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According to Pareto (1896), the distribution of income depends on “the na-
ture of the people comprising a society, on the organization of the latter, and,
also, in part, on chance.” In the model developed here the “nature of the people”
is captured by attitudes toward marriage, divorce, fertility, and children. Singles
search for mates in a marriage market. Married agents bargain about work, and
the quantity and quality of children. They can divorce. Social policies, such as
child support requirements, reflect the “organization of the (society).” Finally,
“chance” is modeled by randomness in income, marriage opportunities, and mar-
ital bliss.

1. INTRODUCTION

At any point of time in the United States some adults are married while others
are not, some women have large families and others have small ones, some families
are rich, while others are poor, and some children can expect a bright future,
others a dim one. Why do families differ so much and does it matter? This is the
question addressed here. To answer it, an overlapping generations model of the
family is built. The model has four key ingredients. First, marriage is modeled along
the search-theoretic lines of Mortensen (1988). Each period males and females
must make a decision on whether or not to stay with their mates. If an adult
rejects his or her mate, then he or she is free to look for another one in the future.
Second, in line with the work by Mansur and Brown (1980) and McElroy and
Horney (1981), decisions within a marriage are arrived at via Nash bargaining.
Third, as in Becker and Barro (1988) and Razin and Ben-Zion (1975), adults
decide on how many children to have. Fourth, following the work of Becker and
Tomes (1986) and Loury (1981), parents must decide how much time and goods to
invest in their children. In addition to luck, these parental investments determine
the productivity of a child when he or she grows up.

In the equilibrium modeled heterogeneity abounds. Some people are married,
others are either divorced or single. There are large families and there are small
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ones. Households run the gamut from rich to poor. Some children can expect to
lead fortunate lives, while others cannot. As in the real world, family structure
matters. In the model a significant number of children live with a single mother.
Some of these mothers never wed, others are divorced. These children grow up
to earn much less than children raised in a two-parent family. The girls from
single-parent families are also more likely to experience an out-of-wedlock birth
or a divorce than the girls from two-parent families. And so the cycle perpetuates
itself, implying a low degree of intergenerational mobility. There is also a negative
relationship between income and fertility. That is, poor families tend to have more
children. This exacerbates income inequality. To illustrate the model’s mechanics
two policy experiments are undertaken. Specifically, the effects of child tax credits
and child support payments are investigated.

This is not the only dynamic general equilibrium model of marriage and di-
vorce.? Aiyagari et al. (2000) have combined the Mortensen (1988) paradigm with
the Becker and Tomes (1986) framework to model the plight of single-parent
families. In their analysis family size is held fixed. Husband and wife play a non-
cooperative Nash game. Regalia and Rios-Rull (2001) also develop a model of
marriage and divorce to analyze the rise in single motherhood since the 1970s.
They attribute a significant fraction of this increase to the (relative) rise in female
wages. In their setup a single decision maker maximizes some common set of pref-
erences for the family—the unitary preference model. Two questions arise. Why
explore the utility of Nash bargaining as a solution concept for family decision
making? And, is it important to factor fertility into general equilibrium analyses
of the family? As will be seen, both of these ingredients have important impli-
cations for any analysis of family-oriented public policies. Therefore, if society
wants effective antipoverty programs, they should be investigated. The case for
including these features in dynamic general equilibrium models of marriage and
divorce is now presented.

Nash bargaining: So, why use Nash bargaining to model decisions within the
household? First, males and females may have differences in attitudes toward the
desirable quantity and quality of children. In fact, this is inevitable if divorce is
permitted. While it may be reasonable to assume that a male and female share
the same momentary utility in marriage, it is not reasonable to assume that they
do upon divorce. For in life after divorce each party’s income and expenditure
will differ, they may remarry, etc. Forward-looking agents will take the possibil-
ity of divorce into account before and during marriage. This will lead to differ-
ences in attitudes toward kids, even if they share the same momentary utility in
marriage. For instance, imagine that a couple would both like five children and
believe that the woman should stay at home and raise them, at least provided
that the marriage lasts. The woman realizes that if a divorce occurs she will be

2 The need for dynamic general equilibrium models of the family has been noted by labor economists.
For instance, Weiss (1997, pp. 120) in his excellent survey on the literature on marriage and divorce
states that when “examining the economic contributions, the main obstacle is the scarcity of equilib-
rium models which carefully tie the individual behavior with the market constraints and outcomes.
Consequently, we do not yet have a convincing model which explains aggregate family formation and
dissolution.”
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stuck raising five children and have no work experience. Consequently, when tak-
ing the possibility of divorce into account, she may prefer to have fewer children
and go to work. Nash bargaining allows for such differences in tastes to be eas-
ily reconciled. One party can effect transfers to the other until an agreement is
attained.’

