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1 Introduction

Demographic transition has been one of the central issues in the broad field of development eco-

nomics. This is not only because of academic curiosity for understanding the causes of such a

significant socioeconomic change, but also because of its strong implications for the speed of eco-

nomic development and the misery of poverty traps. To study demographic transition, however,

one must recognize that fertility choice includes three distinct decisions: the number of children,

the quality of children, and the timing and spacing of births. A vast literature has been devoted to

studying the first two of these aspects of fertility by documenting the decline in the total fertility

rate over the past century and the associated rise in the quality of children. Much less discussed

is the timing of fertility, which has undergone changes of the same order of magnitude as those

observed in the quantity and quality dimensions. The focus of the literature on the quantity-quality

trade-o↵ is not surprising, because the quantity and quality aspects of children can be handled by

standard demand and supply analysis without the need for a full dynamic model. By contrast,

studying childbearing age requires a fully specified dynamic process of demographic and labor de-

cisions over a female’s entire life, which complicates the analysis greatly. In the present paper, we

endeavor to examine this much less-explored dimension of fertility choice, hoping to better under-

stand the determinants of timing and spacing of births. As such, our findings would help generate

useful implications for the interplays between demographic transition and economic development.

Over the past five decades, the rise in the childless rate and the age at first birth has been

commonly observed in many developed countries in Western Europe and North America as well as

in fast growing countries in Asia. Such a positive trend is not only quantitatively large, but robust

across regions and ethnic groups (given some noticeable disparities). For example, by the year 1990,

almost half (49%) of Swedish women in the 25-29 age group were still childless. The comparable

figures for the U.S., Germany and the Netherlands were 42%, 57% and 61%, respectively. Let us

take a closer look at the U.S. using the Current Population Survey (CPS) data. The average and

median age of first birth increased by 1.405 (2) years, from 24.584 (24) for 1940-1945 cohort to

25.989 (26) for 1950-1955 cohort. If we look at di↵erent skill groups, the age at first birth was

24.506 and 25.596 for the low-skilled group and the high-skilled group respectively, and the number

of years of first spacing for the two skill groups were 2.518 and 3.249. It’s clear to see that the

decision on childbearing timing varies across time and between skill groups. Despite the empirical

significance and important implications, a systematic analysis of the joint decisions of birth timing

and other fertility and individual choices remains relatively under-investigated.

In an attempt to analyze the timing of births, we develop a continuous-time lifecycle model,

extending the Ben-Porath framework along the lines proposed by Mullin and Wang (2008) by

incorporating birth timing as a decision variable and allowing for heterogeneity of human capital.
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To maintain tractability, we abstract from out-of-wedlock childbearing and multiple births.1 Once

a woman is married, she decides the timing of the birth, the allocation of time to work, and human

capital accumulation. The model is solved in two steps. In the first stage, given a birth timing,

we pin down all endogenous variables other than the birth timing. The endogenous timing of

childbearing, modeled as a continuous variable, is then determined in the second stage. Other

than the conventional wisdom that views better schooling (higher human capital and hence higher

opportunity cost of having children) and child preference as the two main drivers determining the

timing of childbirth, we embed three new channels in the model: (1) the leisure loss channel – a

married woman will su↵er a leisure loss for a certain period if she decides to have a child; (2) the

“child penalty” channel – a woman will have a productivity loss and human capital depreciation

when having a child; and (3) the income security (husband income) channel. We examine all the

above channels, both theoretically and quantitatively, and study how they shape the decision on

childbearing timing.

Based on this life-cycle framework, we are able to obtain the following theoretical predictions

that are useful in guiding the empirical analysis. First, birth timing is delayed if human capital rises

as a result of better education or improved work productivity, or if industry-and occupation-specific

factors feature greater productivity loss from childbearing. Second, a reduction in income security

leads to postponement in births. Third, birth timing is shortened if women have strong preferences

for quality-adjusted children or less leisure loss.

We use data from CPS to construct two synthetic cohorts: 1940-1945 cohort and 1950-1955

cohort, and we allow for human capital heterogeneity by analyzing two skill groups. We calibrate

the model targeting the average moments of the two cohorts. Quantitative analysis show that the

duration of fertility-related productivity loss and income security (husband income) play a crucial

role in understanding the di↵erences in first spacing and the age at first childbearing between the

two skill groups. These two novel channels together can explain 71.3% of the di↵erence in the first

spacing decisions between skill groups; each contributes around 35%. In particular, if we shut down

the heterogeneity of the duration of fertility-related productivity loss, the gap in the first spacing

is 13.13 years; if we assume the income security (husband to wife income ratio) is homogenous,

the gap becomes 13.71 years; however if we only shut down the heterogeneity in human capital or

productivity, the gap is 6.66 and 5.04 years respectively, the sum of which is less than the e↵ect

from productivity loss or income security alone. In addition, the counterfactual experiments show

that fertility preference is more important than loss from leisure in terms of explaining di↵erent

timing of childbearing between skill groups. Moreover, the low-skilled women are more vulnerable

1
Although our findings can be generalized to including such extra features, the model becomes unnecessarily

complicated without adding much additional insight.
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to changes in labor productivity, leisure loss, income security, and fertility preference, implying

that they will defer their childbearing timing decision to a larger extent compared to high-skilled

women.

An outline of the paper follows. Section 1.1 discusses related literature. Section 2 outlines

the life-cycle model. In section 3 we calibrate the model and perform counterfactual experiments.

Section 4 discusses extensions, and section 5 concludes.

1.1 Related Literature

Our paper is related to the broader literature on demographic transition and economic development.

