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Abstract
This paper models how a longer fecundity horizon for males than females leads to age
and educational differences between husbands and wives. Empirical support is given
first based on cross-national data from over 60 countries, second based on US data
from the Panel Study of Income Dynamics, third based on historical Swedish data
from the 18th and 19th centuries, and fourth based on data from a natural experiment
commencing before and ending after China’s 1980 one-child law. Each implies
slightly over a ½ year bigger husband age advantage and about a 1/3 year larger
husband schooling advantage for each extra child. These husband-wife age and
educational differences are important to explain the division of labor in the home
often given as a cause for differential male and female human capital investments
which result in the gender wage gap.

* We thank David Hacker, Subal Kumbhakar, Shelly Lundberg, Haim Ofek, Susan Wolcott, as well as seminar
participants at Rutgers and Cornell Universities for valuable comments.

Then Abraham … said … shall a child be born to me, a one-hundred year old
man, and to Sarah a ninety year old women? (Genesis 17:17)

1. Introduction
One explanation given for the gender wage gap is the division of labor in the home.
According to this argument husbands specialize in market work whereas their wives
specialize more in home activities. As a result, husbands work a greater proportion of
their lives, invest more in human capital, and attain higher wages, which perpetuate
themselves throughout the marriage. The relatively larger wage gap found between
married men and married women (especially those with children) compared to the
almost nonexistent wage gap found for singles (especially never-been-married men
and women) is consistent with this household division of labor hypothesis. Also
consistent with this division of labor is the secularly declining wage gap coming about
as fertility rates fell, divorce rates rose, and female labor force participation rates
increased over the last century. These same patterns are generally observed in all
countries for which there are data. However, the phenomenon which is not well
understood is why household division of labor occurs in the first place. This is the
question addressed in this paper.

The standard reason for division of labor is comparative advantage. Comparative
advantage can come about at the outset of marriage if husbands have higher wages
than wives. While discrimination is one explanation for higher husband wages,
another explanation is the mating process – how men and women meet and marry –
and the resulting differences in demographic characteristics each spouse brings to the
marriage. One of these demographic differences between spouses is age, as the
biblical quote above indicates. Another is educational background usually measured
by years of schooling. A husband’s age and educational advantage translates to wage
disparities which could lead to division of labor, even in the absence of discrimination.
Thus the study of husband-wife age and educational differences is important.

1

Social scientists use the singulate mean age at marriage (SMAM) to compute the
average age individuals marry. In the SMAM data reported in the United Nations
World Marriage Patterns (2000) based on 236 countries, husbands are older than their
wives in all but one country.1 This husband-wife age gap tends to be larger in
developing countries especially African nations, while in developed countries it tends
to be smaller. In the US, husbands are jut over 2 years older than their wives and at
least in the 1960s were almost ½ year more educated (Polachek, 1975). As a result of
these age and educational advantages, husbands potentially earn more than their wives
from the outset of their marriages. These earnings differences widen throughout the
marriage as comparative advantage causes husbands to specialize in market activities,
whereas wives tend to specialize more in home production (Becker, 1985). Further
these husband-wife wage differences are exacerbated as each additional child is born
(Harkness and Waldfogel, 2003, and Bertrand, Katz and Golden, 2009).
Understanding why most men marry younger less educated women than themselves,
and correspondingly why women often marry older more educated men, should shed
light on the division of labor, and hence help explain the gender (and family) wage
gap so prevalent in the US and all other countries.

In a series of papers beginning in 1973, Gary Becker developed an economics
approach to the mating process. Given the usual principles of families maximizing
household utility, he showed how couples positively sort based on complementary
traits and negatively sort based on substitutes. Using the approach and taking into
account the biological constraint that women are fecund for shorter time durations
than men, Frank Vella and Sean Collins (1990) as well as Aloysius Siow (1998)
argued that fecund women are relatively scarce. As a result, they demonstrated that
the average age at first marriage is lower for women than men. By employing a
two-sided search model Eugenio Giolito (2003) proved that the husband-wife age gap
is larger the larger the difference in fecundity horizons. Our paper builds on this
1
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literature. We adopt a two-sided matching model along with the biological fact that
men have a longer fecundity horizon than women. In addition, we assume that
schooling is so time and effort intensive that those in school put off having children.
Our model shows (1) that the husband-wife age gap is smaller the lower the demand
for children, and (2) that husband-wife schooling differences are smaller the lower the
demand for children. These results are consistent with cross-national, cross-sectional,
historical, and time-series patterns observed in the data. For example, as will be
shown more formally, in China the husband-wife age difference declined by as much
as 1.2 years from before to after China instituted its one-child policy in 1980.
Similarly in China, the husband-wife education gap decreased by about 1.4 years.
Worldwide, countries with higher infant mortality and higher fertility, such as the
African nations, have marriage age gaps about five years bigger than Western
countries.2 In the US, a decrease of one extra child is associated with about a one-half
year smaller husband-wife age difference and about a 0.12 year smaller schooling
differential. And finally in 18th century Sweden increases in the birth rate are directly
associated with increases in the husband-wife age gap, as well.

At this point, it might be worth mentioning that our results are consistent with
long-term secular declines in the husband-wife marital age gap which we explain by
the more or less consistent decline in fertility. On the other hand, current theories of
marriage that explain the recent 1970-2000 increases in marriage age based on
declining fertility are hard pressed to show how overall long-term declines in fertility
explain cyclical changes in the age at first marriage exhibited over the last several
centuries. More on this later.

The rest of the paper is organized as follows. Section 2 is a brief literature
review about the theory of marriage. A two-period model in which males and females
search for potential partners based on women having shorter fecundity horizons than
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men is introduced in section 3. Section 4 presents some stylized facts. Section 5
empirically tests the predictions first using cross-country data, second using US
micro-data from the PSID, third using Swedish data in a historical context from the
18th and 19th centuries, and finally fourth using changes in husband and wife age and
educational differences resulting from China’s one-child law as a natural experiment .
Section 6 concludes.

2. Literature Review
An equilibrium search model is a useful tool to analyze how a union between two
entities forms. Search models can apply to the job market where potential employers
and perspective job applicants are looking for particular job matches, and it can apply
to consumer markets where buyers and sellers try to match each other for specific
commodities. In the marriage market, search can be used to determine who marries
whom. The development of the equilibrium search model started with one-sided
search which emphasized how one participant determines whether to form a union
from a pool of available potential partners. In these one-sided search models, the other
party was considered to be a passive receiver of the decision regarding who matches
with whom. Gary Becker’s theory is usually taken to consider a woman who tries to
select a partner from a pool of marriageable men by comparing the potential utility
gained from matching compared to one’s current utility. The one-sided search model
ignores the bilateral nature of matching, therefore now two-sided search models are
more prevalent (i.e. Gale and Shapley (1962), Mortensen (1988), Burdett and Wright
(1998)). Marriage is a process where women and men simultaneously search for
partners and make a decision by comparing gains from marriage with their current
utility.
The theory of marriage as developed by Becker (1973, 1991) implies several
sources of gains from marriage. First, it is assumed that men have a comparative
advantage in the labor market while women have a comparative advantage in home
production or childcare. Therefore, by forming a partnership, both men and women
are better off from specialization. Second, Becker views the family as an entity
4

producing and rearing of children. In this case, a large part of gains from marriage
arises from having children. Third, by combining a couple’s resources, gains from
marriage also come about from economies of scale.
Vella and Collins (1990) as well as Siow (1993) use Becker’s notions of marital
selection to derive additional results. Utilizing the fact that men remain fertile longer
than women, Vella and Collins (1990) argue that older men become relatively more
valuable. This leads to “a positive age differential in favor of husbands” (p. 363).
Siow (1998) puts it another way: Young fecund women become relatively scarce by
being fertile a shorter period of their lives. As such, young fertile women become
more costly. This leads to an age disparity whereby husbands are older than their
wives because high wage fertile men can better afford these young women. Giolito
(2003) investigates the impact of different male and female fecundity horizons in the
context of a two-period two-sided search model. He finds fecundity by itself can
explain the age gap at first marriage.3
A marital characteristic economists do not readily consider is the educational
gap, also prevalent between husbands and wives.4 Educational differences between
husbands and wives, while narrowing and even reversing in a number of countries,
continue to pervade (UN State of the World Population Report, 1997 and Quisumbing
and Hallman, 2005). Educational differences lead to specialization in the same way as
age differences do. As such, it is important to model not only the husband-wife age
3

This contrasts with Bagnoli and Bergstrom (1993) who reach the same conclusion about the gender age gap via a
waiting game in which “males who regard their prospects as unusually good choose to wait until their economic
success is revealed before choosing a bride.” A number of sociologists deal with the gender age gap in marriage.
Their explanations are more descriptive. For example, Shorter (1975: pp. 337-339) presents an extensive table with
cross-national historical data spanning 1655-1970 indicating that the percentage of husbands more than five years
older than their wives averages about 50% whereas the percentage of wives five or more years older than husbands
for the same countries and same dates averages only about 14%. Knodel (1988: p. 138) examines husband wife
age differences which vary between 3.1 and 4.8 across four regions of Germany between 1700 and 1899, and
during this time period, from 2.0 for unskilled husbands to 6.8 for farmers. Poppel et al. (2001: p. 12) looks at
historical age homogamy in the Netherlands, finding that “age differences between spouses … have become much
smaller … [in] the last century and a half.”
4
One paper which predicts that education can differ between spouses is Chiappor, Iyigun and Weiss (2008). In
contrast to our paper which is motivated by limited female fecundity, a biological constraint, that paper is
motivated by greater female returns to education coupled with a home technology and division of labor that yield
differing household roles. On the other hand, a number of sociologists have examined educational differences more
descriptively. For example, Rockwell (1976) attributes 1910-1970 declines in the US educational homogamy
across marital cohorts to overall male and female educational distributions becoming more similar. Mare (1991)
extends this analysis of the homogamy trends through the 1980s claiming “homogamy “increased … from the
1930s to the 1980s (p. 15). Kalmijn (1991) argues that this increased educational homogamy is at the expense of
religious homogeneity.
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gap, but also to model why men tend to be more educated than their wives. To do so,
we also make use of the fact that females have shorter fecundity horizons than men.
But, in addition, we make use of the fact that schooling takes time to acquire. In the
extreme two-period case, one can assume education takes the full first time period,
which means the educated put off children to the second period.5 For women, this
means foregoing children entirely, given women’s fecundity limitation.
Our model yields a number of theorems regarding the impact of changes in the
demand for children. Most relevant is that husbands are older than their wives and
husbands are more educated than their wives the more children they aspire to have.
Further, changes in government policies that influence the demand for children, such
as China’s one-child policy, can influence husband-wife age and educational gaps.
Thus after 1980 when the Chinese government initiated a “one-child policy” in order
to control its large population growth, we predict the age at first marriage to rise, the
husband-wife age gap at first marriage to decline, and husband-wife educational
differences to narrow. Similarly, any other policies that affect the demand for children
will influence these marital demographics. Such policies might entail lump-sum taxes
or subsidies which change the cost of having children, such as tax credits for daycare.
Also, factors could include institutional considerations such as living environments. In
this regard, farm families usually value children more than non-farm families. In
contrast, urban areas often make children more costly. Thus we would predict smaller
husband-wife age and educational disparities among urban families.

