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Abstract
We reconcile the steep decline in fertility rates during the demographic transition
with the fertility rebound observed in recent decades in high-income countries. The
micro-foundations of the optimal choice of agents in our expanded model include
endogenous childcare costs and social externalities stemming from human capital,
consumption, and fertility norms. Combining these factors with the quality-quantity
trade-off in fertility choice explains the inverse J-shaped relationship between fertility
and economic development. Moreover, the simulated average fertility rates based on
the model are reasonably consistent with the observed pattern of the evolution of
the cohort fertility rates in high-income countries. Sensitivity analyses show that the
model fits historical cohort fertility rates only when it includes the effects of social
externalities and endogenous childcare costs.

Keywords Fertility rate · Social externalities · Childcare costs ·
Demographic transition · Fertility rebound
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1 Introduction

In this paper, we aim to enhance the explanation for the fertility dynamics observed
in high-income countries. Our motivation stems from the fact that there is no clear
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Fig. 1 Evolution of the fertility differentiation across education levels in the USA. Data from the General
Social Survey (GSS) by Norc at the University of Chicago, https://gssdataexplorer.norc.org/

explanation within the same theoretical framework for the fertility decline during the
demographic transition and the reversal of the fertility decline above a certain income
threshold.

Although the demographic transition and the factors causing the fertility decline
have been examined extensively, the fertility rebound is a relatively new phenomenon
that has not been adequately analyzed and understood by researchers.1 To this
end, several recent studies corroborate that the decline in average fertility rates has
reversed in high-income countries in recent decades.2

A fertility rebound also occurs as a relative increase in fertility rates of high-
income agents in the cross-section of the population (Hazan and Zoabi 2015). Such
a cross-sectional rebound in fertility is represented by an inverse J-shaped curve. For
example, Fig. 1 shows a curve of the nexus between the total fertility rate (TFR) and
years of education based on US data. The figure shows that the relationship between

1The fertility decline during the demographic transition has been attributed to the quantity-quality trade-
off (Becker and Lewis 1973; Becker and Tomes 1976; Willis 1973; Barro and Becker 1989). Maruyama
and Yamamoto (2010) find that the expansion in the variety of consumption goods reduces the relative
price of a composite of differentiated goods compared to child-rearing costs and thus decreases fertility
rates. Foreman-Peck and Zhou (2021) argue that lower mortality induces more investment in children and
young people. Due to real wage growth, this change, eventually, leads to fertility decline.
2See, e.g., Bongaarts and Sobotka (2012), Day (2016), Dominiak et al. (2015), Futagami and Konishi
(2019), Goldstein et al. (2009), Hirazawa and Yakita (2017), Lacalle-Calderon et al. (2017), Luci and
Thévenon (2011), Mavropoulos and Panagiotidis (2021), Myrskylä et al. (2009), and Nakagaki (2019),
and Ohinata and Varvarigos (2019).
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Fig. 2 Total fertility rates-education nexus in a sample of high-income countries, 1960–2010. Except in
(d), the following countries are included: Austria, Australia, Belgium, Denmark, Finland, France, Ger-
many, Greece, Iceland, Ireland, Italy, the Netherlands, Norway, Portugal, Spain, Sweden, the UK, and the
USA. The average years of education and fertility rates by country are used, except in (a). In (a), the aver-
age fertility rates are calculated for a group of countries with the same average education level in a given
year. The curves are determined using the loess smoothing method. Source of data: World Development
Indicators, World Bank, which includes the Barro and Lee dataset on education

fertility rates and years of education changed over time. In 1990 and 2000, the fertility
rates declined with higher levels of education. However, in 2010 and 2018, fertility
rates rebounded for high-income women. Another notable pattern is that the fertil-
ity rates in 2010 and 2018 are higher compared with those in 2000 at all education
levels, thereby implying that the average fertility rates have risen in recent years. In
addition, the fertility rates of high-income women with the same education levels in
2018 were higher than in 2010. Thus, based on the observations above, we can con-
clude that fertility rates rebound in the cross-section of the population and the shifts
in the relationship between fertility and human capital levels increased the average
fertility rates over time.

The rebound of the average fertility rates is illustrated in the following examples.
Figure 2 shows that an inverse J-shaped relationship between the average TFR and
the average human capital level is present for high-income countries in recent years.
Similar patterns can be detected in the evolution of the country average cohort fertility
rates (CFRs). Figure 3 shows the country average CFRs have a similar inverse J-
shaped pattern over time (Fig. 3, panel d). The evolution of the nexus between CFRs
and education levels is not homogeneous across education levels and countries. The
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Fig. 3 Cohort fertility-education nexus in a sample of high-income countries. In (b) and (d), the following
countries are included: Canada, Denmark, Finland, France, Germany, the Netherlands, Norway, Sweden,
and the USA. In (a) and (c), the following countries are included: Austria, Belgium, Finland, France,
Germany, Spain, and Italy. The curves in (b) and (d) are determined using the loess smoothing method.
Educational level is coded according to the International Standard Classification of Education 1997
(ISCED). ISCED0-2A stands for “no to lower-secondary education”; ISCED3-4— “upper-secondary edu-
cation to post-secondary non-tertiary education”; ISCED4-5B — “up to first stage of tertiary education”;
ISCED5— “tertiary education.” It is assumed that cohort fertility is completed when a woman is 44 years
old. Source of data: (a), (b), and (c) Zeman et al. (2017); (d) Human Fertility Database (2021)

cohort fertility rates of women with basic tertiary education (ISCED4-5B) increased
after 1999 (Fig. 3, panels a and b). In 2014, the CFRs of women with post-secondary
education (ISCED3-4) and tertiary education (ISCED5) were considerably higher
compared with the CFRs in previous years.

The reason for the inverse J-shaped pattern between economic development and
fertility remains ambiguous from the theoretical perspective. First, the literature high-
lights that the steepness of the decline in fertility rates during the demographic
transition and the shifts in the income–fertility relationship over time cannot be fully
explained only by the trade-off between the quantity and quality of children caused
by income growth and the related decline in infant and child mortality (Doepke 2005;
Jones et al. 2010). This implies that the theoretical framework focusing on fertil-
ity choice lacks important factors that contribute to the observed fertility decline.
Second, the literature does not provide a clear explanation for the factors causing a
rebound in the average fertility rates.3

3Several empirical studies find that such a fertility rebound is driven by labor productivity and female
emancipation measured by the gender gap or labor participation (Mavropoulos and Panagiotidis 2021;
Nakagaki 2019). Lacalle-Calderon et al. (2017) also find that the higher the fertility rate at the start of the
demographic transition, the higher the gross domestic product per capita needed to reverse fertility decline.
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Although Day (2016), Futagami and Konishi (2019), and Hirazawa and Yakita
(2017), and Ohinata and Varvarigos (2019) achieved significant progress in analyz-
ing the forces behind the recent fertility rebound, clear insights into some important
aspects of this phenomenon are still missing. These studies on the fertility rebound
identified that the decreasing relative costs of child-rearing (childcare and educa-
tion costs) and longevity are preventing further decline or driving the fertility rates
upward. However, these studies are based on models that lack some important fea-
tures: Social externalities or human capital accumulation are not considered (Day
2016; Futagami and Konishi 2019); the fertility rebound cannot be explained if the
opportunity cost of child-rearing is used instead of the direct cost (Ohinata and Var-
varigos 2019); and the fertility rebound cannot be explained if the old generation is
not allowed to work (Hirazawa and Yakita 2017). Finally, the literature does not pro-
vide a comprehensive explanation for the relationship between the fertility rebound
observed in the cross-section of agents (Hazan and Zoabi 2015) and the dynamic
rebound in the average fertility rates.

To address the issues above, we extend the standard fertility choice model4 by
incorporating additional features. First, our model incorporates the following factors
along with agents’ human capital: consumption and human capital externalities, the
probability of child survival, social norms related to the number of children, relative
childcare costs, and substitution of mothers’ child-rearing time with fathers’ time.
Second, we capture the nexus between income and fertility in a more general form
by modeling child-rearing costs using the opportunity cost of labor and the economic
cost of education. Third, our approach generalizes the modeling of childcare time
costs by incorporating market-based childcare services (Hazan and Zoabi 2015) and
fathers’ involvement in child-rearing (Siegel 2017). Finally, we consider the effect
of externalities on an agent’s consumption stemming from others’ consumption in
society, which also affects fertility choice through the budget constraint.