Second, there is evidence that allocations within the household are not decided
in a manner consistent with a single decision maker who maximizes some common
set of preferences for the family—the unitary decision model. For instance, when
government child allowances were transferred from husbands to wives in the
United Kingdom during the late 1970s intrahousehold resource allocations tilted
toward wives; see Lundberg et al. (1997). Furthermore, the higher the ratio of
eligible males to females in a population, the more resource allocations within
a marriage favor the wife. According to Chiappori et al. (2002) this finding is
consistent with a Nash bargaining model where each party takes into account the
value of their options outside of the marriage, that is, the value of being single
while factoring in the probability of finding a future mate. This is exactly the type
of framework that is modeled here. In a similar vein, Rubalcava and Thomas
(2000) find that the presence of AFDC shifts resources allocations in low-income
married households with children toward women, presumably because it raises
the outside option of single life for women.*

Third, the assumed mode of household decision making matters. It has im-
portant implications for the public policy predictions that arise from models of
marriage, divorce, and fertility. For example, take the case of child support pay-
ments studied here. These payment are designed to help the plight of children
living with divorced mothers. Males will find marriage less attractive when they
have to make child support payments upon divorce. Suppose they do have to make
these payments. In the parameterized version of the model presented, the equilib-
rium number of marriages plummets when a unitary decision model is assumed.
There is only a moderate decline in the number of marriages, however, when Nash
bargaining is assumed. This occurs because young females make offsetting trans-
fers to young males to make marriages viable. Hence, intrahousehold reallocations
may have important implications for society’s redistribution programs. This needs
to be studied.

Fertility: Why is it important to include a fertility decision in models of marriage
and divorce? First, to most, the decisions to get married and have children are in-
extricably linked. Therefore, it seems natural to model these two choices together.
Furthermore, family structure and the well-being of children are closely connected
empirically. Other things equal, families with lower incomes tend to have more
children (see Knowles, 1999). Additionally, single mothers tend to have more chil-
dren than married ones. Hence, resources per child are less in low-income families

31n a unitary decision model of marriage these differences in attitudes are difficult to resolve.
Regalia and Rios-Rull (2001) resolve this conflict by letting the woman in a match choose the number
of children to have. Women make this choice knowing that other household decisions will be taken to
maximize a joint utility function.

4In fact, Greenwood et al. (2000) use the model developed here to study AFDC. They find this,
precisely.
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(often single-parent families), both because there is less income and because this
income has to be spread over more members. This has implications for income
inequality at a point in time and for the transmission of inequality across time. For
example, it is well known that children from single-parent families are much more
likely to drop out of school, to be unemployed, and to experience out-of-wedlock
births (McLanahan and Sandefur, 1994). It is an interesting question to ask why
a woman should choose to have children out of wedlock. The answer to this can
only come from a model where both the decisions to marry and have children are
modeled explicitly.

Second, the reason for most antipoverty programs is to improve the welfare of
children. To design effective public policy programs, the impact that antipoverty
schemes have on fertility must be taken into account. Take for example the child
tax credit program studied here. With child tax credits, on average families with
children will now have more income per child, other things being equal. Thus,
their children should be better off. But, other things may not be equal, if such a
policy promotes larger family size. In the calculations undertaken here, a child tax
credit fails to elevate the level of well-being in society precisely due to an increase
in family size.

2. ECONOMIC ENVIRONMENT

Consider an economy populated by two groups of agents, females and males.
Agents live for four periods: two periods as children, and two periods as adults. Let
young and old refer to the first and second periods of adulthood, respectively. At
any point in time, the female and male populations each consist of a continuum of
children and a continuum of adults. Children become adults after they have been
raised by their parents for two periods. Each adult is indexed by a productivity
level. Let x denote the type (productivity) of an adult female, and z denote the
type (productivity) of an adult male. Assume that x and z are contained in the sets
X ={x,x,....,xs}and Z = {z1, 22, ..., Zs}.

At the beginning of each period, there exists a marriage market for single agents.
Any single agent can take a draw from this market. Agents are free to accept or
reject a mate as they desire. If a single agent accepts a draw, she/he is married for
the current period, provided of course, that the other person agrees too. Otherwise,
the agent is single and can take a new draw at the beginning of the next period.
Similarly, at the beginning of each period, married agents decide to remain married
or get divorced. A divorced agent needs to remain single one period before having
a new draw. Therefore, given the two-period overlapping generations structure
remarriage is ruled out. Furthermore, assume that agents only match with people
of the same generation.

Females are only fecund for the first period of their adult life. Therefore, each
period, young married couples and young single adult females decide how many
children to have. A child has equal chances of being a female or a male. Let &
denote the number of children a female has. Assume that k is contained in the set
K =1{0,1,..., K}. Children stay with their mothers, if their parents get divorced.
A divorced male has to pay child support payments to his former wife after divorce.
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Agents are endowed with one unit of (nonsleeping) time in each period. Females
must split this time between work, child care, and leisure. Males divide their time
between work and leisure. Mothers and married fathers have to spend a fixed
amount of time per child on homework.

Married agents derive utility from the consumption of a public household good,
from human capital investment in their children, from leisure, and from marital
bliss. Consumption of this household good depends upon the number of adults
and children in the family. Parents must decide how much time and goods to
invest in their children. This determines the level of human capital possessed by
their children. Parents treat their children equally. Single males care only about
their own consumption of goods and leisure and they do not worry about human
capital investment in their children. When a male marries a female with children,
however, he derives utility from the human capital investment in his stepchildren.
A single mother must make the decision on her own about how much time and
money to invest in her kids.

After two periods with their mother, children are endowed with productivity
levels that depend on the human capital investment received throughout their
childhood. Each period the oldest adult males and females die and are replaced
by the oldest children who enter into the marriage market.