Early studies along these lines focused on predicting fertility for the entire population or explaining

di↵erences in fertility across sub-populations (see Spengler and Duncan, 1956, Lee, 1987, and

Becker, 1988). This analysis relied heavily on changes in the age, sex, and marital composition of

the population, but rarely attempted to formally model the evolution of these inputs. The inability

of these models to foresee the sharp fertility decline in the early 1930s and the subsequent rise in

the 1950s instigated a call for deeper research in this area (cf. Becker, 1960; Easterlin, 1968). Since

this broader literature is not as relevant, we will only highlight a few such studies.2 In particular,

fertility became an endogenous variable in more recent dynamic models. Barro and Becker (1989)

and Becker, Murphy and Tamura (1990) are among the first to emphasize the interaction of the

family with other macro variables related to economic development. Not only does a household’s

childbearing decision depend on economic conditions, but these decisions also feed back into the

economy, influencing labor and capital accumulation decisions. Such interactions have been found

to be empirically significant by Wang, Yip and Scotese (1994) using U.S. data. A common feature

of the endogenous growth and fertility literature is its focus on the quantity-quality tradeo↵ in

fertility decisions, leaving the decision on the timing of birth largely unexplored.

To our knowledge, there are only a handful of theoretical studies on birth timing. In their

pioneering studies, Happel, Hill and Low (1984) and Cigno and Ermisch (1989) illustrate the sharp

increase in the timing of first birth in the western world and provide basic microeconomic analysis

along the lines of Becker.3 Not until a decade ago have there been studies using dynamic general

equilibrium approaches. In this still thin literature, Conesa (2000), Iyigun (2000) and Caucutt,

Guner and Knowles (2001) construct discrete-time models whereas Mullin and Wang (2002) develop

a continuous-time framework. Conesa introduces idiosyncratic uncertainty in future labor earnings

and analyzes its impact on fertility decisions by regarding children as irreversible consumption

durables. In the model, the evolution of human capital is treated as exogenous. Caucutt, Guner

2
Hotz, Klerman and Willis (1997) provides a comprehensive overview of this literature.

3
See also Yamaguchi and Ferguson (1995) from the sociological aspect.
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and Knowles include marriage and the quantity and quality dimensions of children as endogenous

variables. To keep their model tractable, life is divided into five periods in which in the latter three

one is an adult, but only fertile for the first two of those three intervals. Thus, the timing of birth

is reduced to a binary choice. In addition, the human capital of adults evolves based on time spent

in the labor market (i.e., a learning-by-doing rather than an education setup), which eliminates

any tradeo↵ between human capital accumulation and market production. In contrast to these

two papers, endogenous human capital accumulation is the key element in Iyigun and Mullin and

Wang. Iyigun considers a three-period overlapping-generation economy with the birth timing also

modeled as a binary choice. Yet, human capital is accumulated via education and hence there is

an immediate trade-o↵ between childbearing and human capital accumulation. Mullin and Wang

also model human capital accumulation to depend on education. They permit women to di↵er in

their initial stock of human capital and examine birth timing over the distribution of heterogeneous

women by calibrating to the U.S. economy. Our theoretical model complements the literature by

considering occupation-specific and income security factors, as well as preference and mother’s age

factors, in addition to standard employment, income and education factors.

Equally thin is the empirical literature on birth timing. In their pivotal studies, Heckman and

Walker (1990a,b) find that while female wages delay child birth timing in Sweden to all concep-

tions, husband incomes shorten it when marital status is excluded. An interesting result is that the

postponement e↵ect of female wages is the strongest through women’s first births. Using Dutch

data, Bloemen and Kalwij (2001) establish that more educated women, by changing their employ-

ment status, lengthen their timing of child birth. In addition to education, Merrigan and St.-Pierre

(1998) also identify significant religious and regional e↵ects on birth timing and spacing in Canada.

More recently, Gutiérrez-Domènech (2008) applies Spainish data and estimates a positive e↵ect

of female employment on birth timing. Using data from developing countries, Bhalotra and van

Soest (2008) document that the death of a child in India significantly reduces spacing for the next

birth, whereas Tsay and Chu (2005) identify that both years of schooling and son preferences are

important for birth timing in Taiwan.

One of the main obstacles in the empirical literature is to what extent the existing evidence

between a mother’s fertility decision and her decision of human capital can be interpreted as casual.

Di↵erent from the previous studies focusing on the impact of a woman’s career on her fertilty

decision, Miller (2009) attempts to identify the casual e↵ect in another direction—the imapct of

delayed motherhood on a woman’s career. Using the biological shocks as instruments, she found out

that motherhood delay increases the wages rate by 3%, and career hours worked by 5%. Likewise,

Bailey, Hershbein, and Miller (2012) study the di↵usion of contraception pills and found out the

pill (and the fertility reduction) can account for 30% of the convergence of the gender wage gap by
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1990s.4 In spite of the recent developments, there is still no clear evidence about the casual e↵ect

of a woman’s career on her timing and spacing of birth choice.

Although the timing of births has not received much attention in the growth and development

literature, the increase in the rate of unwed mothers over the last thirty years and this population’s

heavy dependence on government assistance has led to a vast literature on this topic and related

issues amongst labor economists. The bulk of this research focuses on the e↵ect of government

transfer programs and marital prospects on the fraction of women having teenage births and the

marital status of those women at the time of birth (see Hoynes, 1997 and Mo�tt, 1995). More

recently, this line of the literature has increased both the choices available to women and the

complexity of their utility functions (see Neal, 2001 and Nechyba, 2001), but these models continue

to share two common traits: (i) fertility decisions are limited to a small number of discrete decisions

(e.g., teen versus adult or legitimate versus illegitimate births); and (ii) women optimize in a static

environment in which there are no dynamic interactions. In contrast to this literature, our work

concentrates on the e↵ects of economic conditions on the commencement of childbearing for all

women, not just those at risk of teenage or illegitimate childbearing, and accounts for the dynamic

interactions between fertility decisions and other economic factors.

2 The Theoretical Framework

In this section, we extend the lifecycle model of Ben-Porath by introducing birth timing as a one

of the key decision variables facing each fertile woman who has perfect foresight. We assume

throughout that there is no out-of-wedlock childbearing and that the only fertility timing decision

is the age at first birth. As such, we can restrict our attention to timing-quality trade-o↵ by

normalizing the population of each cohort of women to one (i.e., one child per woman).

