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Abstract
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for these and other demographic facts. We construct a model where agents differ in sex,
take marital status and fertility decisions and invest in their children’s human capital and
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Introduction

Between the mid 1970’s and the beginning of the 2010’s the share of non-married females grew
dramatically in the U.S. In the 18 to 49 age group it increased from 20% to 36%. This was
accompanied by a steady growth in out of wedlock child-raising that increased the share of single
mothers from 11.5% to 14.6% of the total female population, while total fertility remained constant
over the same period.1 During the same time period, relative wages both within and between sexes
changed significantly in the U.S.2 The skill wage premia within sexes widened, while the sex wage
premium shrank.
The findings of a recent body of empirical literature imply that a change in household structure
as large as that observed might have important consequences on human capital accumulation.3
Moreover, children’s outcomes are shown to be affected by the type of family children live in.4
It is important therefore to understand what has determined this shift in marital status of the
population.
The purpose of this paper is to measure the contribution that changes in absolute and relative
wages between and within sexes had in accounting for the observed shift in the marital status
of the U.S. population. To this end, we construct a model where agents differ in age and sex,
search for a mate, make marital status, fertility and investment in their children’s human capital
decisions. We calibrate the model to the economic and demographic characteristics of the mid
seventies. Then we recompute the equilibrium of the model after adjusting wages to match their
values in the early years of this century and compare the two sets of steady state allocations. We
decompose the pattern of wage variation into three components: a general increase, a rise in the
skill premium and a decline in the gender wage. This decomposition allows us to assess the role
of each single component in accounting for the observed shift in marital status of the population
from the mid seventies to the early nineties.
We find that in our model economy changes in wages account for: i) one third of the observed
change in the share of single women with a sharper increase among poor women, and ii) over
half the observed change in the share of single mothers. The drop in the male-female wage gap
is the driving force. The increase in within sex wage dispersion plays a minor but still important
role. Our model economy also accounts for the changes in the positive assortative matching of
1

In the U.S. the total fertility rate was 1.86 in 1972 and 1.89 in 2011.
See for example
http://www.cdc.gov/nchs/datawh/statab/unpubd/natality/natab2003.htm, National Center for Health Statistics.
2
The literature is too extensive to do justice to it.
3
Keane and Wolpin (1997) show that factors that take place in early stages of life are crucial determinants of
children’s later success. Neal and Johnson (1996) find that differences in educational achievements by the time of
high-school completion account for almost all the observed black-white wage gap.
4
McLanahan and Sandefur (1994) document differences in later achievements, in particular in terms of education,
between children raised in single or in two parent families.
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couples observed in the data. The baseline model economy matches remarkably well the set of
demographic and economic statistics chosen for the calibration. In calibrating the model, the
model is overidentified in that we target a greater number of moments than calibrated parameters.
In addition, to ensure a satisfactory calibration process we also look at properties of the model
that we do not impose (additional overidentifying restrictions) and we confirm that the baseline
model economy matches the data along many dimensions. The baseline model economy accurately
predicts that high wage men were married much more often than low wage men, it matches the
number of households without children and it accounts for between a fifth and a third of the
intergenerational earnings correlation reported by previous empirical work.5 The last result is
particularly interesting because it is achieved without introducing any genetic or peer group effect
or comparative advantage by college graduates to affect the education of their children that would
reinforce the positive correlation of outcomes between parents and children. Moreover, children
who grow up in single female headed households have 23% more chance of becoming a low wage
type when adults.
Associated with the changes in family structure, our model finds that under the new wage
structure there are other important changes such as an increase of 12% in the intergenerational
earnings correlation in the model economy. This result suggests that shifts in the marital status
composition of the population might have reinforced the positive intergenerational correlation
of earnings that is observed in the U.S. economy. Changes in the marital status of the model
population are achieved mainly through a reduction in the marriage rate as observed in the data.
As an additional independent validation of the model economy, changes in the wage regime leave
women’s fertility unchanged which is also consistent with the data.
The model that we use has additional features that we think are interesting by themselves.
First, household formation and dissolution, fertility and investment in children’s education are all
simultaneously determined in the context of a growth model. Second, the intra-household decision
process is solved by sequencing fertility and time and resource allocation decisions in a manner
that avoids the need to explicitly model strategic behavior within a couple. Third, we follow
the discrete choice literature an introduce extreme value shocks associated with the marriage and
fertility decisions to guarantee continuity of the operator whose fixed point is the Bellman equation.
The convexification yields two important properties that are needed to use this model: it allows us
to compute the solution, and it makes the statistics of the model continuous in the parameters of
the model, a necessary condition for a satisfactory calibration process.
We build on the work of Becker and Tomes (1976), Becker and Tomes (1979) and their
quality-quantity trade off model of parental fertility decisions. Unlike Knowles (1998), and Aiyagari
et al. (2000) our model incorporates endogenous household formation and dissolution, endogenous
fertility, and inter-temporal investment in the dynasty in the form of parents’ investment of time
5

The estimates oscillate between .41 and .68. See Solon (1992), Zimmerman (1992) and Knowles (1998).
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and resources in children’s education.
Other attempts in the literature to answer the question of what accounts for this observed
marital status shift of the U.S. population have focused on the role played by sex-ratio imbalances
and by welfare programs. Wilson and Neckerman (1986) looked at the reduction in the number
of marriageable men due to incarcerations, unemployment and mortality rates and do not find
that this can account for the facts. Hoynes (1997) found that there is no evidence that welfare
contributed to increase propensities to form female headed households for either whites or blacks
and that the already weak welfare effect found in previous studies is affected by an upward bias that
basically disappears when individual effects are taken into consideration in the econometric set up.
The role of welfare policies is hard to assess since while the share of single female welfare recipients
among low wage women increased, the share of single female non-welfare recipients actually tripled
(see Table 18).
In Section 2 we report the features of the data that we are most interested in. We turn to
the model in Section 3 where we also define its equilibrium. Section 4 describes how we calibrate
the baseline model economy to the main features of the data in the seventies, and discusses the
main margins over which agents are making decisions. In Section 5 we carry out our measurement
exercises by analyzing the equilibria of economies that differ from the baseline only in terms of
absolute and relative wages. Section 6 concludes. In Appendix A we describe how we constructed
our measure of wages, while in Appendix B there is a brief account of the computational procedures
that we use to find equilibria. Finally, Appendix C shows some additional tables of interest.
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Main Features of the Data

Most of our data are computed from the Panel Study of Income Dynamics (PSID). We look at
men’s and women’s marital status, number of children and wages and sort them into wage and
education groups. It is the behavior of these wage-education groups that we concentrate on.
We take all PSID females and males aged 18-49 years in 1974 and in 2013. We construct a
wage measure using data on wages for the 1973-1976 and 2009-2015 periods6 (see Appendix A for
details on how we construct this measure), and then we divide them by their education attainment
(college and non-college).
Table 1 shows the key statistics that we are looking at. Note the following.
6

The larger range in the years for the second period is due to the fact that the PSID survey was only completed
every other year, rather than yearly.
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Table 1: Demographic and economic characteristics of college and non-college women.
1974

2013

Change

Fraction of singles among all women
Fraction of singles among college women
Fraction of singles among non-college women

0.204 0.359
0.238 0.338
0.190 0.402

76%
42%
112%

Fraction of single mothers among all women
Fraction of single mothers among college women
Fraction of single mothers among non-college women

0.115 0.150
0.081 0.115
0.127 0.238

30%
42%
87%

Fraction of women with some college

0.272

Wages and marital behavior of women

0.687

147%

Source: PSID.

1. The fraction of women living as single increase by three quarters.
2. The fraction of single mothers increases by nearly one third.
3. In 1974 singles were much more prevalent among college women, but by 2013 there were
more singles among non-college than among college educated women.
4. Most of the increase in the number of single mothers comes from non-college mothers.7
5. The fraction of women attending college increased dramatically, it more than doubled, surpassing that of men.

These variations in household composition have been accompanied by large changes in absolute
as well as in relative wages within and between sexes as shown in Table 2. The first row reports
the average increase in men’s wages, and the second row reports the decline in the gender wage
gap. Women’s wages have moved much closer to men’s wages but are still considerably lower. Our
measure of the sex premium corrects for changes in the relative education of the two sexes but
not for the changes in the relative experience (see Appendix A for details on how we constructed
our measure of the sex premium). The last two rows in Table 2 show the increase in the relative
wages between college and non-college. This is the well known increase in the skill premium.8
7

Ellwood and Crane (1990) report that the decline in of married women was almost as large among whites as
among blacks.
8
See Katz and Murphy (1992), Gottschalk (1997) or Krusell et al. (2000).
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Table 2: Wage changes between the sexes and between college and non-college.
1974

†

2013

Change

Men’s average absolute wage increase†
1.000 1.253
Wage premium between men and women
1.581 1.311
Wage premium between college and non-college women 1.471 1.750
Wage premium between college and non-college men
1.348 1.729

25%
-17%
19%
28%

Source: PSID.
Corrected for CPI missmeasurement.