2.1. Preferences
Females: Let the momentary utility function for a woman be

F(c,e,k,1—-1—1)

U(c)+ V(e k) + R =1 —t — 1 k)
e Kretr (-1t -k

vy | Erop L Sf

Here c is the consumption of household production, which is a public good for the
family, k is the number of children, and e is human capital investment per child.
Females allocate / units of their time for work, and ¢ units of it for child care or
nurture. They also incur a fixed time cost of ¢ ; per child.

Males: A male’s attitude toward children depends upon his marital status. Males
spend n units of their time working. The utility function for a married male is
described by

M(c,e,k,1—n)=U(c)+ P(e, k) + S(1 —n — 1,,k)
Vm m pUm _ . Sm
e K e +3 (1 —n— k)

B ; En Om " Sm

Married males incur a fixed time cost of ¢, per child. The functions V and P imply
that the married male’s attitudes toward the welfare of children is allowed to differ
from that of the female. The utility function for a single male can be expressed
simply as M(c,0,0,1 — n); a single male does not realize any utility from his
children born through a previous relationship.
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2.2. Household Consumption. Let p denote the number of parentsin a house-
hold. Then, the consumption for a household with p parents and k children is given
by

c=V¥(p,b[Y(l,mx,2)—d]—yJ(g), for g=m,s

where
n
\D(p,k)z(p+bk> , 0<np<1, 0<b<l1
and
(xI 4+ zn), for a married couple
Y(,nx,2) = xl, for a single woman

zn, for a single man

and where the indicator function J returns a value of one for a married household
and zero otherwise so that J(m) =1 and J(s) = 0.

The function Y has a clear interpretation under the above parameterization.
The variables x and z can be thought of as the market wages for type-x females
and type-z males. The function W translates household production into the con-
sumption realized by adult family members. There are scale effects in household
consumption in the sense that each additional child costs less to feed and clothe
than the one before. Still, it does cost more to maintain the extra child. Likewise,
the second adult costs less than the first. The variable d represents the amount of
household production that is used for investment in children. A single male will
always set this to zero, because, either he has no children or he does not realize
utility from them.

The parameter y represents the quality of the match between a male and a
female. Let y € G = {y1, 2, ..., ¥m} be a discrete random variable. For an unmar-
ried couple this variable is drawn, after they are matched but before the marriage
decision, according to distribution function I'(y,) = Pr[y = y]. For a married
couple the variable y then evolves over time according the process A(y, | yi) =
Prly” = yu |y = yu]. Given the value drawn for y’, each party in a marriage decides
whether to remain married.

2.3. Transmission of Human Capital. Human capital investment per child in
a household with & children is given by

t o d l—a
e = Q(t,d,k)E(F) <FZ—) N for 0<I(1,K'2<1

which transforms the child-care time of the mother, ¢, and inputs of goods, d, into
human capital investment, e. Recall that children are nurtured for two periods.
At the end of every period the children of the oldest generation enter into the
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marriage market as single adults. The productivity levels for females are drawn
from the distribution

E(xilea+e1)=Prlx=x;le_s+ e_q]
and for males from
A(zjlea+e1) =Prlz=1zjle-2+e]

where e_; and e_; indicate the human capital investment during the two periods
of an agent’s childhood. The distribution functions E and A are stochastically in-
creasing in e_, + e_; in the sense of first-order stochastic dominance. Thus, higher
human capital investment in children by parents increases the likelihood that
children will be successful in life.

The conditional distribution E is represented by a discrete approximation to a
lognormal distribution with mean, py ., and standard deviation, oy .. Similarly,
suppose that A is also given by a discrete approximation to alognormal with mean,
Uz(e, and standard deviation, o .. These conditional means are given by

txje =In[e1(ec2 +e-1)?], for &€ (0,1)
and
fzre = In[e1(e—z +e_1)? + ]

where the ¢’s are the parameters governing the technology that maps human
capital investment by parents into productivity levels.

After the first period of adulthood the productivity levels for females and males
evolve according to the following transition functions:

X(xj | x;) =Pr[x’ = xj | x = x;]
and
Z(zj1z) =Pr[d =zj|z=z]

where x’ and 7' denote the next-period values. These Markov chains are con-
structed to approximate an AR(1) in logarithms.’ The means and standard devi-
ations for these approximations are given by u,(1 — py) + px In(x) and o/1 — p2

for females, and by u.(1 — p;) + p;In(z) and o'/1 — p? for males.

5 The discrete approximations for £, A, X, and Z follow the procedure outlined in Tauchen (1986).
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3. DECISION MAKING

3.1. Household Activity—Single Old Adults. A single old female of type x
with & children will solve the following problem:

P(1) Gy(x, k, 2) = max F(c,e,k,1—1-1)

Lt
subject to
c=V¥(1,k)[Y( 0;x,0) + Az, k) — d]
and
e= Q(t,d, k)
where
Az, k) =azN°(z, k)k with0 <a <1

Here z denotes her former husband’s productivity and the function N°(z, k) de-
notes his labor supply. The function A determines how much child support a former
husband has to pay, which is assumed to be a fraction, a, of his current income,
ZN*(z, k), per child. For a single old female who was never married set z = 0.
Denote a single mother’s level of human capital investment in her children by

e = Ej(x.k.2)
This implies that EJ(x, k, z) = Q(T;’ (x, k, z), D5 (x, k, z), k), where T (x, k, z) and

Dj (x, k, z) are the decision rules for 7 and d that arise from P(1).
The maximized utility of a single old male is given by the following problem:

P(2) By(z, k) = max M(c,0,0,1 —n)
n

subject to

¢ =V¥(1,0)[Y(0,n;0, z) — aznk]
= zn — aznk = zn(1 — ak)

where k denotes the number of children for whom he has to pay child support.
For a single old male who was never married k = 0.