3. A Two-period Model
In this section we develop a two sided search model. Similar to Vella and Collins
(1990), Siow (1993) and Giolito (2003) we postulate male and female heterogeneity
comes from different fecundity horizons. Further we expand Giolito’s (2003) model
by introducing education along with the demand of children into the marriage search
model.
3.1 Assumptions
5
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We assume a continuum of single women of measure F(t), and of single men, M(t).
We focus on the steady state. In time t, there are F females and M males. Males and
females of a given age and education are homogeneous except for their potential
fecundity. Further, we assume individuals (males and females) are of either high or
low ability. Ability affects the proclivity one goes to school, and going to school puts
off marriage (Atkinson and Glass, 1985). For a woman, putting off marriage decreases
her capacity to have children. All participants in the marriage market sort based on
their age and education levels which are related to their fecundity horizons. For
simplicity, we assume both men and women live for two periods. Men are fertile for
both periods (at all ages), but women are fertile only during the first (when they are
young). Since education directly affects a woman’s capability of having children, and
since children affect the utility gained from marriage, we view education as another
factor that affects marital decisions. We assume all young people are low educated but
some of them are more intelligent (high ability) than their peers. We assume these
highly intelligent young men and women can (but not necessarily) acquire schooling
by the time they become old. We assume the young low intelligent men and women
do not have the mental capacity for additional schooling, and thus remain less
educated.
3.2 Payoffs
As was indicated, both men and women can live two periods, but women are assumed
to have shorter fecundity horizon than men, that is, only young women are fertile
while both young and old men are fertile. A single man or woman will meet only one
member of the opposite sex at each period. They decide whether to propose or not by
comparing current utility while being single with the possible utility obtained from
matching. When a woman matches with a man and vice versa, the specific utility that
the woman obtains from the man and the man from the woman are considered as an
independent random draw from uniform distributions
respectively. Assume y ~ [0,1]

Gm ( y )

and

G f (x )

and x ~ [0,1]. y and x refers to “type” of men and

women, which contains observed or unobserved characteristics.
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One sets a reservation value of one’s spouse based on the maximization of
expected utility. We assume an individual’s potential marital payoff results from four
aspects of the marriage: the marriage partner’s quality, the marriage duration, the
utility of having children, and one’s own and one’s spouse’s education.

Payoff

matrices are given in Tables 1 and 2. We assume zero (marital) utility during the
period the individual remains single. We define the parameter (k) to be a
multiplicative factor indicating how utility is augmented through marriage. If a fertile
woman marries, the derived utility from marriage will increase by (k-1) percent (k>1).
Thus k is a parameter designated to measure the extra utility from having children
within marriage. We define k as the “demand for children”. It is proportional to the
number of children couples want to have. We assume education to enter utility in
either of two ways. First, education increases a person’s desirability because
education is positively related to income, obviously an appealing marriage market
characteristic. We denote the extra utility from a partner’s high education level to be
the parameter r. Second, education raises opportunity costs of children and serves as a
substitute to the benefits children bring. This latter effect is denoted as e (e>1) in
the denominator of the male payoff matrix in Table 2. The parameter β is the discount
rate so that (0<β<1).

3.3 The Population Composition

We assume the meeting technology----the number of contacts between single
females (F) and single males (M) follows a constant return to scale meeting function
developed by Pissarides (1990):

η = μM θ F 1−θ
where 0 < θ < 1 and µ a positive constant, also less than 1.
We also assume every non-married person will only meet at most one member of
the opposite sex per period. The probability that a single person meets with a single
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member of the opposite sex per period depends on the relative availability in the pool
of potential partners. From the above, the probability that a single woman meets a
single man is
θ

ηf

η
⎛M ⎞
= μ⎜ ⎟ = .
F
⎝F ⎠

The probability that a single man meets with a single woman is
θ −1

ηm

⎛M ⎞
= μ⎜ ⎟
⎝F ⎠

=

η
M

.

The composition of single men (M) and women (F) can be depicted as

M = m1,l + m1,h + m2,l + m2,h
F = f1,l + f1,h + f 2,l + f 2,h
where the first subscript refers to age (1 or 2) and the second low (l) or high (h) ability
for the young and low (l) or high (h) education for the old. Single men comprise low
and high ability young men, and low and high educated old men. The same
breakdown applies for women. The fractions of singles of each group are as follows:

pm1,l =
p f1,l =

m1,l

pm1,h =

M
f1,l

p f 1, h =

F

m1, h

pm2 ,l =

M
f1, h

p f 2 ,l =

F

m2,l
M
f 2,l
F

pm2 ,h =
p f 2 ,h =

m2, h
M

f 2, h
F

3.4.1 Utility of Marriage for Old Men (Age 2)
The probabilities that a low and high ability young man receives a marriage offer
from a low and high ability young woman are

( (
(1− G (R
(1− G (R
(1− G (R

α m = η m pm p f 1− Gm Rm
f1,l

1,l

f1,l

1,l

1,l

α m = η m pm p f
f1,h
1,l

1,l

1 ,h

α mf = η m pm p f
1,l

1 ,h

1, h

1,l

α m = η m pm p f
f1,h

1 ,h

1 ,h

1, h

1,l

))
))
))
))

m

f1,h
m1,l

m

f1,l
m1,h

m

f1,h
m1,h
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f

where Rmii,, jj1 (i=1,2 and j=l,h) is the reservation value that a woman (i,j) sets for a
man (i,j).
The probabilities that an old low-educated man and an old high-educated man
receive a marriage offer from a young woman are

( (
(1 − G (R
(1 − G (R
(1 − G (R

α mf ,l = η m pm p f 1 − Gm Rmf
1,l
2

2 ,l

1,l

α mf ,l = η m pm p f
1 ,h
2

2 ,l

1, h

α mf ,h = η m pm p f
1,l
2

2 ,h

1,l

α mf ,h = η m pm p f
1,h
2

2 ,h

1 ,h

1,l
2 ,l

))
))
))
)).

m

f1,h
m2 ,l

m

f1,l
m2 , h

m

f1,h
m2 , h

Since old women prefer accepting all potential proposals to dying single, old
women will accept any proposal they receive. Therefore, the probabilities that a
young man with high or low ability and an old man (low or high-educated) receives a
marriage offer from an old low or high-educated woman are respectively

α m = η m pm p f
f 2 ,l
1,l

1,l

2 ,l

α mf = η m pm p f

2 ,h

α mf = η m pm p f

2 ,l

2 ,h

1,l

1,l

2 ,l

1, h

α

f 2 ,h
m1,h

1 ,h

= η m pm1,h p f 2 ,h

α m = η m pm p f

2 ,l

α mf = η m pm p f

2 ,h

f 2 ,l

2 ,l

2 ,l

2 ,h
2 ,l

2 ,l

α mf = η m pm p f

2 ,l

α mf = η m pm p f

2 ,h

2 ,l

2 ,h

2 ,h

2 ,h

2 ,h

2 ,h

Based on these probabilities and the values given in the payoff matrices, the utility of
marriage for an old low-educated man is

U m2 ,l = (α m12,l,l k + α m12,h,l k + α m22,,ll + α m22,,hl r ) x .
f

f

f

f

The utility of marriage for an old high-educated man is

10

U m2 ,h = (α m12,l,h
f

k
k
f
f
f
+ α m12,,hh + α m22,,lh + α m22,,hh r ) x .
e
e

3.4.2 Utility of Marriage for Young Men (Age 1)
The utility of marriage for a young man with low ability or high ability comes from
the utility that this young man marries a young woman with low ability or high ability,
an old low-educated woman and an old high-educated woman, that is

Um1,l = αm11,,ll (1 + β )k ∫

1

f

1

1

1

xdx + αm11,,hl (1 + β )k ∫ m1,l xdx+αm12,,ll ∫ m1,l xdx + αm12,,lh r ∫ m1,l xdx
f

m
R f 1,l
1,l

f

Rf

Rf

1,h

f

Rf

2,l

2 ,h

Um1,h = αm11,,lh (1+ β )k ∫ m1,h xdx + αm11,,hh (1+ β )k ∫ m1,h xdx+αm12,,hl ∫ m1,h xdx + αm12,,hh r∫ m1,h xdx
1

f

1

f

Rf

1

f

Rf

1,l

Rf

1,h

1

f

Rf

2,l

2,h

3.4.3 Optimization Problem for Young Men
A young man maximizes his total discounted utility by choosing optimal reservation
value that he sets for a young woman and an old woman. Thus, the optimization
problems for low and high ability young men are

(

)

Vm1,l = max[U m1,l + 1 − γ m1,l βU m2 ,l ]

(

( )) + α

γ m = αm 1 − Gf Rf
f1,l

1,l

1,l

m1,l
1,l

f1,h
m1,l

(

( ))

(1 − Gf (Rf11,h,l )) + αm12,,ll 1 − Gf Rf 21,l,l + αm12,,lh (1 − Gf (Rf 21,,hl ))
m

f

m

f

m

and

(

)

Vm1, h = max[U m1, h + 1 − γ m1, h βU m2 , h ]

(

( )) + α

γ m = αmf 1 − Gf Rmf
1,l

1,h

1,h

1,h

1,l

f1,h
m1,h

(

( ))

(1 − Gf (Rf11,h,h )) + αm12,,hl 1 − Gf Rf 21,l,h + αm12,,hh (1 − Gf (Rf 21,,hh ))
m

f

m

f

where γ m1,l and γ m1,h are the probabilities that a young low ability man and a young
high ability man get married at age 1.