Table 3: Marriage and divorce rates in the U.S.
1974

2013

Change

Marriage rate 0.144 0.074
Divorce rate
0.026 0.028

-48%
5%

Sources: Statistical Abstract and Vital Statistics of the U.S.

Table 3 shows marriage and divorce rates in those two years. We see that while the divorce
rate has increased slightly during the period, the marriage rate has declined by 48%.9 The main
mechanism that accounts for the increase in the number of singles is, therefore, the drop in marriage
rates.10

3

The Model

The model has overlapping generations of agents that live many periods and that differ according
to various characteristics (sex, age, marital status, number of children, wage, education). Agents
make decisions about the family they live in and about the investments they make in their children
towards whom they have altruistic feelings. We start describing the demographics of the model
in Section 3.1, then turn to the determinants of education and wages in Section 3.2. At this
point we can describe the individual and the aggregate states of the economy and we do so in
Section 3.3. We turn to agents’ preferences in Section 3.4, while in Section 3.5 we discuss the
special assumptions that we have made and we argue that they are appropriate in light of the goal
9

Note that the notion of marriage that we use in the PSID is not exactly the same. In the data from the PSID
we use permanent rather than legal partners, while divorce and marriage rates are for legal partners. Since most
permanent couples are married we believed that the differences are small.
10
The increase in divorce had already happened by 1974, it started in the mid sixties.
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of this paper. We describe the behavior of the agents in Section 3.6, which involves successive
decisions on marital status, fertility and human capital investments decisions, inducing the division
of each period in three subperiods. In Section 3.7 we describe how the population evolves over
time while in Section 3.8 we define steady state equilibrium.
3.1

Demographics

Agents can be either males or females, g ∈ {m, f }, and one of four ages: children, young adults,
old adults and old, i ∈ {1, 2, 3, 4}, and they age exponentially. In fact, both young and old agents
may become retires, albeit at a different rate. Only adults agents make decisions. Agents start
the period either single or married q ∈ {0, 1}. If single they live in a household without any other
adult and if married they live in a household with another adult of the opposite sex. Agents choose
whether they want to be married this period, which is identified by q 0 , but the marriage only ensues
if both prospective spouses want it. Changing spouse requires to stay single for at least a period.
In households where a woman is present there may be children n ∈ {0, 1, 2, · · · }. The women
choose every period whether or not to have one more child n0 ∈ {n, n + 1} regardless of their
marital status. Therefore, during childhood, agents are attached to an adult female, their mother,
who can be married or single. We further assume that the adults in the household do not know
the sex distribution of their children.11 The aging process affects all adults simultaneously and
children become young adults when their parents become old. Women also keep the custody of
the children upon marriage dissolution. Old agents become detached from their off-spring.
3.2

Wages and Education

Wages depend on sex, education, and age. Educational achievement depends on the investments
made by the parents and we think of college attendance as the success. Let ψ(y , `, n) be the
probability of college attendance. The arguments of ψ are investment in goods, y , time of the
devoted to child raising by the mother `, and number of children in the household n. Function ψ
is increasing in its two first arguments and perhaps decreasing in the last one. It is convenient that
function ψ satisfies the Inada conditions in the first two arguments to ensure interior solutions to
the maximization problems that we will define below. The time endowment of the mothers can be
used either to invest in their children or to work in the market at the wage w . To save on notation,
we use w and wage, to simultaneously refer to age and education. The evolution of w is given
by transition matrix Γg , and hence that of w ∗ by Γg ∗ , but this matrix is characterized by only the
aging probabilities.
11

See below for details on why we make this assumption.
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3.3

The individual state

At the beginning of a period an adult agent is indexed, in addition to her sex that does not change,
by the vector {w , q, n, w ∗ , η, q , n }, that we denote compactly as z, and that tells us what the
agent’s age/education is w , whether she is married q = 0 or not q = 1, how many children she
has, n, what the age/education of the spouse or prospective spouse is w ∗ , and a pair of indices
the quality of the match, η which is Markovian, and q and n have continuous domains and are
q
n
drawn from Type I extreme value distributions F  (·) and F  (·), respectively.12 Note that we are
using stars to denote prospective partner’s variables, both for the age/education and the gender.
An adult male with q = 0, and n > 0, means that n is the number of children of his date, since
males cannot be single fathers. The two agents will only marry if both want do so. Finally, the
quality of the match η from a partner that the agent just met is drawn from some γη distribution;
if the partner is instead the spouse, then η follows a Markov process with matrix Γη [η 0 |η]. The
Markovian part of the quality of the match η, is common to both agents, while the non-Markovian
part is agent specific.13
3.4

Preferences

Every period, agents get utility ug (c, q, q 0 , n0 , η, q , n ). Agents care about consumption properly
adjusted via economies of scale, which accounts for arguments, {c, q 0 , n0 }. Variables η + q and n
provide direct utility to the adult agents and we sometimes refer to it as love. Whether a married
couple (q 0 = 1), is newly wed (q = 1) or not (q = 0) matters because the male does not like the
children from a different father (this feature turns out to be important to prevent single women
from improving their attractiveness for men by becoming single mothers). After one period, the
male consider all children as his own. This is the only features that make the gender of the agent
affect preferences. We can write then the per period utility function as
u[c φ(q 0 , n0 )] + q 0 (η + q ) − χ(1 − q)1n0 >0 1g =m + n 1g =f

(1)

where the first term is the standard utility function in terms of effective consumption (this is
corrected by the economies of scale of family size), the second is love, the third is the possible
distaste in amount χ that men have over the children of other men, and the last term is the i.i.d.
shock affecting their fertility choice.
Agents discount their own future utility at rate β. It is simpler to pose preferences of a gender
12

We follow the discrete choice literature and introduce extreme value shocks for both the discrete choices of
marriage and fertility.
13
The non-Markovian nature of this variable guarantees that we do not have to keep track of ∗ , the draw of the
spouse.
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g agent recursively and so we do
n 

o
0
u (c, q, q 0 , n0 , η, , n ) + β π(w ) E Vg w 0 , q 0 , n0 , w ∗ , η 0 , 0 |w , q 0 , n0 , w ∗ , η +
β [1 − π(w )] {Ωg (w , q 0 , w ∗ , η) + b (n0 ) E [V (z̄) |w , q 0 , n0 , w ∗ , η]} (2)
where the term inside the first expectation, Vg , is the value function that applies in the beginning
of next period conditional on not aging; the last term is the utility that ensues upon getting old,
with [1 − π(w )] being the probability of aging that in turn depends on the adult’s age. Upon aging,
agents get a direct utility that depends on their marital status, and own spouse’s education which
is given by function Ω and they also have altruistic feelings towards their children that show up as
the expected value of function V evaluated at z̄ times b(n). We dropped the gender indicator of
the value function to indicate that parents do not know the sex of their children, hence they take
expected values. They weight the utility of multiple children with concave function b(n).
Female are the only ones who draw the shock n , since they are the ones making the discrete
choice over fertility. Her utility function is augmented by the drawn shock n .
3.5

Special features of the model

We have made many potentially controversial assumptions over the structure of households. In
making these assumptions we have attempted to balance the commonly held notions of what is
a family with our concerns. Fully specifying a model type requires solving a both a large set of
equilibrium conditions and searching for a large number of parameter values capable of yielding
allocations that resemble those of the data. This is a hard problem and we do not have a lot of
room to spare to make assumptions that more accurately describe the institution of the family.
In our model, agents naturally disagree on what they want in terms of marriage and fertility. We
make many assumptions to achieve three important properties: 1) to have allocations that are
continuous functions of the parameters and hence to make estimation possible; 2) to avoid thorny
issues of joint decision making, so we do not have to pose either bargaining or Pareto problems
within the household; 3) we want to keep the model manageable.