The analysis based on the extended fertility choice model yields the following
results. The steep decline in fertility rates during the demographic transition is caused
by the quality-quantity trade-off, which is augmented by the fertility effects of social
externalities and increases in child survival rates. Specifically, consumption exter-
nalities reduce the fertility rate by increasing the marginal value of consumption
compared with that of having children. Moreover, the higher benchmark human cap-
ital negatively affects fertility by raising the survival and education of children and
benchmark consumption. In addition, the declining benchmark fertility rate has a
magnifying effect on the overall fertility choice dynamics. Therefore, the observed
steepness of the decline in fertility during the demographic transition is also attributed
to the changes in the benchmark fertility that reinforce the fall in fertility rates.

The paper also suggests an explanation for the recent rebound in fertility rates in
high-income countries. This rebound is caused by the interplay of several factors.
First, at significantly high benchmark levels of human capital and consumption, the
marginal effect of these external factors on fertility diminishes. Therefore, further
increases in benchmark levels of human capital and consumption do not have any

4 e.g., Barro and Becker (1989) and de la Croix and Doepke (2004), and Doepke (2005).
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additional negative effect on the fertility rate. Second, a decrease in child-rearing
costs generated by market-based childcare services causes a fertility rebound among
high-income agents. Given the increase in the benchmark fertility rates, externali-
ties stemming from fertility norms push the average fertility rates up.5 This positive
effect of fertility externalities becomes relatively strong due to the presence of dimin-
ishing marginal effects of consumption and human capital externalities on fertility
with income levels. As a combined outcome of these two effects, the average fertility
rates increase.

This paper contributes to the literature by developing a novel explanation for the
fertility rebound in a more general setting than the ones considered in existing studies.
For example, Hazan and Zoabi (2015) examine a cross-sectional fertility rebound;
however, unlike our model, their model is not dynamic. In addition, we capture the
discontinuous effect of heterogeneity among agents on childcare costs by making
the childcare cost endogenous only for agents who have sufficiently high human
capital and thus can afford market-based childcare services. Our paper also differs
from papers that address the fertility rebound from a dynamic perspective. Unlike
Futagami and Konishi (2019), Hirazawa and Yakita (2017), and Ohinata and Var-
varigos (2019), by accounting for the heterogeneity of agents, our model captures
social externalities stemming from differences among agents in consumption, human
capital, and fertility. In our model, the rebound in the average fertility rates does
not require a decrease in inequality, as in Day (2016). In contrast, we use inequal-
ity (heterogeneity) to generate social externalities in terms of consumption, human
capital, and fertility norms. From this perspective, our model reconciles the rebound
in the fertility of high-income agents relative to low-income agents and its dynamic
implications for the average fertility rebound.

We test the findings of this study by simulating fertility rates using plausible
parameter values calibrated to match the empirical moments from the distributions
of human capital and completed cohort fertility rates for high-income countries. We
use average completed cohort fertility rates as the appropriate statistic to represent
the average fertility rate captured in our model, because the model determines the
completed fertility rates of the adult agents in each generation.6

The simulated average fertility rates exhibit an inverse J-shaped relationship
between human capital and completed cohort fertility observed in high-income
economies (Figs. 4 and 5). Specifically, the simulated fertility rates fall initially,
emulating the demographic transition; then, at higher income levels, the fertility
rates rebound and reach the level of average cohort rates observed in high-income
economies over 1980–2020. The simulated model also generates an inverse J-shaped

5The increase in the fertility rate does not seem to be driven by the immigrant population’s fertility rates,
which may be higher than that of the local population. For example, Lanzieri (2013) indicates that in most
high-income European countries, the immigrant population exhibits lower fertility rates than the local
population.
6Importantly, the dynamics of the cohort fertility rates reflect the demographic changes quite well. For
example, by investigating the cohort fertility evolution, Albanesi and Olivetti (2014) Bailey and Hershbein
(2018), and Chabé-Ferret and Gobbi (2018) show that the baby boom can be attributed to a decline in
maternal mortality and uncertainty.
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Fig. 4 Simulated and observed fertility rates in high-income countries, 1960–2085. Source of data: The
TFRs are from United Nations, Department of Economic and Social Affairs, Population Division. The
CFRs are from Human Fertility Database (2021). See Appendix A.6. The model is calibrated to target
the CFR for 1985. The simulated total fertility rates (SCFRs) to 2105 are presented. The horizontal axis
measures time in years, and the vertical axis measures the fertility rates. Each generation spans 25 years

Fig. 5 Simulated cross-section fertility–human capital relationship for distributions with different initial
average human capital (education) h̄1. The parameter values are given in Appendix A.7
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fertility-income relationship in the cross-section of heterogeneous agents with high
average years of education (see below).

Therefore, our model captures the relationship between human capital inequal-
ity and fertility in the cross-section, which, in the presence of social externalities
and endogenous childcare costs and child survival, provides a plausible explanation
for the non-monotone evolution dynamics of fertility over long time horizons. In
addition, we experiment with the calibrated model by shutting down effects stem-
ming from social externalities. The results show that one cannot fully emulate the
observed pattern of fertility evolution in high-income countries by omitting the social
externalities and endogenous childcare costs from the model.

The rest of the paper is organized as follows. In Section 2, we describe the basic
model with social externalities. In Section 3, we present an equilibrium analysis. In
Section 4, we carry out a calibration analysis to establish whether the theoretical
model can capture the documented evolution of the average fertility rates by exhibit-
ing their initial decline during the demographic transition and the subsequent rebound
at high-income levels. In Section 5, we conclude the paper.

2 Model

2.1 Household preferences

In our overlapping-generation model (OLG), we assume that agents live in two peri-
ods: childhood and adulthood. Adult agents are indexed by i and are endowed with
one unit of time, which they supply inelastically in a competitive labor market and
child-rearing. We also assume that the agents are heterogeneous in terms of their
human capital levels. The probability distribution function (pdf) of human capital
over the adult population is given by f (hit ). Adult agents care about their consump-
tion, cit ≥ 0, the number of children surviving to adulthood with the probability, πit ,
and their human capital, hit+1. This assumption implies that the number of children
born and alive after infancy is given by πnit .

The probability of survival is defined similarly to Blackburn and Cipriani (2002)
and is given as a function of the level of the parents’ human capital and other external
factors:

π(hit , h̄t ) = min
(
1, πh̄1−σ

t hσ
it

)
, (1)

where 0 < π < 1, σ < 1; thus, if π < 1,

∂πit

∂hit

= σπ

(
h̄t

hit

)1−σ

> 0,

and
∂2πit

∂h2it

= −(1 − σ)σπh̄1−σ
t hσ−2

it < 0.

In our specification, we follow Strulik (2004) and assume that π is partly deter-
mined by parents’ decisions and partly by external factors. It is reasonable to assume
that the latter part of survival probability depends on overall healthcare conditions
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that are driven by the average (benchmark) human capital level, h̄t . However, this
formulation of the probability of survival implies that for high human capital levels,
it is possible that πit = 1. That is, a further increase in human capital does not affect
survival of a child, as soon as π = 1.

In our model, fertility optimization is affected by externalities stemming from
the average consumption, fertility, and human capital levels. Specifically, the agent
obtains utility not only from their consumption and the effective number of children
but also from the relative level of their consumption and fertility. Thus, the effective

input of the consumption part in the utility function is determined as c1−δ
it

(
cit

c̄t

)δ

,

where c̄t is the level of the benchmark (average) consumption. As the individual
consumption level depends on the individual human capital level, it is reasonable to
expect that the benchmark (average) consumption level, c̄t , depends positively on the
benchmark (average) human capital, h̄t . Thus, this relationship can be expressed as
c̄t = ph̄t , where p < 1 is the marginal propensity to consume. Analogously, the

effective input of the fertility part in the utility function is given as n1−ε
it

(
nit

n̄t

)ε

, where

n̄t is the level of the benchmark (average or another reference level) fertility. In other
words, the level of utility depends on agent’s consumption and fertility levels. In
addition, the level of unity depends on the externalities stemming from the standing
of the agents relative to the social benchmark.7 We impose the restrictions δ < 1 and
ε < 1 to ensure that the instantaneous utility is an increasing function of the absolute
level of the household’s consumption and fertility.

