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Abstract

Having children is like investing in a risky project. Postponing birth is like delaying an irreversible invest-
ment. It has an option value, which depends on its costs and benefits, and in particular on the additional risks 
motherhood brings. We develop a parsimonious theory of childbearing postponement along these lines. We 
derive its implications for asset accumulation, income, optimal age at first birth, and childlessness. The 
structural parameters are estimated by matching the predictions of the model to data from the National 
Longitudinal Survey of Youth NLSY79. The uncertainty surrounding income growth is shown to increase 
with childbearing, and this increase is stronger for more educated people. This effect alone can explain why 
the age at first birth and the childlessness rate both increase with education. We use the model to simulate 
two hypothetical policies. Providing free medically assisted reproduction technology does not affect the age 
at first birth much, but lowers the childlessness rate. Insuring mothers against income risk is powerful in 
lowering the age at first birth.
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1. Introduction

Having a child increases risk. This is especially true as far as future income is concerned. 
The career costs of motherhood include both first-order moment effects on wages and employ-
ment but also second-order moment effects as the following examples show. Mothers are subject 
to possible atrophy of skills due to random interruptions (Adda et al., 2017), a risk of not get-
ting promoted from temporary to permanent jobs (Guner et al., 2017), more frequent occupation 
and workplace changes (Lundborg et al., 2016), lost earnings opportunities with possibly lower 
wages, and a possibility of discrimination (Correll et al., 2007). In addition, parents also en-
dure an increasing risk in sickness absence (Angelov et al., 2013). This pattern is likely to be 
reinforced when children have special needs, or mitigated when children are easy to manage.

Beyond the issues of income and career, there is increased uncertainty affecting spending and 
utility flows. Many examples can be found in the literature: childrearing reduces women’s social 
network size and alters the composition of men’s networks (Munch et al., 1997); if network size 
is associated with insurance, smaller network implies less opportunities to face adversity. Chil-
drearing may have long-term health consequences such as urinary incontinence, weight gain, etc., 
but also positive health consequences, such as reduced chances of having some types of breast 
cancer; and having a baby causes a substantial decline in the average couple’s relationship (Doss 
et al., 2009). The most extreme case of risk incurred when being a mother is of course that of 
maternal mortality. The consequences of this risk for fertility have been studied in detail: exploit-
ing variations in mortality risks across US states and cohorts, Albanesi and Olivetti (2014) show 
that the growth in fertility was highest for US states and cohorts of women that experienced the 
greatest reduction in maternal mortality. Albanesi and Olivetti (2016) show that improvements 
in maternal health reducing maternal mortality and morbidity are important to explain the joint 
evolution of married women’s labor force participation and fertility in the United States during 
the twentieth century.

Although the literature is full of examples stressing an increase in uncertainty following the 
birth of a first child, it does not treat it as such (except for the maternal mortality risk). It indeed 
focuses on first-order moments – such as the effect of having a child on the mean wage, the 
employment rate, etc. – without acknowledging the risk component. Miller (2011) finds that 
delaying motherhood leads to a substantial increase in labor market earnings, of 9% per year of 
delay. This benefit goes through an increase in wages of 3% and an increase in work hours of 
6%. Herr (2016) looks at the specific effect of first birth on wages. For women who entered the 
labor market before having children, she finds a clear monotonic relationship between delayed 
first birth and higher long-run wages. Budig and England (2001) look at the effect of having 
children on wages and employment. They find a wage penalty for motherhood of approximately 
7% per child. One-third of the penalty is explained by years of past job experience and seniority, 
because motherhood interrupts women’s employment, leading to breaks, more part-time work, 
and fewer years of experience and seniority. The authors guess that the remaining two-thirds 
of the motherhood penalty may arise from the impact of motherhood on productivity and/or 
from employer discrimination. Note that all these studies are based on the National Longitudinal 
Survey of Youth (NLSY79) which is the data set we use in our quantitative analysis as well. 
However, using an event-study framework, Kuziemko et al. (2018) show that substantial and 
persistent employment effects of motherhood in U.K. and U.S. are not anticipated by women.

In this paper, we develop a theory in which motherhood increases income risk explicitly. We 
stress that it is of particular importance for the optimal age at childbearing. We focus on how to 
model increased income risk, how to measure it in the data, and whether it matters for household 
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choices. The main idea we develop is that if having a child is irreversible and affects expected 
future earnings through risk, waiting (postponing birth) has a value (option value). A robust 
result of option theory is that the riskier an investment project, the worthier it is to wait (Dixit 
and Pindyck, 1994). In a different context, we also obtain that the option value of postponing 
birth increases with risk. Beyond income risks, the value of waiting interacts with fecundity (the 
biological clock) and the availability of assisted procreation techniques.

Besides our innovation to model income risk as a function of motherhood, our model shares 
some characteristics with Adda et al. (2017), namely skill atrophy, intertemporal budget con-
straint, and risk aversion. Apart from the risk aspect, their model is richer than ours (they also 
consider occupational choices and marital status) and needs to be solved numerically, using in-
direct inference. Our approach is more parsimonious in order to allow for analytical resolution 
and therefore a clear grasp of the mechanisms. It can indeed be solved explicitly using stochastic 
optimal control and optimal control with regime switches (Boucekkine et al., 2013). Our theory 
highlights how the timing of the first birth depends on financial uncertainty and on the risk of 
infertility. The model also allows to distinguish between three types of childlessness: voluntary, 
natural (primary sterility), and childlessness due to postponement. It is a very first attempt to 
account for risk-increasing maternity and a natural extension would be to consider occupational 
choices and marital status.

Despite its parsimony we feel that bringing the model to data and quantifying its main mech-
anism are very insightful. We thus conduct a quantitative analysis, identifying the structural 
parameters of the model using the National Longitudinal Survey of Youth (NLSY79). This sur-
vey follows the lives of a sample of American youth born between 1957–1964 from Round 1 
(1979 survey year) to Round 25 (2012 survey year). It started in 1979 with a sample of women 
aged 14 to 22, who were interviewed regularly from then on. Two-thirds of the sample was still 
observed at the end of the childbearing years, at which point 84 percent had children, which 
allows to study the effect and timing of childbearing on wages and employment. We show that 
mothers face a higher income risk than childless women. Although risk decreases with educa-
tion, the risk differential between mothers and childless women increases with the education 
level, which partly explains why educated parents have children later.

Finally, we use the model to investigate the effect of two policies. First, introducing a hypo-
thetical insurance against motherhood-related risks appears to be a very strong tool to reduce the 
age at first birth for the more educated. The empirical literature (see Gauthier (2007) for a sur-
vey, and d’Albis et al. (2015)) suggests that well-designed public policy can affect the timing of 
fertility, including childcare provision and lump-sum financial incentives. In unequal societies, 
having a well-developed market for nannies and babysitters might play the same role (Hazan and 
Zoabi, 2013). Our model contributes to this literature by stressing the importance of reducing not 
only the average opportunity cost of having children, but also the “risk opportunity cost” by help-
ing mothers when things go wrong.1 Second, we simulate the effect of free and highly effective 
medically assisted procreation, which amounts to make women three years younger. This policy 
delays the age at first birth by less than one year for the higher education categories, and reduces 
childlessness, but not more than the insurance policy. Our results on assisted procreation are in 
line with Sommer (2016) as she finds that the introduction of IVF technology (calibrated on 2012 
IVF success rates) increases the number of births but is not sufficient to compensate for the effect 

1 Investigating how the risk component of the opportunity cost varies across countries and social insurance systems 
might be a further application of our approach.
3



D. de la Croix and A. Pommeret Journal of Economic Theory 193 (2021) 105231
of the increased earning risk observed on the period studied. On the whole, our results indicate 
that insurance against motherhood-related risks seems more effective than artificial procreation 
to advance births.

There exists a literature on the optimal timing of births. A first approach is deterministic and 
the dynamic structure is simple, with only a choice between early and late childbearing, as in 
Low (2013). In her model, women can trade one more year of job experience or training for 
having babies early in life (and getting married). The interest of the static structure is to allow 
to solve for equilibrium on the marriage market, and to study its properties analytically. Pestieau 
and Ponthière (2014, 2015) propose a dynamic model in discrete time in which parents can have 
children early or late (binary choice). Here again the simple dynamic structure allows to provide 
a general equilibrium analysis. An early dynamic model of fertility can be found in Heckman 
and Willis (1976). They focus on the proximate determinants of fertility. In their approach, it 
is costly not to have children (cost of contraception). The other costs are not modelled. Their 
model suggests that a woman’s reproductive history depends on the sequence of contraception 
decisions a couple makes. The authors notice that “the optimal decision making that they have 
specified requires a couple to solve a stochastic dynamic programming problem at the beginning 
of each month from marriage to menopause.” Later, Cigno and Ermisch (1989) focus on the 
interaction between physiological and financial considerations in a deterministic framework. The 
interactions between demographics and economics are studied by d’Albis et al. (2010) and de la 
Croix and Licandro (2013) in dynamic deterministic models in which women choose the time 
of birth. They show how the growth rate of the population is affected by this choice. Compared 
to all these approaches, we neglect general equilibrium effects and the marriage market aspect, 
but we model the time dimension more precisely, as the trade-off between fecundity and income 
depends crucially on age, and is not the same at 25, 35, or 40.

Even existing structural stochastic models do not explicitly make risk depend on motherhood. 
Francesconi (2002) and Sheran (2007) account for some uncertainty, but it takes the form of taste, 
technological, and/or birth control shocks that are not affected by labor or fertility decisions. For 
instance, Francesconi (2002) estimates the structural parameters of a finite-horizon, discrete-
choice model on a sample of married women from the National Longitudinal Survey (NLS) of 
Young Women (1968–1991), and shows that a short interruption of full-time work is less harmful 
for the earnings profile than a part-time experience during childrearing. Using the same data set 
and the same type of model, Sheran (2007) shows that a childcare subsidy is likely to reduce 
women’s education level, but increase their time spent working. It should be noted that even if 
these papers study the joint decision of female labor supply and fertility using dynamic life-cycle 
models, their objective is not to study childbearing decisions, but rather the consequences of 
children on labor-related choices in order to better predict the effect of public policies that are 
likely to affect both decisions. Sommer (2016) studies the decision to have children and accounts 
for earning risks, but again, childbirth does not affect risk: mothers and childless women face the 
same shocks and the same asset accumulation. Note however that due to motherhood, women 
may decide to spend less time at work, which in fact reduces their sensitivity to these shocks. 
In this case, having children provides insurance, which is in line with the “old age security” 
hypothesis (Nugent, 1985) based on the idea that children are a security asset.2 Sommer (2016)
finds that having children is considered as a consumption commitment, and her model explains 

2 However, the empirical literature favors a negative effect of uncertainty on fertility, see Hofmann and Hohmeyer 
(2013) or Schneider (2015).
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half of the decrease in the number of births between 1970 and 1990 when the US labor market 
risk was high.3 In addition, she finds that fertility and earnings risks amplify each other as far as 
the number of births is concerned, even if the infertility risk leads women to have children earlier. 
Demographers have also written extensively on childbearing postponement. When they aim at 
analyzing economic uncertainty, their preferred approach is to include unemployment rates as a 
forcing variable in their empirical studies (Hoem, 2000, Meron and Widmer, 2002, and Pailhé 
and Solaz, 2012).