• The decision making is sequential. In each period agents take first the marriage decision, then
the fertility decision and finally, the within period investment decision. There is agreement
in the last one, the woman chooses fertility alone and both are required to agree to stay
together.
• Utility is not transferable, hence there is no possibility for any of the prospective spouses to
convince the other to stay. The decision of whether agents marry or not requires that both
agree. This is handled by posing two shocks to indicate love. One, η is common and follows
8

a Markov process with finite support and transition Γη,η0 . The actual value of the shocks is
not the same for both agents, what is the same is the ordinal value of this love shock. This
allows for male and females to differ in what is the utility they get from marriage. The other,
q is individual, in the sense that each adult has its own.
• Every period the woman chooses unilaterally whether to have a child in addition to those
she already has, and she does so before the investment decision. Note that the two parents
need not agree over their desired number of children because in case of separation, it is the
mother that keeps them. However, given the number of children they both agree between
how much to consume and how much to invest in the children. The sequencing of decisions
is what avoids the need to explicitly model bargaining.
• Children are attached to their mothers. Within the context of the model, this assumption
implies that the fathers forget about their children after a divorce. To do otherwise would
have required us to keep track of men’s previous family histories, a large record keeping cost.
• Note that in our specification we do not keep track of whether the males are the biological fathers or not. That males like more there own children than those of other males is
incorporated in the model by letting the marital status with which they started the period
q affect current utility. If there are children from the past and if the couple was not previously married, the male has less utility that if they had been previously married. We make
this assumption to prevent single women to become mothers to attract men, a feature we
repeatedly encounter in previous versions of the paper.
• Investment in children has returns only if and when they age. Because of this assumption
we do not need to keep track of previous investment.
• Parents do not know the sex of their children. Boys and girls are not equal (in fact their
rate of return of human capital investment is different). Accordingly if parents knew the
sex of their children their investment decisions would be affected. To keep track of the sex
distribution of the children would increase the state space substantially.14
• There is no genetic transmission of characteristics. In particular, higher education or wage of
the parents implies a higher education of the children only in so far the parents make higher
investment.
• The costs of divorce arise from the fact that one of the components of love is drawn from a
distribution that depends on marital status and not from any direct utility or resource cost
of divorce.

We leave for future research the relaxation of these assumptions, to which we could add the
fact that we only look at steady states.
14

We are not interested in understanding the issue of differential investments in boys and girls. See Echevarrı́a
and Merlo (1995) and Foster and Rosenzweig (1999) for two different ways of approaching this issue.
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3.6

The agents decisions

The purpose of this Section is to describe the problems that the agents face and to obtain expressions for their value functions Vg (z), for z = {w , q, n, w ∗ , η, q , n }. We proceed backwards
starting with the last subperiod that corresponds to the consumption-investment decision (Section 3.6.1), then we move to fertility decision (Section 3.6.2) and we finish with the marriage
decision (Section 3.6.3).
3.6.1

The consumption-investment decision

Recall that agents devote time of the females and resources to invest in the education of the
children. The outcome of such investment is higher probability of the children achieving college in
case the adults age. It is easier to start by looking at the problem of a female agent that started
the period with state z = {w , q, n, w ∗ , η, q , n } that became (or stayed) single, q 0 = 0, and that
bf (z, 0, n0 ). Next, we move to
chose to have n0 children this period. We denote her value with G
the decisions of married households, as single males decide nothing at this stage.
A female that becomes single. The problem of a female with state z, that is single, q 0 = 0
and has n0 children is
n
o
0
0
0
0
∗0 0
b
Gf (z, 0, n ) = max uf (c, 0, n , 0) + π(w ) β E Vf (w , 0, n , w , η ) |w +
c,y ,`>0
n
o
0
0
0
[1 − π(w )] β Ωf (w , 0, 0) + b(n )E {V (z̄ )|y , `, n , x} (3)
Subject to the budget constraint:
c + y = (1 − `) w .

(4)

and where the conditional probabilities are given by
n
o
E Vf (w 0 , 0, n0 , w ∗0 , η 0 , 0 ) |w =
Z
xm (dw ∗0 , 0, 0, ., .)
γη [dη 0 ] Γw [dw 0 |w ] F (d0 |0) (5)
Vf (w 0 , 0, n0 , w ∗0 , η 0 , 0 )
x
(.,
0,
0,
.,
.)
m
W ×W ∗ ×H×E
where xm is the steady state distribution of males. Prospective dates for the period after are drawn
from this distribution. The other terms just reflect the distribution of the evolution of the own
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wage (age/education) and love. The conditional distribution of the values for aging children is
(
o 1
n
o 1 n
E V (z̄ 0 )|y , `, n0 , x = E Vf (z̄ 0 ) + Vm (z̄ 0 ) | y , `, x =
2
2
Z
∗0
xm (d w̄ , 0, ., ., .)
Vf (w̄ 0 , 0, 0, w̄ ∗0 , η̄ 0 , ¯0 )
γη [d η̄ 0 ] F (d0 |0)P[d w̄ 0 , ψ(y , `, 0, n0 )] +
x
(.,
0,
.,
.,
.)
m
Z̄
)
Z
0
0
x
(d
w̄
,
0,
d
n̄
,
.,
.)
f
V (w̄ ∗0 , 0, 0, w̄ 0 , η̄ 0 , ¯0 )
γη [d η̄ 0 ] F (d0 |0)P[d w̄ ∗0 , ψ(y , `, 0, n0 )]
(6)
xf (., 0, ., ., .)
Z̄
where we see that parents do not know the sex of their children and where the conditional expectation is both over their prospective dates and hence it draws from the set of singles and , and more
importantly, where P[d w̄ ∗0 , ψ(y , `, 0, n0 )] is the probability that a child becomes of wage group
w̄ 0 . All children become young adults and the likelihood of them becoming college graduates is
increasing in the time that the mother devotes to raising the kid as well as in the resources devoted
to education. We also let it depend on the marital status and on the number of children.
We denote the solutions of this problem by functions ybf (z, 0, n0 ), b
cf (z, 0, n0 ), blf (z, 0, n0 ).
A male that becomes single. Single males are not attached to any children. Consequently,
they simply consume what they earn working full time. His value is given by
bm (z, 0, 0) = um (c, 0, 0, 0)+ π(w )β E {Vm (w ∗0 , 0, n0 , w 0 , η 0 , 0 ) |w ∗ , xf }+(1−π(w )) β Ωm (w ∗ , 0, 0)
G
(7)
where c = w ∗ , and where the conditional expectation of future values is analogous to that of single
females. We now turn to discuss the investment problem of the married agents.
Investment problem of married agents. Let’s write the problem of a married agent as if the
female were the dictator in her family
n
o
bf (z, 1, n0 ) = max uf (c, 1, n0 , η, ) + π(w )β E Vg (w 0 , 1, n0 , w ∗0 , η 0 , 0 ) |z, 1, n0 +
G
c,y ,`>0
n
o
[1 − π(w )] β Ωf (w , w ∗ , η) + b(n0 )E {V (z̄ 0 )|y , `, n0 , x}
(8)

Subject to the budget constraint:
c + y = (1 − `) w + w ∗ .

(9)
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where the conditional expectations are as before. Note that the decision variables only enter as
arguments of the first and last terms of equation (8), and those terms are independent of the gender
of the decision maker. Henceforth both parties agree at this stage. Let’s denote the solution to
b 1, n0 ). We now turn to the fertility decision.
this problem by functions yb(z, 1, n0 ), b
c (z, 1, n0 ), `(z,
3.6.2

The fertility decision

Associated with the discrete choice of having an additional child or not is the shock n which is
n
drawn from a Type I extreme value distribution, F  (n ). Therefore, the woman’s fertility choice
problem is
Gf (w , q, n, w ∗ , η, q 0 ) =
Z
{ 0 max

n ∈{n,n+1}

bf (w , q, n, w ∗ , η, q , q 0 , n0 ) + n0 }dF n (n0 ). (10)
G

Given the extreme value shocks, the probability of having an additional child takes the form
p(n0 = n+1) =

bf (w , q, n, w ∗ , η, q , q 0 , n + 1)}
exp{σ n · G
bf (w , q, n, w ∗ , η, q , q 0 , n)} + exp{σ n · G
bf (w , q, n, w ∗ , η, q , q 0 , n + 1)}
exp{σ n · G
(11)

where σ n is the scale parameter of the extreme value shock. In addition, the associated intrinsic
value is expressed as
1
γE
Gf (w , q, n, w , η, q ) = n + n ln{
σ
σ
∗

0

X

bf (w , q, n, w ∗ , η, q , q 0 , n0 )}}
exp{σ n · G

(12)

n0 ∈{n,n+1}

We now are in a position of defining the value for agents of each marital status. The solution of
this problem can also be used to the determine the utility for the second stage for a male Gm (z, q 0 ),
implying that they have perfectly forecast the fertility decision of their spouses or dates. We can
now turn to the marriage decision stage.
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3.6.3

The marriage decision

With the Gg (z, q 0 ) functions and the i.i.d. extreme value shocks, qf and qm , we can assess whether
agents prefer to be married or to be single, by simply evaluating,
max

{Gf (w , q, n, w ∗ , η, q 0 ) + qf }.