3.4.4 The Utility of Marriage for Old Women (Age 2)
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m

Similarly, the probabilities that a young low or high ability woman and an old
low-educated or high-educated woman receives a marriage offer from a young low or
high ability man are respectively

( (
(1− G (R
(1− G (R
(1− G (R
(1− G (R
(1− G (R
(1− G (R
(1− G (R

α f = η f p f pm 1− G f R f
m1,l
1,l

αf

m1,h
1,l

m1,l

1,l

1,l

= η f p f1,l pm1,h

α f = η f p f pm
m1,l
1,h

αf

m1,h
1 ,h

1,h

1,l

= η f p f1,h pm1,h

α f = η f p f pm
m1,l
2 ,l

αf

m1,h
2 ,l

2 ,l

1,l

= η f p f 2 ,l pm1,h

α f = η f p f pm
m1,l
2 ,h

αf

m1,h
2 ,h

2 ,h

1,l

= η f p f 2 ,h pm1,l

1,l

))
))
))
))
))
))
))
))

f

m1,h
f1,l

f

m1,l
f1 , h

f

m1,h
f 1, h

f

m1,l
f 2 ,l

f

m1,h
f 2 ,l

f

m1,l
f 2 ,h

f

m1,h
f 2 ,h

An old man will prefer accepting any proposal from women instead of dying single.
Thus, the probabilities that a young woman and an old woman receives a marriage
offer from an old man are

αf

= η f p f1,l pm2 ,l

αf

= η f p f1,l pm2 ,h

m2 ,l
1,l

m2 ,h
1,l

α mf = η f p f pm
2 ,l

1 ,h

1 ,h

2 ,l

α mf = η f p f pm
2 ,h

1 ,h

αf

2 ,l

αf

2 ,l

m2 ,l

m2 ,h

1, h

2 ,h

= η f p f 2 ,l pm2 ,h
= η f p f 2 ,l pm2 ,h
12

αf

2 ,l

αf

2 ,h

m2 ,l

m2 ,h

= η f p f 2 ,l pm2 ,l

, and

= η f p f 2 ,h pm2 ,h

The utility of marriage for old low-educated women is

(

)

U f 2 ,l = α f 21,l,l + α f 21,l,h + α f 22,l,l + α f 22,l,h r y .
m

m

m

m

The utility of marriage for old high-educated women is

(

)

U f 2 ,h = V f 2 ,h = α f 21,,hl + α f 21,,hh + α f 22,h,l + α f 22,h,h r y .
m

m

m

m

3.4.5 Utility of Marriage for Young Women (Age 1)
The utilities of marriage for low and high ability young women are

U f1,l = α f11,l,l (1+ β )k ∫

1

m

1

ydy + α f11,l,h (1+ β )k ∫
m

f

Rm1,l

1,l

m

f

Rm1,l

1,h

1

ydy+α f1,2l,l k ∫

1

ydy + α f1,2l,h kr∫
m

f

Rm1,l

2,l

ydy

f

Rm1,l

2,h

and

U f1,h = α f11,h,l (1+ β )k ∫

1

m

1

ydy + α f11,h,h (1+ β )k ∫
m

f
Rm1,h
1,l

f
Rm1,h
1,h

1

ydy +α f1,2h,l k ∫
m

f
Rm1,h
2 ,l

1

ydy + α f1,2h,h kr∫
m

ydy

f

Rm1,h

2 ,h

3.4.6 The Optimization Problem for Young Women
A young woman maximizes her total discounted utility by choosing an optimal
reservation value that she sets for all potential partners, that is,

(

)

V f1,l = max[U f1,l + 1 − γ f1,l βU f 2 ,l ]

(

( ))+ α

γ 1,l = α f 1 − Gm Rm
m1,l
1,l

f1,l

1,l

m1,h
f1,l

(

f

m

m1,l

1,h

1,h

(

( )) + α
f1,h
1,l

( ))

m

(

( ))

m

f

f

)

V f1, h = max[U f1, h + 1 − γ f1, h βU f 2 , h ]
γ f = α f 1 − Gm Rm

(

(1 − Gm ( Rm11,,lh )) + α f1,2l ,l 1 − Gm Rm12,l,l + α f1,2l ,h (1 − Gm ( Rm12,l,h ))

m1,h
f1,h

(1 − Gm (Rm11,,hh )) + α f1,2h,l 1 − Gm Rm12,,hl + α f1,2h,h (1 − Gm (Rm12,,hh ))
f
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m

f

f

and γ f1,h are the probabilities that a young low ability woman and

where γ f1,l

young high ability woman get married at age 1.

3.5 Steady State Equilibrium
3.5.1 Reaction Functions
The solutions to the optimization problems are the equilibrium reservation values
,j
R mi
fi , j

set

m

by

m

m

different
m

m

groups
m

m

of

men

m

f

and
f

women.
f

f

They
f

are

f

f

R f11,l,l , R f11,h,l , R f 21,,ll , R f 21,,hl , R f11,l, h , R f11,h, h , R f 21,,lh , R f 21,,hh , Rm11,,ll , Rm11,,lh , Rm12,,ll , Rm12,,lh , Rm11,,hl , Rm11,,hh , Rm12,,hl ,
f

and Rm12,,hh . High and low ability young men should set an optimal reservation value so
that they are indifferent between marrying when young and remaining single until the
second period, that is,

k (1 + β ) R f11,l,l = k (1 + β ) R f11,h,l = R f21,l,l = rR f21,,hl = β U m2 ,l
m

m

m

m

k (1 + β ) R f11,l,h = k (1 + β ) R f11,h,h = R f21,l,h = rR f21,,hh = β U m2 ,h
m

m

m

m

Similarly, for low and high ability young women,

k (1 + β ) Rm11,,ll = k (1 + β ) Rm11,,lh = kRm12,l,l = krRm12,l,h = β U f2 ,l
f

f

f

f

k (1 + β ) Rm11,,hl = k (1 + β ) Rm11,,hh = kRm12,,hl = krRm12,,hh = β U f2 ,h
f

f

f

f

The resulting reaction functions are as follows:
f

Rf11,l,l = βηm pm1,l
m

f

R = βηm pm1,l

f

R = βηm pm1,l

f

f

f

f

pf1,l (1− Rm12,,ll )k + pf1,h (1− Rm12,,hl )k + pf2,l (1− Rm22,,ll ) + pf2,h (1− Rm22,,hl )r
2k(1+ β)
f

m1,l
f 2,l

f

2k(1+ β)
f

m1,l
f1,h

f

pf1,l (1− Rm12,,ll )k + pf1,h (1− Rm12,,hl )k + pf2,l (1− Rm22,,ll ) + pf2,h (1− Rm22,,hl )r

f

pf1,l (1− Rm12,,ll )k + pf1,h (1− Rm12,,hl )k + pf2,l (1− Rm22,,ll ) + pf2,h (1− Rm22,,hl )r
2
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f

R = βηm pm1,l
m1,l
f 2,h

Rf11,l,h = βηm pm1,h
m

Rf11,h,h = βηm pm1,h
m

Rf21,l,h = βηm pm1,h
m

Rf21,h,h = βηm pm1,h
m

f

f

k
k
f
f
f
f
pf1,l (1− Rm12,l,h ) + pf1,h (1− Rm12,,hh ) + pf2,l (1− Rm22,,lh ) + pf2,h (1− Rm22,,hh )r
e
e
2k(1+ β)
k
k
f
f
f
f
pf1,l (1− Rm12,,lh ) + pf1,h (1− Rm12,,hh ) + pf2,l (1− Rm22,,lh ) + pf2,h (1− Rm22,,hh )r
e
e
2k(1+ β)

k
k
f
f
f
f
pf1,l (1− Rm12,,lh ) + pf1,h (1− Rm12,,hh ) + pf2,l (1− Rm22,,lh ) + pf2,h (1− Rm22,,hh )r
e
e
2
k
k
f
f
f
f
pf1,l (1− Rm12,l,h ) + pf1,h (1− Rm12,,hh ) + pf2,l (1− Rm22,,lh ) + pf2,h (1− Rm22,,hh )r
e
e
2r
m

R = βηf pf1,l
R = βηf pf1,l

m

R

= βηf pf1,l

R = βηf pf1,h

m

R = βηf pf1,h

m

m

m

m

m

m

m

m

pm1,l (1− Rf21,l,l ) + pm1,h (1− Rf21,l,h ) + pm2,l (1− Rf22,l,l ) + pm2,h (1− Rf22,l,h )r
2k
m

pm1,l (1− Rf21,l,l ) + pm1,h (1− Rf21,l,h ) + pm2,l (1− Rf22,l,l ) + pm2,h (1− Rf22,l,h )r
2kr
m

pm1,l (1− Rf21,h,l ) + pm1,h (1− Rf21,,hh ) + pm2,l (1− Rf22,h,l ) + pm2,h (1− Rf22,h,h )r
2k(1+ β)
m

f1,h
m1,h

m

2k(1+ β)

m

f1,h
m1,l

m

pm1,l (1− Rf21,l,l ) + pm1,h (1− Rf21,l,h ) + pm2,l (1− Rf22,l,l ) + pm2,h (1− Rf22,l,h )r

m

f1,l
m2,h

m

2k(1+ β)

m

f1,l
m2,l

m

pm1,l (1− Rf21,l,l ) + pm1,h (1− Rf21,l,h ) + pm2,l (1− Rf22,l,l ) + pm2,h (1− Rf22,l,h )r
m

f1,l
m1,h

f

2r

m

Rm11,,ll = βηf pf1,l

f

pf1,l (1− Rm12,,ll )k + pf1,h (1− Rm12,,hl )k + pf2,l (1− Rm22,,ll ) + pf2,h (1− Rm22,,hl )r

m

pm1,l (1− Rf21,h,l ) + pm1,h (1− Rf21,,hh ) + pm2,l (1− Rf22,h,l ) + pm2,h (1− Rf22,h,h )r
2k(1+ β)
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m

R = βηf pf1,h
f1,h
m2,l

m

= βηf pf1,h

R

m

m

m

2k
m

f1,h
m2,h

m

pm1,l (1− Rf21,h,l ) + pm1,h (1− Rf21,h,h ) + pm2,l (1− Rf22,h,l ) + pm2,h (1− Rf22,h,h )r
m

pm1,l (1− Rf21,,hl ) + pm1,h (1− Rf21,,hh ) + pm2,l (1− Rf22,h,l ) + pm2,h (1− Rf22,h,h )r
2kr

From the above reaction functions, we obtain

m

∂R f11,l,l
∂k

m

<0

m

∂R f11,l, h
∂k

∂k

<0

∂k

<0

∂k

∂R f11,h, h
∂k

<0

∂Rm11,,lh
∂k

<0

∂k

<0

∂k

>0

<0

∂k

>0

<0

∂k

∂k

>0

∂R f 21,,hh
∂k

>0

f

<0

f

∂Rm12,,hl

∂R f 21,,hl
m

f

∂Rm12,,ll

f

∂Rm11,,hh

m

m

∂R f 21,,lh

f

f

∂Rm11,,hl

∂k

m

∂R f 21,,ll

m

f

∂Rm11,,ll

∂R f11,h,l

∂Rm12,,lh
∂k

<0

f

<0

∂Rm12,,hh
∂k

<0

These imply that the more important it is to have children (higher k ), the lower
reservation value a young man will set to an young woman than to an old woman,
meaning young men prefer young women to old women; the same applies to old men
as well. As for young women, the more important to have children, the lower
reservation value they would set in order to marry early.