The paper is organized as follows. The theory is exposed in Section 2. The main analytical re-
sults are provided in Section 3. The quantitative part, including calibration simulation and policy, 
is in Section 4. Extensions regarding the possibility of having a second child or the distinction 
between married and single mothers are provided in Section 5. Section 6 concludes.

2. Theory

Time is continuous. The woman’s life extends from time 0 to ∞. We focus exclusively on 
the woman’s program. Modelling explicitly the variety of partnerships found in the data (ever 
married, divorced, single, widowed, etc.) conflicts with our aim of parsimony; and we know 
from the empirical literature that the effects of having a child on the partner’s annual earnings 
are quite small, and in any case much smaller than those estimated for women (see e.g. Lundborg 
et al. (2016) using instrumental variable evidence from IVF treatments).

An infinite horizon is assumed for simplicity. Completed fertility can be either zero or one 
child. τ denotes the date when the woman starts trying to have children. Procreation succeeds at 
time τ with probability π(τ).

We assume that contraception is free and efficient, implying π(t) = 0 for t < τ .4 If the attempt 
at date τ fails, we assume for simplicity that there is no second chance: fertility is a one-shot 
attempt. Even if in reality parents keep trying if they fail to have children at first, it should be 
noted that at age 30, 2/3 of conceptions do occur within one year of the procreation attempt, see 
Léridon (2004). With this assumption, all uncertainty surrounding fecundity is resolved at time 
τ . The probability π is decreasing in age τ and depends on medical technology.

We denote the natural sterility rate as: π(0) = π̄ . We also assume a menopause age T such 
that π(T ) = 0. We assume that sterility is not affected by age for very young ages and for ages 
close to menopause: π ′(τ ) = 0 for τ ≤ 0 or τ ≥ T .

The age at first birth is denoted γ . It is given by:

γ =
{

τ with proba.π(τ)

+∞ with proba.1 − π(τ)
(1)

Women derive utility from the composite consumption good c and from having children. In 
Appendix A we show an example where the composite good ct combines a physical consumption 
good with leisure. The life-cycle utility when having a child at time τ is:

∞∫
0

u(ct ) e−ρtdt + e−ργ ω (2)

3 This is consistent with the findings in Chabé-Ferret and Gobbi (2016) on post WWII data.
4 The reader can refer to Cavalcanti et al. (2020) for an analysis of the effect of the availability of contraception on the 

ability to postpone childbirth.
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where ω is the lump-sum utility of having children and ρ is the psychological discount rate. u(·)
is an increasing and concave function of consumption ct .

We have chosen a simple and transparent way to model the utility brought by children. Many 
variations are possible, including those where the value of the child depends on the age of fertility 
(for instance, health risk is higher if the mother is old).

Note however that our modelling of the gain from having children can be reconciled with the 
literature on old-age support, as ω can be read as a composite amount, including old-age support.

To get explicit analytical solutions, we assume instantaneous CRRA utility5:

u(ct ) = c1−ε
t

1 − ε

Parameter ε represents both the relative risk aversion and the inverse of the intertemporal elas-
ticity of substitution. As in most of the literature on risk, we assume that ε > 1.

The woman starts her life with an initial wealth a0, which is to be interpreted as including 
both physical wealth and human capital (see Appendix A). We assume first that a child has a cost 
in terms of consumption, equal to β that of the mother, with 0 < β < 1. Second, the interest rate 
is deterministic for childless women but follows an Ito process for mothers.

It is a simple way to account for an excess volatility of the return on wealth of mothers 
compared to childless women.6 However it prevents us from accounting for the effect of ex 
ante risk on long-lasting decisions.7

We get

dat =
{

(r1 at − ct )dt if t ≤ γ

(r2 at − (1 + β)ct )dt + σ at dzt otherwise
(3)

which defines the budget constraint under which intertemporal utility will be maximized. Income 
after birth is affected by dzt , a Wiener process (Brownian motion) with E[dzt ] = 0, var[dzt ] = t . 
The uncertainty parameter σ conveys the strength with which shocks affect wealth accumulation. 
The interest rates r1 and r2 denote the return on financial and human wealth for childless women 
and for mothers, respectively. They include both the return on human capital and the return on 
physical wealth.

Having a child has a level effect, through an overall lowering8 of the mean return on financial 
and human capital assets r2 < r1, and a variance effect, through the inclusion of the Wiener 
process. This is consistent with the results of Adda et al. (2017) who show that the career cost 
is “a combination of occupational choice, lost earnings due to intermittency, lost investment into 
skills and atrophy of skills while out of work, and a reduction in work hours when in work.” It is 
also in line with the returns to experience featured in the dynastic model of Gayle et al. (2015), 

5 Note that a CRRA utility function features risk aversion as u′′ < 0 and prudence as u′′′ > 0. Using a recursive 
utility function would have allowed us to disentangle between risk aversion and intertemporal elasticity of substitution 
(Epstein and Zin, 1989). However, our problem is multi-stage (see below in this section) and therefore requires an explicit 
expression for the associated Hamiltonian (see Appendix C). To our knowledge, deriving such an expression when the 
utility function is recursive has not been proven possible in the existing literature.

6 Modeling a higher variance of shocks after some event (here birth) can be found in the macro-health literature. For 
example, in Capatina et al. (2017), the variance of income increases after a bad health shock which shifts health from a 
good to a bad state/regime.

7 The reader can refer to Santos and Weiss (2016) for a study of the impact of income volatility on marriage timing.
8 Unless specified otherwise: the case r2 ≥ r1 will sometimes be considered later in the paper to get insights into the 

mechanisms of the model.
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according to which working less after having a child reduces future earnings in a non-linear way 
since returns are not linear with the time spent working.

Each woman has an education level which may affect the deterministic part of the return 
on wealth. Education may also modify the excess volatility of the return on wealth of mothers 
compared to childless women. Hence, r1, r2 and σ are different across education levels.

The woman’s problem is to choose a consumption savings plan at, ct and a date τ at which 
she will start trying to have children. Her value function is given by

W(a0) = arg max
ct ,at ,τ

E

⎡
⎣ ∞∫

0

u(ct ) e−ρtdt + e−ργ ω

⎤
⎦

where W expectations are taken with respect to the distribution of dzt and γ , and the woman is 
subject to the budget constraint (3) and to the initial asset holding a0.

We first provide the solution to the woman’s standard problem when she decides from the be-
ginning not to have children (τ = +∞). In this case, our problem is a standard textbook problem, 
see e.g. Barro and Sala-I-Martin (2001), pp. 64–67:

(ct , at ) = arg max E

⎡
⎣ ∞∫

τ

c1−ε
t

1 − ε
dt

⎤
⎦ subject to dat = (r1 at − ct )dt, and a0 given, (4)

and subject to the usual transversality condition

lim
t→∞μtate

−ρt = 0,

where μt is the co-state variable associated with at . The optimal dynamics for assets is:

at = a0 e
r1−ρ

ε
t (5)

and the initial consumption is given by c0 = p a0 where

p = ρ − (1 − ε)r1

ε
. (6)

p is the marginal propensity to consume out of initial wealth in the standard model. In this 
problem, the woman has forgone the option to procreate from the beginning.

Let us now consider the more general problem in which the woman has to decide when she 
will try to procreate. The problem has to be solved recursively:

[A] Using stochastic optimal control (Turnovsky (2000)), we first consider the post-birth pro-
gram, once the pregnancy attempt has proven successful. This delivers a utility W2(aτ ) at a 
date τ with probability π(τ).

[B] We also consider the case of a failed attempt to have children (this requires standard optimal 
control). This delivers a utility W1(aτ ) at a date τ with probability 1 − π(τ).

[C] Finally, using optimal control with optimal regime switching (Boucekkine et al. (2013)), we 
study the program starting from the beginning of her professional life, which includes the 
optimal choice of τ .
7
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[A] The Post-Birth Program
The program is:

W2(aτ ) = arg max
ct ,at

E

⎡
⎣ ∞∫

τ

u(ct ) e−ρ(t−τ)dt + ω

⎤
⎦

subject to dat = (r2 at − (1 + β)ct )dt + σ at dzt

τ, aτ given.

The program is solved in Appendix B. Consumption follows

ct = (1 + β)−1/εqat , ∀t ≥ τ

with the propensity to consume out of wealth given by

q = ρ − (1 − ε)
(
r2 − ε

2σ 2
)

ε
(1 + β)

1−ε
ε (7)

Here, we need to impose ρ > (r2 − ε σ 2/2)(1 − ε) to guarantee positive consumption.9 Equa-
tion (7) shows that if we had considered a log utility function, the effect of uncertainty on 
the consumption/saving and leisure/human capital accumulation choices would have been ruled 
out. This is due to the fact that uncertainty, as it is modeled, affects these choices through the 
certainty-equivalent10 asset growth r2 − ε σ 2/2. Since ε > 1, the model exhibits a precautionary 
saving motive in the sense that higher uncertainty leads to a lower propensity to consume, hence 
a strenghtened asset accumulation.

After having solved for ct and at , the value function can be written as

W2(aτ ) = q−ε a1−ε
τ

1 − ε
+ ω. (8)

Using the results in Dixit and Pindyck (1994), p. 72, the mean and variance of assets are:

E at = aτ e(r2−(1+β)
ε−1
ε q)(t−τ), (9)

Var at = a2
τ e2(r2−(1+β)

ε−1
ε q)(t−τ)

(
eσ 2(t−τ) − 1

)
, (10)

and, since the percentage changes in a variable which follows a Brownian motion with drift are 
normally distributed, we have

d lnat ∼ N
((

r2 − (1 + β)
ε−1
ε q − σ 2

2

)
(t − τ), σ

√
t − τ

)
. (11)

This distribution pertains to an individual forecasting her assets from time τ onwards, but also 
describes the distribution of wealth across individuals sharing the same parameters.