(13)

max

{Gm (w ∗ , q, n, w , η, 0) + qm }.

(14)

q 0 ∈{0,1}
q 0 ∈{0,1}

It takes the agreement of both parties to marry or to stay married. So the value functions are
given by


 Gf (z, 1) > Gf (z, 0)




and
 Gg (z, 1), if

∗
Gm (z, 1) > Gm (z, 0)
(15)
Vg (w , q, n, w , η) ≡





Gg (z, 0), otherwise.

Note that the value function will depend on both individual’s probability to marry, and given
the extreme value shock, the probabilities are defined by
pg (q 0 = 1) =

exp{σ q · Gg (w , q, n, w ∗ , η, 1)}
exp{σ q · {Gg (w , q, n, w ∗ , η, 0)} + exp{σ q · {Gg (w , q, n, w ∗ , η, 1)}

(16)

where σ q is the scaling parameter of the extreme value distribution.
Let qg0 (z) denote the marriage outcome for a type z, gender g agent. We can use fertility
decisions ng0 (z, q 0 ) and marriage outcomes qg0 (z) to substitute in the decision rules {b
yg (z, q 0 , n0 ),
b
cg (z, q 0 , n0 ), `bg (z, q 0 , n0 )} and to obtain decision rules that only depend on the state variables,
{yg (z), cg (z), `g (z)}.
3.7

Population dynamics

We now describe how the population evolves over time from agents’ decisions and today’s distribution of the population x, a process that we write as x 0 = F (x). In this model the population may
(and does) change in size. Since we are interested in stationary equilibria, we renormalize function
F to keep the population size constant. Therefore, the first thing to compute is the growth rate
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of the population which is
Z
1
n0 (z) dxf .
λ = π + (1 − π)
2
Z

(17)

Those that start the period married were adults last period and can be easily calculated,
Z
π
0
0
0
∗0 0
xg (w , 1, n , w , η ) =
1n0 (z) qg0 (z) Γg [w 0 |dw ] Γg ∗ [w ∗0 |dw ∗ ] Γη [η 0 |dη] dxg
(18)
λ Z
where 1n0 (z) denotes the indicator function: one if the statement is true and zero otherwise.
Women that start the period as single mothers (n0 > 0) were also all adults last period because
we have assumed no children’s pregnancy and they are given by
Z
∗0
0
0
0
0
∗0 0
0 xm (w , 0, ., ., .) π
Γf [w 0 |dw ] 1n0 (z) [1 − qf0 (z)] dxf
(19)
xf (w , 0, n , w , η ) =γη [η ]
0
xm (., 0, ., ., .) λ Z

Single women with no children could have been children or adults last period
( Z
∗0
0
π
0
0
∗0 0
0 xm (w , 0, ., ., .)
xf (w , 0, 0, w , η ) = γη [η ]
Γf [w 0 |dw ] 1n0 (z)=0 [1 − qf0 (z)] dxf +
0
xm (., 0, ., ., .)
λ Z
)
Z
1−π
e
Pf [w , ψ(z)]
n0 (z) dxf
(20)
2λ
Z

Finally, we turn to the males. Newly aged males can be associated to children only via the
women they associate with. We write the evolution of the distribution of single men as
( Z
0
0
x
(w
,
0,
n
,
,
.,
.)
π
f
0
xm0 (w ∗0 , 0, n0 , w 0 , η 0 ) = γη [η 0 ]
Γm [w ∗0 |w ∗ ][1 − qm
(z)]dxm (21)
xf (., ., 0, ., .)
λ Z
)
Z
1−π
b
Pm [w ∗0 , ψ(z)]
n0 (z) dxf
+
2λ Z

In the last two expressions we use some elements of tomorrow’s distribution to determine
tomorrow’s distribution. However, those elements are marginals and are only used to determine
the matching ratios, and can be readily determined from today’s distribution.
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3.8

Steady state

A steady state equilibrium is a set of decision rules for consumption cg (z), resources yg (z), and
time `f (z) investment in children’s education, number of children chosen by women nf0 (z), marriage
bg ,
outcomes q, (z), value functions for males and females Vg (z), auxiliary functions Gg and G
15
stationary distributions of agents xg (z), and a rate of population growth λ such that:
bg satisfy equations (3-15) (i.e. agents maximize).
1. Functions Vg , Gg , and G
2. Consistency between male and female actions qg0 (z) = qg0 ∗ (z ∗ ) and decisions cg (z) = cg ∗ (z ∗ )
and yg (z) = yg ∗ (z ∗ ).
3. Individual and aggregate behavior are consistent: the population is stationary, x = F (x).

4

Calibration of the Baseline Economy (the Seventies)

We want to calibrate the model economy to the demographic characteristics as well as to the wage
structure of the seventies. As a result of the model having a large number of parameters, we use
a large set of U.S. economic and demographic statistics as calibration targets, and hence we have
to solve a large system of equations and unknowns, a daunting task.
The calibration of this model economy consists in solving a non-linear system with a large
number of equations and unknowns. The unknowns are the parameters of the model which turned
out to be 31. Some of these parameters can be specified without having to solve for the equilibrium
of the model, in our case there are 15 of these. The other 16 parameters have to be obtained by
estimating the model, this is by requiring that the model economy shares some statistics with the
data (or at least that the values for the statistics that we want to impose are as close as possible).
This is what we mean by calibration and it is a form of GMM.
We start describing the specific functional forms that we choose and the number of parameters
that we have to solve for in Section 4.1. We then describe the calibration targets in Section 4.2. To
make it easier to follow, the subsection titles have the relevant number of parameters or targets.
In Section 4.3 we describe the result of the calibration process that we call the baseline model
economy. In Section 4.4 we discuss the performance of the baseline model economy by means of
how well it matches other statistics of the data that are not explicitly targeted in the calibration.
Finally, in Section 4.5 we discuss how the most important margins of the model work, the fertility
decision and the gains from marriage.
15

Note that we are indexing the consumption and investment functions by sex. This facilitates the record keeping
and simplifies notation.
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4.1

Functional forms and parameters:

We divide the functional forms in five groups and describe them accordingly: demographics, wages,
preferences, achievement of desired outcomes and approximation parameters. We put the total
number of parameters in the section head and inside parenthesis the number of those that cannot
be chosen without solving for steady states.
4.1.1

Demographics: 3 (1)

There are two population parameters that control the duration of young adulthood (Γg ) and the
duration of total adulthood (π). We choose them so that young adults encompass ages 18-29
and all adults 18-49. The reason for this is to include the most important child bearing ages. We
understand that a case can be made for starting at a younger age. These parameters can be set
before solving for the steady state.
The extreme value shocks associated with the fertility choice, n , are drawn from the distribution
F (n ) which has a scaling parameter σ n which we will determined in the calibration.
n

4.1.2

Wages: 12 (4)

We want wages to reflect educational attainment as well as life-cycle characteristics. There are 4
possible wage-age levels for each sex w ∈ {w1 , w2 , w3 , w4 }. When mapping to data the grouping
of people into wage groups we have a dilemma for the 1970’s. The model does not distinguish
educational attainment of males and females while in the data there is a difference. Our choice
is to group males into some college (almost 40% of American adults in the mid seventies) and
high school or less (a little over 60%) and compute their average wage. For females we sort them
(using an imputation of wages based on when they work (see Appendix A for details)) into similar
education groups. Given these choices there is no transition between any of the wage groups
beyond that implied by the aging process. Because one of the wages is a normalization, we obtain
7 parameters.
In addition, we have to parameterize the function that determines the probability of children
attaining a college education conditional on their parents’ investment of time and money which is
equal to
i−1
h

 y µ 
+ γg
exp γ1 `µ + γ2 0
n

(22)
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This expression has 5 parameters. Note that we assume that for each child what matters is the
total investment in time and the per capita investment in money. Note that we assume that
many children matter in terms of resources not of time. This is another choice that requires more
investigation. Lastly, γg generates differences in the college attainment of men and women separate
from the investment and allows the model to capture the differences in college attainment of men
and women observed in the data. We set γf = 0 and calibrate γm .
4.1.3

Preferences: 16 (11)

Utility Function: 11 (7). We assume a current utility function that is constant relative risk
aversion and takes into account family equivalence scales. Thus we rewrite equation (1) as
1
1−σ



c
φ(q 0 , n0 )

1−σ

+ q 0 (η + ) − χ(1 − q)1n0 >0 1g =m − ξe 2 1g =f

(23)