2.1 The Basic Setup

Time is continuous, indexed by t. Each cohort of women is indexed by the age at which they

can begin childbearing (M), which is the age at marriage under our simplifying assumption. All

women will live for T = M + F years, where F measures the length of family life. Her age at

first birth is denoted by M + B. In addition to the incorporation of human capital that measures

the quality dimension of fertility decisions and the associated returns, we consider three important

4
Golden and Katz (2012) is the first one that explores the relation between the di↵usion of contraception pill

and a woman’s marriage and career choice. They found out that the birth control pill delays a woman’s age of first

marriage, increases year of schooling, and raises working wages and hours.
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features influencing a woman’s optimzing behavior: (i) preference for children inclusive of altruism,

gender bias and disutility from childrearing, (ii) income security or husband’s income (�), and (iii)

productivity loss due to childbearing.

Denote by n an indicator function for the presence of a child. We assume that, once born, a

child yields utility of U0 throughout the remaining of the woman’s lifetime but causes a utility loss

of  and a productivity loss of � for a duration of D years of childrearing. Let I(t 2 [M+B,M+F ])

be an indicator function whose value is one upon having a child and I(t 2 [M +B,M +B+D]) be

an indicator function whose value is one over such childrearing years. Without loss of generality,

we assume throughout the paper that B +D < F , i.e., childrearing only results in a partial loss in

productivity over the entire lifetime. We can thus measure the net utility enjoyment of having a

child by,

NU(B) = U0I(t 2 [M +B,M + F ])�  I(t 2 [M +B,M +B +D])

For tractability, we further assume that the utility from consuming the composite good c is log-

linear and that the mother’s lifetime utility V is time-separable with subjective discounting at

rate ⇢. Aside from her childhood valuation that involves no decision-making, the mother’s lifetime

utility can then be specified as:

V =

Z
M+F

M


c
1��

1� �
+ U0I(t 2 [M +B,M + F ])�  I(t 2 [M +B,M +B +D])

�
e
�⇢(t�M)

dt (1)

where � is the inverse of the intertemporal elasticity of substitution.

For simplicity, we are abstracting from retirement decisions, assuming that all women work until

the end of the her lifetime. Each woman is endowed with one unit of time throughout, which can be

allocated to human capital accumulation (⌘) and market activity (1� ⌘). Since a woman su↵ers a

productivity loss of � during her childbearing years of duration D, her net time endowment is given

by, [1��I(t 2 [M+B,M+B+D])]. Each woman with human capital h earns market wages at rate

wh (so w can be referred to as the e↵ective wage rate) and makes consumption-saving decision with

a risk-free asset a paid at the market interest rate r. Assume positive assortative matching with

a woman’s husband income as a multiple of her own: ✓wh, where ✓ > 0 measures the husband’s

income factor, or, more generally, the income security factor facing the woman. For simplicity, all

husbands are absentees in the sense that we are abstracting from their behavioral considerations

in our “kingdom of daughters.” Thus, a woman of cohort M accumulates her nonhuman wealth

according to:

ȧ = ra+ [1� �I(t 2 [M +B,M +B +D])](1� ⌘)wh+ ✓wh� c (2)

That is, a woman accumulates asset with net savings, which is the sum of interest income and her

own and her husband’s wages net of her consumption spending.
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In our economy, a woman can accumulate her human capital with her time devoted to educa-

tion/learning as well as from her peers of cohort M that is in forms of noncompensated human

capital spillovers ala Lucas (1988). In contrast to Lucas, such spillovers arise in the accumulation of

human capital rather than market good production, and we allow for human capital heterogeneity.

In the numerical section, we will have two skill groups for analysis. Denoting the aggregate human

capital of cohort M as H, we can then specify a woman’s human capital accumulation as follows:

ḣ = �[1� �I(t 2 [M +B,M +B +D])]⌘h�H1�� (3)

where � > 0 is the maximum rate of human capital accumulation and � 2 (0, 1) with 1�� capturing

the strength of the human capital spillover e↵ect.

To close the model, we specify the production of the composite good at time t, which is produced

with a Ricardian technology,

y = AL (4)

where

L =

Z
M+F

M

Z

i 2 cohort ⌧
{[1� �I(t 2 [M +B,M +B +D])](1� ⌘)h} did⌧ (5)

which is aggregating over every woman of age ⌧ , over all cohorts currently alive, and over human

capital distribution. In a competitive labor market, women are hired at e↵ective wage w = A.

2.2 Intertemporal Optimization

A woman of cohort t (entering the economy at period t) solves her intertemporal optimization

problem in two steps. In the first and conventional step, she makes optimal consumption-saving

decision, human capital investment decision. In the second stage on which our primary focus is,

the woman pins down the optimal childbearing time.

The first-stage optimization problem is thus to maximize the lifetime utility specified in (1)

subject to the two evolution equations (2) and (3). There are two controls (c, ⌘) and two states

(a, h). Denote the co-state variables associated with the two evolution equations as �a and �h,

respectively. So the relative price of human capital investment in units of the composite good

becomes p = �h/�a. It is convenience to denote a woman’s relative human capital in cohort t as

v = h/H. The first-order conditions can then be derived as follows:

c
�� = �a (6)

�p = wv
1�� (7)
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The Euler equations are given by,

�̇a/�a = ⇢� r (8)

�̇h/�h = ⇢� �v��1 {[1� �I(t 2 [M +B,M +B +D]) (1� ⌘ + �⌘) + ✓} (9)

While (6) is a standard condition governing intertemporal consumption e�ciency, (7) equates the

marginal benefit of human capital investment with its marginal cost measured by foregone wage

earnings. Equations (8) and (9) govern the evolution of the shadow prices of the composite good

and the human capital stock.

Totally di↵erentiating (6), in conjunction with (8), yields the standard Keynes-Ramsey condi-

tion governing the dynamic path of consumption:

ċ/c =
r � ⇢

�
(10)

We then follow the dual approach proposed by Bond, Wang and Yip (1996) to analyze this two-

sector growth model by combining the two Euler equations to obtain:

ṗ/p = �̇h/�h � �̇a/�a = r � �v��1 {[1� �I(t 2 [M +B,M +B +D])] (1� ⌘ + �⌘) + ✓} (11)

This intertemporal no-arbitrage condition states that if holding asset yields higher return than

accumulating human capital, then to have a nondegerate portfolio it must be that human capital

provides a capital gain with ṗ/p > 0. Importantly, such a gain from accumulating human capital

is lower if the woman su↵ers a productivity loss from childbearing.