9 Note that as ε > 1, a simple sufficient condition is r2 − εσ 2/2 > 0.
10 We define the certainty-equivalent X̂(t + dt) of an uncertain variable X(t + dt) as X̂(t + dt) = V −1(Et (V (X(t +
dt)))), where V (X) accounts for the attitude with respect to risk. Here, V (X) = X1−ε

.
1−ε

8
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[B] The Program in Case of Sterility at Age τ
The program is:

W1(aτ ) = arg max
ct ,at

E

⎡
⎣ ∞∫

τ

u(ct ) e−ρ(t−τ) dt

⎤
⎦

subject to dat = (r1 at − ct )dt

τ, aτ given.

By symmetry with the previous case, consumption follows

ct = pat ,

where the propensity to consume p is the same as in the benchmark program (4). We have p > q

as ε > 1. This is in part due to the effect of uncertainty through a precautionary saving motive.
The value function is

W1(aτ ) = p−ε a1−ε
τ

1 − ε
. (12)

Assets are given by:

at = aτ e(r1−p)(t−τ) = aτ e
r1−ρ

ε
(t−τ). (13)

[C] The Full Program
The full maximization program can be written:

W(a0) = max{ct ,τ,at }

τ∫
0

u(ct )e
−ρtdt + ϕ(τ, aτ )

where ϕ(τ, aτ ) = e−ρτ [π(τ)W2(aτ ) + (1 − π(τ))W1(aτ )]

with W2(aτ ) = q−ε a1−ε
τ

1 − ε
+ ω and W1(aτ ) = p−ε a1−ε

τ

1 − ε

subject to : ȧt = r1 at − ct and a0 given

There is no expectation operator in this program since all the uncertainty concerns what happens 
from date τ onwards, and expectations with respect to returns on future assets have already been 
computed in the previous step, while expectations with respect to birth are fully expressed using 
probability π(τ).11

To solve for the optimal choice, we follow the methodology proposed by Boucekkine et al. 
(2013). We first define the following Hamiltonian:

H(c, a,μ) = u(c)e−ρt + μ(r1 a − c)

One can readily write the value-function W(a0) in terms of the Hamiltonian H(·):

W(a0) =
τ∫

0

(H(ct , at ,μt ) − μt ȧt ) dt + ϕ(τ, aτ )

11 Note that having an uncertain lump-sum utility of having children would not alter the nature of the problem, and ω
would then simply be replaced by its expectation.
9
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We show in Appendix C that the first-order conditions are:

∂H(ct , at ,μt )

∂ct

= 0, (14)

∂H(ct , at ,μt )

∂at

+ μ̇t = 0, (15)

H(cτ , aτ ,μτ ) + ∂ϕ(τ, aτ )

∂τ
= 0, (16)

∂ϕ(τ, aτ )

∂aτ

− μτ = 0. (17)

The first two conditions (14) and (15) are the standard Pontryagin conditions. The last two con-
ditions (16) and (17) may be interpreted as optimality conditions with respect to the switching 
time τ and the free state value aτ . The third one, Equation (16), equalizes the marginal benefit of 
waiting to the marginal cost of waiting. The last one is a continuity condition: it implies that the 
shadow price of the state variable at the time of the switch, μτ , is equal to the expected marginal 
value of the state variable in τ (derived from the programs after the switch).

Conditions (14)–(16) are necessary but not sufficient for an interior maximum. Problems [A] 
and [B] both imply convex maximization programs. Problem [C] may admit corner solutions (τ
negative or infinite) and the existence of an interior maximum must be checked numerically.

The time consistency of a policy {ct , τ, at } decided at time 0 implies its optimality at later 
stages t0, t1 (but still in the pre-birth part of the problem). We can rewrite the maximization 
program as a decision made at time t0 leading to policy {ĉt−t0, τ̂ − t0, ât−t0}, and one at time t1
leading to {c̄t−t1, τ̄ − t1, āt−t1}, with initial conditions at t0 and t1 that are consistent with the 
maximization program at time 0. One can then show using conditions (14)–(17) that ĉt = c̄t , 
ât = āt , and τ̂ = τ̄ , which proves time-consistency.

We show (see Appendix C) that conditions (14)–(17) allow to solve for the dynamics of the 
asset at and of consumption ct as functions of time, and provide an implicit expression for the op-
timal procreation attempt date. In particular, Equation (17) allows to find assets and consumption 
at the time of the procreation attempt as a function of τ :

aτ = a0 e
r1−ρ

ε
τX(τ), (18)

cτ = a0 s(τ ) X(τ)e
r1−ρ

ε
τ , (19)

with

X(τ) = epτ

1 + s(τ ) [epτ − 1]/p
, (20)

s(τ ) = (
π(τ)q−ε + (1 − π(τ))p−ε

)−1/ε
. (21)

s(τ ) is a CES function of the marginal propensity to consume of mothers and of voluntarily child-
less (or sterile) women. X(τ) is a factor stemming from the presence of the option to procreate. 
Indeed, if π(τ) = 0 (sterility), X(τ) = 1. We now turn to the interpretation of the results.
10
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3. Interpretation and results

3.1. Asset accumulation

We will first look at asset accumulation. We consider four types of women: the voluntarily 
childless woman (type V), the sterile woman (type S), the candidate mother (type C), and the 
mother (type M).

The following proposition shows that women who intend to attempt to get pregnant accumu-
late more financial and human capital assets to smooth consumption in the face of the drop in 
the certainty-equivalent asset growth (r2 − ε

2σ 2 < r1). This is similar to a “precautionary saving” 
effect, except precautionary saving is usually defined as an increase in asset accumulation in the 
face of uncertainty affecting the next period (see Kimball (1990)) and the following ones. Here, 
uncertainty starts affecting returns τ − t periods later with, in addition, the date τ decided by the 
agent herself.

Proposition 1. Consider s(τ ), the marginal propensity to consume the asset of a candidate 
mother (type C).

� The higher the success rate π(τ), the lower s(τ ).
� If success is certain (π(τ) = 1), s(τ ) is the same as that of type M women.
� If failure is certain (π(τ) = 0), s(τ ) is the same as that of type V women (τ = +∞).

Proof. From Equation (21), ∂s(τ )
∂π(τ)

< 0 ⇔ ε > 1 and s(π = 1) = q , s(π = 0) = p. �

These results are in line with Blundell et al. (2017). Using a life-cycle approach with ex-
ogenous fertility decisions, they derive structural marginal rate of substitution relations between 
leisure time of the two spouses, and estimate a subset of the structural parameters of the model.12

They argue that in the pre-children period, the household is “[...] saving in anticipation of the de-
cline in family earnings induced by the wife reallocating time from market to childcare when 
children arrive”.

It is also worthwhile to remark that precautionary savings decrease with the importance of the 
risk on the procreation side π(τ).

We can now compare the assets of a woman trying to procreate to those of type V women, 
given by Equation (5). Assets are increased by the option to procreate as future and current 
consumptions are gross complements.

Corollary 1. Before the procreation attempt, the asset growth rate of type S and M women is the 
same. The asset growth rate of type V women is smaller.

Proof. The first part of the proposition is trivial as, before trying to procreate, S and M women 

are identical. From Appendix C, the dynamics of their assets is given by aτ

a0
= e

r1−ρ

ε
τX(τ), which 

yields a higher growth than the dynamics of the assets for type V women, aτ

a0
= e

r1−ρ

ε
τ , as ε ≥

1 ⇒ X(τ) ≥ 1. �

12 Estimations are made using three data sets: the Panel Study of Income Dynamics (PSID), the American Time Use 
Survey (ATUS), and the Consumer Expenditure Survey (CEX).
11
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Corollary 2. After the procreation attempt, the asset growth rate of type V women is larger than 
that of type M women if and only if

β >

(
ρ + εr2 − r1

ρ − (1 − ε)(r2 − εσ 2/2)

)ε

− 1. (22)

Proof. From Equation (9), the expected asset growth rate of type M women is given by: E at

aτ
=

e(r2−q)(t−τ). The assets for type V women are, according to Equation (5): at

aτ
= e

r1−ρ

ε
(t−τ). The 

latter is larger than the former if and only if (22) holds. �

Corollary 3. Delaying the date τ at which the woman tries having children generates more 
asset accumulation if the risk of sterility is ignored (π = 1). Accounting for the risk of sterility 
(π = π(τ) < 1 with π ′(τ ) < 0) reduces the effect and can even reverse it.

Proof. It can be shown that: ∂X(τ)
∂τ

|π=1 = p − q > 0 and ∂X(τ)
∂τ

= p − q + Z(τ), with

Z(τ) = epτ − 1

p

[
π ′(τ )

ε

(
q−ε − p−ε

)]
s(τ )1+ε < 0. �

The role of the procreation option is further highlighted by the dynamics of the assets of type
C women:

at = a0 e
r1−ρ

ε
t + a0

(
e

r1
ε

t − e
r1−ρ

ε
t
)(

1 + X(τ)s(τ )

p

)

The first term represents asset accumulation in the absence of procreation option. The second 
term is positive as ε > 1, again reflecting the idea that candidate mothers save more due to their 
expected future loss of income.

3.2. Age at birth

After having derived the above results concerning asset growth, we now turn our attention 
to the procreation choice. The implicit expression for the optimal procreation attempt date is 
obtained from Equation (16):(

c1−ε
τ

1 − ε
+ c−ε

τ (r1 aτ − cτ )

)
e−ρτ − ρϕ(τ, aτ ) + π ′(τ )

([
q−ε − p−ε

] a1−ε
τ

1 − ε
+ ω

)
e−ρτ

= 0. (23)

This equation makes appear three effects, which, at the optimum, must cancel out each others 
at the margin. There is first a utility gain from postponing birth and remaining childless (to 
benefit from larger consumption possibilities through higher means of earnings and lower risk). 
Second, there is also a pure cost of postponing birth (in terms of loss of parenthood utility). 
Third, postponing parenthood is also likely to reduce fertility, through the “biological clock” 
effect (π ′(τ ) < 0). This condition for the optimal procreation attempt is a key extra value brought 
by the model. Based on that equation, we can now show that a high enough uncertainty leads to 
birth postponement, at least when the gap between the two rates of return r1 and r2 and the cost 
of children in terms of consumption are both small.
12
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Proposition 2. For r2 ≈ r1 and β = 0, a high enough uncertainty leads to birth postponement:

� For ω > 0 and σ = 0, having a child has no cost. τ ∗ = 0 i.e. it is then optimal to attempt to 
get pregnant as soon as possible.