The coefficient of risk aversion σ is hard to estimate independently and we set it to be 2.
Function φ transforms consumption expenditures and family composition into effective consumption. We use OECD measurements that makes φ(q, n) = 1 + φ1 q + φ2 n, and sets φ1 = 1.70
and φ2 = .50.16
We pose a process for love that is quite rich to try to capture the variety of peoples family
arrangements. The Markovian part to the ”love” component of utility is an approximation of an
AR(1) process, therefore, we have 5 parameters to be determined: The mean and variance of
the AR(1) process for each gender, and the persistence which is common to both genders. This
is important: we allow this component of love to be quite different for males and females since
we have no clear priors (except perhaps from the fact that married men live longer), and since
single men cannot enjoy the utility of children which by itself may make women attractive. We do,
however, assume perfect correlation between the two sexes. Which means that the ordinal values
are the same for males and females and that the transition matrix is sex independent.
Markov matrix Γ is then determined using the Rouwnhorst method.17 We assume that the
unconditional distribution, γη , from which single prospective partners draw their quality of the
match indicator is uniform.
q

In addition, we the scaling parameter, σ q , of the Type I extreme value distribution (F  (q ))
associated with the marital discrete choice, which we assume to be common to both genders.
16
17

This value is taken from the OECD Adult Equivalent Family Size tables.
See Kopecky and Suen (2010).
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Finally, we have one more parameter, the utility cost of raising other males’ children for males.
Discounting: 4. (3) People discount their own future well-being at a rate β and their children’s
future welfare at a rate b(n0 ) = βc n01−δ that is increasing with n0 but at a decreasing rate. Since
a period in our model corresponds to a year, we fix the the discount rate β to be 0.94. To match
the fertility decisions of college and non-college women, we will assume that δ depends on the
education of the mother. Therefore, we have 3 parameters to determine in the discount rate of
children’s welfare.
Retirement: 1. (1) The functions Ωg ,s (w ) Ωg ,m (w , w ∗ , η) that represent the expected value of
being retired and single, and retired and married, are another set of preference parameters. These
parameters ensure that children are attractive even when the risk aversion parameter σ > 1. We
restrict function Ωg to not depend on marital status, wages, sex or quality of the match variable,
which leaves 1 additional parameters. Note that these choices give no additional value to the
education of the children as a source of utility except in so far as is affects marriage probabilities.
4.2

Calibration targets

We decompose the description of the calibration targets into demographic, wages, marriage sorting
and accuracy of the approximation.
4.2.1

Demographic Targets: 23

The demographic targets pertain to properties of household composition and its flows in the U.S.
during the seventies. These include the distribution of women by marital status in the different
earnings groups, the distribution of women by parental status in the different earnings groups, and
the average size of single and two-parent households. We choose the following 23 targets (their
values are in Table 4, Table 5, and Table 6).
1-2. The fraction of singles among college and non-college women.
3. The fraction of mothers among single non-college women.
4-5. The fraction of singles without children among college and non-college women.
6. The fraction of singles mothers among women.
7. the marriage rate of women.
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8. The average age at 1st marriage among women.
9.-13. The divorce rates of college and non-college women, and women with and without children.
14. The difference between the probability of marriage of women without and with children.
15.-16. The average number of children per mother among college and non-college women.
17.-18. The average number of children per woman among married and single women.
19-20. The birth rate of women aged 18-29 and 30-49 years.
21. The relative hours worked of mothers to non-mothers.
22. The relative hours worked of college mothers to non-college mothers.
23. The relative hours worked of non-college mothers married to college men to non-college
mothers married to non-college men.

Table 4: Calibration Targets: Demographics

Fraction of Single Women - Cond. on College
Fraction of Single Women - Cond. on Non-College
Fraction of Single Non-College with Children
Fraction of Women without Kids
Fraction of Women w/o kids - Cond. on College
Fraction of Women w/o kids - Cond. on Non-Coll
Fraction of Single Mothers
Marriage Rate
Average Age at 1st Marriage - Women
Divorce Rate
Divorce Rate - College
Divorce Rate - Non-College
Divorce Rate - No Children
Divorce Rate - With Children
Difference in Remarriage Probability
- without and with children
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Data
0.2381
0.1904
.669
0.2960
0.4689
0.2329
0.1150
0.1442
21.1000
0.0276
0.0289
0.0394
0.0452
0.0302
0.0781

Table 5: Calibration Targets: Fertility
Average # Children per Mother - College
Average # Children per Mother - Non-College
Average # Children per Woman - Single
Average # Children per Woman - Married
Birth Rate of Women Aged 18-29 years
Birth Rate of Women Aged 30-49 years

Data
2.1963
2.4448
1.4675
1.9045
0.1265
0.0272

Table 6: Calibration Targets: Hours
Relative Hours Worked of
Relative Hours Worked of
Relative Hours Worked of

4.2.2

kids
]
Women - [ nokids
college
Mothers - [ non−college ]
married to college
Non-College - [ married
]
to non-college

Data
0.6895
1.0806
0.7035

Wages: 5

We want the baseline model economy to match the wage premia among several groups. In particular, we want to match the sex premia and the college premia within gender. Consequently we
choose the wage-age levels for each gender by taking the average wages for each corresponding
wage group in the data, and normalize all wages by the wage level of non-college men aged 1829. In addition, we target the fraction of men and women with college education, with the value
reported in Table 7.
24.-25. The fraction of the male and female populations with college education.
26.-27. The wage premia between the college and non-college men and women.18
28. The wage premium between men and women.
18

Since in our model economy the distribution of women and men over educational achievements is the same we
compute the college premia from the data assuming no gender differences in educational achievements. Specifically
we assume that women’s partition into four educational categories (non high-school degree, high-school degree but
no college experience, college experience but no college degree, college degree) was the same as men’s in the mid
70s. The college premia is defined as the ratio between the average wage of the population with at least some
college experience and the average wage of the population with at most high-school diploma.
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Table 7: Calibration targets: Wages
Data
Fraction of males who went to college, age 18-49
0.388
Fraction of women who went to college, age 18-49
0.273
Wage premia between college and non-college, men age 18-49
1.348
Wage premia between college and non-college, women age 18-49 1.471
Wage premia between men and women, age 18-49
1.581

4.2.3

Marriage sorting: 2

We want the baseline model economy to match the positive assortative sorting of couples that we
observe in the data. Consequently among the set of calibration targets we choose:

29. The fraction of married college women who are married to college men.
30. The fraction of married non-college women who are married to non-college men.

Table 8: Calibration targets: Sorting
Marriage Sorting
Fraction of Married College Women Married to College Men
Fraction of Married Non-Col Women Married to Non-Col Men

4.3

Data
0.743
0.771

The Baseline Model Economy

We take that the child rearing age is 18-49 years of age. In order to compute the statistics in the
model economy we have to map a period into calendar time. We set the probability of not aging
to π = .968 which implies that a period corresponds to a year.
The task of replicating the 29 targets is daunting. We think that the baseline model economy is
overall successful. In any case, the reader can arrive to her own conclusions by looking at Tables 9
through 11 that describe the values of the calibration targets in the baseline model economy next
to the value in the data. The parameter values that we use are in Table 17. This configuration
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Table 9: Performance of the baseline model economy: Demographics
Demographics
Fraction of Single Women - Cond. on College
Fraction of Single Women - Cond. on Non-Coll
Fraction of Mothers - Cond. on Non-College Single
Fraction of Women without Kids
Fraction of Women w/o kids - Cond. on College
Fraction of Women w/o kids - Cond. on Non-Coll
Fraction of Single Mothers
Marriage Rate
Average Age at 1st Marriage - Women
Divorce Rate
Divorce Rate - College
Divorce Rate - Non-College
Divorce Rate - No Children
Divorce Rate - With Children
Difference in Remarriage Probability
- without and with children
Fertility
Average # Children per Mother - College
Average # Children per Mother - Non-College
Average # Children per Woman - Single
Average # Children per Woman - Married
Birth Rate of Women Aged 18-29 years
Birth Rate of Women Aged 30-49 years
Hours
kids
Relative Hours Worked of Women - [ nokids
]
college
Relative Hours Worked of Mothers - [ non−college ]
married to college
]
Relative Hours Worked of Non-College - [ married
to non-college

Data
0.2381
0.1904
0.669
0.2960
0.4689
0.2329
0.1150
0.1442
21.1000
0.0276
0.0289
0.0394
0.0452
0.0302

Model
0.2417
0.1853
0.473
0.2250
0.2311
0.2224
0.0955
0.2093
21.5000
0.0228
0.0268
0.0214
0.0298
0.0216

0.0781

0.0437

2.1963
2.4448
1.4675
1.9045
0.1265
0.0272

2.1614
2.3942
1.4366
1.8840
0.0844
0.0399

0.6895
1.0806
0.7035

0.7060
1.0026
0.7415

of parameters is the best that we have been able to find in terms of matching all the targets,
although, obviously, we do not match all targets exactly.19
Going through some of its statistics we see that the baseline model economy matches the
demographic statistics remarkably well (Table 9). For instance, the model captures the negative
relation between marriage and wages for women aged 18 to 49, as well as the association between
motherhood and marital status. The average number of children in the baseline matches well the
19