3.5.2 The Relationship Between Demand For Children and Age and Education
Gap Between Husbands and Wives

Let

p mf12 represent the probability that a young woman marries an old man. Let pmf 21

be the probability that a young man marries an old woman.

pmf12 = ηmη f [ p f1,l pm2,l (1 − Rm12,,ll ) + p f1,l pm2,h (1 − Rm12,,lh ) + p f1,h pm2,l (1 − Rm12,,hl ) + p f1,h pm2,h (1 − Rm12,,hh )]
f

f
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f

f

pmf21 = ηmη f [ p f2,l pm1,l (1 − R f21,,ll ) + p f2,h pm1,l (1 − R f21,,hl ) + p f2,l pm1,h (1 − R f21,,lh ) + p f2,h pm1,h (1 − R f21,,hh )]
m

f

∂p mf12

=−

∂k
∂pmf 21
∂k

f

∂Rm12,,ll

−

∂k
m

=−

∂p mf12

∂Rm12,,lh
∂k

f

−

m

∂R f 21,l,l

−

∂k

∂R f 21,,hl
∂k

m

∂Rm12,,hl
∂k

f

−

∂k

∂Rm12,,hh

−

m

∂R f 21,l,h

m

∂k

>0

m

∂R f 21,,hh

−

∂k

<0

> 0 implies the greater demand for children, the greater possibility that a

∂k

young woman marries an old man;

∂pmf 21
∂k

< 0 means the greater demand for children,

the lower possibility that an old woman marries a young man. Therefore, the greater
demand for children the greater age gap at first marriage between husbands and
wives.

Let

p mfhl represent the probability that a high-educated woman marries a man with

low ability or low-educated. Let

pmflh represent the probability that a high-educated

man marries a woman either low ability or low-educated.

p mfhl = η mη f [ p f 2 ,h pm1,l (1 − R f 21,,hl ) + p f 2 ,h pm2 ,l ]
m

pmflh = η mη f [ p f1,l pm2 ,h (1 − Rm12,,lh ) + p f 2 ,l pm2 ,h ]
f

∂p mfhl
∂k

m

=−

∂R f 21,,hl
∂k

m

< 0 (because

∂R f 21,,hl

> 0 ) implying the greater demand for

∂k

children, the lower possibility that an old high educated woman marries a man either
low ability or low-educated, which will decrease the education gap between husband
and wife.

∂pmflh
∂k

f

=−

∂Rm12,,lh
∂k

f

> 0 (because

∂Rm12,,lh
∂k

< 0 ) meaning the greater demand for

children, the greater possibility that an old high educated man marries a woman either
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m

low ability or low-educated, which will increase the education gap between husband
and wife. Therefore, the greater demand for children the greater education gap
between husband and wife.

We now test these propositions.

4.

Stylized Facts Regarding Husband and Wife Age and Educational

Differences

Demographers use the singulate mean age at marriage (SMAM) to compute a
population’s mean age at marriage. The SMAM formulation, developed by Hajnal
(1953), uses census type data on the proportion of a population’s single people at each
age (assuming all first marriages have taken place by age 50). It is the sum, up to age
50, of the difference between the proportion single at age x and the proportion single
at age 50 divided by 1.0 minus the proportion single at age 50

1
SMAM =
1 − p50

50

∑(p
x =0

x

− p50 ) .

Intuitively, this is the weighted average of the ages at which individuals get married
up to age 50.

SMAM data are widely available for many countries. In a recent United Nations
compilation, the female SMAM varies from 17.6 (Niger) to 31.8 (Sweden) and for
men from 22 (Nepal) to 35.4 (Dominica). Typically husbands are older than their
wives, but the gender age gap varies widely. In Gambia it is 9.2 years. In San Marino
the mean marital age gap is -0.2 years. It is the only country out of 235 where wives
are older than their husbands. Africa is the continent with the highest average age gap
at first marriage (Table 3). Of the 20 countries with the highest husband-wife age gaps,
16 are in Africa. Africa also has one of the highest fertility levels in the world.
Worldwide the average SMAM difference between males and females is around 5
years.
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Though the overall fertility level is decreasing worldwide, there are a number of
countries experiencing meager declines in fertility. These latter countries constitute 21
developing countries where fertility rates declined by less than one child per woman
since 1970. Of these 13 countries are from sub-Saharan Africa. The large age gap at
first marriage and the high fertility level in Africa are basically associated with low
healthcare conditions and fewer family planning policy controls.

The average SMAM difference between males and females in Asia is around 3
years. Within Asia the age gap at first marriage varies dramatically with a minimum
of around 1 year in Myanmar and a maximum of around 7 years in Afghanistan and
Bangladesh. Developed countries such as Japan, Korea and Singapore are
experiencing low fertility levels due to rapid growth in their economies and religious
beliefs that do not necessarily promote fertility. China has reduced her fertility level
by 4 children per women since 1970 by taking on family planning policies.

Europe is the continent with lowest SMAM difference between males and
females. As mentioned above, the data shows a minimum of -0.2 years in San Marino
(meaning that in San Marino wives are actually on average 0.2 years older than their
husbands) and a maximum of 4.9 in Greece. North Europe is an area with a low age
gap at first marriage and high social welfare.

The SMAM difference is smaller in Latin America and the Caribbean than in
Africa or Asia. Similar to the North European countries, there are many consensual
unions in this area, therefore, the data may not exactly reflect the true age at first
marriage.

The mean age at marriage also varies over time. In the US (Figure 1) male mean
age at first marriage was 26.1 in 1890 but dipped to 22.5 in 1956, only to rise again to
26.9 in 2002. For women the mean age at first marriage was 22.0 in 1890, but fell to
20.1 in 1956, and like men rose to 25.3 in 2002. However, interestingly, the
19

husband-wife age gap has not exhibited the same cyclicality, but instead declined
relatively steadily from 4.1 in 1980 to 1.6 in 2002. 6 Note, this decline in the
husband-wife age gap is consistent with our hypothesis of a direct relation between
fertility and the marital age gap.

Historical data for Canada (Figure 2) is very similar to the US. Age at first
marriage behaves cyclically. It falls for both men and women until the early 1930s,
rises for both until 1940, then falls until the 1970s, and finally rises through the 1990s.
As with the US, the husband-wife age gap declined steadily.

Swedish historical data indicate a slightly different pattern (Figure 3). The
SMAM is cyclical as observed above, but the husband-wife age gap rises and wanes,
peaking in 1760, 1790, 1830, with a low in 1854, and then rising to about 2.1 years at
least until 1880.

Reaching conclusions about age at marriage based solely on data from the last
five decades may lead to misleading inferences. For example, typical marriage models
argue age at marriage to be related to the demand for children. As evidence, they
claim the currently rising age at first marriage trend is consistent with the decline in
fertility. However, as exhibited above, as well as in Figures 1-3, age at first marriage
has not risen steadily despite steady declines in fertility. To illustrate, U.S. fertility
declined since 1800 from 7.04 (births per 1000 woman) to 2.22 in 1940. Yet the age at
marriage declined (not rose) more or less steadily during this time period. From
1960-1990, age at first marriage rose dramatically, but fertility rates declined modestly
from 2.98 to 2.00 (when compared to the gigantic 1800-1940 decline). In short, the
cyclicality in age at marriage does not mirror the more or less monotonically
declining time trend in fertility, as argued by many theories of marriage.7 On the
6

This pattern is consistent with Rolf and Ferrie (2008) who examine three other measures of age homogamy
besides the average husband-wife age gap we adopt in this paper.
7
Early studies on the gender wage gap suffered from a similar fault. These studies all relied on 1960-1980 U.S.
Census and Survey of Economic Opportunity data. Using these data researchers concluded a constant male-female
wage gap because women earned roughly 59 cents on the dollar throughout this time period. It was not until
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other hand, historical patterns indicate the husband-wife age gap has narrowed as
fertility rates declined. This pattern is easily seen in Figures 1 and 2, but not so easily
in Figure 3. Thus, later in the paper (Section 5.3), we utilize the data from Figure 3
along with information on birth rates to show our theory to be consistent with
Swedish long-term historical data, as well.

We have not found long-term data on husband-wife educational differences.
However, there are international data on overall male-female educational differences
that can be culled from the World Resources Institute EarthTrends website.8 We
summarize these in Table 3 along with the data on the husband-wife age gap based on
United Nations SMAM data. These educational differences go from a 1.7 male
advantage in Middle Africa to a 1.58 female advantage in Northern Europe. In the US
married women now have a .67 year advantage. According to our theory both husband
and wife age and educational differences should be positively correlated if the
underlying factor determining each is related to fecundity.

To the extent the

schooling differences we observe reflect husband-wife mean levels of education, we
should see a positive correlation across regions, and we do ( ρ = .73 ). Those regions
with high fertility have both a high husband-wife age gap as well as a large gap in
schooling between men and women. This significant positive correlation is also
illustrated in Figure 4.

5.0 Empirical Strategy
Goldin’s (1990) book along with an examination of post -1980 data that scholars found out women’s wages
increased secularly, with 1960-1980 being the exception.
8

EarthTrends’s website is: http://earthtrends.wri.org. Information on female and male education levels can be

found at:
http://earthtrends.wri.org/searchable_db/results.php?years=all&variable_ID=1116&theme=4&country_ID=all&co
untry_classification_ID=all
and
http://earthtrends.wri.org/searchable_db/results.php?years=all&variable_ID=1117&theme=4&country_ID=all&co
untry_classification_ID=all.
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Our empirical strategy is to find statistical evidence supporting our two main
theorems. We seek confirmation (1) that husband-wife age differences are positively
related to fertility, and (2) that husband-wife educational differences are positively
related to fertility. To substantiate these propositions, we adopt a four pronged
approach. First we examine cross-country evidence utilizing a number of data sets;
second, we employ cross-individual evidence based on the US Panel Study on Income
Dynamics (PSID); third, we look at historical evidence using 18th century Swedish
data; and finally fourth, and most compelling, we explore evidence based on a natural

experiment using Chinese data from before and after the “one-child” law China
instituted in 1980. As will be seen, each supports the theoretical proposition that age
and educational differences are positively related to number of children. Whereas any

one of our empirical tests may have shortcomings, taken together they yield consistent
and comprehensive support especially given the differences in approach of each
methodology and each data set.