� There exists a value σ > 0 such that σ > σ ⇔ τ ∗ > 0, i.e. it is optimal to postpone birth.
� There exists a value σ̄ ≥ 0 such that σ > σ̄ ⇔ τ ∗ > T .

Proof. See Appendix D.1. �

Birth irreversibility matters in this program because, as stated in Pindyck (2007), there is a 
“bad-news principle” at work here: if future asset turns out to be less than expected, it is not 
possible for the woman to adjust and become childless. This possibility of regret appears if 
W1(t) > W2(t) for t > τ which translates into a condition on asset accumulation after birth.13

We can also compute the value function as:

W(a0) = (a0s(τ )X(τ))1−ε

(1 − ε)p
(1 − e−pτ ) + ϕ(τ, aτ ) ≡ (τ, a0)

where aτ is a function of τ and a0 through Equation (18) and τ solves (23). Part of the value 
comes from the possibility of trying and giving birth. The value of having this possibility, which 
we call “value of giving birth” is derived by comparing the value function with and without the 
possibility of procreating:

value of giving birth = W(a0) − W1(a0),

where W1(a0) is obtained from Equation (12). W(a0) −W1(a0) gives the willingness to pay for a 
child.14 This value can be decomposed into the value of immediately trying and giving birth and 
the value of having the option to try and give birth later. Note that there is no information accruing 
in time, meaning that this option value, which we call “option value of giving birth” corresponds 
to the “pure postponement value” defined by Mensink and Requate (2005), as opposed to the 
option value for receiving information or “quasi-option value”, which is the concept developed 
by Arrow, Fisher, Hanemann, and Henry (see Arrow and Fisher (1974), Henry (1974), and Fisher 
and Hanemann (1987)). This pure postponement value is however part of the Dixit-Pindyck 
option (see Dixit (1992), Pindyck (1991), and Dixit and Pindyck (1994)) which is the sum of the 
pure postponement value and of the quasi-option value. The option value of giving birth can be 
derived by comparing the value of giving birth at the optimal date and the value of an immediate 
attempt to become a mother:

option value of giving birth = value of giving birth − π(0)W2(a0), (24)

where W2(a0) is obtained from Equation (8).
Instead of computing the total value of postponement (which corresponds to the option value 

of giving birth), one can also compute an instantaneous value of postponement at time t , which 
is obtained by computing the marginal value of postponing the birth attempt:

13 W1(t) > W2(t) ⇔ a2t <
[
a1−ε

1t
− ωpε(1 − ε)

] 1
1−ε

(q/p)
ε

1−ε .
14 Note that Córdoba and Ripoll (2016) refer to this value as to the “option value of having a child” in a context where 
there is no timing decision, while we keep the term “option” for the additional value given by being able to choose the 
date of the birth.
13
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marginal value of birth postponement = ∂(t, a0)

∂t
.

It is positive for all t lower than the optimal τ .

3.3. Childlessness

The model embeds three concepts of childlessness. When τ = +∞, the woman has never tried 
to have children. This resembles demographers’ notion of voluntary childlessness, or the idea of 
opportunity-driven childlessness of Baudin et al. (2015). When τ = 0 but γ = +∞, the woman 
wanted to have children at the beginning of the period considered, but could not. This is close to 
demographers’ notion of involuntary childlessness, and the idea of natural sterility. When τ > 0
but γ = +∞, the woman tried at some point in time to have children, but failed. This type of 
childlessness has an involuntary component, but also a voluntary one since, by postponing birth, 
the woman accepted a lower probability π(τ) of being fertile.

Proposition 3. If ρ < r1, there exists a unique level ω̄ of the lump-sum utility of having children 
such that for ω ≤ ω̄ the optimal age to try to have children is equal to or higher than menopause 
T , leading to type V women. There also exists a unique level ω̃ of the lump-sum utility of having 
children such that for ω ≥ ω̃ it is optimal to try to have children immediately (at 0). These two 
levels are such that ω̄ < ω̃.

Proof. See Appendix D.2. �

In the next section, we will assume that the taste for children ω is distributed over individ-
uals following a normal distribution. Proposition 3 will allow us to calibrate the mean of this 
distribution to match the observed childlessness rate.

4. Quantitative analysis

In this section, we address four questions. First, does the income process (3) really differ 
between mothers and childless women, both in terms of growth and uncertainty? Second, can 
these differences in income explain why educated women delay having their first child and why 
more of them remain permanently childless? Third, what is the effect of exogenous shocks on 
these choices, including the effect of a hypothetical insurance mechanism for mothers and of free 
and efficient medically assisted reproduction technologies? Finally, how robust are the results to 
different choices of the subjective time discount rate and the relative risk-aversion parameter?

4.1. Identification of the parameters

Table 1 summarizes our calibration strategy. Three parameters are set a priori. The consump-
tion of a child is assumed to be 30% of that of an adult (according to OECD equivalence scales), 
which leads to β = 0.15% for a two-adult household. The subjective time discount rate ρ is set 
at 2% on an annual basis. The coefficient of relative risk aversion ε is set to 6. As we consider a 
CRRA instantaneous utility function, parameter ε represents both the relative risk aversion and 
the inverse of the intertemporal elasticity of substitution. In general, the literature favors a rel-
14
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Table 1
Identification of deep parameters – summary.

Parameter Value Target

β consumption of a child 0.15 fixed a priori
ρ subjective time discount rate 2% fixed a priori
ε relative risk aversion 6 fixed a priori

π(t) success rate of pregnancy attempt 0.96 exp(3.5−0.33t)
0.012+exp(3.5−0.33t)

from (Léridon, 2005)

r1 return on assets when childless Table 3 income growth – NLSY79
r2 return on assets when mothers Table 3 income growth – NLSY79
σ std. dev. of Wiener process Table 3 income range – NLSY79
mω mean of the distribution of ω 0.898 mean age 1st birth (cat. (7)) – NLSY79
sω std. dev. of the distribution of ω 1.037 childlessness rate (cat. (7)) – NLSY79

ative risk aversion coefficient less than 10 (see Gollier (2001)).15 For example, using the Panel 
Study of Income Dynamics (PSID) for the years 1968–1997, French (2005) estimates the coeffi-
cient of relative risk aversion for men to be in the 2.2–5.1 range (depending on the specification). 
The identification comes both from the saving behavior according to which risk-averse agents 
save more in order to buffer themselves against the future, and from the labor supply since more 
risk-averse individuals work more hours when young in order to accumulate a buffer stock of 
assets for insurance against bad wage shocks when old. While French’s estimates are about men, 
little has been done concerning women specifically, but the common result from experimental 
studies is that women are even more risk averse than men (Croson and Gneezy, 2009). Finally, 
although there is no consensus concerning the value of the intertemporal elasticity of substitu-
tion, it is largely admitted that it should be less than unity. Our model shares similarities with 
a portfolio choice model which leads to very high values for risk aversion when brought to the 
data (Jorion and Giovannini (1993), Kocherlakota (1996), and Hansen et al. (2007)). Therefore, 
the value we have assigned to ε is a non-controversial upper bound for the relative risk aversion 
which is consistent with the model we use.

Date 0 in the model is assumed to represent age 18 in the data. Function π(·) is a general-
ization of the logistic function whose parameters are set to match the percentage of women who 
conceive naturally after having started trying to get pregnant (lines b and g of Table I in Léridon 
(2005)). For estimating the levels of fecundability and the age at onset of permanent sterility, 
Léridon (2005) uses historical data concerning France gathered by Louis Henry. This XVIIIth 
century population was very likely to ignore birth control, especially during the first years of 
marriage which are used for estimating fecundability.

In practice, we assume:

π(t) =
⎧⎨
⎩

a exp(b − ct)

d + exp(b − ct)
if t < T

0 if t >= T

We set T = 35 (i.e. 53 years). We set a, b, c, d to minimize

15 With ε = 10, a household owning $1M and facing a lottery that involves gaining or losing $0.5M with equal proba-

bility is ready to give up $0.46M or less to avoid the lottery: (1−0.46)−9 = 0.5 (1+0.5)−9 + 0.5 (1−0.5)−9
.
−9 −9 −9

15
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Table 2
Education groups, age at first birth, and childlessness.

Education 
category

Numb. of 
observ.

Mean years 
of education

Age at first birth % 
childless

% 
marriedMean Std. dev.

Low education (1) 251 7.77 18.24 3.80 8.76 82.07
Less than high school (2) 300 10.52 19.34 4.13 7.00 78.00
High school compl. (3) 1868 12 21.70 4.98 12.15 84.42
Some college (4) 454 13 22.44 5.67 14.1 85.46
Some college (5) 469 14 24.38 5.45 20.04 83.16
Some college (6) 248 15 25.28 5.86 20.56 82.66
College completed (7) 551 16 27.64 5.08 24.32 87.66
More than college (8) 336 17.94 28.71 5.25 31.25 82.74

All 4477 13.08 22.93 5.79 16.04 84.01

(π(12) − 0.921)2 + (π(15) − 0.887)2 + (π(17) − 0.846)2

+ (π(19) − 0.782)2 + (π(22) − 0.639)2 + (π(24) − 0.489)2 + (π(29) − 0.095)2

subject to π(0) = 0.96 (we impose a natural sterility rate of 4%, see Baudin et al. (2015)). This 
gives a = 0.96, b = 3.53, c = 0.33, d = 0.012. Notice that we do not let this fertility probability 
vary with education or income. If richer or higher educated women tend to be healthier, be more 
knowledgeable or have better doctors, it may influence their fertility. We however do not have 
data to estimate this gradient.

To calibrate the remaining parameters, we use data from the National Longitudinal Survey 
of Youth 1979 (NLSY79), which is a longitudinal project that follows the lives of a sample of 
American youth born between 1957–1964. The eligible sample contains 9,964 respondents for 
whom data are available from Round 1 (1979 survey year) to Round 25 (2012 survey year), about 
half of them being women. We divide the sample into eight education categories, depending on 
the highest grade completed as of May 1994. Table 2 gives the mean age at first birth, its standard 
deviation, the percentage of women remaining permanently childless, and the percentage of ever 
married in the sample. The age at first birth and the childlessness rate are computed from the 
“number of children ever born” and “date of birth of first child” variables from XRND, which 
is a cross-round version of these variables (including information from June 1969 to December 
2012).