2.3 Childbearing Decision

We are now prepared to solve hypothetical balanced growth equilibrium assuming infinite lifetime

with F ! 1 and under a fixed childbearing age B. Along a hypothetical balanced growth path,

c, a and h all grow at constant rates, not necessarily common growth rate, whereas ⌘, v and p are

all constant over time. Our main task is to use this hypothetical balanced growth path to help pin

down a woman’s birth timing. Only for illustration purpose, the following analysis assumes the

common growth rate for c, a, and h.

Under constant returns technologies, it is clear that along such a path, consumption, human

capital and non-human asset wealth for each cohort must grow at the same rate g = r�⇢
�

. Thus,

from (2) and (3), we have:

c

a
=
⇢+ (� � 1) r

�
+ [1� �I(t 2 [M +B,M +B +D])](1� ⌘)A

h

a
+ ✓A

h

a
(12)

�[1� �I(t 2 [M +B,M +B +D])]⌘v�(1��) =
r � ⇢

�
(13)
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Since p is constant along this hypothetical path, intertemporal no-arbitrage (11) implies:

�v��1 {[1� �I(t 2 [M +B,M +B +D])] (1� ⌘ + �⌘) + ✓} = r (14)

which can be combined with (13) to yield:

⌘
�
r � �v��1

✓
�

1� ⌘ + �⌘
=

r � ⇢

�

Rearrange the above equation:

v =


�✓�⌘

�⌘r � (r � ⇢) (1� ⌘ + �⌘)

� 1
1��

(15)

That is, v is a function of ⌘. Other things being equal, stronger human capital spillovers (1� �)

imply a more severe free-rider problem, thereby discouraging human capital investment and re-

ducing the relative human capital stock of a woman. For v to be positive, we have to impose the

following condition.

Condition V ⌘ >
r�⇢

�r+(1��)(r�⇢) .

That is, the endogenous chosen fraction of time devoted to human capital accumulation cannot

be too small. The expression (15) also states that when other things are held equal, we have

dv

d⌘
=

�1

(1� �) ⌘


�✓�⌘

�⌘ � (r � ⇢) (1� ⌘ + �⌘)

� 1
1�� r � ⇢

�⌘r � (r � ⇢) (1� ⌘ + �⌘)
< 0

Proposition 1 Along the BGP, when other things are held constant, an overall increase in the

time devoted to human capital accumulation will decrease the relative human capital of women.

The expression (15) can then be substituted into (14) to obtain time devoted to education/learning

(⌘) and work time allocation (1� ⌘):

⌘ =
1

�r + (r � ⇢) (1� �)


✓ (r � ⇢)

1� �I(t 2 [M +B,M +B +D])
+ r � ⇢

�
(16)

1� ⌘ = 1� (r � ⇢) {✓ + [1� �I(t 2 [M +B,M +B +D])]}
[�r + (r � ⇢) (1� �)] [1� �I(t 2 [M +B,M +B +D])]

Proposition 2 When the human capital spillover e↵ect is smaller (� "), when the assortative

matching factor is higher (✓ "), and when the labor productivity loss during the years with children

attached is more severe (� "), a woman will allocate more time to human capital accumulation.

The net work hours (`) can be computed as follows:
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` = [1� �I(t 2 [M +B,M +B +D])] (1� ⌘)

= [1� �I(t 2 [M +B,M +B +D])]� (r � ⇢) {✓ + [1� �I(t 2 [M +B,M +B +D])]}
�r + (r � ⇢) (1� �)

(17)

That is, the hypothetical balanced growth equilibrium value of time devoted to education/learning

(⌘) can be solved recursively. Once ⌘ is solved, v and ` are solved. From (17), we find that birth of

children has an overall negative e↵ect on work hours due to productivity loss. Moreover, from (7)

the relative price of human capital investment can be solved. Given initial nonhuman wealth aM

and human capital hM , from (12) we obtain the initial consumption at age M as (assuming that

the woman does not give birth at age M):

c(M) =
[⇢+ (� � 1) r]

�
aM +


(1 + ✓) [�r � � (r � ⇢)]

�r + (r � ⇢) (1� �)

�
AhM (18)

Denote c(M +B) as the consumption of the woman when she gives birth to her child. From (12),

we can also derive the consumption at age M +B:

c (M +B) = c̃ (M +B) e(
r�⇢
� )B

where

c̃ (M +B) =
[⇢+ (� � 1) r]

�
aM +


(1 + ✓ � �) [�r � � (r � ⇢)]

�r + (r � ⇢) (1� �)

�
AhM

That is, c̃ (M +B) is smaller than c (M) by
h
�[�r��(r�⇢)]
�r+(r�⇢)(1��)

i
AhM . For a woman aged between

[M +B,M +B +D] (i.e. for t 2 [M +B,M +B +D]), her consumption stream along the hypo-

thetical BGP is

c (t) = c̃ (M +B) e(
r�⇢
� )(t�M)

And for women who have not had children yet and whose children already leave the nest (t 2
[M,M +B] [ [M +B +D,M + F ]), their consumption stream along the hypothetical BGP is

c(t) =

⇢
[⇢+ (� � 1) r]

�
aM +


(1 + ✓) [�r � � (r � ⇢)]

�r + (r � ⇢) (1� �)

��
e
( r�⇢

� )(t�M)

= c(M)e(
r�⇢
� )(t�M)

Therefore, the lifetime utility of a woman, a function of B, is derived as (see the Appendix for

derivations):