Following de la Croix and Doepke (2003) and Fioroni (2010), and Omori (2009),
the human capital level of a child hit+1 evolves according to

hit+1 = Bt

(
h̄

β2
t h

β1
it

)1−θ

eθ
it , (2)

where eit is parents’ education spending, hit is the level of the parents’ human cap-
ital, and h̄t is the benchmark human capital level, which captures the positive effect
of externalities on human capital accumulation. To rule out the implausible case
of human capital accumulation of an individual decreasing in human capital exter-
nalities and in parents’ human capital, we assume 0 < θ < 1, 0 < β1 < 1 and
β1 + β2 ≤ 1. These restrictions allow the education function to be in line with the
empirical evidence.8 The last restriction is used to accommodate the possibility of
decreasing returns to scale in terms of the contribution of human capital (parental
and external) to the human capital accumulation of the next generation. The produc-
tivity coefficient of the education function is given by Bt > 0. This coefficient is
useful for scaling the results in a numerical simulation of the model. We assume that
this coefficient increases along with the average human capital and is expressed as

7In related literature, it is assumed that consumption and fertility externalities depend on the respective
averages for the society (e.g., Bhattacharya and Chakraborty 2012; Munshi and Myaux 2006; Palivos
2001). However, in general, the benchmark levels for consumption and fertility can be different from the
respective averages and may be driven by the behavioral patterns of the agents with higher social status.
8Unlike de la Croix and Doepke (2003) and Fioroni (2010), and Omori (2009), the focus of the present
study is not on determining the impact of education spending on fertility; thus, for simplicity, we assume
that human capital accumulation is possible only with non-zero spending on education.
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Bt = B0h̄
ξ
t , where B0 is the initial value of the coefficient, and ξ is the parameter

capturing the effect of average human capital h̄t on the overall productivity of the
education system.

In light of the discussion above, the utility function of an agent incorporates social
externalities along with the standard choice variables, such as consumption, educa-
tion spending, and the number of children.9 We state the utility function of an agent
in the following constant elasticity of substitution (CES) form:

Uit = γ

[
α(c̄−δ

t cit )
ρ + (1 − α)

(
n̄−ε

t nitBt

(
h̄

β2
t h

β1
it

)1−θ

πeθ
it

)ρ] 1
ρ

. (3)

Note that the expressions above for consumption and fertility inputs in the utility
function are simplified to cit c̄

−δ
t and nit n̄

−ε
t as they are given in (3).

2.2 Household budget constraint

Agents generate income by working for firms. We assume a simple production
function specified as follows:

yit = whit lit , (4)
wherew is the wage rate, and lit is the amount of labor supplied (time spent working).
Normalizing the time available to unity, we impose the following restriction on the
labor supply:

0 < lit ≤ 1.
Given that income is a linear function of effective labor, for simplicity, we normal-

ize the wage rate, w, to 1. This form of production modeling is standard for fertility
choice models.

Having a child is costly in terms of the time spent on child-rearing. In modeling
the child-rearing costs, we adopt a more general approach by allowing for direct costs
(Hazan and Zoabi 2006; Ohinata and Varvarigos 2019) and opportunity costs (e.g.
de la Croix and Doepke 2003). That is, the cost of child-rearing includes the time
cost and the monetary cost of education. As the length of childhood is determined by
nature, we can assume that rearing each child requires time that is equal to τ .

Following Day (2016) and Hazan and Zoabi (2015), we assume that parents look
after their children some of the time and can hire childcare services for the rest of the
time. We build this rationale from the fact that without childcare services, the cost of
childcare is captured by the time parents spend looking after their children. By defi-
nition, this means that the total time spent raising a child is fixed and comprises time
parents spent raising their children and time children spent at hired childcare. We
assume that the average human capital level of childcare service workers is given by
ht ∈ (0, h̄t ). To abstract from the problem of modeling the childcare labor market,

9We follow de la Croix and Doepke (2003) and Fioroni (2010) in terms of conceptual modeling, but we
use a different functional form. The reason for this choice is that the CES function is less restrictive than
the Cobb-Douglas function employed by these authors, and in the current context, the CES form allows for
better tractability. In addition, the externalities or norms can be modeled as the deviation from the average
as in Bhattacharya and Chakraborty (2012), for example. However, this form also fits the definitions of
spillovers and complementaries, and analytically, it results in the same type of relationship.
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we assume this value is determined exogenously as a function of the average human
capital.10 Therefore, we write the human capital level in the childcare sector as
ht = χh̄ν , where 0 < ν < 1, and χ > 0.

We integrate childcare services by assuming that the cost of child-rearing for an
agent is given by ψit τht . Here, τ is the exogenous time cost of raising a child,
whereas the childcare cost function is given as follows:

ψit =
{
1, if hit

ht
≤ 1,

χ
ht

hν
it
, 0 < ψit < 1, if hit

ht
> 1.

(5)

That is, only if the level of human capital is greater than the human capital level
given in the childcare sector (ht ) does a person use childcare services; otherwise, a
person uses only their own time. The exact form of the childcare functions is given as

ψit = χ
ht

hν
it

.

The assumed functional form of ψit implies that use of childcare services is
increasing in the parent’s human capital level. Therefore, the higher the parents’
education level, the less of their own time parents use for childcare. Thus,

∂ψit

∂hit

= −χν
ht

h
(ν+1)
it

< 0.

In addition, the marginal effect of the parent’s human capital is decreasing in the
level of her human capital at an increasing rate. Thus,

∂2ψit

∂h2it

= (1 + ν)νχ
ht

h
(ν+2)
it

> 0.

This assumption is in line with the plausible condition that parents still spend some
minimum time raising their children even when they can afford to hire childcare
services for the whole time.

This modeling approach also allows us to incorporate the argument by Siegel
(2017), who demonstrates that as women’s earning capacity rises, housework sub-
stitution from husbands to wives decreases the time cost for women; and thus, it
decreases the cost of having children. This type of time-cost substitution increases
fertility. Therefore, the parameter ν captures not only the effect of market-based
childcare services but also the substitution of husbands’ time spent on childcare.
For agents with high enough human capital so that ψit < 1, a further increase in
their human capital should decrease the use of their own time in child-rearing; the
magnitude of this change also depends on the value of ν. Another point to note is
that to avoid modeling the childcare sector explicitly, and to keep the model simple,

10It is possible that the level of an individual’s human capital is related to the average human capital level.
However, this functional relationship may not be simple. Because in our model the main factor is how
individual human capital is related to the childcare costs determined by ht , our specification is capable of
mapping the human capital differential to the fertility differential by capturing this link. Because of this
rationale, we abstract from modeling the human capital levels in the childcare sector.
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we assume that ψit captures the effective decrease in the opportunity cost of child-
rearing net of the cost of childcare services. For example, if an agent decreases the
time cost on a child by 30%, but say one-third of that additional time is spent on gen-
erating income to cover the cost of childcare services, then the effective value of ψit

is only 0.8, not 0.7. Thus, we assume that parameter χ > 1.
Because any decrease in ψit implies that the direct time cost of a parent decreases,

which increases the fertility rate of the affected agent (as in Day 2016; Hazan and
Zoabi 2015; Siegel 2017), taking this structure in childcare, the effective labor supply
is expressed as

lit = (1 − ψit τ ). (6)
Accounting for the labor supply and the cost of child-rearing, the budget constraint

faced by an agent is stated as

cit = hit [1 − (τψit + eit )nit ], (7)

where eit is the amount of income spent on education for each child, and τ is the time
required to raise a child.

2.3 The role of social externalities in fertility choice

In the formulation of the utility function given above, we incorporated several social
externalities. In this section, we discuss the motivation for adding these externalities
and highlight why these externalities are essential in agents’ utility maximization.