3.2. Household Activity—OIld Married Adults with k Children
Nash bargaining problem: Consider a couple of type (x, z, y, k) that is married

in the second period. Assume that they make their decisions by applying the Nash
solution to a fixed-threat bargaining game. Their problem is to solve
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P(3) lrrtla)‘(i[F(c, e, k,1—1—1)— Gy(x,k, z)] x [M(c, e, k,1 —n) — By(z, k)]

subject to
c=VQ2, kY, nxz)—dl-y =V kxl+zm—-dl -y
and
e=Q(t,d, k)

Here By(z, k) and G,(x, k, z) are the threat points for the husband and wife. They
are the values of being single in the second period, and are given by the solutions
to the old single agent problems, P(1) and P(2).

Denote the level of human capital investment per child in a family with two old
parents by

e=EJ(x,z,v,k)

Let the resulting utility levels for an old husband and wife in a type-(x, z, y, k)
marriage, or the values for M and F in P(3) evaluated at the optimal choices for
l,t, n,d and the implied values for ¢ and e, be represented by

Hy(x,z,y, k)

and

P'(3) Wa(x, z, v, k)

3.3. Marriage—Old Adults. Consider an age-2 couple indexed by (x, z, y, k).
Each party faces a decision: Should she/he choose married or single life for
the period. Clearly, a married female will want to remain married if and only
if Wa(x, z,y,k) = Ga(x, k, 2); otherwise, it is in her best interest to get a di-
vorce. Equally as clearly, a single female will desire to marry if and only if
Wa(x, z, ¥, k) > G, (x, k, 0); otherwise, she will go it alone. Similarly, a married
male would wish to remain so if and only if F5(x, z, v, k) > Bs(z, k), while a single
male will like to marry if and only if H,(x, z, ¥, k) > B(z, 0).

The matching decision of an age-2 couple can summarized by the following
indicator function:

P(4)
L(x,z,y,k)
B {1, it Wa(x, z, v, k) = Ga(x, k, J(q)z) and Hy(x, z, v, k) > By(z, J(q)k)

0, otherwise

which is defined for ¢ = m, s, where J(m) =1 and J(s) = 0. Note the indicator
function depends upon the marital status, g, at the beginning of period two.
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3.4. Household Activity—Single Young Adults. Now, let the odds of drawing
a single age-1 female of type x; in the marriage market be represented by

s
®q(x;), where ®;(x;) >0Vyx; and Z D (x) =1
i=1
and the odds of meeting a single age-2 female of type x; with k children in the
marriage market be given by

s K
®, (x;, k), where @, (x;,k) >0Vx; and Z Z D, (x;, k) =1
i=1 k=0

Likewise, the odds of meeting a single age-j male of type z; will be denoted by
S
Q;(z), where Q;(z)>0V¥z and Z Qi(z) =1
i=1

A key step in the analysis will be to compute these matching probabilities.
The programming problem for a one-period-old single type-x; female is

P(5)
Gi(x;) = l?}?)fi F(c,e,k,1—1—1)
S S m
+ﬂ Z Z Z {%(xkv Zh Vm k)Ig(xk» zl9 Vm k)
k=1 I=1 n=1
+ Go(xi, k, 0)[1 — I (% 21, ¥ )]}
x X(xx | x:)22(2)T (vn)
subject to
c=V¥(1,K[Y(U, 0;x;,0) —d] = ¥(1, k)[x;] —d]
and

e=Q(t,d, k)

In the above problem, 8 is the discount factor. Here 2, (z;) I'(y,) gives the prob-
ability that a single female will meet a single male of type z and that their match
will be of quality y,,. Note that Wx(xx, 2, yu, k) is given by the solution to the Nash
bargaining problem P(3) for a type-(xk, z/, ¥», k) marriage. Marriage is an option
only if both parties agree, that is, when IS(xk, z7, ya, k) = 1; see P(4). The value
G (xx, k, 0) of remaining single is given by the solution to the problem of an old sin-
gle female, or by P(1). Last, note that in P(5) the indicator function 5 (x, 2, ¥», k)
chooses married or single life for the female when old depending upon what is
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in her best interest to do. Married life must also be feasible in the sense that her
mate must agree.S This is incorporated into the indicator function’s construction.