V (B) = C1 (B) + C2 (B) +
1

⇢
⌦ (B) (19)

where

C1 (B) =
c(M)1��

1� �

�

⇢+ (� � 1) r


1� e

�
h
⇢+(��1)r

�

i
F �


1� e

�
h
⇢+(��1)r

�

i
D

�
e
�
h
⇢+(��1)r

�

i
B

�

C2 (B) =
c̃ (M +B)1��

1� �

�

⇢+ (� � 1) r


1� e

�
h
⇢+(��1)r

�

i
D

�
e
�
h
⇢+(��1)r

�

i
B

⌦ (B) = U0
�
e
�⇢B � e

�⇢F ��  
�
1� e

�⇢D�
e
�⇢B
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Note that C1 (B) is the utility coming from the lifetime without children attached, and C2 (B) is

the lifetime utility coming from the period when her children are attached to her. Thus, it is not

surprising that C1 (B) an increasing function in B and C2 (B) is a decreasing function in B. Due

to the productivity loss, c(M) > c̃ (M +B), and hence a birth postponement (higher B) will lead

to a net utility gain from consumption. Whether ⌦ (B) is an increasing or a decreasing function

in B depends on the relative magnitude of the utility from having children and the disutility when

children are young. To ensure that the woman will consider to have a child (B⇤
< 1), we have to

impose the following condition.

Condition B U0/ >
�
1� e

�⇢D�
.

Thus, under Condition B, ⌦ (B) is a decreasing function in B. If Condition B is not satisfied,

a woman’s lifetime utility will always increase in B, meaning that it is optimally for the woman

not to have children. However, even when Condition B is satisfied, when the productivity loss is

too severe (large �), it is possible that the optimally chosen age of childbearing B
⇤
> F , implying

a case of no childbearing. On the contrary, when the net utility enjoyment from having a child is

very high (large U0), we have B
⇤ = 0, implying childbearing soon after marriage.

2.4 Main Theoretical Predictions

From second stage optimization over (19), an interior child birth timing must satisfy the following

first-order condition:

V
0 (B) =

c (M)1�� � c̃ (M +B)1��

1� �


1� e

�
h
⇢+(��1)r

�

i
D

�
e
�
h
⇢+(��1)r

�

i
B � e

�⇢B ⇥
U0 �  

�
1� e

�⇢D�⇤(20)

= �1(B)� �2(B)

= 0

which illustrates the trade-o↵ in childbearing postponement between productivity gain and net

utility gain. It is easy to see that the first term �1(B), the net consumption gain from postponing

childbearing, is decreasing in B. �1(B) is also positively depending on productivity loss � and

negatively depending on husband’s income (or income security) ✓:

d�1(B)

d�
=


1� e

�
h
⇢+(��1)r

�

i
D

�
e
�
h
⇢+(��1)r

�

i
B [�r � � (r � ⇢)]AhM
�r + (r � ⇢) (1� �)

> 0

d�1(B)

d✓
=


1� e

�
h
⇢+(��1)r

�

i
D

�
e
�
h
⇢+(��1)r

�

i
B [�r � � (r � ⇢)]AhM
�r + (r � ⇢) (1� �)

⇥
c (M)�� � c̃ (M +B)��

⇤
< 0

However, the e↵ect of labor productivity AhM on �1(B) is less clear:
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d�1(B)

dAhM
=


1� e

�
h
⇢+(��1)r

�

i
D

�
e
�
h
⇢+(��1)r

�

i
B

8
>>>>>>><

>>>>>>>:

(1 + ✓) [�r � � (r � ⇢)]

�r + (r � ⇢) (1� �)

⇥
c(M)�� � c̃ (M +B)��

⇤

| {z }
(�)

+
� [�r � � (r � ⇢)]

�r + (r � ⇢) (1� �)
c̃ (M +B)��

| {z }
(+)

9
>>>>>>>=

>>>>>>>;

If � is big enough, d�1(B)/dAhM is more likely to be positive.5 Regarding �2(B), it is decreasing

in B and depends positively on the utility gain of having children U0 and negatively depends on

the utility loss when children are attached to mothers.

For illustrative purpose, we shall refer to �1(B) and �2(B), respectively, as the productivity

gain (PG) locus and the utility gain (UG) locus. It is noted that to have an interior solution of B,

the second-order condition requires: V 00(B) < 0, so �0
1(B) < �0

2(B), implying that the UG locus is

flatter than the PG locus. Figure 1 depicts the PG and UG loci over birth timing B. As shown

in the Appendix, a decrease in preference for quality-adjusted children (U0) or an increase in the

utility loss during the childrearing years ( ) shifts the UG locus to the left, whereas an increase

in human capital or labor productivity (AhM ) or productivity loss (�), or a decrease in husband’s

income or income security (✓) shifts the PG locus to the right. Furthermore, an increase in the

duration of childrearing (D) shifts the UG locus to the left and the PG locus to the right. Thus,

any of such shift leads to a postponement in child birth.

E↵ects of an increase in birth timing (B)

1. human capital or labor productivity (AhM ) +

2. husband’s income or income security (✓) �

3. productivity loss due to childbearing (�) +

4. preference for quality-adjusted children (U0) �

5. utility loss during childrearing years ( ) +

6. duration of childrearing (D) +

From (20), we can actually solve the optimal age of childbirth B
⇤ directly:

B
⇤ =

�

(� � 1) (r � ⇢)
ln

(
c (M)1�� � c̃ (M +B)1��

(1� �) [U0 �  (1� e�⇢D)]


1� e

�
h
⇢+(��1)r

�

i
D

�)

5
When � increases, the first term in the big bracket will be more negative while the second term in the big bracket

will be more positive. As long as the second term is more positive,
d�1(B)
dAhM

> 0.
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To sum up, changes in human capital or labor productivity (A), income security (✓) and productivity

loss due to childbearing (�) represent human capital factors related to fertility decisions. The

preference for quality-adjusted children (U0) and the utility loss during childrearing years ( )

capture the fertility and child-loving preference factors in birth timing decision-making, which may

even include gender preference and preference of having young children around (i.e., son preference

can be captured by a higher value of U0; women who enjoy having young children around would

have a lower  ). Our comparative-static results indicate that birth timing is delayed if human

capital/labor productivity or productivity loss rises, or if the husband’s income/income security or

fertility preference falls. Of particular note, labor market conditions are embedded in the human

capital factor because wage rates depend positively on the (e�ciency unit) human capital measure.