The critical reason for incorporating consumption externalities into agents’ utility
function is based on the following intuition: The literature highlighted that con-
sumption externalities have a significant effect on the inter-temporal allocation of
individual consumption. Thus, agents jointly consider capital accumulation, fertil-
ity, savings, labor supply, and consumption in their choice decision-making process.
Therefore, adult agents’ marginal utility from consumption depends on social pref-
erence levels for consumption measured by the benchmark consumption level, c̄t

(Cigno and Rosati 1996; Chen et al. 2015; Park 2018).11

The literature on fertility choice (Barro and Becker 1989; de la Croix and Doepke
2004; Doepke 2005) assumes that agents care about the quality and number of their
children, expressed as the following product: nithi,t+1. Both variables are subject
to external effects. For example, Bhattacharya and Chakraborty (2012), Dasgupta
(2000), Goto (2008), and Munshi and Myaux (2006), and Palivos (2001) link the
fertility evolution to social norms related to the number of children families choose
to have. The finding that the fertility rebound income level depends on the fertility
rate at the start of the demographic transition (Lacalle-Calderon et al. 2017) also
highlights the existence of fertility externalities. Based on a rationale similar to the

11The implications of social externalities for a range of economic problems have been investigated. These
externalities affect asset pricing (Abel 1990, 1999; Constantinides 1990; Campbell and Cochrane 1999;
Gali 1994), the consumption decision (Dupor and Liu 2003), and capital accumulation and growth (Cooper
et al. 2001; Fisher and Hof 2000; Liu and Turnovsky 2005; Pool et al. 2015). Agarwal et al. (2020), Clark
and Oswald (1996), Easterlin (1995), and Kuhn et al. (2011), and Oswald (1997) find empirical evidence
supporting the existence of consumption externalities.
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case of consumption externalities, we assume that the average number of children per
parent, n̄, exerts an additional effect on the utility of an agent gained from having a
certain number of children.12

Several studies demonstrate that average human capital and income levels in
society (Hazan and Zoabi 2006; Kalemli-Ozcan 2002; Strulik 2004) generate exter-
nalities that improve a child’s health and consequently, increase the relative return
to the quality of a child. By driving economic conditions, these externalities affect
investment levels in children’s education and thus impact the quality-quantity trade-
off in fertility choice. Moreover, the average human capital level in a society provides
an external effect on fertility rates through the impact on education costs (de la Croix
and Doepke 2003). Formally, de la Croix and Doepke (2003) argue that the evolution
process of human capital depends not only on educational spending, eit , and the level
of parents’ human capital, hit , but also on the (average) benchmark human capital
level, h̄t , which exerts positive externalities on human capital accumulation.

In Section 3, we demonstrate how the interplay of these social externalities and
changes in child-rearing costs drives an inverse J-shaped relationship between fer-
tility and economic development. Moreover, a sensitivity analysis of the calibrated
model in which these externalities mechanisms are shut down that only by account-
ing for these externalities can we emulate the observed average fertility dynamics in
high-income countries.

2.4 Aggregate variables

Given that we are dealing with heterogeneous agents, we consider how some of the
variables are aggregated. The average human capital level, h̄t , is given as

h̄t =
∫ hmax

hmin

hitf (hit )dhit . (8)

The total population evolves as the product of the weighted average fertility rate
and the population in the current period:

Pt+1 = Pt

∫ hmax

hmin

nitπitft (hit )dhit . (9)

The average fertility rate is determined by

n̄t =
∫ hmax

hmin

nitft (hit )dhit , (10)

whereas the average consumption level is determined by

c̄t =
∫ hmax

hmin

citft (hit )dhit . (11)

12 We follow Goto (2008) and Palivos (2001), who employ the average fertility rate as the measure of the
social norm in fertility preferences.
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The distribution of human capital evolves as follows13:

ft (hit ) =
[

P0

Pt

t∏
τ=0

niτ

]
f0(hi0). (12)

2.5 The agent’s problem

In the setting specified above, the agent’s problem is given by:

max
c,n,e

U = γ

[
α(c̄−δ

t cit )
ρ + (1 − α)

(
Bt n̄

−ε
t

(
h̄

β2
t h

β1
it

)1−θ

eθ
itπtnit

)ρ] 1
ρ

, (13)

s.t . cit = hit [1 − (ψit τ + eit )nit ]. (14)

In the problem statement, we dropped the non-negativity constraints imposed on
cit and hit , because they are non-binding for this class of problems.

The agent’s problem can be solved by maximizing the following Lagrangian:

L = γ

[
α(c̄−δ

t cit )
ρ + (1 − α)

(
Bt n̄

−ε
t

(
h̄

β2
t h

β1
it

)1−θ

eθ
it (πitnit )

)ρ] 1
ρ

+λ[hit [1 − (ψit τ + eit )nit ] − cit ]. (15)

Solving for the optimal values of eit and nit , we obtain (see Appendix A.1 for
details):

e∗
it = θhit τψit

1 − θ
, (16)

n∗
it =

hit

(
hit τψit

1−θ
α
) 1

ρ−1

[
(1 − α)

(
Bt n̄

−ε
t

(
h̄

β2
t h

β1
it

)1−θ

πit

(
θhit τψit

1−θ

)θ
)ρ] 1

ρ−1

c̄
δρ

ρ−1
t +

[(
hit τψit

1−θ

)ρ

α
] 1

ρ−1

(17)

The equilibrium consumption level is determined using the budget constraint (14).

2.6 Definition of equilibrium

Given an initial distribution of human capital f0(h0), an initial population size
P0, and the human capital level in the childcare sector ht , an equilibrium con-
sists of sequences of aggregate quantities {c̄t , h̄t , n̄t , Pt+1}, distributions ft (hit ),

13To obtain this formula, consider a change in the human capital distribution from period 0 to period 1. In
period 0, the number of agents with human capital hi0 is found as the product of the share of this type of
agent and the total population, f0(hi0)P0. In period 1, each agent of type i will have ni1 children with hi1
human capital. Given that the total adult population in period 1 is P1, the share of these type i agents is
found to be f1(hi1) = [f0(hi0)P0]ni1

P1
. Using this recursive rule, one obtains the general rule given with (12).
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and decision rules for consumption, fertility, education spending, and human capital
accumulation {cit , nit , eit , hit+1, } such that:

• the individual’s decision rules {cit , nit , eit , hit+1}maximize the utility function,
subject to constraints (14) and (2) and the evolution of child survival (1) and
childcare costs (5);

• markets clear by labor being distributed between childcare of own children
and production (6), and in the goods market, the output is allocated among
consumption, education spending, and childcare services (7);

• aggregate variables h̄t , Pt , n̄t , and c̄t are given by (8), (9), (10), and (11),
respectively; and

• the distribution of human capital evolves according to (12).

The concavity of the utility function and a linear production function ensures the
existence of equilibrium.

3 Equilibrium analysis

3.1 The effect of externalities stemming from others’ consumption

We state the following proposition by analyzing the expression for the equilibrium
fertility rate (17).

Proposition 3.1 Consumption externalities exhibit a negative effect on fertility rates.
The marginal effect of consumption externalities on fertility diminishes with the
increase in the benchmark consumption.

Proof Using (17), it can be verified that
∂n∗

it

∂c̄t
< 0. In addition, it can be shown

that limc̄t→∞
∂n∗

it

∂c̄t
→ 0. Thus, with a rise in benchmark consumption, the marginal

effect of consumption externalities on fertility diminishes. See Appendix A.2 for
details.

When the benchmark consumption levels increase due to positive externalities,
this change lifts the marginal utility of consumption. Given the budget constraint,
agents respond to this change by increasing their consumption levels and decreasing
their fertility rate. In the earlier stages of the demographic transition, the benchmark
consumption levels are relatively low; thus, consumption externalities exert an addi-
tional downward push on fertility. This additional pressure on fertility rates stemming
from consumption externalities contributes to the observed steep decline in fertility
rates. However, there is a limit to this effect stemming from consumption, because
the marginal effect of consumption externalities on fertility tends to zero at signif-
icantly high levels of benchmark consumption. In other words, after reaching some
high threshold values, a further increase in the benchmark consumption levels will
not have any further significant effect on agents’ fertility.
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3.2 The effect of externalities stemming from others’ human capital

In this setting, the comparative statics analysis of nit with regard to h̄t yields the
following proposition:

Proposition 3.2 Human capital externalities exhibit a negative effect on fertility
rates. The marginal effect of human capital externalities on fertility diminishes with
the increase in the benchmark human capital levels.

Proof Using (17), it can be verified that
∂n∗

it

∂h̄t
< 0. It can also be shown that with

an increase in h̄t , the marginal effect of human capital externalities on fertility
diminishes. That is, we can show that

lim
h̄t→∞

∂n∗
it

∂h̄t

= 0.

See Appendix A.3 for details.

This result indicates that when the level of benchmark human capital is above
a certain threshold, the fertility rate does not depend on a further increase in the
benchmark human capital. In other words, after a certain threshold level is reached,
a further increase in levels of benchmark human capital will not have any significant
effect on agents’ fertility.

3.3 The effect of externalities stemming from others’ fertility

By analyzing the equilibrium fertility rate given by (17), we can state the following
proposition:

Proposition 3.3 In the presence of social externalities stemming from fertility norms
(when ε > 0), an increase in the benchmark level of fertility, n̄, raises the fertility
rate of an agent.