5.1 Cross-Country Analysis of the Marital Age Gap

One way to test our propositions concerning husband-wife age and educational
differences is to use cross-country international data. If our model is accurate,
countries with the highest fertility rates should exhibit largest husband-wife age gaps
and husband-wife educational differences. To test this we run two sets of regression
analyses. One examines husband-wife age differences and the other cross-country
variations in male and female schooling levels.9 Both contain fertility as well as
control variables to adjust for measureable country-specific heterogeneity. Also
because fertility might be caused by husband-wife age and educational differences in
the first place, we repeat both analyses using a simultaneous equations framework.
Given that some religions are more pro-natalist than others, and given that children
9

Note because of the unavailability of husband-wife data (only for this cross-country analysis) we substitute data
for overall male-female educational differences. As will be explained, in the empirical work we attempt to get
around resulting biases by adjusting for marital differences in each country.

22

are valuable on the farm, we instrument fertility using religion and the proportion of a
country’s economy devoted to agriculture. Arguably, both factors are determined long
before families make decisions concerning number of children. At the same time, it is
not obvious either religion or agriculture determine spousal age or educational
differences.

To our knowledge there is only one cross-country analysis of the gap in husband
and wife age and education. Groot, Maassen and Brink (2002) look at the effect
spousal age and educational differences have on happiness. They find that a positive
age gap between husband and wife increases both male and female life satisfaction,
whereas female life satisfaction increases if the education gap is smaller; but this
study does not examine the root causes of why husbands are older and more educated.
Saardchom and Lemaire (2005) look only at age differences. They do a sociological
study which estimates the correlation between economic modernization (GDP per
capita, percentage of GDP from the services sector, persons per car, and the
percentage of individuals who have access to safe water) and education (literacy rates
and school enrollments). Jointly, both these factors (economic modernization and
education) significantly delay female marriages and reduce the gender age difference
at marriage10

5.1.2 Data Sources and Definitions

Our study compiles data from the World Bank’s World Development Indicators 2006,
the World Bank’s, World Marriage Pattern 2000, from United Nations World Fact

Book, from the UNESCO Institute for Statistics, and the US CIA website
10
A number of studies examine marriage probabilities. Such studies necessarily have implications concerning age
at marriage. For example, Kalmijn (2007) finds that gender roles, secularization, unemployment, and educational
expansion are important for understanding differences among countries. Stevenson and Wolfers (2007) examine
changes in wage and legal structures structure. They argue that the increasing US wage structure raises the
importance for “searching for Mr. Right” (Gould and Paserman, 2003) thereby delaying the age at first marriage,
whereas as the current trend of rising female labor force participation leads to “increasingly sexually integrated
workplaces” (McKinnish, 2007) which creates more opportunities for men and women to meet. However, our
interest is not age at marriage, but the husband-wife age gap. Differences in husband-wife attributes motivate
division of labor in the home, and not each spouse’s attribute levels, per se.
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(www.cia.gov). The variable names and summary statistics are given in Appendix
Table A.1.

The age gap at first marriage is measured by differences in male and female
SMAM. The gender education gap is measured as the difference in mean levels of
education between men and women in each country. Unfortunately, these educational
differences reflect schooling differences within the entire population and not simply
those married. Such schooling measures would not be a problem if married men and
women had the same education as single men and women, but this is not the case.
According to our theory high educated women are more likely to remain single. Nor
would these measures be a problem if 100% of the population married, but again this
is not the case either, since not everyone marries. Though the mean marriage rate is
93%, the proportion married is as low as 52% in Jamaica, 60% in Grenada, and 63%
in Barbados. To help alleviate the problem, we adjust the educational difference
analysis by incorporating the proportion married in each country into the analysis.
This is not necessary for the age gap analysis since SMAM differences measure the
age gap in marriage.

5.1.3 Empirical Specification and Estimated Results

Before specifying the multivariate framework to test our propositions, it is useful to
examine the simple bivariate relationships between fertility and the husband-wife age
gap and the educational difference data. These are given in columns1 and 4 of Table 4
and in Figures 5 and 6. In each case strong positive relationships between the gender
SMAM age gap and fertility and the gender educational differences and fertility
emerge.

Our more detailed econometric specifications estimates age and educational
differences based on two basic regression specifications. The first examines the
average husband-wife age gap in country i as a function of fertility in country i,
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holding other country attributes ( X i ) constant.

Agegapi = β 0 + β1 Fertilityi + β 2 X i + ε i .

(1)

As mentioned above, Agegapi is the SMAM difference between men and women in
country i. The control variables X i hold constant each country’s level of
development so we can account for at least some aspects of measureable
heterogeneity.11 These include gross domestic product per capita, population, and the
population’s sex ratio, as indicated in the notes of Table 4. The second specification
examines the average schooling differences by gender in country i ( Educgapi ) as a
function of fertility, holding other country i attributes ( X i ) constant

Educgapi = β 0 + β1 Fertilityi + β 2 Pi M + β 3 Pi F + β 4 X i + ε i

(2)

where Pi M and Pi F represent the proportion of men and women married.
Our theoretical model espouses a positive relationship between the husband-wife
age gap and fertility. Thus we predict a bigger age gap in countries where children are
more prevalent, all else constant. The same is true for husband-wife educational
differences. Based on the single equation specifications, we find that each extra child
per woman is associated with about a 0.36-0.60 year larger husband-wife age gap and
about a 0.4 year extra schooling advantage for males. With the exception of the
proportion of men married (in the education gap regression) which predictably is
significantly positive, the other independent variables turn out statistically
insignificant. Adding an African categorical dummy variable to get at the greater
demand for children African nations have to compensate for their high infant
mortality rates yields a significantly positive coefficient (not shown). Similarly adding
a variable measuring the proportion of GDP emanating from agriculture to get at the
higher demand for children in agrarian societies, yields positive coefficients on both
age and education differences. In a similar vane, religion dummy variables for Islam

11
The lack of time-series data preclude our ability to adjust for unobserved heterogeneity. Besides the annual
time-series data for these variables necessarily change too slowly to obtain meaningful results.
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and Catholicism reflect the positive impact of pronatalist philosophies. Further
because multicollinearity may exist if a number of the variables capture similar
information, we computed VIF diagnostics for each coefficient. All VIF values turned
out less than 10 implying a tolerance greater than 0.1 for each coefficient.

Two-stage least-squares estimation (columns 3 and 6) yield comparable
results. Fertility rates instrumented by religion and the proportion of an economy
devoted to agriculture yield a similar positive relationship with both age and
educational differences. Here a country with one extra birth per woman is associated
with a 0.336 year higher husband-wife age spread and a 0.4 year larger gender
education gap. These patterns are consistent with the theory we exposited concerning
how asymmetric fecundity horizons explain why older men tend to marry younger
women and why also the husband-wife educational gap is positively related to desired
fertility.

At least two problems mar cross-national results. First, the education data do not
specifically measure husband-wife differences. Although adjusting by the proportion
married mitigates the problem, it is not clear that this approach completely solves the
mismeasurement problem for married couples. Second, fertility rates similarly apply
to the country as a whole and not solely to married couples. Thus these fertility
measures also can be biased if for example there is a high proportion of out-ofwedlock births. For these reasons it makes sense to try another approach to further
substantiate the theoretical predictions. One such approach is to use individual family
data containing specific information pertaining to husbands and wives. In the next
section, we do so using the U.S. Panel Study of Income Dynamics. These data contain
ages, schooling levels, fertility, and other associated demographic characteristics for
each spouse.

5.2 US Cross-Sectional Data from the PSID

This section presents a cross-sectional analysis. It constitutes an examination parallel
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to the cross-country analysis, just presented above. However, it uses the family as the
unit of observation instead of countries, which were the units of observation in the last
section. As in the previous section, we begin with a simple graphical analysis showing
how husband-wife age and educational differences rise with number of children. We
follow this with multivariate single equation and simultaneous equations models. We
end the section with fixed-effects estimates comparing second to first marriages to get
at unmeasured individual heterogeneity. As before, we seek to examine whether
husband-wife age and educational differences are related to completed number of
children.

As is well known, the PSID is a nationally representative database. It contains
information on families and family members pertaining to marriage, children, income,
education, occupation and other labor market and demographic variables. The family
file consists of information pertaining to the family unit, particularly the head and
head’s spouse. The individual file contains such basic information as birth date, level
of education completed (up to the point in time when the survey was taken), as well as
other labor market variables. Each respondent can be identified by a family ID and a
person number in each year of the survey. At this stage, we focus on married once
intact husband-wife families, then later in this section we deal with second marriages
compared to first.

For comparability we adopt a similar statistical model as used in the previous
section detailing our cross-national analysis. As such, we exploit both single equation
and simultaneous equation models using essentially the same type demographic
variables. Therefore, the two dependent variables we selected are: (1) the age gap
between husband and wife, which we calculated as the difference between age at first

marriage of the head and the age at first marriage of the wife; and (2) the
husband-wife education gap, which we computed as the difference in husband’s and

wife’s years of schooling completed. As such, we rule out examining single parent
families which include female-head family with no partner and male-headed families
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with no wife. Thus our study focuses primarily on traditional families with a male
head and a female wife, both of whom married only once. However, to get at issues
concerning unobserved heterogeneity, we also consider a sample of families whose
head (husband) has married twice. Same-sex marriage and cohabitation are not
considered. Our main explanatory variable is the number of children born to the
family, but we adjust for other demographic and economic variables, as well. The

completed number of children variable is used exogenously and predicted
endogenously employing religion and each spouse’s number of siblings as instruments.
To get at completed fertility we concentrate on households containing wives over 45
years old. Summary statistics for the PSID variables used in the analysis are given in
Appendix Table A.2.
Before presenting the estimation model, it is instructive to examine the data
graphically (Figure 7) to see in broad terms if they fit the hypotheses generated by the
theory. To do so, we average husband-wife age and educational differences for
(married once) households containing one, two, three, four, five, six and seven
children. To measure completed fertility we limit the analysis to households where the
wife is over 45 years old.12 As can be seen, both relationships are positive. A larger
number of children is associated with larger husband-wife age and educational
differences. The slope of the age-gap curve is 0.27 meaning each extra child is
associated with about a ¼ year larger husband-wife age disparity. The slope of the
education gap with respect to number of children is 0.06.