These implications can be readily extended to a more general model with multiple births.

These theoretical predictions are useful for guiding our empirical analysis. It is straightforward

for women’s human capital measured by education levels to be important explanatory variables

for the timing of births. While job security can be measured by public employment where job

tenure is almost guaranteed, productivity loss due to childbearing can be related to occupations.

For instance, financial, managerial and specialist jobs are more likely to su↵er larger productivity

losses. Finally, while preference factors may be partly captured by family obligations and gender

bias (toward son) for married women, they naturally lead to unobserved heterogeneities.

3 Numerical Analysis

We now want to quantify our theory of birth timing by matching life-cycle model to the Current

Population Survey (CPS) data. We are interested in the two cohorts of females in the United

States: 1940-1945 cohort and 1950-1955 cohort, before and after the baby boom respectively. Since

the focus of this paper is on childbearing timing, we restrict the sample to females over 35 years old

as such age range is close to the end of fecundity cycle. Due to the sample size limitation of CPS,

we perform synthetic cohort analysis, in particular, we use the samples of females age 35-40 years

old in survey year 1980 , those age 36-41 years old in 1981, those age 37-42 years old in 1982, and

those age 38-42 years old in 1983 to construct the first cohort, and for the second cohort, we use

the samples of females age 35-40 years old in survey year 1990, those age 36-41 years old in 1992,

and those age 38-43 years old in 1995. We drop the samples who got married before graduation and

who had the first child before marriage since the model starts from the age that a women is married

and this paper is abstracting from the out-of-wedlock childbearing. Table 1 provides the summary

statistics of these two cohorts. It can ben seen that the average age at first birth increased by 1.405

years and the median age at first birth increased by 2 years. Similarly, the average first spacing
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rose by 1.068 years and the median rose by 1 year.

Table 1: Summary Statistics

1940-1945 cohort 1950-1955 cohort Di↵erence

Mean Median Mean Median Mean Median

Age at first marriage 22.044 22.000 22.411 22.000 0.368 0

Age at first birth 24.520 24.000 25.955 26.000 1.434 2.000

First spacing 2.477 2.000 3.543 3.000 1.066 1.000

Fertility 2.403 2.000 2.160 2.000 -0.243 0

Years of Schooling 14.129 14.000 14.363 14.000 0.234 0

Number of Observations 8623 6774

3.1 Calibration

There are 14 parameters from the model. First, we pin down a number of parameters from the

literature or directly from the data. Second, we calibrate the remaining parameters using model

targets.

We set the inverse of the intertemporal elasticity of substitution �, the discounting factor ⇢,

and interest rate r to be the standard values in the literature. For the productivity loss, Waldfogel

(1998) claims that the wage loss of child penalty for a women in the United States ranges from 10%

to 15%. Since our � includes both human capital depreciation and productivity loss, we take the

high end to set � = 15%. The duration for productivity loss is taken from Phipps et al. (2001), in

which they found out that the average duration of child-related interruptions followed by a return

to the same job was 1.93 years and the average duration of child-related interruptions followed by

a return to a di↵erent job was 5.75 years. In their sample, 42.9% went back to the same job, and

hence we take a weighted average to set D = 4.111 years.

The initial age M is calibrated by using the average age at first marriage of two cohorts from

CPS. We assume all women retire at 60 years old, and hence we get the working periods F to

be 37.78 years. For husband-to-wife ratio ✓, we use gender gap to calibrate, which is defined as

the coe�cient of the gender dummy variable regressed on log wage earnings, controlling for age, a

quartic in age, industry, and states dummies. The coe�cients estimated from the wage regressions

range from 0.5 to 0.8, depending on the age and marital restrictions we put on the sample. We

take the coe�cient to be 0.5, in which words, husband-to-wife income ratio is about 1.649. For

the technology A, the model predicts A = w; therefore similar to the estimate of gender gap, we

calibrate productivity from the wage regression. First we define a group indicator variable for the
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two groups that are categorized on skill levels: we define low-skilled group as the females with high

school degree and high-skilled group as those with at least some college experience and above. We

regress log wages on the group dummy, age, a quartic in age, state dummies, class of workers, broad

industry dummies, and broad occupation dummies, in which the base group is low-skilled females,

and then we take exponential of the coe�cient estimate of the group dummy variable from the

regression to get the productivity measure.

We measure human capital following Hall and Jones (1999):

h = exp{f(s)}

where h denotes human capital, s denotes years of schooling, and f(s) is a piecewise linear function:

f(s) =

8
>>>>><

>>>>>:

0.134s if s < 4

0.134 ⇤ 4 + 0.101(s� 4) if 4  s  8

0.134 ⇤ 4 + 0.101 ⇤ 4 + 0.068(s� 8) if s > 8

The rest of the four parameters �, �, U0 and  are calibrated using model targets. We cali-

brate average ⌘ as the ratio of average years of schooling and working period, which is the ratio of

14.24 and 37.78, and then we use equation 3 at the mean to calibrate the maximum human capital

accumulation rate � using the average human capital growth rate. For the parameter that governs

the human capital spillover e↵ect �, we use equation 14 at the mean, intertemporal no arbitrage

condition. To calibrate U0 and  , we target the average fertility timing and fertility timing di↵er-

ential between the high-skilled group and low-skilled group. In order to do that, we need group

specific � and D.

Denote the share of females returning to the same job after child-related interruptions by ↵,

and denote the duration of interruption by ⇡. Denote the share of high-skilled by SH , then the

remaining share for the low-skilled group is 1� SH .

⇡̄ = ↵⇡S + (1� ↵)⇡D

Similarly we define the average duration for the two skill groups:

⇡̄H = ↵H⇡S + (1� ↵H)⇡D

⇡̄L = ↵L⇡S + (1� ↵L)⇡D

We assume ↵H = 1.2↵ for the high group, and we need to back out x for the low-skilled group such

that ↵L = x↵. Since we have:

⇡̄ = SH ⇡̄H + (1� SH)⇡̄L
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And hence we have:

x =
1� 1.2SH

1� SH

In this way, we calibrate DH = 3.783 and DL = 4.725. In a similar fashion, we assume that the

human capital depreciation rate of the high-skilled is 1.3 times of the average depreciation rate,

and thus we have �H = 0.195 and �L = 0.06573. Table 2 summarizes all the calibrated parameters.