Let the utility-maximizing decision rules for the quantity and quality of children
that solve this problem be represented by
k= K*(x)
and

e= Ej{(x;)

The analogous recursion for a single male is

P(6) Bi(zj) = max M(c,0,0,1—n)

NN

I=1 i=1 k=0 n

NgE

{H2(xlv zlv Vn, k)lg(xl’ Zl’ yn’ k)

Il
—_

+ Ba(21, 0)[1 = L (X, 21, Y K) ]} 2(xi, )T (v) Z(21 1 2)

subject to
c=¥(1,0)Y(0,n;0, zj) = zjn

where ®,(x;, k)['(y,) is the probability of meeting an old single female of type-x;
with k children and having a match quality of y,,.

3.5. Household Activity—Young Married Adults

Nash bargaining problem: Consider now the problem of a young married cou-
ple. Applying the Nash bargaining solution to the fixed-threat bargaining game
facing a young couple in a type-(x;, z;, y») marriage gives

P(7)

S § m
max { [F(c, ek 1=1=0)+B> > [Walxv, 7 Vo k) 5%, 21, Vi, )

v=1 I=1 n=1

+ Ga(xv, ke 2)[1 = (X0, 21, Yo )] ] Ay | ) X (30 | 2) Z(z1 ) 27) = Gi(x:)

6 That is, here there is a bilateral search problem, as opposed to the more typical unilateral job-
search model, say as typified by the Andolfatto and Gomme (1996) and Hansen and Imrohoroglu
(1992) analyses of unemployment insurance.
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x4 M(c, e, k, 1-n)+ﬂZXS:

v=1Il=1n

Ms

H2(xv, 25 Vn, k)IZm(xvv Uy Vn, k)

Il
-

+ Ba(z, O)[1 = B'(x0, 21, v )] A | v) X(x0 | %) Z(21 | 27) = B1(Zj)] }

subject to
1) =9V nx. ;) —d]l —yw= V2 k)%l +z;n —d] -
and

) e=0(t.d k)

The threat points G;(x;) and By(z;) are given by the solutions to the problems for
young single females and males.

Let the optimal decision rules for the quantity and quality of children in a
type-(x;, zj, y») young marriage be denoted by

k = Km(xl’ ZJv yn)
and
e= ET(xi, 2j, vn)

Furthermore, let the expected lifetime utility for a young male and female arising
out of a type-(x;, z;, y») marriage be represented by

P'(7) H(x;, zj, yn)
and
Wi(xi, zj, vn)

3.6. Marriage—Young Adults. The marriage decision for arandomly matched
young couple, (x, z, ), is given by

1, if Wi(x,z,¥) > Gi(x) and Hi(x,z )= Bi(2)
0, otherwise

P@®) L(x,z,y)= {
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4. STATIONARY EQUILIBRIUM

4.1. Steady-State Population Growth. The average number of children per
female, k, is given by

k=3

=1]

S S m
+ Z D1(x;) [ — Z Z Qu(z))T (yn) I} (xi, zj, Vh)] K*(x;)

i= j=1 h=1

m
3 1) )T E (5, 27, v) K™ (%, 27 v)
h=1

||Mm
[IN

To understand this formula, note that the probability of a type-(x;, z;, y») marriage
between young adultsis @1 (x;) Q1(z;)T (vn) I} (xi, 2;, v»). This match will generate
K"™(x;, zj, yn) kids. The odds that a woman will be type x; and remain single are
®q (1)1 - Zle Y opet 1(z;)T(vn) I (xi, zj, vn)]- This woman will have K*(x;)
children. In a stationary equilibrium the growth rate of the population, g, will
therefore be

k

g=—2—

4.2. Steady-State Matching Probabilities

Young adults: 'The probabilities of meeting a young female and male of a given
type in the marriage market are ®;(x) and ©2;(z). To determine these probabilities,
let Y™™ (x;, 2j, Yn, Xk, &, ¥») Tepresent the fraction of females who were married
in both periods and transited from state (x;, zj, yx) to (xk, 2, v»). Likewise, let
T (x;, xx) denote the fraction of females who were single in both periods, and
transited from x; to xx, and Y™ (x;, z;, v, Xk, z7) denote the fraction of females
who suffered a marriage breakup, etc. Hence,

Y™ (Xis 2js Vi Xk 25 V) = P1(x)Q0(2)T(vn) B (%1, 2, vn)
X B (X, 21, Voo K™Y A | vn) X0k | %) Z(21 | 25)

S m
T (%, x) = P1(x:) [ ZZF(yh)Ql(zj)lf(x,-,z,-,Vh)]

h=1

MV,

j=
x X(xx | ;) [1 ZF(V,.)IZ Xk, 2y Yns K )92(21)]

1 n=1

~
Il

Y (Xis 2y Vi Xk 21) = P1(x) (2T (va) [ (%, 25 va) X(x | %) Z(z1 | 2)

X [2'": Ay lyw)[1 = B (xks 21, Vs k'")]]

n=1
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T (xi, Xk, 20, Yn) = P1(xi) l:l - Z Y Tz B (. 2, Vh)]

S
j=1 h=1

x I3 (X, 20, Y k)T () X(xc | X2)Q22(21)

where k" = K™(x;, zj, yp) and k° = K*(x;).
Then, it is easy to see that the odds of meeting a young woman of type x, in the
marriage market are given by

3) di(x) = { Z E(x | EV(xi, 25, vn) + ES (X, 210 Yoo K™ (X3, 27 v0)))
ikl hn

X Y™ (Xiy Zjs Vio Xk 25 V) K™ (X2 25 vh)
+ 3" B0 | B () + B (e K (1), 0) 7 (a1, i) K* (x1)
i,k