Next we run regression models based on (1) and (2) which estimate the difference
in husband-wife ages and schooling levels as a function of the number of children
holding constant aspects of measureable heterogeneity

Agegapij = β 0 + β1Childrenij + β 2Childrenij2 + β 3 X i + β 4 X j + ε ij

12

(3)

When we use the whole PSID sample includes wives under 45 years old who have not necessarily completed
their fertility, we also find a positive relationship between husband-wife age gap and the number of children, but a
statistically insignificant relationship with respect to educational differences.
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and

Educgapij = β 0 + β1Childrenij + β 2Childrenij2 + β 3 X i + β 4 X j + ε ij .

(4)

The subscript i refers to the husband and j to the wife. We include a linear and
quadratic term for number of children to get at possible nonlinearities of the effect of
children. Included in X are husband and wife siblings, husband and wife religion, and
current husband and wife labor market variables. As with the cross-national analysis
we estimate (3) and (4) treating completed fertility both as an exogenous and
endogenous variable. The results are in Table 5.

Columns 1-6 contain results for the husband-wife age gap and columns 7-12 the
education gap. The bivariate results indicate a 0.27 year marginal impact per child on
the husband-wife age gap (column 1) and a 0.12 year marginal impact on the
husband-wife educational difference (column 7). Both confirm the positive 0.26 and
0.06 slopes observed Figure 7, though our new estimate for the relationship between
children and educational differences is about double. Taking into account
nonlinearities, the slopes of the age gap - children and the education gap - children
relationships increase to 0.37 and 0.15 respectively (columns 2 and 8). Adding
adjustments for measureable heterogeneity decreases these marginal effects of
children to between 0.17 and 0.24 for the age gap (columns 3 and 4) and to 0.08 and
0.11 for the educational gap (columns 9 and 10). These results are robust to various
heterogeneity adjustments.

Causality might be even more relevant when using families as the unit of
observation than countries (as in the previous section). First, marriage occurs long
before completed fertility. The fact marriage precedes fertility enables one to argue
that variations in cross-household marital patterns such as differences in husbands’
and wives’ age and education potentially induce variations in fertility, rather than the
reverse. Second there is a whole literature beginning with seminal work by Becker
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(1960) and Willis (1973) that opportunity costs affect fertility. Here again, one might
suspect age and education to determine fertility since each affects wage and the value
of time. Of course, the argument against a causality bias is we use age and educational

differences rather than age and educational levels. Nevertheless, husband-wife
differences in age and education reflect potential household specialization, so relative
opportunity costs can still be a consideration, again leading to concerns about
causality. As such, husband-wife age and educational differences can possibly affect a
family’s fertility decisions since both affect relative husband and wife opportunity
costs. As such, one may be wary of the single equation results since they may contain
a simultaneous equations bias.

Normally one can use time-series panel data to test for causality by determining
whether one variable preceded another. Such Granger causality-type tests are not an
option for married-once husbands and wives simply because within marriage
husbands and wives cannot change their age gap. The age gap is simply constant
throughout the marriage. Thus we must rely on cross-sectional simultaneous
equations estimation to account for this simultaneity.13 To get at simultaneity, we
need some variables that affect household number of children without affecting
husband or wife age or educational differences. As was the case with the
cross-country analysis described in the previous section, religion is the obvious
candidate. Certain religions are known to be pronatalist, and religion is clearly
exogenous since it is usually passed on from parents at birth long before fertility
decisions are made. Since it is well known that individual tastes are in part determined
by nurture, another exogenous variable candidate is the number of each spouse’s
siblings. Number of siblings is determined by each spouse’s parents and parental
behavior can mold the behavior of their children. Thus a child coming from a family
with a lot of children might likely have a lot of children, as well. Further, as with
religion, number of brothers and sisters is determined long before one’s own fertility
13
Relative husband-wife education levels can change, but these are relatively infrequent. Later we will make use
of second marriages to show how these gaps widen in second marriages when the number of children rises.
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decisions are made, and thus number of siblings is exogenous to the individual. At the
same time, it is not obvious that religion or spousal siblings directly affect
husband-wife age and educational differences. For these reasons we choose each
spouse’s religion and number of siblings to identify fertility decisions. In short these
“first generation” variables determine “second generation” outcomes.

Columns 5 and 11 provide these simultaneous equations results. Again we
observe a positive relationship between children and the husband-wife age and
educational gaps. Here each additional child is associated with a 0.67 year larger age
gap and a 0.56 year larger educational difference. A Wu test indicates the new
coefficients to be significantly different from OLS so as not to rule out endogeneity.
These latter figures are surprisingly similar to the cross-national results of Table 4.

One pitfall is cross-sectional data may contain unobserved individual
heterogeneity. Individual heterogeneity implies that unmeasureable individual
characteristics may affect husband and wife age and schooling differences, rather than
both these differences being determined by the expected number of children both
spouses desire. The common approach to get at individual unobserved heterogeneity
is to utilize panel data to estimate changes in the dependent variable associated with
changes in the independent variables, holding unmeasurable characteristics constant
(providing these unmeasurable variables do not change overtime). But in our context
taking first differences is tricky because as already mentioned the husband-wife age
gap does not change from year-to-year (and similarly the husband-wife education gap
rarely changes, as well). On the other hand, both these variables can change when a
marriage ends and a new one begins. Thus one can hold constant unobservable
individual characteristics by comparing a spouse’s second (or higher order) marriages
to his or her first marriage. Obviously, in a world of no-divorce, marriage would be a
one-time decision with no opportunities to observe changes in these relevant variables.
However, with divorce one can get at such unobserved heterogeneity by examining
differences in age and educational gaps in second compared to first marriages.
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To get at these unobserved heterogeneity biases, we pull off couples from the
2003 PSID data who were married twice. We then can compare age and educational
differences between these couples’ first and second marriages. Again, we concentrate
on couples over age 40 to get at completed fertility, and again we expect both the age
and education gaps to be higher in the second marriage than the first if number of
children increase in the second marriage.14 To test this, we extract all husbands
married twice in the 2003 PSID for whom we could identify characteristics of the first
and second wife.15 This amounted to a sample of 84 husbands. We then regressed the
change in marital age and educational differences between the second and first
marriages against the increase in the number of children from the second compared to
the first marriage. As such, unobserved husband characteristics are held constant. This
yielded positive coefficients for each (Columns 6 and 14 of Table 5, labeled FE). A
one child increase was associated with a 2.6 larger age gap and a 0.36 larger education
gap.

In summary, data from the PSID verify that in the US, families with more
children are associated with a greater husband-wife age gap. The same holds true of
husband-wife educational differences. One extra child implies about a .446 year
spousal age gap, and about a decrease in the spousal education gap by about .23 years.
This is true when children are measured exogenously as well as endogenously using
religion and number of siblings as instruments.

5.3 Swedish Historical Data

Another approach to give credence to the hypotheses that desired fertility is related to
husband-wife age differences is to use historical data. As was the illustrated in Section
14
We lowered the cutoff wife’s age from 45 to 40 to assure a sufficient sample given the smaller number of those
married twice in the data compared to those married once.
15
We pull off husbands so we can get the associated data on wives. Pulling off wives in second marriages would
not easily permit us to obtain associated information on the husbands.
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4, SMAM statistics are available historically for a number of countries. Of these, the
earliest data we found was for Sweden from 1740 through the 1800s. First, we
describe how the data were obtained, then second, we describe how we use them to
corroborate our hypotheses.

Christopher Lundh, a Swedish demographer, compiled comprehensive historical
data on age at first marriage. He did so by calculating the SMAM from yearly
population tables reconstructed in 1907 by Gustav Sundbärg (1907). Age at first
marriage follows a cyclical pattern for Sweden, as it does for Canada, the US and
other countries; but as already mentioned, unlike the US and Canada, the age gap is
not monotonically declining, which further makes Sweden an interesting case study to
analyze. In addition, Lundh (2001) extended these data to obtain SMAM for various
regions of Sweden from 1750-1900. Following Lundh, Tommy Bengtsson and Patrick
Svensson (2002) produced historical demographic data for Scarria, the most southern
Swedish province. Combining Lundh’s results with Bengtsson and Sundbärg’s data
yield another finding consistent with our hypothesized positive relation between
children and the husband-wife age gap. Unfortunately, to the best of our knowledge
historical gender-specific literacy rate data are not available to corroborate the effect
of children on husband-wife educational differences.

First it is well known that rural areas are agricultural and urban areas are not. It is
also well known that fertility rates are higher in agricultural areas. If our theory is
correct the age gap in agricultural areas should exceed the age gap in urban areas (Self,
2008). For example, the 1992 urban SMAM age gap in West Bengal is 5.8 whereas
the rural SMAM age gap is 6.9. The mean family size is respectively 4.6 in urban and
5.1 in rural West Bangalian areas.16 In Thailand in 2001 rural grooms are 4.3 years
older than brides whereas in urban areas grooms are only 2.0 years older (Napaporn
Chayovan and Noriko Tsuya (2003). Lundh presents urban-rural results for four areas
of Sweden. As indicated in Table 6, the results for Sweden between 1880 and 1900 are
16

http://www.nfhsindia.org/data/wb/wbchap2.pdf
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similar. In rural areas husbands’ ages exceeds wives’ by about 0.7 years in each
Swedish region. This is consistent with a higher demand for children motivating a
wider husband-wife age gap.

Second, combining the Lundh (2001) and Bengtsson-Svensson (2002) data sets
yields historical time-series data on spousal age differences and birth rates. If it is true
that birth rates mirror the demand for children, then one can test our hypothesis by
comparing how birth rates and spousal age gaps change over time. Presumably
increases in birth rates should be positively correlated with increases in the spousal
age gap, providing Bengtsson-Svensson’s Southern Sweden birth rate data emulate
Sweden as a whole. To test this we first difference the age gap and birth rate data to
concentrate on changes. Next we smooth the data somewhat by taking two-year
moving averages. Both data sets are plotted in Figure 8. Finally, we regress the
change in fertility on the change in the husband-wife age gap (with and without a
constant term). Both regressions (Table 7) yield a 0.58 coefficient indicating that an
increase in fertility by one child is associated with a rise in the husband-wife age gap
by about 0.6. Surprisingly, this 0.6 is identical to the 0.60 estimate obtained in the
cross-national regressions (Table 4) earlier in the paper, and between the 0.27 and
0.92 estimate obtained in Table 5 for US micro-data. Experimenting with various lag
structures did not yield indications of causality. Thus in the next section we use
Chinese data based on a natural experiment to yield compelling results.