Table 2: Calibration parameters

Parameters Values Description Source/Target

� 2.5 inverse of the intertemporal elasticity of substitution literature

⇢ 0.05 discounting factor literature

r 12% interest rate literature

� 15% productivity loss during childrearing Waldfogel (1998)

D 4.11 duration of childrearing Phipps, Burton, Lethbridge (2001)

M 22.22 age at marriage age of first marriage

F 37.78 working life span author’s calculation

✓ 1.649 husband to wife log income ratio gender gap

AL 1.000 technology normalization

AH 1.240 technology wage regression

� 0.0459 maximum human capital accumulation rate average human capital growth rate

� 0.9523 human capital spillover e↵ect intertemporal no arbitrage condition

U0 0.00089 lifetime utility gain from child fertility timing

 0.00292 utility loss during childrearing fertility timing di↵erential

The following table 3 shows model predictions, in which the top panel illustrates the average

and the di↵erence between the two skill groups, and the bottom panel illustrates the results for

two skill groups. We target the average time allocated to human capital accumulation, the average

first spacing and age at first marriage as well as their di↵erentials between skill groups. As can be

seen from the table that high-skilled females are more likely to have their first child later in life,

and they also allocate more time into human capital accumulation, thus having a higher relative

human capital.
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Table 3: Model Predictions

(a) Average and Di↵erence between Skill Groups

Data Model

Variable Description Average Di↵ Average Di↵

B first spacing 2.9945 0.7313 2.9945 0.7313

M +B age at first birth 25.2166 1.0905 25.2166 1.0905

⌘ human capital allocation 0.3770 0.0910 0.3770 0.0944

⌫ relative human capital 1.0000 0.2415 1.2153 5.4016

l time allocated to work 0.6230 -0.0910 0.6134 -0.0098

(b) High Skill and Low Skill Group

Data Model

Variable Description High Low High Low

B first spacing 3.2490 2.5178 3.2490 2.5178

M +B age at first birth 25.5962 24.5057 25.5962 24.5057

⌘ human capital allocation 0.4087 0.3176 0.4101 0.3157

⌫ relative human capital 1.0840 0.8425 5.4304 0.0288

l time allocated to work 0.5913 0.6824 0.6100 0.6198

3.2 Counterfactual Exercises

In order to understand the driving factors behind the divergence of childbirth timing decisions

between low-skilled group and high-skilled group, we perform two types of counterfactual exper-

iments. In the first group of experiments we shut down di↵erent sources of heterogeneity in the

model, including fertility-related productivity loss, initial human capital, productivity, and husband

income (income security). Second, we want to examine the e↵ect of fertility preference and leisure

loss in the preference. To sum up, we perform 6 counterfactual exercises in total:

1. Sources of heterogeneity

(a) shut down duration of productivity loss heterogeneity by setting DH = DL = D

(b) shut down initial human capital heterogeneity by setting initial hH = hL = h

(c) shut down productivity heterogeneity by setting AH = AL = A
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(d) shut down assortative matching heterogeneity by setting ✓̃ =
✓w̄h̄

wihi

2. Fertility preference and leisure loss

(a) increase U0 by 1%

(b) decrease  by 1%

Table 4 shows the results for the first group of counterfactual experiments. Let’s focus on the

4th column that indicates the implied di↵erence between the high-skilled group and low-skilled

group. As can be seen from the first two rows in all the four panels, shutting down heterogeneity

in duration of productivity loss leads to a dramatic gap of the first spacing, which is 13.1330

years. However, the e↵ect stemming from the heterogenous initial human capital or productivity

(experiment 2 and 3) is much less evident; the di↵erence of first spacing is by 6.6570 and 5.0398

years respectively. The husband income ✓, which can be also interpreted as the measure of income

security, also plays a critical role in explaining the first spacing di↵erential, which can be seen from

the first row in panel (d) that the di↵erence is 13.7079 years. The same pattern holds for the age

at first birth, measured by M + B. The conventional human capital channel serves a certain role

in understanding the childbearing timing; however according to our quantitate result, the two new

channels via fertility-related productivity loss and income security are much more essential.

Next table 5 illustrates the results for the second group of experiments. We only show the

e↵ect of change in U0 and  on the first spacing B and the age at first birth M + B. The reason

why we do not show the corresponding changes in ⌘, ⌫, and l is that under these two experiments,

the time allocated to human capital accumulation is not a↵ected, and neither is the net working

hours. Moreover, a 1% increase in U0 has the same e↵ect on the relative human capital as that

of 1% decrease in  . As can be seen from the 5th and 6th columns in the table, a 1% increase in

fertility preference leads to the decrease in the first spacing, 0.5420 and 0.7574 for the high skill

group and low skill group respectively. Though a 1% decrease in leisure loss also implies a drop in

the first spacing, the e↵ect is not as strong as that shown in panel (a). So we argue that women are

sensitive to the changes in fertility preference compared to leisure loss. Another observation from

this table is that the decrease for the low-skilled group is much more pronounced than that for the

high-skilled group, which implies that the low-skilled women are more vulnerable to the changes in

fertility preference and leisure loss.
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Table 4: Sources of heterogeneity