In fact some of them may be mutually inconsistent within a steady state structure.
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data on both education and marriage dimensions. Although the declining slope in the birth rates
over the age of women is not as steep as in the data. The baseline steady state allocation is trying
to match features of an economy which indeed was not in a demographic steady state in the mid
70s.20 The baseline is also very successful in reproducing the asymmetry in the flows in and out
of marriage observed in the data. Lastly, the model does well in matching the differences in hours
worked (investment in children) by education and marital status.
Table 10: Performance of the baseline model economy: Wages
Fraction of males who went to college, age 18-49
0.3850 0.4655
Fraction of women who went to college, age 18-49
0.2730 0.2857
Wage premia between college and non-college, men age 18-49
1.348
1.36
Wage premia between college and non-college, women age 18-49 1.471 1.480
Wage premia between men and women, age 18-49
1.581 1.609

Table 10 shows that the baseline model economy closely mimics the wage gender gap found in
the data. For both men and women, the college premium closely reflects the data. In addition, the
model is able to capture the overall college attainment, as well as, the differences between men
and women.
Table 11: Performance of the baseline Model Economy: Sorting
Data Model
Fraction of Married College Women Married to College Men
0.743 0.558
Fraction of Married Non-Col Women Married to Non-Col Men 0.771 0.557

The assortative matching (Table 11) is a little below that in the data (not surprisingly given
that in the model all matching is random without any mechanism to increase the odds of matching
within the same education group).
4.4

Overidentifying parameters

That the baseline model economy matches the 29 moments that we have reviewed so far is not
surprising since the parameter values are designed to do so. We want to make sure that the baseline
model economy is a satisfactory representation of the relation between wages and marital status
20

Ideally one would like to use women’s total fertility rates per wage group as calibration targets, instead of the
average number of children per mother. However this information is not available.
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during the seventies. To do so, we look at how it performs along a variety of other dimensions
that were not targeted as calibration statistics.
There are four types of such statistics that we look at, and in all of them the baseline model
economy does very well.
1. The fraction of households with a female member that have children out of all households
with a female member. It is 0.864 in the data and almost the same in the model, 0.867.
2. The joint distribution of males across wages and marital status is very different from that of
women. It is the low wages men that are more likely to be single both in the model and in
the data. In particular the fraction of single men in the bottom half of the wage distribution
is 0.187 in the data and 0.191 in the model, while that of single men among the high wage
group is 0.116 in the data and 0.097 in the model.
3. The autocorrelation of earnings across generations. This is a very important statistic that has
generated a lot of attention. Its value in the data is between 0.41 as reported by Solon (1992)
using the PSID, and a value of 0.68 estimated by Zimmerman (1992). In the baseline model
economy this value is 0.137. We find this extremely reassuring. The model ignores all genetic
transmission of ability and all comparative advantage of educated parents in improving the
education of their children. In the baseline model economy the intergenerational correlation
of earnings is a product only of explicit investments of time and money from the parents.
Given that we abstract from the other channels that contribute to a positive autocorrelation,
a value of 0.137 seems to us what it would be appropriate.
4. Moreover children who grow up in single female headed households have 23% more chance
of becoming a low wage type when adults. This feature matches the pattern documented
by McLanahan and Sandefur (1994) who find that, other things being equal, teenagers who
spent part of their childhood apart from their biological father are twice as likely to drop out
of high school.
4.5

The model’s margins

In this section we discuss how the model’s most important margins actually work. In particular,
we look at fertility and marital status decisions.
4.5.1

Women’s fertility decision

There are two factors that have a great influence over the fertility decision: i) the curvature of
the utility function and ii) child-raising costs. The greater the curvature of the utility function,
24

the larger the family size because parents like to smooth consumption over more children. If
child-raising costs were independent from parents’ earnings type, poorer parents would have fewer
children, which is counterfactual. To get around this, the literature makes two assumptions, both
of which are necessary: that the cost of raising a child is increasing with the parents’ earnings type
(typically achieved by assuming that children impose a fixed time cost to parents), and that the
risk aversion parameter is below one.21
In our model, we also have child-raising costs increasing with parents’ earnings. In fact, children consume a fixed fraction of total family consumption, which is bigger for wealthier families.
Moreover, the calibration process determines a risk aversion parameter below one which is required
to achieve a negative relationship between mothers’ earnings and number of children, as it is
empirically observed.
Not only poor mothers have more children in our model but, given relative returns of investment
of parental time and of resources in children’s education, high earning parents prefer to invest more
resources and less time than low earning parents because the opportunity cost of time is higher for
them.
4.5.2

The gains from marriage

In our model, marriage delivers five types of potential gains three of which are for both partners: i)
prospective partners may like each other, i.e. η > 0, ii) there are increasing returns to consumption
while living together, iii) there are returns to specialization, (either because the wages or the return
of time investments are not equated between the spouses); one of the potential gains of marriage is
solely for men, iv) children are non-exclusive goods, therefore a marriage gives utility to husbands;
and another potential gain of marriage is only for women, v) marriage alleviates the decreasing
returns of parents’ time investment in child-rearing.
Therefore, all agents want to marry somebody they like and who has a high wage, and they
want to do it earlier rather than later. So the marriage decision involves assessing whether the
current match is good enough or whether it is better to wait for a better one. The calibration
process determines some specific features of this decision: it makes women less eager to accept a
match by providing them often with a negative perception of their mates and it also reduces the
returns to marriage by providing a negative view of it upon aging.
21

See Becker and Tamura (1990) and Alvarez (1999).
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5

Absolute and relative wage changes

In this Section we ask to what extent the changes in wages occurred since the seventies can account
for the dramatic changes that we have observed in family composition in the last few years. To
answer this question, we take the baseline model economy and substitute the values for wages in
the seventies for their nineties counterpart and we look at what are the implied changes in the
steady state allocations. In this period, wages have changed in many dimensions, and we look at all
of them both separately and together. We look at changes: in the level of all wages in Section 5.1,
in the gender wage premium in Section 5.2, in the dispersion of wages both for men and for women
in Section 5.3. Finally, we look at all the wage changes simultaneously in Section 5.4.
We change the wages in the model economy by changing the support of male and female
wage distributions exogenously while leaving unchanged all the other parameters calibrated for the
baseline economy. For example, the reduction in the wage-gender gap is achieved in the model by
shifting the support of women’s wage distribution upwards, while keeping men’s average wage and
within sex wage dispersion unchanged. As a result of these changes the model changes its steady
allocations which results not only in changes in the demographics but also in changes in the wage
distribution.
We care about real wages. One option would be to normalize wages using the CPI. However,
because it is widely recognized that the CPI tends to overstate inflation,22 we make a correction
upwards of 0.8 percentage points in the CPI to overcome the bias.
In order to assess the individual contribution of each wage change to the shift in the marital
status composition of the population we first look at the effect of i) increasing men’s and women’s
average absolute wages on the steady state equilibrium allocation, keeping constant wage premia
between and within sexes. Second, starting from the baseline equilibria allocation, we reduce ii)
the sex wage premium, keeping relative wages between sexes and men’s absolute average wages
constant. Next, to assess the impact of the increase in within sexes wage dispersion, we change
iii) males’ and iv) females’ wage premia keeping absolute average wages and therefore sex wage
premium constant. Finally v) we change average absolute wages and sex, male and female wage
premia together.23
22

The CPI fails to fully capture improvement in goods quality or the ability of consumers to substitute away from
goods which experience a sudden increase in their prices (Gottschalk (1997)). Shapiro and Wilcox (1996) review
the available evidence and place the median of their subjective probability distribution for the overall bias in the
CPI around 1.0 percentage point per year. They also estimate that about 80% of the mass distribution lies between
0.6 and 1.5 percentage points. The CPI Advisory Commission calculated a point estimate of 1.5 percentage points
for the total bias in the CPI for the last decade, with a range extending from 1.0 to 2.7 percentage points per year.
23
For ease of exposition we present statistics of the population partitioned into top and bottom according to
earnings. Also, we define within sex wage dispersion as the ratio between average wages of top and bottom halves
of the population. The sex wage premium is the ratio between men’s and women’s average wages.
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5.1

Change in absolute average wages

We start by looking at changes in the level of all wages, while keeping relative wages between and
within sexes constant. Given the way we compute wage premia between and within sexes, this
means that everybody’s wages increase by the same proportional amount. The main implications
of the change in the level of wages are in Table 12.
Table 12: Increase in average absolute wages
Model 74-13
Change Data