5.4 China as a Natural Experiment

5.4.1 Introduction

Perhaps a natural experiment coming about from China’s “one-child” policy yields
the most persuasive evidence that husband-wife age and educational differences are
associated with the demand for children. As is well known, China adopted a law in
1980 essentially outlawing more than one child per family. The law effectively
decreases the demand for children. As such, China’s 1980 legislation permits one to
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study marital patterns before and after the law went into effect. To better understand
why this is an ideal natural experiment enabling us to treat the law as an exogenous
event we give a history of the one-child policy. Following this history, we describe the
relevant data and outline the difference-in-difference approach we use to measure the
law’s impact.

5.4.2 A Simple Summary of China’s Family Planning Policy

In the 1950s, Mao Zedong urged the Chinese people to procreate in order to
strengthen the country. In 1949, the population on the mainland was only about 542
million. However, under the slogan “more people more power” China’s population
grew rapidly increasing to about 807 million by 1969. In 1970s when the baby
boomers of the 1950s and 1960s were entering their reproductive years, the Chinese
government viewed strict population containment as essential to alleviate social,
economic, and environmental problems. At that time, a birth control campaign was
launched by the central government advocating each citizen delay marriage, have
fewer births, and space children widely apart. The policy was not compulsory but
nevertheless had a moderate effect decreasing fertility from 5.8 per woman in 1970 to
2.8 in 1979, but still well above the replacement rate. For that reason, by the end of
1970s, it was replaced by legislation directly targeting the number of children per
family. The Chinese National People’s Congress proposed the “family planning
policy” in its third session of the fifth National People’s Congress in September 1980.

Contrary to popular belief, this so-called "one child policy" isn't completely a one
child per family policy. In the early 1980s, the central government advocated one
child per family in urban areas. For rural area couples, one child was deemed
impractical because it caused difficulties particularly in agriculture; therefore, the law
was tailored in 1984 to meet the living needs of people in different regions of the
country. Provinces and autonomous regions decided specific family planning
measures and regulations for minorities in accord with local conditions. As such, in
many rural areas, couples were eligible for having two children if their first child was
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a girl. In some communities, all couples were eligible for having two children.
Couples of national minority groups could also be eligible for having two children,
and could even be completely exempted from the “one child policy” in some
communities such as Tibet.

To put meat on the policy, so to speak, and make it more effective, one child
families were rewarded while violators were punished. The rewards generally
included subsidies and the punishments usually entailed levying fines on
above-quota-births. Because the overall amount of subsidies were limited, the reward
was less effective than the punishment, especially in rural areas. As a result, the
family planning policy rapidly changed the Chinese population structure and
traditional family composition. Since the implementation of the family planning
policy from the end of 1970s, China’s female TFR (Total Fertility Rate) decreased
from 5.80 in the 1970s to 1.33 by 2005 (2005 National 1% Population Sample Survey
of China). Since rural fertility was initially higher in the first place, rural fertility
declined at a greater pace than urban fertility (though there may be some bias in this
comparison because of the hukou system of classifying residence). Taking China’s
experience as a case study, a natural experiment seems logical given the relatively
rapid and unexpected change in policy from Chairman Mao’s pronatalist “more
people more power” to the 1980 “one child’ policy.

Of course, during this time period, fertility rates in the rest of the world also
decreased; but Chinese fertility decreased more rapidly. This greater fertility decline
in China makes the law exogenous and unexpected in the sense that Chinese fertility
behavior differed from the rest of the world. In addition, China’s fertility trend
differed from India, also a high population country very similar to China with regard
to development and growth. Figure 9 best illustrates these trends. World fertility
declined modestly from 1955-1970 as did India’s. China’s fertility, on the other hand,
increased slightly given Chairman Mao’s edict to increase birth rates. From
1970-2005 world and Indian fertility rates declined at a slightly faster rate than
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between 1955-1970. In contrast, China’s fertility rate declined more quickly from
1970-1990, then from 1990 conformed more to the world and to Indian trends. In
short, China’s fertility rate differed from the rest of the world, as well as from India.
Instead it conforms to expectations based on unique government pro then anti-natalist
policies, thus making China an ideal case study for a natural experiment.17

5.4.3 Data Source and Definitions

To conduct our empirical analysis, we extract marriage 、 fertility and
education data from the China Health and Nutrition Survey (CHNS). The CHNS is
funded jointly by the Carolina Population Center at the University of North Carolina
at Chapel Hill, the National Institute of Nutrition and Food Safety and Chinese Center
for Disease Control and Prevention. The China Health and Nutrition Survey (CHNS)
was designed to examine the effects of the economic, health, nutrition, and family
planning policies and programs implemented by national and local governments to
see how the social and economic transformation of Chinese society is affecting the
economic, demographic, health and nutritional status of its population. The survey
contains a sample of about 4400 households with a total of 19,000 individuals in nine
provinces. Although the CHNS sample is not nationally representative, it covers both
less developed mountain provinces such as Guizhou and Guangxi, and developed
coastal provinces such as Jiangsu and Shandong. The survey was first conducted in
1989; follow-up surveys were carried out in 1991, 1993 1997, 2000, 2004 and 2006.

Our analysis is primarily based on the 1993 survey for it has several
advantages over other years’ surveys, but as will be explained we also use other years’
information, as well. First, the total number of children born can only be accurately
constructed from the survey of ever married women (SEMW), which was begun in
1993. Follow-up surveys were carried after 2000. Second, the 1993 survey has
enough individuals who married before 1979 to enable us to analyze how the one
17

See McElroy and Yang (2000) who find similar effects of the Chinese government’s policies regarding fertility.
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child policy affected husband-wife age gap.

The SEMW contains information on all live births for ever-married women
aged under 52 in the 1993 survey. We use the total number of children a woman gave
birth to until 1993 to measure her fertility rate. We view the fertility rate as a proxy
for the real demand for children, given that a greater fertility rate is indicative of a
higher demand for children. Husband-wife age and educational differences are easily
computed given we have individual data. We present descriptive statistics in
Appendix Table A.3. As argued in the previous sections, because the demand for
children is smaller in urban than rural areas and because urban areas might be affected
differently by the one-child law, we present one column for rural areas and another for
urban areas. We see rural residents have more children than urban dwellers, and at the
same time we observe rural residents to be less educated and marry younger. The
husband-wife education gap is larger in rural areas as expected, but the husband-wife
age gap is not. Nevertheless, plotting husband-wife age and educational differences
by number of children yield the predicted positive slope in both rural and urban areas
(Figures 10 and 11).

5.4.4 Empirical Methods

Our empirical approach is two-pronged. First, we show fertility is positively related to
husband-wife age and educational differences. Second, because of some issues
regarding causality raised in the previous sections, we examine age and educational
differences before and after China’s “one child” policy. In doing so, we examine the
raw data before and after the policy change for rural and urban areas first using
descriptive statistics, second using a regression framework, and third using
difference-in-difference estimation.

First we test whether fertility and husband-wife age and educational differences
are related. To do so, we adopt the following model
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Agegapi = α 0 + α1 fertilityi + ε i

(5)

Educgapi = β 0 + β1 fertilityi + ε i

(6)

where i depicts the individual family. As in previous sections we predict α1 , β1 >0.
These results are given in columns (1) and (4) of Table 8. As predicted we observe a
positive sign between fertility and both husband-wife age and educational differences.
The higher the number of children, the bigger the age gap and the larger are
husband-wife educational differences. These results are consistent with Figure 10 and
11 alluded to above.

To identify the impact of the one child policy, we divide the data into three
groups depending on marriage date: couples married before 1979 which were not
affected by one child policy; couples married after 1985 which were affected by one
child policy and couples married between 1979 and 1985 which are assumed partly
affected by one child policy. 18 See Table 9. Since the Chinese government
implemented a different one child policy in rural and urban areas, we also divide all
samples by their place of household registry (known as hukou), and use
difference-in-difference estimates to prove that the one child policy had different
effects on fertility between rural and urban areas.

First we identify the impact of the one-child policy on fertility. We employ the
following regression

Feri = γ 0 + γ 1 Pr e i + γ 2 Post i + γ 3 Rural i + γ 4 ( Post ⋅ Rural i ) + ε i

(7)

The variable Pr e indicates whether the couple married before 1979 and Post
indicates the couple married after 1985. Observing γ 2 < γ 1 implies the policy
decreased fertility. The variable Rural indicates a rural household. The coefficient
18

Based on Figure 9 we also redid the analysis redefining the Pre and Post variables to be Pre1970 and Post 1970
to reflect the fact that anti-natalist policies actually began in 1970 with the less formal “Birth Control Campaign.”
Also to distinguish the “Birth Control Campaign” from the “One-Child Policy” we performed additional analysis
with a set of categorical dummy variables: Pre-1970, 1970-1980, 1980-1990, and Post-1990. Each of the results
turned out comparable. Thus here we only present the pre- and post- one-child law since these results are the
easiest to exposit.
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on the interaction between Post and Rural estimates the difference in the one child
policy between rural and urban areas. A negative γ 4 implies a bigger effect in rural
areas where fertility rates were initially highest. Because the one child policy allows
rural families to have more children than people urban families, the sign of the
coefficient of γ 3 can be positive or negative.

If, as we expect, the one child policy is related to fertility, one could go on to test
whether the husband-wife age and education gaps change, as well. These
specifications are given as

Agegap i = α 0 + α 1 Pr ei + α 2 Post i + α 3 Rural i + α 4 ( Post ⋅ Rural i ) + ε i
Educgap i = β 0 + β 1 Pr ei + β 2 Post i + β 3 Rural i + β 4 ( Post ⋅ Rural i ) + ε i

(8)
(9)

The underlying variables and underlying logic are the same. The effect of the one
child policy on the husband-wife age and education gaps can be estimated by
comparing the changes in the husband-wife age gap and the education gap before and
after the implementation of one child policy between the areas which are differently
affected by the one child policy. Indeed one can surmise age and education gaps are
affected by the one-child law if we find the α and β coefficients mirror the γ
coefficients. In other words, a higher (in absolute value) γ 2 − γ 1 should imply a
larger α 2 − α1 and β 2 − β1 . In addition, rural areas should exhibit a decrease in the
age and educational gaps if fertility there decreases more.