The sample includes all women who actually have some income,16 independently from their 
marital status. An alternative is to consider married women only, which is coherent with the 
model when interpreted as a unitary model of the couple. A selection bias may arise here, because 
married women are not drawn randomly from the pool of women.17 Another difficulty is that 
there is little evidence in the literature that the income and assets of couples are affected by 
childbearing as much as those of women (this is in line with the findings of Lundborg et al. 
(2016)). In Section 4.5, we look at the robustness of the result to this selection criterion.

Not surprisingly, we observe a positive education gradient for both the mean age at first birth 
and the childlessness rate, with the age at first birth going from 18.2 to 28.7 when climbing up 

16 To be consistent with the model, we exclude women who stop/start working when becoming mothers, which rather 
leads to an under-estimation of after-birth uncertainty.
17 The last column of Table 2 shows that the marriage rate (women who are or were married) is hump shaped in 
education – as in (Baudin et al., 2015) who provide a quantitative analysis of this pattern.
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the education ladder, and childlessness rates going from 8.8% to 31.3%. We retrieve the result 
of Baudin et al. (2015), according to whom childlessness is U-shaped in education. The negative 
part of the U is obtained for low education levels. We also see in Table 2 that the variability 
(standard deviation) in the age at first birth is lower for the extreme categories.

The very high childlessness rate of the two top education categories is worth to be noted. Are 
these high rates the result of an early choice not to have children or, instead, come as the outcome 
of a risky gamble (postponement)? Once calibrated, our model will be able to propose an answer 
to this question.

To measure an individual’s income, we sum farm and business income,18 wages and salaries,19

unemployment compensations received and other welfare payments. Before calculating the sum, 
we perform two transformations: we replace NA by 0 for farm and business income if wages 
and salaries are known, and replace NA by 0 for wages and salaries if farm and business income 
is known. Finally, we convert the income of various years into real income by dividing by the 
consumer price index. To bring our analytical results to the data, we ideally want to capture 
income growth after the decision to have children has been made. However, this is not possible, 
because the women in the sample are not old enough. As an approximation, we measure the 
annual growth rate of income between ages 39 and 45. Most women had their first child before 
age 39 (99.3%). Income at age 45 is taken as an average of income over three years (42-44-46 
or 43-45-47 depending on age in 1979) to smooth business cycle effects. In case of missing data, 
the average is computed on the available one(s). Income at 39 is also taken as an average of three 
years.

Fig. 1 plots kernel density estimations of income growth for each education category. Solid 
lines correspond to childless women and dashed lines to mothers. Compared with Table 2, we 
have lost some women because income is not observable for all of them. Let us stress three 
features that emerge from Fig. 1. (1) For mothers, the mode of the distribution does not depend 
on education and is systematically higher than that for childless women. This reflects the fact 
that the income growth of mothers is systematically higher than that of childless women.20 This 
is not inconsistent with r2 < r1, as shown in Corollary 2. (2) For childless women, the mode of 
the distribution moves rightwards as education increases, therefore catching up with the mode 
for mothers. (3) It appears clearly that the distribution is more dispersed for mothers than for 
childless women, reflecting the fact that the variance in the distribution of the growth in income 
is systematically higher for mothers than for childless women.21 The latter result is in line with 
our idea that motherhood increases income risk.

To formalize the idea that the distributions of income growth actually differ between the 
groups, the figure also shows the p-value of the two sample Kolmogorov-Smirnov test. The null 
hypothesis is that income growth of both groups, mothers and non-mothers, were sampled from 
identically distributed populations. If the p-value is small – say less than 5% – we can reject that 
the two groups were sampled from populations with identical distributions. The populations may 

18 From question: How much did you receive after expenses [from your farms and businesses or professional prac-
tices/from your businesses or professional practices]?
19 From question: How much did you receive from wages, salary, commissions, or tips from all (other) jobs, before 
deductions for taxes or anything else?
20 This striking results holds when restricting the sample to married women; it is thus not related to the possible positive 
role of having a husband. It also holds when measuring income growth from 30 to 45.
21 All these results remain true when restricting the sample of childless women to singles, who are less likely to have 
plans to give birth in the future.
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Fig. 1. Kernel density estimations of income growth distribution by education category. Childless women (solid) and 
mothers (dashed).

differ in median, variability or the shape of the distribution. To identify the source of the discrep-
ancy between the two distributions, we run quantile regressions. These regressions will allow to 
measure the effect of education on the distribution of income growth, and infer the structural pa-
rameters from those quantiles. They also have the virtue of reducing the sensitivity of the results 
to outliers (such as one extremely successful business woman). Table 3 presents the regression 
results. The independent variables include years of education, a dummy variable indicating if the 
woman is or has been married, a dummy variable indicating whether the women is separated, 
divorced or widowed at age 39, race fixed effects, and year of birth fixed effects. The reference 
category is a white single woman born in 1957. The results indicate that, for childless women, 
the median growth rate of income increases with education (+0.0024∗∗∗ per additional year of 
education). This is not true for mothers. For both groups, however, education helps to reduce the 
occurrence of bad outcomes, as can be seen from the determinants of Q(0.07). This “protecting” 
effect of education is stronger for childless women than for mothers, and more statistically signif-
icant, (0.0191∗∗∗ instead of 0.0052), reflecting the fact that having children increases uncertainty, 
especially for the highly educated.

Estimators for the growth rate of income for childless women, ĝ1, and for mothers, ĝ2, can be 
obtained using the fitted equation for the median (Q(0.50)) where the dummy “mother” is set to 
0 and to 1 respectively. For the standard error of the distributions, σ̂1 and σ̂2, an estimator is given 
by taking the 7% trimmed range (the difference between the 7th and 93rd percentiles, Q(0.93) −
18
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Table 3
Quantile regression.

Dependent variable: income growth between 39 and 45

OLS Q(0.07) Q(0.50) Q(0.93)

Mothers
Constant 0.0720∗∗∗ −0.1891∗∗∗ 0.0481∗∗∗ 0.4757∗∗∗

(0.0265) (0.0580) (0.0152) (0.0652)
years of educ. 0.0005 0.0052 0.0000 −0.0063∗

(0.0013) (0.0034) (0.0006) (0.0034)
Observations 2,705 2,705 2,705 2,705

Childless women
Constant −0.0834∗ −0.5680∗∗∗ 0.0259 0.1131∗

(0.0491) (0.0902) (0.0429) (0.0654)
years of educ. 0.0056∗∗∗ 0.0191∗∗∗ 0.0024∗∗∗ −0.00001

(0.0020) (0.0051) (0.0009) (0.0038)
Observations 530 530 530 530

Note: ∗p < 0.1; ∗∗p < 0.05; ∗∗∗p < 0.01. All regressions include a married fixed effect, race fixed effects 
and year of birth fixed effects.

Q(0.07)) and dividing by 3 (corresponding to 86% of the data of a normal distribution falling 
within 1.5 standard deviations of the mean). As in the model we have assumed no uncertainty for 
the childless, we compute σ 2 of the model as σ̂ 2

2 − σ̂ 2
1 . Formally, knowing that the growth rate 

of income is equal to the growth rate of assets in all cases, we can rely on Equations (9), (11), 
and (13), and establish the following relations:

σ 2 = σ̂ 2
2 − σ̂ 2

1 (25)

r1 − p = ĝ1 → r1 = εĝ1 + ρ (26)

r2 − (1 + β)
ε−1
ε q = ĝ2 → r2 = εĝ2 + ρ − ε(ε − 1)σ 2

2
(27)

Notice here that σ 2 is the variance of the growth rate of assets over time taken after one period. 
It is measured with the variance across individuals, each individual being considered as one 
possible realization of shocks.

The above method allows to derive r1, r2, and σ for the whole sample, but also specific values 
for each education group. These are obtained by setting the “years of education” variable at its 
group mean when computing the quantiles to be matched. Table 4 summarizes the values of the 
moments to match, ĝ2, ĝ1, and σ̂ 2

2 − σ̂ 2
1 , and the corresponding r1, r2, and σ2.

We now have to set ω and a0. As can be shown using Equation (23) (or seen from Equation (5) 
in the appendix), what matters for individual choices is in fact ωaε−1

0 , showing that a0 acts as a 
scaling factor for ω. We set a0 so as the person with ω = 1 chooses the observed average age at 
first birth. This leads to a0 = 26.528. Any other number, for example one to match an observed 
consumption level c0 = pa0, would only imply a rescaling of the calibrated mean ω so as to keep 
fertility choices unchanged. Given the above parameters, we can compute the two thresholds of 
Proposition 3. The ω̄ such that all women with ω < ω̄ are voluntarily childless is equal to 0.04. 
The ω̃ such that all women with ω > ω̃ attempt to have children at t = 0 is equal to 1.44. We 
now assume that ω is distributed across the population according to

ω ∼ N (mω, s2
ω).
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Table 4
Moments to match and calibration of r1, r2, and σ .

Education ĝ2 σ̂ 2
2 ĝ1 σ̂ 2

1 σ =
√

σ̂ 2
2 − σ̂ 2

1 r2 r1

1 0.0212 0.01935 −0.00226 0.01807 0.036 0.128 0.006
2 0.0212 0.01652 0.00435 0.01366 0.053 0.104 0.046
3 0.0212 0.01511 0.00786 0.01157 0.059 0.094 0.067
4 0.0212 0.01418 0.01026 0.01024 0.063 0.088 0.082
5 0.0212 0.01328 0.01266 0.00899 0.065 0.083 0.096
6 0.0212 0.01241 0.01506 0.00782 0.068 0.078 0.110
7 0.0212 0.01157 0.01746 0.00674 0.069 0.075 0.124
8 0.0212 0.01004 0.02206 0.00488 0.072 0.070 0.152

The two parameters of the normal distribution function are set to match the mean age at first 
birth and the childlessness rate of the education category (7), which are equal to 27.64 years and 
24.32% (from Table 2). Category (7), the college graduates, is a good candidate for calibrating 
the parameters. Most of its members are postponing fertility, and several are childless, allowing 
mω and s2

ω to be identified. This procedure allows to get these two levels for category (7) right, 
but does not impose anything on the education gradient of the two variables. In the maximization 
problem of the woman, we impose the additional restriction that she cannot try to have children 
while at school; this requires τ > 6 + 16 + 1 − 18 = 5 as school starts at 6, pregnancy requires 
(about) one year and 18 is time zero in our model. It yields mω = 0.898228 and sω = 1.03692.