Baseline

New

Males absolute average wage

1.420

1.523

7%

7%

Frac. of Single Women
Frac. of Singles among College
Frac. of Singles among Non-Coll

0.2014
0.2417
0.1853

0.2031
0.2480
0.1826

1%
3%
-2 %

76%
42%
112%

Frac. of Single Mothers
Frac. of Single Mothers among College
Frac. of Single Mothers among Non-Coll

0.0954
0.1146
0.0877

0.0925
0.1180
0.0808

-3 %
3%
-8 %

30%
42%
87%

Marriage rate
Divorce rate

0.209
0.023

0.216
0.024

4%
4%

-48%
5%

Assortative mating
Col married Females married to Col Men
Non-Col married Females married to Non-Col Men

0.560
0.557

0.592
0.544

6%
-2 %

2%
-4%

Ex-ante, the effects of these wage changes on the number of singles is hard to predict: an
increase in the prospective spouse’s wage raises women’s gains from marriage, while an increase in
women’s wages reduces these gains, two opposing effects. It turns out that the competing effects
offset one another, so that the share of single women increases by 1% and that of single mothers
declines by 3%.24 The mechanism through which this works more is by making low wage women
more attractive partners than before, increasing their likelihood of marriage, in particular with high
wage men. This explains why the share of singles decreases among poor women, and also why a
reduction in the positive assortative mating ensues, as is shown in Table 12.
24

Both effects are greater for poor women, given the curvature of the current utility of consumption.

27

5.2

Change in the gender wage premium

The implications of a reduction in the wage gender gap while men’s wages as well as the wage
dispersion within sexes are kept constant are in Table 13.
Table 13: Reduction in the wage gender gap

Baseline

New

Model
Change

74-13
Data

Gender wage gap

1.580

1.290

-18.3 %

-18%

Frac. of Single Women
Frac. of Singles among College
Frac. of Singles among Non-Coll

0.2014
0.2417
0.1853

0.2094
0.2744
0.1905

4%
14 %
3%

76%
42%
112%

Frac. of Single Mothers
Frac. of Single Mothers among College
Frac. of Single Mothers among Non-Coll

0.0954
0.1146
0.0877

0.0928
0.1308
0.0818

-3 %
14 %
-7 %

30%
42%
87%

Marriage rate
Divorce rate

0.209
0.023

0.204
0.024

-3 %
4%

-48%
5%

Assortative mating
Col married Females married to Col Men
Non-Col married Females married to Non-Col Men

0.560
0.557

0.581
0.604

4%
9%

2%
-4%

These changes induce two effects in opposite directions: men are more willing to marry because
women’s overall quality improved (their market productivity grew while their fertility was largely
unaffected), while for women being single, and waiting for a better match is now more attractive.
The latter effect overcomes the former, and more so for college educated women, as shown in
Table 13.
Given the concavity of the current utility of consumption and the fact that rich and poor
females’ average wages increase by the same proportional amount to keep women’s wage dispersion
constant, the drop in the wage gender gap reduces the gains from marriage more for poor than
for rich women. Only if these gains were on average still positive for all women would we observe
a greater increase in the share of singles among poor females. Instead, rich women’s gains from
marrying poor men become negative. Poor women’s average gains from marriage with poor men
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are lower than before but still positive. Additionally poor women’s chances of meeting poor men
increase because many more poor men remain single.
As a result the share of singles increases more among rich than poor women and positive
assortative mating is strengthened. The drop in the gender wage gap accounts for a small share of
the overall increase in single women, however, accounts for one third of the increase among college
educated women.
5.3

The widening wage dispersion

We separate the effects of wage dispersion by gender. This is a potentially important feature
because in the period under study there was a major increase in the college premium for men and
women.
5.3.1

Raising males’ wage dispersion

An increase in males wage dispersion induces an increase in the share of single low and high wage
women, the former by 4% and the latter by 12%. Low-wage men become even poorer than before,
therefore they tend to be less picky when searching for a partner. Despite this, their lower earnings
make them worse prospective mates and poor women are less willing to marry them.
Low-wage women have a hard time to substitute poor men with rich men because the latter are
now pickier than before since their wages have risen. As a result, low-wage women are more willing
to accept the low-wage men in order to marry, however, high-wage women are not. Therefore:
i) the share of single females increases more among rich than among poor women as shown in
Table 14 and ii) the pattern of positive assortative mating gets reinforced.
5.3.2

Raising females’ wage dispersion

An increase in females’ wage dispersion increases the share of single females among high wage
women by 8%, and reduces the share of low wage single women by 1%.
Low-wage women become less desirable partners than before because their income falls while
their fertility remains largely unaffected. At the same time low-wage women’s gains from marriage
increase, everything else equal. As a result they become less picky when choosing a partner. The
latter effect outweighs the former.
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Table 14: Increase in men’s wage dispersion

Baseline

New

Model 74-13
Change Data

Males college wage premium

1.419

1.707

20.3 %

20%

Frac. of Single Women
Frac. of Singles among College
Frac. of Singles among Non-Coll

0.2014
0.2417
0.1853

0.2149
0.2715
0.1928

7%
12 %
4%

76%
42%
112%

Frac. of Single Mothers
Frac. of Single Mothers among College
Frac. of Single Mothers among Non-Coll

0.0954
0.1146
0.0877

0.0930
0.1257
0.0801

-3 %
10 %
-8 %

30%
42%
87%

Marriage rate
Divorce rate

0.209
0.023

0.198
0.024

-5 %
6%

-48%
5%

Assortative mating
Col married Females married to Col Men
Non-Col married Females married to Non-Col Men

0.560
0.557

0.611
0.563

9%
1%

2%
-4%

On the other end rich females become even richer and pickier in the search for a partner. While
their earnings improve, their fertility pattern does not change significantly. 25 Therefore men are
even more willing to marry them. The first effect overcomes the second and rich women are more
likely to stay single and wait for high wage partners. Consequently, the positive assortative mating
of couples gets reinforced.
5.4

Overall effect of wage changes (the 2010’s)

We now turn to the effects of wage changes when they take place simultaneously. Table 16 reports
the results.
The overall effect of all wage changes depends on the relative strength of the different effects at
work. The results show a dramatic increase in the number of single women and of single mothers,
capturing a third of the overall increase that we observe in the data.
25

The average number of children of rich women goes from 2.329 in the baseline to 2.316 in the new steady
state allocation; the same figure for poor women increases from 2.498 to 2.528 as their per child costs drop.
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Table 15: Increase in women’s wage dispersion
Model 74-13
Change Data

Baseline

New

Females college wage premium

1.531

1.732

13 %

13%

Frac. of Single Women
Frac. of Singles among College
Frac. of Singles among Non-Coll

0.2014
0.2417
0.1853

0.2060
0.2598
0.1837

3%
8%
-1 %

76%
42%
112%

Frac. of Single Mothers
Frac. of Single Mothers among College
Frac. of Single Mothers among Non-Coll

0.0954
0.1146
0.0877

0.0978
0.1274
0.0856

3%
11 %
3%

30%
42%
87%

Marriage rate
Divorce rate

0.209
0.023

0.201
0.022

-4 %
-2 %

-48%
5%

Assortative mating
Col married Females married to Col Men
Non-Col married Females married to Non-Col Men

0.560
0.557

0.613
0.566

10 %
2%

2%
-4%

The model captures the larger effects among low wage women compared to high wage women.
The changes in the marital status of the population are achieved in the model through a reduction
in the marriage rate and an increase in the divorce rate. Although the drop in the model economy
marriage rate is only a third of that in the data. The model economy is also successful in accounting
for direction of the assortative mating of couples which is observed in the data, however, the
magnitudes are overpredicted.
Together with the changes in family structure, our model finds that under the new wage
structure there are other important changes such as an increase in the inter-generational earnings
correlation by 12% in the model economy. Additionally, being born in a single female headed
household increases the likelihood of becoming a low-earning type adult by a third. This result
suggests that shifts in the marital status composition of the population might have reinforced
the positive inter-generational correlation of earnings that is observed in the U.S. economy. After
the change in the wage regime the inter-generational earnings correlation is 0.153. The model
economy of the nineties accounts for 25%-40% of the inter-generational earnings correlation found
in empirical studies without considering any peer group or genetic effect which might strengthen
the correlation between parents’ and children’s outcomes.
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Table 16: Change in all wage premia and increase in absolute wages

Baseline

New

Model 74-13
Change Data

Females’ college wage premium
Males’ college wage premium
Gender wage gap
Males absolute average wage

1.531
1.419
1.580
1.420

1.733
1.699
1.300
1.521

13 %
20 %
-18 %
7%

13%
20%
-18%
7%

Frac. of Single Women
Frac. of Singles among College
Frac. of Singles among Non-Coll

0.2014
0.2417
0.1853

0.2520
0.2913
0.2345

25 %
21 %
27 %

76%
42%
112%

Frac. of Single Mothers
Frac. of Single Mothers among College
Frac. of Single Mothers among Non-Coll

0.0954
0.1146
0.0877

0.1110
0.1419
0.0973

16 %
24 %
11 %

30%
42%
87%

Marriage rate
Divorce rate

0.209
0.023

0.176
0.028

-16 %
21 %

-48%
5%

Assortative mating
Col married Females married to Col Men
Non-Col married Females married to Non-Col Men

0.560
0.557

0.619
0.507

10.5 %
-9.0 %

2%
-4%

As an additional independent validation of the model economy, changes in the wage regime
leave women’s fertility virtually unchanged.26 This is consistent with the stability in US women’s
total fertility rates observed since the mid 70s.