Proof Using (17), it can be verified that
∂n∗

it

∂n̄t
> 0. See Appendix A.4 for details.

This result indicates that the existence of externalities stemming from the socially
desirable level of fertility makes the effect of consumption and human capital exter-
nalities even stronger in the early stages of the demographic transition. This outcome
occurs because increases in the benchmark levels of consumption and human capital
reduce the benchmark fertility rate, which creates additional externalities and exerts
additional downward pressure on individual fertility choice. The complementarity
of these externalities explains why the fertility rates spiral rapidly downward dur-
ing the demographic transition. However, when the positive effect of the externalities
stemming from fertility norms dominates the effects of other social externalities on
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fertility choice, the condition explains the recent reversal of the fertility decline in
high-income countries. We discuss this aspect in more detail in Section 3.5.

3.4 The role of human capital in the quantity and quality of children

In this section, we demonstrate that the effect of individual human capital on edu-
cation spending and fertility rates can be different depending on whether an agent’s
human capital is above a certain threshold. First, we state the following lemma by
analyzing the equilibrium value of education spending given by (16).

Lemma 3.4 Spending on education increases with parents’ human capital level. This
effect is greater for those who do not use market-based childcare services than for
those who use these services.

Proof e∗
it = θhit τψit

1−θ
. Taking the first-order derivative of (16) yields for the case with

market-based childcare services:

∂eit

∂hit

= ψit θτ

(1 − θ)
> 0.

If the agent does not use market-based childcare services, then we have ψit = 1.
Thus, we have

∂eit

∂hit

= θτ

(1 − θ)
> 0.

Given that for the case with market-based childcare services ψit < 1, it can be
verified that the marginal effect of parents’ human capital level on education spend-
ing is greater for those who cannot afford market-based childcare services than for
those who can.

The positive effect of human capital is in line with the evidence for the relationship
between parents’ human capital level and spending on children’s education (Hazan
and Zoabi 2015). Moreover, our result provides a theoretical perspective on the
increasing relative cost of private education observed in developed economies.14 In
particular, we show that agents with lower human capital endowment respond more
strongly to the increase in their human capital by investing more in the education of
their children.

Next, we analyze the effect of individual human capital on the fertility rate given
by (17) and state the following proposition.

14See the data from the Organisation for Economic Co-operation and Development (OECD, 2021), Private
spending on education (indicator). https://doi.org/10.1787/6e70bede-en (Accessed on 01 November 2021.)
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Proposition 3.5 The effect of an increase in parents’ human capital level on the
fertility rate depends on whether the human capital level is below or above a certain
threshold value, h̃t . It can be shown that the following conditions hold:

∂n∗
it

∂hit

⎧⎨
⎩

< 0, if hit < h̃t ,

= 0, if hit = h̃t ,

> 0, if hit > h̃t .
(18)

Proof It can be verified by considering the comparative statics of (17) that
∂n∗

it

∂hit
≷ 0.

See Appendix A.5 for details.

As the equation
∂n∗

it

∂hit
= 0, stemming from (18), is based on a nonlinear func-

tion of hit , we cannot solve it explicitly for the threshold value of h̃t . However, we
solve the equation numerically for given parameter values in the calibration section
of the paper. This result shows that our model captures the inverse J-shaped income–
fertility relationship at the individual level as demonstrated by Futagami and Konishi
(2019), Hazan and Zoabi (2015), and Ohinata and Varvarigos (2019), and Siegel
(2017). However, we show that this rebound is not determined purely by the income
effect as the authors above found; instead, the rebound occurs when the income effect
dominates the child survival effect (the details are in Appendix A.3.5). The main
point is that only agents with sufficiently high human capital can afford fertility rates
increasing with the level of their human capital. In addition, the structural changes
that reduce child-rearing costs (captured as a decrease in childcare cost function ψ)
magnify the positive income effect on fertility. Only when agents with a positive
income–fertility relationship stochastically dominate in the population, can we have
a fertility rebound in the spirit of Day (2016). One can argue that with higher inequal-
ity levels, only a small fraction of the population experiences increasing fertility, the
effect of which on average fertility would be more than offset by the decline in the
fertility of the rest of the population. Given that inequality levels have been increas-
ing in most of the advanced economies (Hoeller et al. 2013), it is not likely that this
inequality effect on fertility rates is driving the overall fertility rebound. Thus, the
effect of increasing human capital on overall fertility rates is not straightforward.

3.5 A reversal of the decline in fertility rates

Based on the findings of Hazan and Zoabi (2015) and Day (2016), and Siegel (2017),
we infer that when the fall in the value of ψ is due to social and economic structural
changes, the fertility of the part of the population affected by these changes would
increase. The same outcome is also established in our model; that is, it can be verified
that

∂nit

∂ψit

∂ψit

∂hit

> 0.

Intuitively, such changes can lead to an increase in the benchmark fertility rates.
Access to childcare services and the social change that leads to greater involvement of
fathers in child-rearing can affect mostly the part of the population with high human
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capital levels. As women with high human and income levels naturally have higher
social status, their fertility choices are more likely to influence social norms. If this
hypothesis is true, then the increase in the fertility rates of women of this type can
affect the social benchmark fertility (social norms). Thus, increases in the fertility of
high-income women due to structural changes in childcare lead to an overall rise in
fertility through fertility norm externalities.

The positive effect of fertility externalities would become noticeable only if this
effect dominates other negative effects on fertility stemming from consumption and
human capital externalities. Such an outcome is possible, as according to Proposition
3.1 and Proposition 3.2, at high benchmark levels of consumption and human capital,
their marginal effect on fertility choice becomes negligible; thus, the effect of fertility
externalities becomes dominant at high income levels. In light of this, we conclude
that the combined effect of structural changes in child-rearing costs and social exter-
nalities on fertility choice is the main factor that explains the recent fertility rebound
in high-income countries.

4 Calibration of themodel and simulation results

In this section, we carry out a calibration analysis to establish whether our theoret-
ical model can numerically replicate the documented evolution of average fertility
rates and the rebound in fertility rates of high-income agents in a cross-section.
High-income countries exhibit not only the demographic transition but have also
experienced a rebound or stabilization in fertility rates. Therefore, it would be logical
to test our model on data for high-income countries. That is, we verify whether the
model can exhibit a steep decline in fertility rates at the low income levels (captured
by the average human capital levels) and a rebound in fertility after a certain income
threshold is reached.

To calibrate the fertility rate given by (17), we adopt the parameter values with
some adjustment for the time cost per child, τ , the impact of the level of parents’
human capital on the level of children’s human capital, β1, the degree of altruism, α,
and the elasticity of substitution, s, from similar calibrations presented in the litera-
ture discussed below. We determine the values of the other parameters by calibrating
them to target the initial average fertility values for the selected high-income coun-
tries. As the theoretical model operates with generations as time periods, we set a
year value for the period in the model. We follow Deopke (2004) and set the length
of a generation to 25 years.

The social externalities incorporated in the model require heterogeneity of agents
in terms of their human capital levels. Thus, we approximate the initial distribution of
human capital. Because income is distributed according to the log-normal distribution
(Young 2011), and given that human capital and income have a linear relationship
(in our model), we also adopt a log-normal distribution for human capital. For the
initial mean of the distribution, we adopt a log of 6.74 years of female education
which is found to be the average years of education in 1960 for selected high-income
countries using World Bank data. To determine the standard deviation of the log-
normal distribution of human capital, we follow Aitchison and Brown (1957) and
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Table 1 Parameter values used in the calibration

Parameters Values Comments

τ 0.075 de la Croix and Doepke (2004)

θ 0.115 de la Croix and Doepke (2004), adjusted to match initial h̄t+1

α 0.97 Córdoba et al. (2016), adjusted

β1 0.595 de la Croix and Doepke (2004), adjusted to match initial h̄t+1

β2 0.21 match initial h̄t+1 and nt

ρ 3.0 Córdoba and Ripoll (2019)

π 0.14 match the survival rates

σ 0.25 match the survival rates

B0 2.98 match the initial h̄t+1 and nt

ζ (-0.002) match the initial h̄t+1 and nt

δ 0.018 match the initial fertility rate

ε 0.53 match the initial fertility rate

χ 1.035 match the initial fertility rate

ν 0.65 match the initial fertility rate

ςh 1.001 match the average Gini index for 1960

Young (2011). Aitchison and Brown (1957) show that for log-normally distributed
population income, the Gini coefficient is given by G = 2N[ς/

√
2] − 1, where ς

is the standard deviation of the log of income. From The United Nations University
World Institute for Development Economics Research (UNU-WIDER), the World
Income Inequality Database (WIID), we obtain data for the Gini index and compute
the standard deviation of the log of human capital as ςh = √

2N−1[(G + 1)/2].15
The data on the Gini index is obtained. For the starting point in our calibration, we
assume that G = 0.345. We approximate this value based on the average value of the
Gini index for Germany and the in 1960, and for Denmark in 1961 as only for these
countries Gini values were available.