5.4.5 Empirical result
Columns 2,3,4, and 5 of Table 8 contain the regression results. Begin with the effect
on fertility. Clearly γ 2 − γ 1 shows a statistically significant 1.18 decline in urban
fertility. This decline in fertility virtually equals the 1.16 (2.34-1.18) births per woman
unadjusted (for other variables) figure given in the descriptive statistics Table 9.
Similarly the -.31 post-law*rural interaction term implies a 0.31 birth per woman
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greater decline in fertility in rural compared to urban areas. Again this is about equal
the 0.34 [(2.97-1.47)-(2.34-1.18)] amount implied by Table 9.19

Column (3) gives the results for the husband-wife age gap regression. Again the
difference ( α 2 − α1 ) is statistically significant (though α 2 is not) indicating a decline in
the age gap of about 0.65 years which is about half the value indicated in Table 9.
The coefficient on the interaction between Post and Rural ( α 4 ) is also negative
consistent with the one-child policy having a greater impact in rural than urban areas.
Thus as predicted by the theoretical model, the negative impact on the husband-wife
age gap is similar to the decrease in fertility.

The impact on education (column 5) is also apparent. The coefficient
difference β 2 − β1 indicates an overall decrease in the husband-wife years of
schooling to be about 1.74 years. This decline corresponds to the 1.87 decline in Table
9 (2.35-0.48). On the other hand, the interaction term between post-law and rural is
positive though insignificant.

20

This coefficient implies the decline in the

husband-wife education gap before and after the implementation of one child policy is
smaller in rural than in urban areas which is inconsistent with our prediction based on
a larger decline in rural area fertility. One explanation is societal discrimination
brought on either by families’ or the government’s slow response to the changing
needs of women’s education, what some might call a “boy preference” in rural areas.
However, as the economic situation in rural areas improved, replications of the
statistical experiment become more consistent with expectations. Column (6) contains
the same regression using the 2000 Chinese data, and column (7) the 2004 data. Both
yield stronger effects of the one-child law in rural areas.

19
Mismeasurement of individuals in the rural areas can help explain the larger observed fertility decline in rural
areas. Larger effects can be observed for rural residents to the extent rural residents migrate to urban areas but
cannot change their hukou. We have no way of estimating the extent of this bias.
20
This is similar to the results in Table 9 which indicates a 0.70 smaller decline in education in rural compared to urban areas
(2.35-0.48)-(2.60-1.42).
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6. Summary and Conclusions
In the United States and virtually all other countries, men earn more than women. In
1960 women earned 59 cents on the dollar. Now the wage ratio is 0.78. For
single-never-married men and women the gap is approximately 5%, but for married
men and women the gap still hovers around 40%. The gender gap for marrieds
increases with number of children as well as with the spacing of children. One
explanation consistent with these patterns is division of labor in the home. Husbands
specialize in market activities and wives in household activities. As a result men
invest more in human capital and earn higher wages than their wives. Indeed the
husband-wife wage gap widens with years of marriage until children are old enough
to leave the home. Household specialization is most likely greatest the higher the
number of children and the more widely children are spaced. But why is there
division of labor in the first place?
One reason for division of labor is discrimination. If the market rewards men
disproportionately more than women for comparable skills it pays for the husband to
specialize in market work and women in home work. But specialization can occur
even without discrimination.
In virtually all countries and in most marriages men are older than their wives. At
least in the past the same was true for schooling. Age and educational advantages
imply higher earnings potential. Household specialization makes sense if families
maximize household income given higher husband relative earnings. This paper
examines two patterns inherent in today’s marriages, namely husband and wife age
and educational differences, both of which are in part responsible for division of
labor.
Few would argue that children do not form a basis for the desire to marry. Most
would also agree the biological clock ticks differently for men and women. This paper
makes use of both facts to illustrate that each lead to age and educational differences
between husbands and wives. We employ a two-sided search model to show that the
greater the desire for children, the larger the husband-wife age gap and the more likely
husbands attain greater schooling levels than their wives.
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We give credence to these suppositions using four separate empirical strategies.
First, we utilize cross-national data to show that the average age difference between
men and women at first marriage is greater in countries the higher the fertility rate.
Similarly a higher fertility rate is associated with larger schooling differences between
the genders. Second, these results are substantiated when using micro data on
husbands and wives in the US. Here, one extra child is associated with between a ¼
and a two year larger husband-wife age gap, as well as a larger schooling difference
between one-tenth and one-half a year. Third, historical data from Sweden between
1700 and 1840 show that increases in fertility are associated with wider husband-wife
age difference at first marriage. Interestingly the magnitude is virtually identical to the
cross-national and family cross-sectional results, namely about a one-half year
increase in age gap with a one-child per women increase in fertility. Finally fourth,
taking China’s one-child policy as a natural experiment illustrates both a decrease in
fertility and an increase in husband-wife age and schooling differences. And again, the
magnitudes of the effects in China, the US, and across countries are roughly
comparable. An increase in fertility of one child per women increases the age gap by
about 0.8 years and the schooling gap by about one-year. In short, changes in fertility
are associated with changes in marital patterns that affect division of labor in the
home.
More specifically, fecundity differences between men and women can lead to the
age and educational gaps associated with division of labor in the home which in turn
can help exacerbate the gender wage gap. Hence the plausibility of a biological basis
for gender wage differences. As fertility declines, as has been the historical trend,
marital differences diminish; and as these marital differences diminish so does the
division of labor in the home and the gender wage gap.
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Figure 1

Notes: Figures for 1947 to 1999 are based on Current Population Survey data. Figures for years
prior to 1947 are based on decennial censuses. A standard error of 0.1 years is appropriate to
measure sampling variability for any of the above estimated median ages at first marriage, based
on Current Population Survey data.
Source: http://www.census.gov/population/socdemo/hh-fam/tabMS-2.pdf
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Obtained From: Wu Zheng (1998) “Recent Trends In Marriage Patterns In Canada Policy,” Options
September 1998, p.4.

Figure 3

Singulate Mean Age at Marriage, Sweden
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Figure 4
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Figure 5
A Cross-National Depiction of Fertility and the Husband-Wife Age Gap*
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Figure 6
A Cross-National Depiction of Fertility and Male-Female Educational Differences*
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Figure 7*

Husband-Wife Age and Educational Differences
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Figure 8

Bi-Annual Age Gap and Birth Rate Changes
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Figure 9: A Comparison of Fertility Rates Over Time
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Figure 10*
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Table 1
Women’s Payoff Matrix

Table 2
Men’s Payoff Matrix
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Table 3
Husband-Wife Age Gap at First Marriage and Male-Female Schooling differences

NA denotes unavailable data.
Computed from data contained in:
http://www.un.org/esa/population/publications/worldmarriage/WorldMarriagePatterns2000Table.xls
http://earthtrends.wri.org/searchable_db/results.php?years=all&variable_ID=1117&theme=4&country_ID=all&country_clas
http://earthtrends.wri.org/searchable_db/results.php?years=all&variable_ID=1116&theme=4&country_ID=all&country_clas
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Table 4
The Relationship Between Fertility on the Husband-Wife Age Gap and on Gender Differences in
Education, Cross-National Results*
Age Gap at Marriage
VARIABLES
fertility
Constant

OLS

OLS

0.600***
(0.0616)

2SLS

OLS

OLS

2SLS

0.362***

0.336

0.520***

0.443***

0.380***

(0.136)

(0.214)

(0.045)

(0.0906)

(0.126)

1.774***

-12.59

-1.444

-1.424***

-4.361

-9.014

(0.208)

(9.95)

(11.99)

(0.158)

(6.643)

(7.093)

147

77

67

167

77

67

0.395

0.501

0.456

0.447

0.572

0.636

Observations
R-squared

Gender Education Gap

***p<0.01, **p<.005, *p<0.1; standard errors in parentheses

* Based on data compiled from the World Bank’s World Development Indicators 2006, the World Bank’s,
World Marriage Pattern 2000, from United Nations World Fact Book, from the UNESCO Institute for

Statistics, and the US CIA website (www.cia.gov). Columns (1) and (4) depict bivariate OLS regressions.
Columns (2) and (5) multivariate OLS regressions that include controls for male SMAM, agricultural
production relative to GNP, per capita GNP in constant 2000 US Dollars, total population, the ratio of males
to females, the proportion Muslim, the proportion males and females ever married, and a measure of female
labor force participation. Columns (3) and (6) are 2SLS regressions in which fertility is treated as
endogenous and identified by religion and the proportion of the economy devoted to agriculture.

Table 5
Completed Fertility and Husband-Wife Age and Educational Differences*

*

Columns 1-5 and 7-11 contain coefficients from regressions (3) and (4) indicating the relationship between

the indicated variables and the husband-wife age and education gaps measured in years. Columns 6 and 14
contain coefficients for a first-difference regression comparing husbands’ second to first marriages. Standard
errors in parentheses.
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Table 6
Singulate Mean Age Difference at Marriage in Rural and Urban Sweden, 1880-1900
Eastern Sweden

Western Sweden

Northern Sweden

Southern Sweden

Rural

2.3

1.8

2.4

2

Urban

1.6

1.1

1.6

1.4

Difference

0.7

0.7

0.8

0.6

Source: Lundh, Christer (2001) “Trends and Regional Variations in Age At First Marriage in Sweden,
1750-1900,” Paper presented to the session “Historical Fertility and Nuptiality Patterns (1700-1900)”
At the 14th Nordic Demographic Symposium in Tjøme, Norway, 3-5 May 2001.

Table 7
The Biannual Change in Husband-Wife Age Gap (in Years) as a Function of the Biannual Change
in Birth Rates
Swedish Data, 1750-1840
Change in Husband-Wife Age
Gap
Change in Birth Rate
Constant

0.589**

0.581*

(0.28)

(0.30)

0.0233**
(0.01)

Observations
R-squared
*** p<0.01, ** p<0.05, * p<0.1
Standard errors in parentheses

56

44

44

0.094

0.083

Table 8
Fertility, Husband-Wife Age and Schooling Differences
Pre- and Post- Chinese One-Child Law*

* Based on regression equations (5)-(9). See text for details. Standard errors in parentheses.

Table 9
Descriptive Statistics by Time and Area*

* Source 1993 China Health and Nutrition Survey (CHNS). Age and education data measured in years; fertility
data measured as births per woman.
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