6

Conclusion

In this paper we have constructed a general equilibrium model where agents choose to form families,
have children and invest in their human capital. We calibrated the model to the distribution of
families and wages of the seventies. We used the model to measure the role played by changes in
wages in accounting for the enormous changes observed in family structure in the last few years.
According to our model, the observed changes in wages (they have gone up, the college premium
26

The average number of children per mother goes from 2.497 to 2.498 among poor women and from 2.329 to
2.282 among rich women.

32

has increased and the gender premium has decreased) have played a fundamental role in generating
the increase in the number of people living as singles that is observed in the data.
In doing this project, we have, not only created a novel model susceptible of calibration, with
agents differing in age, gender, family status and education levels, but we also have made a few
technical developments to get around certain technical problems that arise in models with discrete
choice and lack of transferable utility.
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Appendices

A

The wage indicator

The wage indicator is a measure of earnings potential computed both for people in and out of the
labor force. We take all PSID females aged 30-44 years and males aged 35-49 years in 1974 and
in 1989 and follow their wage history for years 1973 to 1976 and 1988 to 1991 respectively. We
divide the sample of observations of PSID individuals into twenty four groups according to gender,
age, work experience, completed education and race. If individuals work for at least two of the four
years taken into consideration we average individual yearly hourly wages over those years to get a
measure of wage potential unaffected by short term fluctuations. When wages are not observed
they are imputed, i.e. each individual is assigned a wage that is a function of the average wage of
the education, gender, race, work experience group she/he belongs to.
Agents whose wages are imputed are more likely to be associated with unobservable characteristics that select them out of the labor market. Because of this selection bias our measure of
potential wages is most likely an upper bound of agents’ actual earnings potential. The wage
indicator turns out to be age independent. When we sort women according to their wages, poor
(bottom half of the wage distribution) and rich (top half) females on average have the same age
36.9 and 37.1 years respectively in 1974, 36.4 and 36.8 years in 1989.
A.1

The wage gender gap

When we compare our measure of wage gender gap with that previously found in the gender pay
gap literature, it might at first seem too high both at the beginning and at the end of the period.
O’Neill and Polachek (1993) use annual earnings of full-time year-round workers to compute the
male-female pay gap. They report a value of 1.67 in 1979 and 1.51 in 1988. Since full-time
male employees work about 8%-10% hours more than full-time female employees the wage gender
gap that they report is likely to overestimate that obtainable using yearly hourly earnings. In fact
Blau and Kahn (1997) using yearly hourly earnings of full-time non agricultural, non self-employed
workers aged 18-65 years report a male-female pay gap of 1.60 in 1979 and 1.38 in 1988. Like us
they use the PSID data. For this reason we compare our statistics with what they obtain. The
male-female pay gap that we compute from the PSID is 1.90 in 1974 and 1.59 in 1991. The
difference in the starting year between the periods that we and Blau and Kahn consider should not
be relevant because changes in the wage gender gap started towards the end of the seventies. Our
measure of the wage gender gap differs from theirs for the following two reasons.
First, we use both observed and imputed wages. It is more likely that we impute wages for
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women than for men because women are notoriously less attached to the labor force. Secondly,
women with long spells out of the labour force are more likely to be low productivity women, with
less education and less accumulated work experience. Including these observations in our sample
drags down women’s average yearly hourly earnings across occupations. In fact if we used only
observed wages, our measure of the wage gender gap would drop to 1.72 in 1974 and 1.54 in 1991.
Notice that the drop is relatively higher for the gender pay gap computed at the beginning of the
period of interest. The share of women over the total female sample who are out of the labour
force and for whom we impute earnings is indeed higher in the mid seventies than at the beginning
of the nineties.
Secondly, our age cohorts (30-44 for women and 35-49 for men) differ from those usually
considered in the literature. Blau and Kahn (1997) include male and female workers aged 18-65
years. If we use the same age brackets and only observable wages our measure of the male-female
pay gap would be 1.60 in 1974 and 1.46 in 1991. These figures are comparable with those computed
by Blau and Kahn (1997)). An approximate 6% discrepancy between our figures and theirs for the
end of the eighties might be due to the fact that they exclude part-time workers and self-employed.
It is nevertheless impossible to verify this conjecture because they do not specify the criteria used
to distinguish part-time from full-time workers.
Since our model does not account for the gender difference in educational achievements found
in the data, when we compute relative wages within and between sexes we do control for this
difference. This means that we compute women’s average wage and women’s wage dispersion
assuming that the educational composition of the female population is equal to that of the male
population in the two periods taken into consideration. Under this hypothesis the wage gender gap
obtained is 1.86 in 1974 and 1.56 in 1991.

B

Computational Procedures

There are various parts to the computational procedure. The calibration process is like solving
a large system of equations and unknowns. We proceed by minimizing the weighted sum of the
square of the residuals of the 37 equations described in Section 4 by choosing the 37 parameters
described there using standard of the shelf routines.
To evaluate the sum of weighted residuals for a given parameterization we have to solve the
steady state of the model economy for that parameterization, compute the relevant statistics and
compare them with data.
Computing the steady state involves finding the stationary measure and the decision rules
associated to it. To do so given that the state space is finite, we proceed as follows:
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(i) Start with initial guesses for the measure of males xm0 and xf0 females and for the value
functions Vm0 and Vf0
(ii) Given xm0 and xf0 solve the households’ problem by iterating on the Bellman type equation
defined in Section 3.6. At each step of the iteration we proceed backward solving all stages
by means of first order conditions
(ii.1) Solve the single female and the married females’ investment problem.
(ii.2) Solve females’ effort decision to determine the number of children.
(ii.3) Solve females’ and males’ effort decision to determine marital status.
(iii) Using the resulting decision rules, update the initial guesses of the measures xm0 and xf0 ; if at
the first iteration on the the x 0 s the difference between their old and new is less than some
tolerance value then we reached the stationary distribution. Otherwise, iterate on the x 0 s
until convergence is reached, and then update the initial guesses xm0 and xf0 , and go back to
step (ii).

The mapping T is not monotonic which implies that iterations need not converge. We get around
this problem by slow updating.
Computing the relevant statistics amounts to evaluate simple integrals that is done with standard methods. Comparing the model statistics with their data counterparts is trivial.

C

Other Tables of Interest

Table 17 shows the parameter values of the baseline model economy while Table 18 shows some
statistics regarding welfare coverage in the period under study.
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Table 17: Calibrated parameter values for the baseline model economy
Demographics
Wages
Preferences
Preferences
Parameter
Value Parameter Value Parameter
Value Parameter
Value
π
κ
Γw (w1 |w1 )

0.9688 w1
0.1304 w2
0.9462 w3
w4
w1∗
w2∗
w3∗
w4∗
µ1
µ2
γ1
γ2

0.6579
0.9464
0.7283
1.2325
1.0000
1.1849
1.2968
1.9504
0.1000
0.3457
0.3833
1.5909

σ
φ1
φ2
η1,m
η2,m
η̄m
η1,f
η2,f
η̄f
Γη (η1 |η1 )
Γη (η2 |η2 )

0.4311
1.7000
0.5000
-5.9882
1.2376
3.4751
-2.5112
-1.2130
-0.7530
0.9999
0.0076

µq=0
σq=0
µq=1
σq=1
ξ
χ
β
βc
δ
Ωs
Ωm

0.0000
3.1453
3.9069
0.7365
0.0261
1.5268
0.9570
0.1064
0.5626
26.5228
12.7760

Table 18: Fraction of welfare and non-welfare recipients among poor single women
1974 PSID 1991 PSID
Welfare recipient
Non welfare recipient

0.064
0.075

0.076
0.212

Total

0.139

0.288
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