The parameter values for the calibrated model are summarized in Table 1. We use
the time cost per child, τ = 0.075, which is borrowed from de la Croix and Doepke
(2004). Importantly, de la Croix and Doepke (2004) emphasize that the elasticity θ

of human capital with respect to education should not be set too high; otherwise, the
fertility differentials will be inflated. In our case, we aim to keep the initial average
human capital accumulation above the average level of human capital of the first-
generation parents. Thus, the elasticity of human capital with respect to education
is set at θ = 0.115 (de la Croix and Doepke (2004) used θ = 0.16). In the same
manner, we set the parameter that captures the impact of the level of parents’ human
capital on the level of children’s human capital, β1 = 0.595. Similarly, the elasticity

15For details, see also Crow, E. L., and Shimizu, K. (Eds.). (1988). Log-normal distributions: Theory and
applications (Vol. 88). New York.
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of children’s human capital with respect to the average human capital of the par-
ent generation is set to allow for decreasing returns to scale for the human capital
accumulation process. Thus, we set β2 = 0.21.

The value of the altruism parameter is selected as α = 0.97, which is not far
from the range of α ∈ [0.90–0.95] used in Córdoba et al. (2016). The value of ρ is
calculated as ρ = s

s−1 , where s is the parameter of the elasticity of substitution. We

use s = 1.5, as in Córdoba and Ripoll (2019), and set ρ = 3.16

The average fertility rate captured in our model is the average of the completed
fertility rates of the modeled adult agents in the current generation. Thus, the aver-
age completed cohort fertility rates observed in high-income countries are a more
appropriate statistic for our model than the TFR.17 We also note that the TFR is a
measure of period fertility and is based on the decisions of many different cohorts
at a given point in time. Thus, the TFR may suffer from tempo effects and does not
seem to reflect the fertility statistic implied by our model.18 Based on this logic, we
set the following parameters to target the observed average cohort fertility rate in
high-income economies, which was approximately equal to 2.24 in 1985.

We set the parameter values of consumption externalities, δ = 0.018, and fertility
norms externalities, ε = 0.53. The parameters capturing the childcare cost reduction
through market services and husbands’ involvement are set as follows: χ = 1.035
and ν = 0.65. This reduction in the time cost is applicable only to those who have a
level of human capital exceeding the level of human capital in the childcare sector.
The initial fertility norm n̄1 is assumed to be equal to 3.9 children, and the initial
average consumption is assumed to be given by c̄1 = 0.6h̄1.

In setting the values for the productivity coefficient of the human capital accu-
mulation function B0, we use the following rationale. Specifically, we tried to match
the initial fertility rate and the human capital accumulation. We set B0 = 2.98 to
match the initial h̄t+1 and nt . The parameter capturing the effect of the marginal
total productivity of the education system on the average level of human capital is
set, ζ = −0.002. Thus, the marginal total productivity of the education system is
decreasing in the average level of human capital. Given that with a greater and more
complex knowledge stock, it is logical to expect that human capital accumulation
would require greater marginal costs. The probability of child survival π̄ and the elas-
ticities of human capital (σ of the parent’s human capital, 1−σ , of the average human
capital) are calibrated to match the observed survival rates.19 We start with a high
average probability value of 0.95–0.97 as we are targeting the child survival rates in
high-income countries from the 1960s and aim to get π = 1 in the second-to-third
periods.

16We also tried s = 3 as in Jones and Schoonbroodt (2016), but this value did not let us achieve the
targeted initial fertility rate.
17 For example, Albanesi and Olivetti (2014) and Bailey and Hershbein (2018), and Chabé-Ferret and
Gobbi (2018) demonstrate that the observed fertility dynamics can be explained using cohort fertility.
18See Bongaarts and Feeney (1998) for the discussion of tempo and quantum effects in fertility.
19Data source: https://population.un.org/wpp2019/Download/Standard/Interpolated/.
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The time series plots for the simulated and observed fertility data are dis-
played in Fig. 4 and the dataset is given in Table 2. We parametrize the model by
matching the simulated initial fertility rate with the observed initial cohort fertilit
rate as discussed.

The comparison of the simulated fertility rates with the statistical data demon-
strates that our model, for a feasible set of parameters, can simulate fertility rate
dynamics that are consistent with the evolution of the observed CFRs. However, we
admit that even with all the externalities incorporated and a quite ad hoc entry of
market-based childcare services, we were not able to fully replicate the sharp decline
in fertility rates observed in the data without having a rebound fertility rate that is
lower than in the data. Thus, the simulated series shown in Fig. 4 closely matches
the starting and rebound points in the data, but not the point at the end of the fertility
decline. This implies that there are still some other factors that affect fertility choice
that are not accounted for in the model.

The simulation results indicate that the model is not well suited for explaining
the evolution of the TFRs. Although the simulated series show a pattern similar to

Table 2 Simulated and observed fertility rates in high-income countries

Year Actual TFR Actual CFR Simulated CFR

1950 2.81

1955 2.89

1960 2.98 2.72

1965 2.85

1970 2.50

1975 2.13

1980 1.87 2.49

1985 1.73 2.24 2.23

1990 1.67 2.10

1995 1.63 1.98

2000 1.60 1.94

2005 1.67 1.89

2010 1.70 1.83

2015 1.80 1.80

2020 1.84

2035 1.82 1.93

2060 1.82

2085 1.80

2105 1.82

The average TFR for high-income countries over 1960–2035. The following countries are included: see
Appendix A.6

Source of data: TFR is from United Nations, Department of Economic and Social Affairs, Population
Division (2019). The CFRs are from the Human Fertility Database (2021). The actual CFRs for 2035 are
found as a linear extrapolation of the data. The simulated CFRs are given in 25-year intervals
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that of the TFR, the model cannot produce the sharp decline manifested by the TFR.
This deviation most likely stems from the tempo effects in the TFR, which are not
captured in our simple OLG model.

The reasonable consistency of the actual CFR data with the computed fertility
rates using the simulated model allows us to conclude that the model with social
externalities adequately describes the evolution of completed fertility. In addition, the
model captures the rebound (stabilization) of fertility rates in the long run. It appears
that the demographic transition ends as soon as the countries reach certain devel-
opment levels; after that, fertility rates gradually rebound (stabilize) as the income
levels increase.

As shown in Fig. 5, we also evaluate whether the model can generate an inverse
J-shaped fertility-income relationship in the cross-section of agents with different
human capital levels. In particular, we tried to replicate the curves for 1990 and 2010
given in Fig. 1. The model yields fertility rates that decline with the education lev-
els, when we use a distribution of human capital with an average of nine years of
education. The simulated curve is similar to the curve of the relationship between
education and fertility in 1990 observed in the USA. When we use a distribution of
human capital with an average of 12 years of education, we obtain an inverse J-shaped
fertility–human capital relationship as the curve for 2010 in the USA. Therefore, the
model captures the possibility of rising fertility of the high-income agents observed
in the USA (see Fig. 1). Intuitively, the cross-section simulation can also be used to
explain the differences among countries in terms of their fertility. Such simulation
shows, the differences among countries in terms of average human capital levels and
their distribution across agents, as well as social externalities and childcare costs,
contribute to agents’ fertility levels; these factors contribute to the changes in average
fertility rates.

As a related issue, using (A15), we also find a numerical solution for h̃. That
is, we determine the threshold value for human capital that divides agents into two
groups: (1) agents whose fertility declines when their human capital increases and
(2) agents whose fertility rises when their human capital increases. For the same
parameter values used in high-income countries, we find that the threshold education
is equal to 14.1 years; that is, agents with more than 14.1 years of education can have
an increase in fertility rates when their human capital increases further.