1

+ > B(u | BNz vn) + B (% K™(x 250 v), 1))
i,j.kl.h

X Y™ (Xi, Zjs Vo Xk, 20) K™ (X0, 25, i)

+ 3 200 | B + Bk 2 ve K ()
ik,l.n

X Tsm(xia Xk, 2 s yil)Ks(xl)}/k

The probability of meeting a type-z, young man is determined analogously:

Q) =3 Y Az | E (% 2. v) + B (o 2, v K7(50 250 7))
i jklhon

X Y™(Xiy Zjs Vi Xks 25 V) K (00 255 Vi)
+ Z A(zr | Ej(x:) + E%(xk, K (x;), 0))T”(x,~, x) K (x;)
ik
+ Y Az | BNz va) + B (e, K™ (%0, 2, ) 21))
i,j.klh
X Y™ (X, Zj, Yo Xk 2) K™ (X0, 255 vi)

+ 3 Al | ES) + B (v 2 v K2 ()

i.k.l.n

x YS"™(x;, Xk, 25 Vn)Ks(xi)}/k

Old adults: Next, how are the odds of meeting a single age-2 type-x fe-
male with k children, &, (x, k), or of a single age-2 type-z male, Q(z) de-
termined in stationary equilibrium? This depends upon the number of single
agents who remain unmarried from the previous period. So, how many are
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there? Again, the numbers of married and single one-period-old type-x; fe-
males are given by @ (x,)zj L Yoney 1(z)T(vn) I (xi, 2j, vn) and @4 (x;) [1 —

Z] L o1 21(2;)T(vn) I (%, zj, vn)]. Given this supply of one-period-old sin-
gle females, the quantity of two-period-old type-x; single females will be

Yy X | x)@y (x6) [1 = 372y ey a(z) T () I (i, 25 v)]-
Let

1, fK(x)=k

N(x;, k) = .
(xi. k) 0, otherwise

be an indicator function representing the number of children that a single one-
period-old female of type x; has. Then, the odds of drawing a single two-period-old
type-x; female with k children in the marriage market, or ®,(x, k), will be given
by
(I)z(xk, k)
X M, R X | ) @1 () [1 = 205, Y0, Tm)Qa(2) B (%, 2, )]
Yoiot Yoy X | x) @1 (6) [1 = X5y Yoy TR (2) 8 (xi. 2. )]

The analogous formula for the odds of meeting a single two-period-old male of
type z, or for Q, (z;), reads

4)

Zf=1 Z(z12))u(z)[1 = iy Yhy T(rm) @1 () I (xi. 25 vn)]
Y Yo Az ) (z)[1 = Xy Y T @1 (x0) B (%3 25 vn) ]

()=

It’s now time to take stock of the situation so far.

DeriniTION 1. A stationary matching equilibrium can be represented
by a set of child quantity and quality allocation rules, K"(x, z,y), K°(x),
EY(x,z,v.k), E5(x,k, z), E{"(x, z, ¥),and Ej(x),aset of marriage decision rules,
'(x,z, v, k), I (x z,v,k), and I} (x, z, y), and a set of matching probabilities,
Dq(x), Oa(x, k), Q1(z), and €,(z), such that:

1. The child quality allocation rule E5(x, k, z) solves the old single female’s
household problem P(1).

2. The child quantity and quality allocation rules K*(x) and Ej(x) solve the
young single female’s household problem P(5).

3. The child quality allocation rule E}'(x, z, y, k) solves the married old cou-
ple’s Nash bargaining problem P(3).

4. The child quantity and quality allocation rules K™ (x, z, y) and E}*(x, z, ¥)
solve the young married couple’s Nash bargaining problem P(7).

5. The marriage decisions for old couples, who either begin the second pe-
riod married or start the period single and meet on the marriage market,
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TaBLE 1
BENCHMARK PARAMETER VALUES

Parameter Values Criteria
Tastes B =0.67 A priori information
v=05,§=032510f=0.2,8, =035 Free—fertility
§=3,¢=03 Free—time allocations
Technology b=03,7=05 A priori information
tf = 0.05, vy, = 0.0325 Free—fertility
a=05k =04,=05 Free—investment in kids
Shocks g1 =15.15,6, = 0.5, u = 4.17 Free—income distribution
Oxle = Oxje = 0.4 Free—income distribution
pux =22,u,=258,0 =057, py =0.7, p, =0.7 Free—income distribution
yvi=251=0 Free—marital status
T'(y)=T(n) =05 A 1n)=A(21r)=05  Free—marital status
Policy variables a=0.05 A priori information

L'(x, z, v, k) and I5(x, z, y, k), are described by P(4), in conjunction with
P(1), P(2), and P'(3).

6. The marriage decision for a young couple, I (x, z, ), is described by P(8),
in conjunction with P(5), P(6), and P'(7).

7. The matching probabilities, ®1(x), ®a(x, k), 21(z), and 2,(z), are gov-
erned by the stationary distributions described by (3) to (4).