4.2. Overidentifying restrictions

All the parameters of the model have now either been fixed a priori, or exactly identified 
with some moments computed from the NLSY79. None of them has been set so as to match 
the fact that both the age at first birth and the childlessness rate are increasing in education. 
We can therefore evaluate our model against these two facts. This is in line with the spirit of 
testing overidentifying restrictions, although there is no formal testing here as we do not do any 
statistical inference.

For each education group, we set the income process using the corresponding parameters 
from Table 4. Next, we generate an artificial population with a taste for children ω drawn from 
its normal distribution. We suppose ω is drawn from the same distribution for all education 
categories, otherwise is would be straightforward to match education-specific moments with 
education-specific preference parameters. We impose that each woman in this population can-
not bear children while at school, and compute the optimal age for a pregnancy attempt, τ , and 
the childlessness probability given by 1 − π(τ). Finally, we average these two numbers across 
women. The results are shown in Fig. 2 for the eight education categories. The sign of the edu-
cation gradient is correct for both the age at first birth and the childlessness rate. The size of the 
gradient is underestimated for childlessness (middle panel), but less so for the age at first birth 
(left panel). The model tends to underestimate both the age at first birth and the childlessness rate 
for the highest education category, reflecting that other considerations than income may play a 
role for this category.

We also checked the predictions of the model for the standard deviation of the age at first 
birth. The right panel of Fig. 2 shows that the level of the standard error is systematically un-
derestimated, but its hump-shaped pattern is well reproduced. This latter result is explained by 
the fact that the extreme categories of education more often hit the bounds of the set of possible 
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Fig. 2. Overidentifying restrictions: education gradient – data: solid, simulated: dashed.

ages at pregnancy, hence lowering variability. The underestimation of the standard deviation in 
the age at first birth comes from the fact that we have neglected other sources of variability, for 
instance when we assume that a birth, if any, immediately follows the pregnancy attempt.

Fig. 2 illustrates the new mechanism we have put forward in this paper. Motherhood increases 
income volatility (our assumption), in particular for highly educated women. This translates into 
an option value of giving birth computed using equation (24) that is higher for highly educated 
women, from 0 for groups (1)–(3) to 14,2% of the total value for group (7). This is why they 
prefer to postpone birth (Proposition 2), in order to accumulate enough assets before being hit 
by the possibly negative shocks related to having a child. This is also why more of them opt for 
permanent childlessness voluntarily.

4.3. The roots of childlessness and policy analysis

The model also allows to decompose childlessness into the three parts mentioned in Section 3: 
voluntary childlessness includes those who never try to have children; natural sterility includes 
(a) those who wanted to have children at the beginning of the period considered, but could not, 
and (b) those who tried later on and could not because of benchmark sterility π(0); and post-
ponement childlessness includes those who tried at some date τ > 0 to have children, but failed 
because of increased sterility at τ , π(τ) − π(0) > 0. Consider the two education classes for 
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which simulated childlessness is very close to observed childlessness: High school completed 
(3) and College completed (7). For the High school completed, the total simulated childlessness 
rate of 18.94% includes 15.50% of voluntary childlessness, 3.29% of natural sterility, and 0.15% 
of postponement childlessness. For the College completed, the total simulated childlessness rate 
of 24.32% includes 19.50% of voluntary childlessness, 3.07% of natural sterility, and 1.75% of 
postponement childlessness.22

We now study the effect of two policies on women’s behavior. We will consider ad-hoc 
policies whose rationale stems from outside our partial equilibrium model. The objective is to 
“inspect mechanisms” rather than design optimal (first best) policy. First, policies about medi-
cally assisted reproduction are typically used by regulators to reach social objectives (including 
gender equality) and not to address market failures. They can be part of bioethical laws for in-
stance and no economic argument is usually used in the public debate. Some of these laws are 
even transnational.23 Second, the objective of demographic policies in developed countries24 is 
often to loosen the financial constraint affecting retirement schemes. The latter is clearly out-
side the scope of our partial equilibrium model. We therefore model these policies as exogenous 
changes. We remind the reader that all the effects we will find are partial equilibrium effects. In-
deed, prices (here, the two interest rates) are exogenous, and there are no intergenerational effects 
in the model (i.e. the choices of the parents and policies do not affect the next generations).

The first change, labelled “full insurance”, consists in the disappearance of the excess volatil-
ity undergone by mothers. Technically, we set σ = 0. This means that mothers now face the 
same uncertainty as childless women. So here we go beyond the classical view that childcare 
availability helps to reduce the opportunity cost of children by imagining policies which would 
in addition reduce the variance of the opportunity cost.

Table 5 shows the results. The full insurance scenario drastically reduces the mean age at first 
birth for education categories 5 and up. It also reduces the childlessness rate for these categories 
by 1 to 2 percentage points. This policy operates by incentivizing low ω women to try to have 
children, whereas they would opt for being voluntarily childless otherwise. This result again 
stresses the importance of the additional uncertainty undergone by mothers for their procreation 
decision. Our results echo those of Lalive and Zweimüller (2009), who show, in the case of 
Austrian reforms, that “both cash transfers and job protection are relevant” to increase fertility 
(in their case, going from one to two children).

Steps towards full insurance include a social security policy reducing mothers’ lack of income 
security, in the spirit of the parental leaves with job protection which have already been imple-
mented in various ways in some OECD countries but (nearly) not in the US. Using the model of 
section 2, one can compute the wealth transfer to be received at motherhood that would compen-
sate the effect of uncertainty on the value and the birth timing. As uncertainty directly affects the 
post-birth value of mothers, such a transfer tr should be designed as an equivalent variation in 
aτ such that

W2(aτ + tr) = W2(aτ )σ=0.

Therefore,

22 One can guess that this figure would be even higher for more recent data.
23 See https://www.ieb -eib.org /en /law /early -life /assisted -reproduction /rules -on -medically -assisted -procreation -213 .
html.
24 This strikingly differs from family planning in developing countries, see Cavalcanti et al. (2020).
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tr = aτ ((q/qσ=0)
ε

1−ε − 1),

where qσ=0 is the propensity to consume out of wealth that would prevail with no uncertainty.
We can compute the value of tr for the various education groups. Normalizing the transfer in 

favor of the lowest education group to 1, the transfer which neutralizes the effect of uncertainty 
would be equal to 2.89 for women with less than high school, 4.09 for high school graduates, 7.66 
for college graduates, and 9.05 for the highest group with more than college. Such a full insurance 
transfer would thus be strongly anti-redistributive, in the sense that less educated women would 
receive less.

Such a policy would also affect mothers’ labor supply. The standard economic model of la-
bor supply predicts that individuals who receive an unexpected cash windfall will work less. 
However, the story runs differently when it comes to cash related to childcare. First, countries 
with high levels of female labor supply (like in Scandinavia) are often associated with large 
child-related transfers (Rogerson, 2007). Second, Guner et al. (2020) show that the current U.S. 
childcare credits expansion (conditional on market work) leads to long-run increases in the par-
ticipation of married females by 10.6%, while child credits (not conditional on market work) 
significantly reduce their labor supply. However, the latter treats the number of children per 
household as exogenous. Our results suggest that accounting for endogenous parental choices in 
the analysis might also be important. Therefore, it would be highly relevant to study the effects 
of a wealth transfer using an analysis incorporating both endogenous labor choices and fertility 
decisions. A further step would be to incorporate marriage decision and the dynamics of human 
capital inequality within the couple.25

The second “policy” we implement consists in very strong assisted procreation techniques, 
which amount to making candidate mothers 3 years younger, i.e. the new πnew(t) = π(t − 3). 
This implies that the menopause age is postponed by 3 years. As stated in (Léridon, 2004), 

25 See Gihleb and Lifshitz (2016) for a structural analysis in which marital sorting and women’s labor supply are 
endogenous, using the same dataset as in this paper.

Table 5
Effect of policy on fertility timing choices, by education category.

Education cat. Full insurance Assisted procreation

� age at first birth 1 0.00 0.00
2 0.01 0.00
3 −0.04 0.33
4 −2.21 0.79
5 −3.66 0.93
6 −3.46 0.87
7 −2.86 0.78
8 −1.44 0.60

� childlessness rate 1 0.00 −0.02
2 0.00 −0.02
3 −1.92 −0.92
4 −1.90 −1.64
5 −1.57 −1.93
6 −1.10 −1.95
7 −0.91 −1.88
8 −0.48 −1.68
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“assisted reproduction technologies make up for only half of the births lost by postponing an 
attempt to become pregnant from 30 to 35 years and less than 30% of the births lost by postponing 
an attempt to become pregnant from 35 to 40 years”. Even if technologies have improved since 
2004, our policy can be seen as an upper bound on expected future medically assisted procreation 
(MAP) policies. Such a “rejuvenation” affects childlessness negatively by allowing older parents 
to have children. Making people younger also has an “incentive” effect: all the categories 4 and 
above delay the birth of their first child by a little less than one year. This echoes the empirical 
study of Abramowitz (2014) which finds that age at marriage is higher is U.S. states where the 
insurance coverage of assisted reproductive technology is more affordable. The overall effect on 
childlessness is stronger than that of the previous policy for the extreme education categories 
only. For the middle categories, the incentive to delay birth is stronger (because these categories 
include fewer persons in the corner regimes τ � = 0 and τ � = tm), and the effect on childlessness 
is similar to the one generated by the full insurance policy.

Notice finally that the effect of the two policies are non-linear with respect to the education 
categories. The women who respond less to them are either the lowly educated mothers (many 
of them willing to have a child as soon as possible), or those in the highest education category 
(many of them willing to have no children at all).

4.4. Robustness to the choice of parameters

We now analyze how robust the above results are to different choices of the subjective time 
discount rate ρ and the relative risk aversion parameter ε. In these alternative scenarios, we keep 
the infertility risk unchanged. Let us first consider ε. Changing the value of ε affects the results 
in two very different ways. First, it affects the computation of the returns r1 and r2 as a function 
of the observed growth rates ĝ1 and ĝ2, and uncertainty σ 2. Let us call this effect a recalibration 
effect. Second, it affects the results by changing the women’s preferences; it is a behavioral effect.

To assess the recalibration effect, one can use Equations (26)–(27) and see that reasonable 
values for r1 and r2 require relatively strict conditions on ε. For example, for college educated 
women, imposing that childless women enjoy a higher return than mothers (r1 > r2) but not by 
more than, say, 6% (r1 < r2 + 0.06) implies that ε should be between 2.55 and 6.42. Outside this 
interval, women will either always want to have a child immediately (when r1 is close to r2), or 
never want to have children (when r1 − r2 is large).

