend on the sorting behavior of others (see, e.g., Burdett
and Coles [1997]).

In recent work, Fernandez, Guner, and Knowles [2001] and
Fernandez and Pissarides [2000] endogenize sorting and examine
the links with inequality. Suppose that matches are character-
ized both by a match-specific quality (e.g., love) and by the level of
household income. If, ceteris paribus, greater income differentials
induce high-skill individuals to search longer or harder for an-
other high skill (high-income) partner (i.e., they become pickier
about the quality of match with a low-income individual), then
any process that increases wage differentials (e.g., skill-biased
technological change) or reduces search costs for partners (e.g.,
internet dating) could well lead to greater sorting and hence
greater inequality. Endogenizing fertility so that lower family
income generates greater fertility (as in Fernandez, Guner, and
Knowles) would further reinforce the negative consequences of
any increase in wage differentials and also serve to increase
sorting.

Our work has ignored education and wage differentials be-
tween males and females and bargaining problems within the
family. How might greater female education and labor force par-
ticipation affect sorting and inequality? The most natural possi-
bility would be for greater inequality in the female earning dis-
tribution to lead to greater sorting and hence even greater
inequality. The findings of Juhn and Murphy [1997] provide
empirical support for this effect. They conclude that the increase
in women’s participation and earnings in the United States has
been associated with an increase in the correlation of incomes
among spouses. This process would be reinforced if fertility dif-
ferentials widened. Incorporating other elements, however, such

42. See, for example, Alesina and La Ferrara [2000] for a discussion of how
racism leads to sorting and Bisin and Verdier [2000] for an analysis of the
dynamic evolution of cultural beliefs.
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as the greater ease of divorce, on the other hand, may differen-
tially affect females and males and lead to sorting on a different
set of characteristics. By modeling aptitude types as high and low
only, we have also ignored the possibility that increases in the
skill premium would have the effect of increasing the relative
supply of skilled workers by encouraging those individuals with
higher effort costs or lower aptitude to become skilled. Fernandez
[2001b] explores this possibility in the context of the United
Kingdom. She finds that results are very sensitive to the assumed
elasticity of this supply response. In general, this is an area in
which much work remains to be done.

NEW YORK UNIVERSITY, CEPR, AND NBER
ARIZONA STATE UNIVERSITY AND NBER
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