At a general level, not much can be said about the properties of the above
model since the solution involves a complicated fixed-point problem. On the one
hand, in order to compute the solution to a young single agent’s choice problem
one needs to know the equilibrium matching probabilities. On the other hand,
calculating the equilibrium matching probabilities requires knowledge about the
solutions to each of the decision problems.

S. SOME COMPUTATIONAL ANALYSIS

5.1. Benchmark Equilibrium. To gain some insight into the model’s mechan-
ics, its solution will be computed numerically.” To do this, values must be assigned
to the model’s parameters. The parameter values are listed in Table 1. The sim-
ulation results should be viewed more as an extension of the pencil-and-paper
techniques employed in economic theory, to explore the properties of a model, as
opposed to a data-fitting exercise. Separate sets of 15 points are chosen for each
gender’s productivity levels (so that S = 15). There are two possible match values
(implying m = 2). Each female was restricted to have no more than four kids (i.e.,
K = 4).2 Finally, take a model period to be 10 years.

7 The algorithm for finding the equilibrium type distributions, or the ®’s and Q’s, is similar to that
employed in Aiyagari et al. (2000). For more detail, see that source.
8 The constraint K = 4 was nonbinding, i.e., letting K = 5 did not affect people’s fertility decisions.
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5.1.1. Parameter values. In order to simulate the model, values must be as-
signed to the model’s various parameters. For a model like this, almost nothing is
known about the appropriate choice of parameter values or functional forms. For
the most part, parameter values are not chosen to tune the model to be in perfect
harmony with any particular observations. Instead, they are picked to generate an
equilibrium that displays several interesting features that are in rough accord with
data. The developed model is still too primitive to confront the data in a serious
manner. Yet, as will be seen, it does show promise. Table 1 lists the parameter
values used in the analysis. A guide to the informal procedure used to pick param-
eter values will now be given. Essentially, each parameter is connected to a data
category, specifically, the category where the parameter’s influence on the model’s
output is felt the heaviest. The parameter’s impact on this set of observations is
used as a guide to choose the value for the parameter. Needless to say, however,
things are not quite this simple. In a general equilibrium model such as this each
parameter can affect all of the endogenous variables. The selection scheme is as
follows:

1. A prioriinformation: A few parameters values can be taken directly from
the literature.

a. There is a large set of available estimates for b and 7, the
parameters that govern congestion in household consumption.
Cutler and Katz (1992) report n = 0.5 as an intermediate estimate.
For the parameter b, Browning (1992) gives a wide array of esti-
mates, ranging from 0.12 to 1. Again, take b = 0.3 as an intermediate
value.

b. The policy parameter a, or the amount of support payment per child,
can be determined from the available evidence. Child support guide-
lines are determined at the state level and can be quite complicated
(see Garfinkel and Oellerich, 1989). A simple rule is the one adopted
by Wisconsin. It states that a father has to pay, as child support pay-
ment after divorce, 17, 25, or 29% of his gross income for one, two,
or three children, respectively. This is not the whole story, however,
since between 1993 and 1997 only about 40% of custodial mothers re-
ceived any child support payments (Grall, 2000). So, if the Wisconsin
rule is costed out for two children (the average number of children
in the benchmark economy) and adjusted for the fraction of custo-
dial mothers who do not receive any child support, then 5% of the
father’s income is a realistic number for child support payments in the
economy.

c. The discount factor, 8, is chosen to reflect a 4% yearly interest rate,
say, as in Kydland and Prescott (1982).

2. Free parameters: These parameters are chosen to influence the model’s
performance along some dimension. In particular, the model’s perfor-
mance along each of the following data categories is used as guiding
principle to pick a particular set of parameters as indicated below. Util-
ity parameters for males and females are kept symmetric, except for the
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TABLE 2

THE MARITAL STATUS OF MOTHERS, MODEL
(PERCENTAGE DISTRIBUTION)

Young Old
Married 86 85
Single 14 5
Divorced - 10

utility parameters that govern the quality of children. The fixed costs of
raising children are also taken to be different for females and males.’

. Maritalstatus of mothers: y1, y», (1), T(12), A(y1 | 1), and A(y2 | 2)-
. Time allocations: ¢ = ¢, = ¢ and 67 = §,, = 6.

. Fertility: vy = v, = v, =&, =&, 07, O, 1, and .

. Distribution of income: €1, €2, i, Oy |e, Oz|e, hx» Kz, O, Px, and p.

. Investment in children: «, «q, and «5.

o0 o

Each of these will now be discussed in more detail.

5.1.2. The marital status of mothers. As Table 2 shows, at any point in time
a significant proportion of the adult population in the model is not married. In
equilibrium some people are always single, others experience a divorce. About
85% of the population is married. How does this compare with the data? All
females (single and married) choose to have children in the benchmark economy.
Hence, one way to judge the performance of the model is to look at the distribution
of families with children headed by either a married couple or a lone single female.
In the United States between 1970 and 1999, about 82% of families with children
were made up by married couples, with the remaining 18% consisting of female-
headed ones (U.S. Bureau of the Census, 2000). In the benchmark economy, about
85% of families consist of married couples and 15% of them are headed by single
females, not very far off from the data.!”