Keeping r1 and r2 at their benchmark values, we can analyze the behavioral effect of changing 
ρ and ε on various outcomes. Table 6 provides the results. Given a range of values for ρ and ε
(first two columns), the table shows the three correlations between actual and simulated values 
when the level of education varies. For the benchmark, in bold, the correlations summarize the 
information given in Fig. 2. The “fit” of the mean age at birth remains good for all the parameters 
considered. The “fit” of the childlessness rate also remains what it is in the benchmark (good but 
misses the target for the highly educated women). The last four columns of Table 6 show the 
main effect of the policies considered for college educated women. The sixth column shows that 
the size of the drop of about 3 years in the age at first birth following the removal of additional 
uncertainty linked to motherhood is very robust (but when ε = 4). The drop in the childlessness 
rate however depends on the parameters. The last two columns show that the size of the effect 
of medically assisted procreation, which is increasing by less than 1 year(s) the age at first birth 
and decreasing the childlessness rate by 1.86%, is quite consistent across parametrizations.
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Table 6
Effect of changing ρ and ε on fit and policy.

Parameters Overidentifying tests Policy: σ = 0, πnew(t) = π(t − 3)

ρ ε corr (E τ ) corr (cln) corr (std. τ ) � τ � cln � τ � cln

0.02 3 0.97 0.82 0.84 −1.32 −0.93 +1.06 −2.09
0.02 4 0.96 0.79 0.81 −1.86 −0.90 +0.94 −2.00
0.02 5 0.95 0.76 0.83 −2.40 −0.79 +0.84 −1.83
0.02 6 0.93 0.75 0.87 −2.86 −0.91 +0.78 −1.88
0.02 7 0.90 0.73 0.88 −3.28 −0.98 +0.69 −1.70

0.01 6 0.92 0.75 0.88 −2.84 −0.61 +0.93 −1.66
0.02 6 0.93 0.75 0.87 −2.86 −0.91 +0.78 −1.88
0.04 6 0.93 0.73 0.88 −2.87 −1.31 +0.70 −2.17
0.06 6 0.93 0.69 0.90 −2.88 −1.82 +0.71 −2.55

Note: ‘cln’ = childlessness rate. Effects of policy are reported for college educated women (education group 7).

4.5. Robustness to sample selection and to additional controls

In the benchmark analysis, we have used the sample of all women with a positive individual 
income to deduce the parameters r1, r2, and σ from the distribution of income growth across 
women. In this subsection, we consider alternative samples. We first reduce the sample to ever 
married women. The results are discussed in a separate section (5.2) devoted to differences be-
tween married and single women.

The second robustness analysis is designed to address the issue of reverse causality between 
parenthood and years of schooling. In the sample, some women might have decided to stop 
schooling after their first child, rather than to postpone childbearing until they had completed 
their education, i.e. for given r1, r2, and σ . We accordingly remove all women who had children 
before the age of 16 from the sample (16 marks the end of compulsory schooling in most US 
states during the period considered; see Appendix 2 in Angrist and Krueger (1991)). This reduces 
the sample by 3.5%, but more so in the low-education category. In the selected sample, the 
average age at first birth increases to 23.33 instead of 22.93 in the full sample. Childlessness 
also mechanically increases to 16.68%, as young mothers are removed from the sample. The 
coefficients of the quantile regression are very similar to the benchmark.

Figures 1 and 2 in Appendix E plot kernel density estimations of income growth for each 
education category – to be compared with Fig. 1 for the full sample. Solid lines correspond to 
childless women and dashed lines to mothers. It remains true in both smaller samples that the 
variance of income growth is larger for mothers than for childless women. This is confirmed by 
the (non-reported) estimations of the same quantile regressions.

The results of the simulations are presented in Table 7. In a nutshell, reducing the sample to 
mothers with children above 15 slightly worsens the fit of the model. It is as if teenage mothers 
were part of the story we tell, and help the model fit the facts. Abstracting from teenage mothers 
does not really affect the size of the effects of the insurance policy and of the medically assisted 
procreation program.

Beyond sample selection issues, one may also want to assess how far the results are robust 
when one changes the set of control variables in the quantile regressions. So far we have ne-
glected the intensive margin of fertility, as the model was only about a 0/1 choice. In the data, 
women may have more than one child, and we can control for it in the regression. Accordingly, 
we introduce the number kids as a control in the regression for mothers. The number of kids 
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Table 7
Effect of changing sample on fit and policy.

Sample Nobs Overidentifying tests Policy: σ = 0, πnew(t) = π(t −3)

corr (E τ ) corr (cln) corr (std. τ ) � τ � cln � τ � cln

All 4477 0.93 0.75 0.87 −2.86 −0.91 +0.78 −1.88
No teenage mother 4304 0.86 0.67 0.89 −2.95 −0.95 +0.75 −1.74
Controlling # kids 4477 0.89 0.81 0.79 −2.12 −1.42 +0.93 −2.40

Note: ‘cln’ = childlessness rate.

Table 8
Moments related to second child.

Education 
category

Nb. kids 
of mothers

Median 
spacing 1 to 2

Share of mothers 
having second child

1 3.29 2.71 0.90
2 3.03 2.92 0.86
3 2.44 3.33 0.82
4 2.45 3.08 0.82
5 2.19 3.17 0.74
6 2.19 2.83 0.72
7 2.23 2.75 0.79
8 2.08 2.83 0.74

All 2.45 3.00 0.80

influences positively the growth rate of income at all quantiles, but more so for Q(0.93), imply-
ing that people with say four kids have more uncertainty than those with two kids, but a higher 
expected growth rate. All in all, these estimation results translate into a slightly different cal-
ibration, and into different simulations results (last line of Table 7). The overall picture is not 
modified as the effects of policies are in general slightly amplified compared to the benchmark.

5. Extensions: second child and married vs single

5.1. Having a second child

Modelling the decision of whether and when to have a second child is a natural extension to 
our set-up. It however presents a series of difficulties, at least to keep a model which we can solve 
analytically.26 Looking at the data to guide us towards what should be the margin of interest, we 
obtain the results shown in Table 8. The first column shows that completed fertility decreases 
with the education of the mother, which is a known fact (see Jones and Tertilt (2008) and Baudin 
et al. (2015)). The second column reports the median number of years between the birth of the 
first and second child. It is 3 years for the whole sample, and slightly lower for low and high 
education categories, by about 3 months. The last column gives the proportion of mothers who 
had a second child. It is 80% on average, but goes from 90% for the lowest education category 
to 74% for mothers in the highest education category.

26 The literature devoted to households’ choices as to the spacing of births using quantitative models includes Del Boca 
and Sauer (2009), Sommer (2016), Choi (2017), Li and Pantano (2020), and Frigo (2020). None, however, is specifically 
on the spacing between 1st and 2nd birth except Frigo (2020).
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We first have to decide whether parents choose to have a second child “along the way”, de-
pending on the income shocks they have experienced since the first birth, or instead, whether 
parents have already committed to how many children they want when they choose to have their 
first child. The reality is probably in between, with some planning and commitment at the time of 
marriage, but some reoptimization later in case of large shocks. Ideally, both approaches should 
be considered. It appears, however, that the first one is not tractable: letting women decide to 
have a second child at any time requires using Bellman techniques to determine the optimal age 
at second birth, hence solving a second-order differential equation for time and wealth. Time 
appears independently because fecundity declines with age. Solving this differential equation is 
not possible analytically, which would be necessary to replace the optimal solution of the moth-
ers’ problem in the full problem. We can thus propose the following model, in which women 
decide everything at once: whether and when to have a first child, and whether and when to have 
a second child.

We note θ the time at second birth and ζ the minimum time between τ and θ – typically at 
least 9 months. If a mother decides to have two children and is successful, her value function at 
the time θ > τ + ζ of the second birth is:

W3(aθ ) = arg max
ct ,at

E

⎡
⎣ ∞∫

θ

u(ct ) e−ρ(t−θ)dt + (1 + δ)ω

⎤
⎦

subject to dat = (r2 at − (1 + 2β)ct )dt + σ at dzt

θ, aθ given,

where δ is the discount attached to the utility brought by the second child. We assume that the 
second child does not bring additional uncertainty to the income process. The program is solved 
following the same steps as in Appendix B. Consumption follows

ct = (1 + 2β)−1/εvat , ∀t ≥ θ

with the propensity to consume out of wealth given by

v = (1 + 2β)
1−ε
ε

ρ − (1 − ε)
(
r2 − ε

2σ 2
)

ε
(28)

After having solved for ct and at , the value function can be written as

W3(aθ ) = v−ε a1−ε
θ

1 − ε
+ (1 + δ)ω

This implies recomputing the value function at the time of first birth of a mother who has 
decided to have a second child:

W2(aτ , θ) = q−ε a1−ε
τ

1 − ε
+ ω + e−ρθπ(θ)Eτ

[
W3(aθ ) − q−ε a1−ε

θ

1 − ε
− ω

]

Solving for expectations leads to:

W2(aτ , θ) = q−ε a1−ε
τ

1 − ε
+ ω

+ e−ρθπ(θ)

(
v−ε − q−ε

1 − ε
a1−ε
τ e(1−ε)(r2−q(1+β)

ε−1
ε −ε σ2

2 )(θ−τ) + δω

)
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Fig. 3. Gap in years between first and second child and proportion of women having a second child – data: solid, 
simulated: dashed.

The optimal age at second birth θ� is obtained by maximization of W2(aτ , θ) with respect to θ . 
It depends on the education level, and using mω, it is possible to obtain the optimal age to have 
the second child for each education group. The following proposition (see proof in appendix G) 
provides the condition for the existence of an optimal age for second birth between τ + ζ and 
menopause T .

Proposition 4. Assuming ∂π ′(θ)/π(θ)
∂θ

> 0, there is an interior solution (between τ + ζ and T ) for 
the optimal age for having a second child iff:

δω >
v−ε − q−ε

1 − ε
a1−ε
τ+ζ

(
(1 − ε)(r2 − q(1 + β)

ε−1
ε − ε σ 2

2 )

ρ − π ′(τ+ζ )
π(τ+ζ )

− 1

)

Proof. See Appendix G. �

Proposition 4 implies that if δω is large enough, there exists at least one interior solution 
satisfying the first-order condition of the maximisation of W2(aτ , θ) with respect to θ , hence an 
optimal age at second birth in the range of interest.