4.1 Sensitivity analysis

We conduct a sensitivity analysis to evaluate the role of the externalities and other
new mechanisms incorporated into the model. We run the analyses by shutting off
these channels one at a time and running the simulations of the model using the given
set of parameters in Table 1 for the dynamic case and the values given in Appendix
A.7 for the cross-section case. We test the sensitivity of the model to the exclusion
of a given factor by assuming ψ = 1 and π = 1 or assuming the corresponding
elasticity of the factor is equal to zero as ε = 0, and δ = 0. We illustrate the restricted
simulations against the benchmark simulations based on the model by including all
the factors (see Fig. 6).
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Fig. 6 The sensitivity analyses: the benchmark vs. restricted cases

Shutting off the channel of the childcare (ψ = 1) makes the evolution of fertility
rates smoother (see Fig. 6, panels a and b). With this simplification of the model, the
simulated decline in fertility rates is lower, and the rebound is also less pronounced
than otherwise.20 The cross-sectional simulations highlight this effect: In the absence
of market-based childcare services, fertility rates of higher-income agents increase
more slowly than they would have in its presence. Thus, ignoring childcare costs
would lead to underestimation of the rebound at the aggregate level, although for the
parametrization we used, its impact appears weak.

The probability of survival (i.e., assuming π = 1) was not a significant factor
for the overall dynamics of the model (see Fig. 6, panels c and d). It is reasonable,
as high-income countries had high child survival rates in the last few decades. The
probability of survival has some effect only in earlier periods, when the survival rate
was below unity for low-income agents. We confirm this point with the simulations
based on a cross-section of agents. These simulations show that the probability of
survival is a crucial factor as long as it is not equal to unity for all the agents. For a
small proportion of agents with a significant rate of child mortality, the curve of the
fertility–income relationship becomes different when the effect of survival is ignored.

Analysis of the empirical role of social externalities in fertility rates provides the
following findings. In particular, the consumption externalities explain some of the

20However, the effect of exogenous changes in ψ depends on the marginal effect of education spending
given by parameter θ . We can verify it using (A11) in Appendix A.3.5. For example, for significantly high
values of θ , it is possible to obtain a greater decline in fertility rates over time.
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sharp decrease in the fertility rates at the beginning of the period we considered
(see Fig. 6, panel e and f ). When we shut down this channel, by setting δ = 0,
the simulated cross-sectional fertility rates are higher for all human capital levels.
In the dynamic case, we cannot replicate the initial decline in the data. We obtain a
significantly shallower simulated decline. In addition, without the consumption exter-
nalities effect, the rebound in fertility rates becomes higher, which results in a sharper
increase in fertility rates than observed in the data. As expected, shutting down the
effect of fertility externalities, by setting ε = 1, results in much lower fertility rates
than the observed values (see Fig. 6, panels g and h). It appears that fertility norms
play a significant role in the evolution of the overall fertility rates. In sum, the exper-
iments confirm the structure of the theoretical model. We demonstrate that all three
externalities are critical in the evolution of fertility choice over time. Thus, it seems
necessary to account for these externalities in explaining agents’ fertility.

5 Conclusion

This paper develops an explanation for the so-called inverse J-shaped relationship
between fertility and per capita income levels. We extend the standard fertility choice
model by simultaneously accounting for endogenous childcare costs, child survival,
and social externalities stemming from fertility norms, average human capital, and
consumption. Using the extended fertility choice model, we find that at lower bench-
mark levels of human capital and consumption, their external effect on fertility is
negative and significant. The effect of an increase in child survival rates is also neg-
ative. All these effects on fertility complement the “quality-quantity trade-off” effect
and result in the steep fall in fertility rates during the demographic transition. In addi-
tion, the falling benchmark fertility rates, through fertility externalities, magnify the
decrease in the average fertility rates. On the other hand, at high benchmark levels,
the marginal external effects of human capital and consumption on fertility become
negligible. Under such circumstances, the income effect and social and structural
changes in childcare lead to growth in benchmark fertility rates. The increase in
benchmark fertility rates raises average fertility rates through fertility norm external-
ities. This outcome explains the observed reversal of the decline in fertility rates in
high-income countries in recent years.

The simulations based on the calibrated theoretical model demonstrate that the
model emulates the observed evolution of the average cohort fertility rates for high-
income economies. Specifically, the model dynamically simulates an initial decline
in fertility, which then changes into a reversal (or stabilization) after a certain income
threshold is reached. Furthermore, as social externalities, childcare, and child survival
differentiation stem from the heterogeneity of agents, we conduct cross-sectional
simulations of the model. We find that the model repproduce the inverse J-shaped
fertility–income relationship in the cross-section of agents with different human cap-
ital levels observed in high-income countries. In addition, we conduct a sensitivity
analysis by separately shutting off the externalities, childcare, and child survival
channels in the model and running the simulations using the calibrated parameters.
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The results show that all three externalities (fertility norms, average human capi-
tal, and consumption), childcare, and surviving child rates have significant roles in
the evolution of fertility choice over time. Thus, ignoring these factors in explaining
agents’ fertility fails to provide a full explanation for the fertility evolution. Over-
all, by analyzing a richer but tractable preference structure, this study provides new
insights into agents’ fertility choice and thus enhances understanding of the evolution
of fertility.

Appendix. Proofs

A.1 A solution of themodel in Section 2.5

The agent’s optimization problem can be solved by maximizing the following
Lagrangian:

L = γ

[
α(c̄−δ

t cit )
ρ + (1 − α)

(
Bt n̄

−ε
t

(
h̄

β2
t h

β1
it
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)ρ] 1
ρ

+
+λ[hit (1 − τψitnit ) − eitnit − cit ]. (A1)

The first-order conditions are written as follows:
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∂c
= γ

ρ

[
α(c̄−δ

t cit )
ρ + (1 − α)

(
Bt n̄

−ε
t

(
h̄

β2
t h

β1
it

)1−θ

eθ
itπitnit

)ρ] 1−ρ
ρ

×

×
(
αρc̄

−δρ
t c

ρ−1
it

)
− λ = 0. (A2)

∂L

∂n
= γ

ρ

[
α(c̄−δ

t cit )
ρ + (1 − α)

(
Bt n̄

−ε
t

(
h̄

β2
t h

β1
it

)1−θ

eθ
itπitnit

)ρ] 1−ρ
ρ

×
(

(1 − α)ρn
ρ−1
it

(
Bt n̄

−ε
t

(
h̄

β2
t h

β1
it

)1−θ

πit e
θ
it

)ρ)
− λ[hit τψit + eit ] = 0.

(A3)
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Solving the first-order condition equations, we find:

e∗
it = θhit τψit

1 − θ
, (A5)
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) 1
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Given that the labor supply is inelastic, and the utility function is concave, the budget constraint
is binding:

c∗
it = hit (1 − τψitn

∗
it ) − e∗

it n
∗
it . (A7)

A.2 Proof of Proposition 3.1

Proposition 3.1 can be verified by the following: Take the first-order derivative of
(A6) with respect to c̄t and obtain
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For brevity, we denote the numerator of (A6) as �. As −δρ
ρ−1 < 0 due to ρ > 1,

while the other terms are positive, ∂n∗
∂c̄

< 0 holds. It can be verified that the second
term of (A8),
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thus, is bounded from above. However, as c̄t → ∞, 1
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→ 0; thus,

lim
c̄t→∞

∂n∗
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→ 0.

That is, at relatively high levels of c̄t , the marginal effect of consumption externalities
on fertility diminishes.

A.3 Proof of Proposition 3.2

Take the first-order derivative of the (A6) with respect to h̄t and obtain
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We recall that Bt = B0h̄
ξ
t , and πit = πh̄1−σ

t hσ
it . Thus, we can find that

1
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. In addition, assuming that the
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average consumption is related to the average income through the propensity to con-
sume, as c̄t = ph̄t , we also can write that δ

c̄t

∂c̄t

∂h̄t
= δp

h̄t
. It can be verified that

1
h̄t
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(
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→ 0. Therefore, we can conclude that

lim
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it
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= 0.

That is, at relatively high levels of h̄t , the marginal effect of human capital
externalities on fertility diminishes.

A.4 Proof of Proposition 3.3

Proposition 3.3 can be verified by showing that
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> 0. We obtain ∂n∗

∂n̄
using (A6),
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It can be verified that the sign of ∂n∗
∂n̄

depends on the sign of the term ρε
ρ−1 . Since

ρ > 1, ρε
ρ−1 > 0, therefore, ∂n∗

∂n̄
> 0.