5.1.3. Timeallocations. Time allocations across agents in the model are shown
in Table 3. As guidance for the two parameters that govern utility from leisure,
the labor supply of married men relative to married women and single men is

 While differences in the fixed time cost of raising children is not very controversial, one might
question if men and women care differently about the quality of their children. Evidence from
household surveys indicate that this might, indeed, be the case. When women have more resources
in households, expenditure patterns are usually tilted toward children’s goods (see, for example,
Attanasio and Lechene, 2002).

10 Another way to cut the data would be to look at the marital distribution of the female population.
Between 1970 and 1999, about 75% of the population above age 20 was married, roughly 9% was
divorced, and approximately 16% had never been married. In the benchmark economy less people
never get married (10%) while more people tie the knot (85%). This is not surprising, since in the
model people have only one chance of matching each period. This promotes early marriage. The setup
also abstracts from important factors that delay marriage and fertility, such as the decision to go to
college.
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TaABLE 3
TIME ALLOCATIONS, MODEL

Male Female

Married Single Divorced Married Single Divorced

Work 0.60 0.44 0.41 0.37 0.27 0.27
Nurture 0 0 0 0.21 0.10 0.10
Leisure 0.34 0.56 0.59 0.33 0.46 0.52

Fixed 0.06 0 0 0.09 0.17 0.12

loosely targeted.!! In the model economy, married males work more than married
females and unmarried males. A married man works about 62% more than a
married female, and about 40% more than a single male.!? This pattern is also
true in the data: in the PSID for 1990, married men between ages 20 and 39
worked about 80% more than married women with children (and about 62%
more than married women as taken as a whole), and about 34% more than single
men. (The numbers reported by McGratten and Rogerson, 1998 using the Current
Population Survey (CPS) are very similar.) While the model matches these two
aspects of the data, qualitatively, married mothers work more than single ones
in the model (about 37% more). In the data married mothers worked about the
same as single mothers.!3

5.1.4. Fertility. Several parameters are picked to influence fertility behavior
in the model. They are chosen: (i) to yield an aggregate fertility level of two
kids per female (the total fertility rate has been around 2 in the United States
since the early 1970s), (ii) to generate a realistic cross-sectional fertility—income
relationship, and (iii) to match the aggregate data on the fraction of children in
married-couple and single-female-headed families.

The fertility—income relationship: Figure 1 shows the relationship between in-
come and family size for both the model and the United States. The data for the
United States comes from the Panel Study on Income Dynamics (PSID). The
earnings variable is the present value of future lifetime household labor income at
age 30, as calculated by Knowles (1999). In the data, fertility declines with labor
income. The fertility variable is total number of children ever born to a woman,
who is either head or spouse of the household head. The model replicates this
relationship quite well.!*

11 The model’s performance along this dimension is not a prime concern of the analysis. For example,
Regalia and Rios-Rull (2001) abstract from labor supply decisions.

12 Compared with the data, people in the benchmark economy work more. In the model, people
work about 46% of their available nonsleeping time, while the same number in the data is about 27%
(McGratten and Rogerson, 1998).

13 More generally, in 1990 married women of ages 20-39 worked about 94% of the amount worked
by single women of the same age group.

14 One might wonder if the fixed time costs of children that play a key role in the income-fertility
relation are reasonable. There are several studies that try to estimate the time cost of children (see
Browning, 1992, for a review). Most of these studies, however, do not distinguish between fixed time
cost and time for nurture. Robinson (1987) is an exception and reports both physical and nonphysical
care. His estimate for the fixed time cost of children is about 3.5% of nonsleeping time, suggesting that
the values for the fixed cost parameters, ¢ y and 1, are not unreasonable.



846 GREENWOOD, GUNER, AND KNOWLES

40 -
\
\
-——~- Model
I\

35} = JS Data
[2]
o
X
—
©
5 30f
o
£
=]
P4

25|

20Ff

1 L 1 1 1
0.0 0.3 0.5 0.8 1.0

Earnings Percentile

FIGURE 1

FAMILY INCOME AND THE NUMBER OF KIDS, MODEL AND U.S. DATA

Out-of-wedlock births: In the United States, 22% of births between 1970 and
1990 were to unmarried mothers.!® The model does well on this dimension: 23% of
births are to unwed mothers. More generally, between 1970 and 1990 about 21%
of children in the United States lived with a single mother (either never married
or divorced).'® The corresponding figure for the model is 22.5%. Since fertility
behavior is at the core of the model, however, it might be a worthwhile exercise
to have a closer look at other dimensions of fertility behavior that were rnot used
as guidance for picking the parameters.

Further results: Out-of-wedlock births occur disportionately to poorer, less-
educated females. Figure 2 shows the distribution of births by income quintile for
various categories of mothers, namely married, never married, and divorced.!” The
underlying data is taken from the PSID and covers the period 1986-91.18 About
20% of births reported in the PSID are to unmarried women, similar to the national
average. Note that the distribution for married women stochastically dominates
the distribution for divorced women, which in turn stochastically dominates the
one for never-married females. That is, a never-married woman who gives birth

15 Source: Ventura and Bachrach (2000).

16 U.S. Census Bureau data on the Living Arrangements of Children under 18.

17 For the latter two categories, the data analysis is restricted to those mothers who report being
the head of their household.

18 More specifically, the raw data is extracted from the PSID Family Panel 1985-1993, Public Release
II.