To determine who, among the mothers, will try to have a second child, it is necessary to 
compare (numerically) the value of the full programme W0(a0) incorporating W2(aτ , θ) with 
the W0(a0) incorporating W2(aτ ) from the one-child model given in Equation (8). This leads to 
determine a threshold ω� above which one is willing to try for a second child. This threshold 
depends on the education group. Therefore, having the distribution of ω for the whole popula-
tion, one can get the proportion of women with two children for each education group. The full 
program now incorporates the two types of mothers (those below and above ω�). It is solved in 
Appendix F.

The new parameter ζ is set to one, with the minimum time between the first and second child 
being one year. The taste parameter δ is calibrated to get on average the right number of woman 
with a second child. This gives δ = 0.42.

The simulated number of years between the first and the second birth is represented on the 
left panel of Fig. 3 with a dashed line and is read on the left axis. The data from NLSY79 are 
represented with the solid line, and are read on the vertical axis on the right. The model captures 
the general shape of the pattern very well, but has a tendency to amplify the differences between 
28
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Table 9
Sample of married women: fit and policy.

Sample Nobs Overidentifying tests Policy: σ = 0, πnew(t) = π(t −3)

corr (E τ ) corr (cln) corr (std. τ ) � τ � cln � τ � cln

All 4477 0.93 0.75 0.87 −2.86 −0.91 +0.78 −1.88
Married 3761 0.90 0.88 0.75 −2.10 −3.05 +0.86 −3.48

Note: ‘cln’ = childlessness rate.

the education groups. The lowly educated women do not wait much before having a second child, 
as their income process was not hurt too much by the increased uncertainty which follows from 
parenthood. The highly educated women also tend to hurry to have a second child, both because 
the biological clock is ticking and because they have a high income. It is the women in the middle 
who wait more, in order to accumulate enough assets before having a second child.

The right panel of Fig. 3 shows the proportion of women with a second child. The model fails 
to predict the education gradient of this proportion. In the data, this proportion is decreasing with 
education (solid line), while, in the model, it is increasing with education (dashed line). As we 
do not assume any additional opportunity cost for the second child but only a cost in terms of 
consumption (βc), the model behaves as a Malthusian model in which fertility is increasing in 
income. It would be easy to “fix” this problem by making the cost β increase with education.

All the other results from the simulations with two births are extremely similar to what was 
shown in Section 4. We thus suspect that those results would also hold in a model with three and 
more births.

5.2. Married vs single women

In a context where marriage acts as an insurance against risk, it is interesting to see whether 
the marital status matters for our estimation. We therefore re-run our calibration and estimation 
procedures on the sample of women who are or have been married.27 This reduces the sample 
by 16% but disproportionately affects the extreme education categories (less than high school 
and more than college). The mean age at first birth is almost unaffected by this selection, but 
the childlessness rate is reduced from 16.04% to 11.94%. Concerning the income processes ex-
amined through the lens of the quantile regression, the “protecting” effect of education, which 
was 0.0191∗∗∗ for childless women and 0.0052 for mothers in the full sample, is reduced to 
0.0107∗ for childless women and remains the same at 0.0059∗ for mothers. It implies that the 
loss associated with being a mother is reduced when we consider married women only: for the 
highest education category, r2 = 11.8% and r1 = 15.3%, while they were given by r2 = 7% and 
r1 = 15.2% on the full sample. The results of the simulations are presented in Table 9. In a 
nutshell, reducing the sample to married women slightly worsens the fit of the model. It is as 
if single women (either childless or mothers) were part of the story we tell, and the decision 
to marry belongs in part to the decision to procreate. Reducing the sample to married women 
does not really affect the size of the effects of the insurance policy and of the medically assisted 

27 As an alternative to reducing the sample to married women, we have also tried to include the income of the partner in 
the quantile regressions. Unfortunately, data limitations have prevented us from doing so. We observe partner income in a 
relatively small number of cases (1,496 mothers and 197 childless women), and we are reluctant to interpret the missing 
values as zeros.
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Table 10
Calibration of r1, r2, and σ .

Educ. cat. Empirical moments Income process Simulations

Nb. of 
observ.

Mean age 
first birth

% 
childless

σ r2 r1 Mean age 
first birth

% 
childless

ever-married:
1 206 18.43 6.80 0.065 0.089 0.007 18.00 4.06
3 1577 21.75 8.81 0.058 0.101 0.064 19.00 4.07
7 483 27.68 18.43 0.052 0.113 0.124 27.68 18.43

never-married:
1 45 17.24 17.78 0.127 0.279 0.019 18.00 4.06
3 291 21.35 30.24 0.113 0.133 0.054 19.00 64.51
7 63 27.27 65.08 0.099 0.017 0.123 27.27 65.08

procreation program as far as the age at first birth is concerned, but it makes childlessness more 
sensitive to both policies.

Above, we have shown that the overall message of the paper is robust to the exclusion of sin-
gle (never-married) women from the sample. Now, we wonder whether our set-up can be useful 
to understand the difference between married women and single women. We are aware that the 
distinction between married and single is partly artificial, as marrying is not something exoge-
nous, but can be part of the decision to have children. Still, the difference between single and 
partnered women could be modeled based on empirical evidence on labor income for these two 
different groups of women, and it would be interesting to verify whether the model reproduces 
the stylized facts about the differences in childbearing patterns between them. The first columns 
of Table 10 summarize the key differences between married and single women by looking at the 
education categories 1, 3 (high school completed), and 7 (college completed). The differences are 
neither in the mean age at first birth, nor in the education gradient of the mean age at first birth, 
but rather in the percentage of childless women and in the education gradient of this percentage.

Using the same methodology as described in Section 4, we have calibrated the model for 
married and single women separately. Their income process is estimated separately, and we allow 
the distribution of the taste for children to differ as well, but not the other parameters (ρ, ε, a0). 
The results for the income process are shown in the middle part of Table 10. The higher volatility 
of mothers’ income for singles appears very clearly from the values of σ . Considering educated 
singles, the loss incurred when they become mothers mostly materializes through a drop in their 
income growth r2.

The simulation results are presented in the right part of Table 10. As in the benchmark case, 
the parameters of the distribution of ω have been set to exactly match the moments for education 
group 7. For the other groups, the model successfully reproduces the education gradients (from 
1 to 7) for both marital situations. It also captures that the rise in childlessness when education 
increases is stronger for singles than for married women. However, it overestimates childless-
ness for the singles in group 3. The estimated drop in the return r2 for singles when one goes 
from group 1 to group 7 is probably unrealistically large, and this explains the strong rise in 
childlessness. This is due to the estimations for singles relying on a small sample.

We will refrain from carrying out any policy simulation based on the married/single distinc-
tion, due to the two reasons we have already mentioned. First, considering the marital status as 
exogenous can be misleading, and the results would not be robust to the Lucas critique. Second, 
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even if the marital status is accepted to be exogenous with respect to the simulated policy, the 
sample of singles is too small to be really confident in the estimation of their income process.

6. Conclusion

We know from the literature that the opportunity cost of having children is greater for highly 
educated women than for low-educated women. This leads the former to have fewer children or 
to be childless more often, creating a differential fertility between the extremes of the educa-
tion spectrum (de la Croix and Doepke, 2003, Vogl, 2016). This paper highlights one important 
channel of this mechanism by relying on the analogy between postponing birth and delaying an 
irreversible investment.

We have seen from the National Longitudinal Survey of Youth 1979 that education protects 
against negative shocks to income. However, this protecting effect of education is stronger for 
childless women than for mothers. It is very clear from the data that having children increases 
income uncertainty, especially for the highly educated.

Facing this uncertainty, educated women expecting to have a child accumulate more assets, in 
order to prevent a decrease in the certainty-equivalent asset growth. For them, postponing birth 
has a value, the “option value of birth,” which corresponds to a “pure postponement value” as 
defined by Mensink and Requate (2005).

Our approach also allows to precisely define a new notion of childlessness related to post-
ponement. Some educated women will try to have children at some point, but a fraction of them 
will fail. This type of childlessness has an involuntary component, but also a voluntary one since, 
by postponing birth, women accept a lower probability of being fertile.

The calibration of the model shows that the income uncertainty aspect is paramount compared 
to the biological clock. Indeed, if mothers could be insured against the income risk of having 
children, the age at first birth for the more educated categories would drop very strongly.
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Appendix A. Interpretation of the model with two types of assets

In the main text, we use one composite consumption good ct and one composite asset at . 
The model could however be written to allow explicitly for leisure, human capital, and physical 
assets. This appendix shows the conditions under which the simpler formulation of the main text 
is equivalent to a two-good, two-asset, model.

Each woman starts her life with an initial physical wealth s0 and an initial human wealth h0. 
At each point in time, she is endowed with one unit of time, which is either spent on leisure �t , 
or on the labor market. Physical capital accumulates according to:
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dst = ((1 + r)st + wht(1 − �t ) − qt )dt

where r is the interest rate, w is the wage per unit of efficient labor. Total earnings are wht(1 −
�t ). The consumption of goods is qt . Human capital accumulates according to:

dht = ((1 − ϑ)ht + ν(1 − �t )ht )dt

ϑ is the rate of depreciation of human capital, ν represents the contribution of experience on the 
labor market (1 − �t )ht to human capital.

Using the real wage w as the price of human capital, we aggregate both assets st and ht into 
a composite asset at :

at = wht + st

In differential terms, we have:

dat = wdht + dst = (w(ν + 1 − ϑ)ht + rst − qt − (1 + ν)wltht )dt

In order to retrieve the standard formulation in stochastic growth theory, we need two assump-
tions. We first define a composite good as

ct = qt + χh̄t lt ,

where the value of leisure in terms of consumption good depends on a parameter χ and on the 
average human capital of the group h̄t . Including such an externality in preferences is a standard 
assumption in models with both human capital and leisure, made to avoid a growing wedge 
between the consumption of goods and leisure. Such a specification for the composite good 
implies a perfect substitution between consumption goods and leisure. At the optimum, women 
should be indifferent between one additional marginal unit of consumption and one additional 
marginal unit of leisure, namely:

cε
t χh̄ = cε

t (ν + 1)wh ⇔ χh̄ = (ν + 1)wh

Since at equilibrium, ht = h̄, this leads to the following parametric restriction: χ = (1 + ν)w.
Second, we assume that the following arbitrage condition holds

r = w(ν + 1 − ϑ).

It implies that the return on physical assets is equal to the marginal productivity of human capital 
less its depreciation. These two assumptions allow to write

dat = (rat − ct )dt.

And we are back to the formulation in the main text.

Appendix. Supplementary material

Supplementary material related to this article can be found online at https://doi .org /10 .1016 /
j .jet .2021 .105231.
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