(a) Experiment 1: DH = DL = D

Relative to Benchmark Model

Variable High Skilled Low Skilled Di↵erence High Skilled Low Skilled

B 7.4425 -5.6905 13.1330 4.1935 -8.2083

M +B 29.7897 16.2974 13.4923 4.1935 -8.2083

⌘ 0.3782 0.3748 0.0034 -0.0319 0.0591

⌫ 0.9612 1.0760 -0.1148 -4.4692 1.0472

l 0.6086 0.6207 -0.0122 -0.0015 0.0009

�V (B)/V (B) -0.0058 0.0053 -0.0111

(b) Experiment 2: hH = hL = h

Relative to Benchmark Model

Variable High Skilled Low Skilled Di↵erence High Skilled Low Skilled

B 5.1137 -1.5433 6.6570 1.8647 -4.0611

M +B 27.4609 20.4446 7.0163 1.8647 -4.0611

⌘ 0.3778 0.3751 0.0027 -0.0323 0.0594

⌫ 0.9743 1.0670 -0.0927 -4.4561 1.0382

l 0.6100 0.6198 -0.0098 0.0000 0.0000

�V (B)/V (B) -0.0996 0.1807 -0.2803

(c) Experiment 3: AH = AL = A

Relative to Benchmark Model

Variable High Skilled Low Skilled Di↵erence High Skilled Low Skilled

B 4.6440 -0.3958 5.0398 1.3949 -2.9136

M +B 26.9912 21.5921 5.3991 1.3949 -2.9136

⌘ 0.3778 0.3751 0.0027 -0.0323 0.0594

⌫ 0.9743 1.0670 -0.0927 -4.4561 1.0382

l 0.6100 0.6198 -0.0098 0.0000 0.0000

�V (B)/V (B) -0.1721 0.1336 -0.3057

(d) Experiment 4: change in ✓

Relative to Benchmark Model

Variable High Skilled Low Skilled Di↵erence High Skilled Low Skilled

B 7.2827 -6.4252 13.7079 4.0336 -8.9430

M +B 29.6299 15.5627 14.0672 4.0336 -8.9430

⌘ 0.3486 0.4486 -0.1000 -0.0615 0.1329

⌫ 0.1804 45.5108 -45.3304 -5.2500 45.4820

l 0.6387 0.5469 0.0918 0.0286 -0.0729

�V (B)/V (B) -0.1775 0.2026 -0.3800
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Table 5: Fertility preference and leisure loss

(a) Experiment 5: 1% increase in U0

Relative to Benchmark Model

Variable High Skilled Low Skilled Di↵erence High Skilled Low Skilled

B 2.7070 1.7604 0.9467 -0.5420 -0.7574

M +B 25.0542 23.7483 1.3059 -0.5420 -0.7574

(b) Experiment 6: 1% decrease in  

Relative to Benchmark Model

Variable High Skilled Low Skilled Di↵erence High Skilled Low Skilled

B 2.9409 1.9922 0.9488 -0.3081 -0.5256

M +B 25.2881 23.9801 1.3080 -0.3081 -0.5256

3.3 Decomposition

In this section, we perform the decomposition exercise to further understand the precise contribution

of each channel to the childbirth timing decisions for two skill groups. Since the analysis on the

age at first birth (M+B) and the first spacing (B) is the same, we only present results for the first

spacing here, as illustrated by the following table 6.

The assortative matching channel, measured by the husband income ✓, is able to explain 53.12%

of the average first spacing. Initial divergence in human capital can account for 21.76%. However,

the conventional human capital and productivity channel together can only contribute to around

33% of the total gap, which implies the crucial role that the income security and duration channel

plays.

The result is even more interesting if we focus on the implied di↵erence between the high-skilled

group and low-skilled group. Heterogeneity in initial human capital and productivity together ex-

plain less than one third of the gap, of which the e↵ect is much less pronounced than that from the

experiment 1 and experiment 4. The heterogeneity in duration of fertility-related productivity loss

along can explain around 34.82% of the di↵erence between high-skilled group and low-skilled group.

The remaining 36.44% of the gap is attributed to the income security channel. The decomposition

exercise reinforces our finding that the novel productivity loss and income security channels play

a much more crucial role than the conventional human capital and productivity channel in un-

derstanding the childbearing timing, especially the di↵erences in the childrearing timing decisions

between skill groups.
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Table 6: Decomposition: First Spacing (B)

Average Di↵erence

result normalized contribution result normalized contribution

model 2.9945 0.7313

Exp1: duration 2.8707 0.4070 13.59% 13.1330 0.2547 34.82%

Exp2: initial human capital 2.7963 0.6571 21.76% 6.6570 0.1217 16.64%

Exp3: productivity 2.8895 0.3451 11.52% 5.0398 0.0885 12.10%

Exp4: assortative matching 2.5107 1.5907 53.12% 13.7079 0.2665 36.44%

SUM 100% 100%

4 Extensions

Up so far, we have examined the influence of di↵erent sources of heterogeneity, fertility preference

and leisure loss on the fertility timing di↵erential between skill groups. In the next step, using

data for the two cohorts, we will be able to compare the relative importance of the factors such as

improvement in initial human capital, delay in marriage, narrower gender gap, and rising college

premium. Instead of focusing on only two skill groups, we can further analyze the evolution of

birth distribution. Last but not least, we can conduct robustness check using the census data for

the early cohort allowing for multiple number of children and multiple spacing.

5 Conclusion

This paper has developed a life-cycle model of fertility choice that theoretically identifies key factors

driving a woman’s decision regarding on the timing of childbearing that is modeled as a continuous

variable. On top of the conventional human capital channel and fertility preference, this paper

highlights the importance of the duration of fertility-related productivity loss, income security, and

leisure loss. Numerical analysis implies that in terms of explaining the gap of first spacing and age

at first birth between the two skill groups, duration of productivity loss and income security have

played a much more crucial role compared to education or opportunity cost. The conventional

human capital together with productivity channel can account for only 28.7% of the gap, while

around 34.8% of the di↵erence between high-skilled women and low-skilled women can be explained

by the duration of fertility-related productivity loss and the remaining 36.4% can be attributed to

the income security (husband’s income) channel. Moreover, both the low-skilled group and the
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high-skilled group are more sensitive to changes in child preference when determining the timing of

the birth, and the low-skilled women are more vulnerable to changes in productivity and fertility

preference, which explains why low-skilled women push up or defer their timing of children more

relative to high-skilled women.
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Appendix (Not intended for publication)

Derivation of lifetime utility
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Derivation of Condition B
To derive Condition B, we di↵erentiate ⌦ (B) with respect to B:
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which yield the comparative static results in Section 3.4.
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Figure 1: Comparative Statics
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