A.5 Proof of Proposition 3.5

Let us re-arrange (17) and simplify as follows:
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By taking the first-order derivative of (A11) with respect to hit , we obtain
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where ζ ≡ ρ(1−β1)(θ−1)

ρ−1 < 0. One can find that the effect of the individual human

capital depends on the values of ∂ψit

∂hit
and ∂πit

∂hit
that are determined by the individual’s

relative standing in terms of the human capital level. We have two cases with respect
to childcare time costs: (i) The agent cannot use market-based childcare services;
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thus, ψit = 1, and ∂ψit

∂hit
= 0. (ii) The agent can use market-based childcare services,

and thus, ψit = χ
ht

hν
it

< 1, and ∂ψit
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< 0. We also have two cases
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= σπh̄1−σ
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it > 0.

Let us consider case (i). It is expected that agents with relatively low human capital
have to look after their children themselves, only and they may have lower child
survival probability. In addition, this type of agent, due to low levels of human capital,
is expected to have child survival rates that are less than unity, πit < 1. Then, for this
type of agent, the effect of individual human capital is written explicitly as follows:
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where we substitute for ψit = χ
ht

hν
it
, and πit = πh̄1−σ
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it ,
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recalling that ζ ≡ ρ(1−β1)(θ−1)
ρ−1 , we also write ω = σρ+ρ(1−β1)(θ−1)

ρ−1 − 1.

The sign of
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depends on what is greater: the income effect, ζh−1

it < 0 as ζ < 0,

or the effect of survival, ρ
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ρ−1 > 0 as ρ > 1. By construction,

−�(πh̄1−σ
t )

ρ
ρ−1 hω

it < 0. Thus, if at low-income levels the survival effect dominates
the income effect, then an increase in human capital leads to a decrease in the fertility
rate.21 Specifically, one can verify that growth in the level of their human capital
leads to a decrease in fertility rates if

ζ + σρ
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= ρ(1 − β1)(θ − 1)

ρ − 1
+ σρ

ρ − 1
> 0.

Thus, in this case, (A13) implies that
∂n∗
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∂hit
< 0. If the survival effect dominates the

income effect, we have
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= ρ(1 − β1)(θ − 1)
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+ σρ
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< 0;

thus, (A13) implies that
∂n∗

it

∂hit
> 0.

Now, let us consider case (ii), when agents possess a high level of human capital,
they can afford childcare services; thus, ψ < 1. Therefore, for these agents, we have
∂ψ
∂hit

= −χν
ht

hν+1
it

< 0. It is also probable to expect that the child survival rates for

21This result is in line with Kalemli-Ozcan (2002), who establishes that the quality-quantity trade-off
occurs when agents’ human capital is relatively low, and child mortality is endogenous. That is, at low-
income levels, the survival effect dominates the income effect; thus, an increase in human capital leads to
a decrease in the fertility rate.
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these agents reach the maximum level; thus, π ≈ 1 and ∂π
∂hit

≈ 0. Then, for this type
of agent, the effect of individual human capital is written explicitly as follows:
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where we make similar substitutions as in the case of (A13). It is clear that the sign of
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depends on the sign of the term [−νχ(ρθ − 1) + ρ(1 − β1)(θ − 1)] . As ρ > 1,

β1 < 1, and θ < 1, we can verify that [−νχ(ρθ − 1) + ρ(1 − β1)(θ − 1)] < 0
strictly, as soon as ρθ − 1 > 0. Even if ρθ − 1 < 0, for a feasible range of parameter

values, [−νχ(ρθ − 1) + ρ(1 − β1)(θ − 1)] < 0 holds. This implies that
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feasible.
In light of the discussion given above, we conclude that
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(A15)
By solving (A15) for the level of human capital, and denoting it h̃, we can write the
following conditions:

∂n∗
it

∂hit

⎧⎨
⎩

< 0, if hit < h̃,

= 0, if hit = h̃,

> 0, if hit > h̃.
(A16)

Equation (A15), of course, cannot be solved analytically. However, we can solve
it numerically by applying some realistic parameter values. The numerical solution
is given in the simulation section.

A.6 Country data in Fig. 4 and Table 2

TFR data are used for Austria, Australia, Belgium, Canada, Denmark, Finland,
France, Germany, Greece, Iceland, Ireland, Italy, Japan, Norway, the Netherlands,
New Zealand, Portugal, Sweden, Switzerland, the UK, and the USA.

The average CFRs are obtained for Austria, Canada, Denmark, Finland, France,
Germany, Iceland, Italy, Japan, the Netherlands, Portugal, Sweden, Switzerland,
England, and the USA.
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A.7 The parameter values used in additional simulations

The parameter values used in the simulation for Fig. 5

For the case of h̄1 = 12: δ = 0.1, B = 2.2, ε = 0.6, n̄1 = 3, σ1 = 0.25, σ2 = 0.75,
π = 0.08, θ = 0.25, α = 0.85, β1 = 0.8, β2 = 0.2 τ = 0.075, ν = 0.65, ρ = 3.

For the case of h̄1 = 9: δ = 0.015, B = 3, ε = 0.7, n̄1 = 2.9, σ1 = 0.25,
σ2 = .0.75, π = 0.08, θ = 0.2, α = 0.85, β1 = 0.84, β2 = 0.16 τ = 0.075,
ν = 0.75, ρ = 3.

The parameter values used in the cross-section sensitivity analyses

For the cross-section analysis, we use the parameter values h̄1 = 12, δ = 0.1, B =
2.2, ε = 0.6, n̄1 = 3, σ1 = 0.25, σ2 = 0.75, π = 0.08, θ = 0.25, α = 0.85,
β1 = 0.8, β2 = 0.2, τ = 0.075, ν = 0.65, ρ = 3.

Acknowledgements We thank the editor, Gregory Ponthiere, and two anonymous referees for their
helpful comments.

Funding Open Access funding enabled and organized by CAUL and its Member Institutions.

Declarations

Conflict of interest The authors declare no competing interests.

Open Access This article is licensed under a Creative Commons Attribution 4.0 International License,
which permits use, sharing, adaptation, distribution and reproduction in any medium or format, as long as
you give appropriate credit to the original author(s) and the source, provide a link to the Creative Commons
licence, and indicate if changes were made. The images or other third party material in this article are
included in the article’s Creative Commons licence, unless indicated otherwise in a credit line to the
material. If material is not included in the article’s Creative Commons licence and your intended use is not
permitted by statutory regulation or exceeds the permitted use, you will need to obtain permission directly
from the copyright holder. To view a copy of this licence, visit http://creativecommons.org/licenses/by/4.0/.

References

Abel A (1990) Asset prices under habit formation and catching up with the Joneses. Am Econ Rev 80:38–
42

Abel A (1999) Risk premia and term premia in general equilibrium. J Monet Econ 43:3–33
Agarwal SV, Mikhed V, Scholnick B (2020) Peers’ income and financial Distress:Evidence from lottery

winners and neighboring bankruptcies. Rev Financ Stud 33(1):433–472
Aitchison J, Brown JAC (1957) The lognormal distribution. Cambridge University Press, Cambridge
Albanesi S, Olivetti C (2014) Maternal health and the baby boom. Quant Econ 5(2):225–269.

https://doi.org/10.3982/QE315
Bailey MJ, Hershbein BJ (2018) US Fertility rates and childbearing in american economic history, 1800-

2010. Oxford Handb Amer Econ History 1:75–100
Barro RJ, Becker GS (1989) Fertility choice in a model of economic growth. Econometrica 57(2):481–501
Becker GS, Lewis HG (1973) On the interaction between the quantity and quality of children. J Polit Econ

81(2):S279–S288

427

http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.3982/QE315


R. Dzhumashev, A. Tursunalieva

Becker GS, Tomes N (1976) Child endowments and the quantity and quality of children. J Polit Econ
84(4):S143–S162

Bhattacharya J, Chakraborty S (2012) Fertility choice under child mortality and social norms. Econ Lett
115(3):338–341

Blackburn K, Cipriani GP (2002) A model of longevity, fertility and growth. J Econ Dyn Control
26(2):187–204

Bongaarts J, Sobotka T (2012) A demographic explanation for the recent rise in European fertility. Popul
Dev Rev 38(1):83–120

Bongaarts J, Feeney G (1998) On the quantum and tempo of fertility. Popul Dev Rev 24(2):271–91
Campbell J, Cochrane J (1999) By force of habit:a consumption-based explanation of aggregate stock

behavior. J Political Econ 107:205–251
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