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1. INTRODUCTION

This paper presents a comprehensive model that provides a consistent and co-
hesive explanation of high fertility in impoverished countries, fertility decline in
developing countries and the recent reversal of fertility decline in most developed
countries. The explanation for U-shaped fertility dynamics lies in the combined
effects of the differential fertility of high and low skilled workers and the cost of
rearing children using both parental time and purchased goods and services.

Emerging evidence suggests a fundamental change in the relationship between
fertility and economic development. On the basis of cross-sectional and longitudinal
data covering more than 100 countries, Myrskyla et al (2009) find that the well
established negative relationship between fertility and development becomes positive
at advanced stages of development. As countries progress to Human Development
Index (HDI) levels exceeding 0.9', the HDI-fertility association reverses to a positive
relationship.

The HDI does not reveal information on how its components of per capita Gross
Domestic Product (GDP), education and longevity interrelate or how within country
differences in its dimensions? may influence a country’s overall fertility rate and level
of economic development. The objective of this paper is to re-examine the theoretical
relationship between overall fertility, within country differences in workforce skill
composition and per capita GDP in light of recent evidence. Specifically, we provide
a model-based hypothesis for fertility rebound at advanced stages of development.

The cross-country association between the total fertility rate (TFR)® and per
capita GDP, measured at purchasing power parity (PPP) in constant 2005 USS$, in
1980-1984 and 2005-2009, is shown in Figures 1 and 2, respectively. Consistent with
the United Nations (2011), three regions are defined based on levels of development.
Whereas Figure 1 depicts the once strictly negative association between per capita
GDP and fertility across all countries, Figure 2 reveals a distinction in the fertility-
per capita GDP association across the three regions. Three observations on the
cross-country association are reviewed in light of within country skill composition
of the workforce.

Firstly, fertility remains high and the average skill level of the workforce! remains
low in the poorest sub-Saharan African countries. In Ethiopia, the TFR remains

'The HDI is an index, primarily used by the United Nations to evaluate development, which
combines with equal weight indicators of a country’s health conditions, standard of living and
human capital. For most developed countries, HDI levels exceed 0.9, which corresponds to 75 years
life expectancy, per capita Gross Domestic Product (GDP) US$25,000 in year 2000 PPP and a 0.95
human capital index (based on literacy and enrolment rates).

?Grimm et al (2008) find large discrepancies in the dimensions of HDI within countries.

3The total fertility rate indicates the average births per woman in her lifetime if she were to
experience the current age-specific fertility rates throughout her lifetime. As a cross-sectional
measure, the TFR may rise due not only to a rise in completed fertility (quantum effects) but also
to the end of birth postponement (tempo effects). Goldstein et al (2009) and Luci and Thevenon
(2011) find that tempo-adjusted fertility rates have risen with per capita GDP in more developed
countries, suggesting increases in quantum, analysed in this paper, have accompanied TFR recovery
at advanced stages of development.

4Data on fraction of workers in non-agricultural employment and average years of schooling of
the workforce are sourced from World Bank (2012) and Morrison and Murtin (2009), respectively.



above 5 children per woman, more than 80 per cent of total employment remains
in agriculture and workers have on average two years of schooling, which is half the
educational attainment of the United Kingdom in 1870.

Secondly, fertility declines and per capita GDP rises in less developed countries
as average years of schooling rise and the occupational structure shifts to non-
agricultural employment. The experience of China and Thailand, where average
years of schooling have doubled to 8.5 years between 1980 and 2009 and the TFR
has fallen to around 1.6 births per woman, typifies this demographic transition.

Finally, the once negative cross-country association between fertility and per
capita GDP has become positive for more developed countries.” This observation
is consistent with Luci and Thevenon (2011), who confirm a positive impact of
per capita GDP on fertility for high income OECD countries, after controlling for
birth postponement and country-specific effects. More than an emerging positive
association, Figure 2 shows a divide between more developed countries, all with
maximum average years of schooling and high levels of per capita GDP, but with
either high or low fertility. The opportunity for parents to reconcile work and child
rearing is a key factor determining on which side of the positive trend line in Figure
2 a country falls (Thevenon, 2011). This is a theme which this paper develops by
allowing for purchased child rearing inputs.

Existing models of endogenous fertility predict a negative relationship between
per capita GDP and fertility. Economic growth induces fertility decline by increasing
either: female relative wages and the opportunity cost of maternal time (Barro and
Becker, 1988; Galor and Weil, 1996); the relative return to investing in education per
child (Becker et al, 1990, de la Croix and Doepke, 2003) or employment opportunities
for women (Rees and Reizman, 2012), whereby parents face a child quality-quantity
trade-off; or the fraction of skilled workers, who have fewer children than their
unskilled counterparts (Kimura and Yasui, 2007; Chen, 2010).

Whereas in the majority of theoretical studies, parents decide on the educational
investment in their children, in this paper, we allow parents to invest in their own
education, which determines whether they will become high skilled or low skilled
workers. This approach enables us to analyze three distinct effects of per capita
GDP on total fertility, at different stages of development, through within country
differences in the skill composition of the workforce.% Kimura and Yasui (2007) and
Chen (2010) focus on the role of changes in the skill composition of the workforce to
explain a negative relationship between overall fertility and economic development.
Parental time spent rearing children is fixed in these models. This assumption
is a shortcoming when analyzing the behavior in overall fertility because it implies
wages do not affect household fertility. However, we find their approach of analyzing
fertility over two phases, distinguished by the skill composition of the workforce to
be a useful starting point for the analysis of this paper, which focuses on explaining
the emergence of a positive relationship between overall fertility and per capita
income at advanced stages of development.

This paper contributes to the literature by providing a mechanism whereby fur-

For 2005-2009, the correlation between fertility and per capita GDP is positive and significant
across more developed countries. The correlation coefficient is 0.58 with a p-value of 0.003.

®The focus in this paper on within country houschold inequality does not deny the influence of
other factors such as within household gender inequality. Extending our model along these lines is
an interesting direction for future research.



ther economic growth in more developed regions reverses fertility decline. We extend
Kimura and Yasui (2007) by incorporating a more general form of child rearing costs.
In this paper, children are reared by combining parental time and purchased goods
and services, so that households decide on both the number of children and child
rearing inputs.

Households differ in that better educated parents have fewer children than their
low skilled counterparts. This is consistent with international evidence from both
long run historical data (for a review, see Sato et al (2008)) and micro data (Rosen-
zweig, 1990; Beenstock, 2007). At low levels of development, an economy may
experience persistent high fertility and a low skilled workforce or fertility decline as
economic growth raises the fraction of skilled workers. At advanced stages of devel-
opment, skilled workers find children more affordable, but more costly to rear using
parental time as their wages rise.” We might reasonably expect highly educated
parents to choose more children if purchased inputs mitigate the rising opportunity
cost of parental time. There is some evidence that this has indeed occurred in some
developed economies. For instance, in the United States, child rearing is a relatively
goods intensive activity (Gronau and Hamermesh, 2006).

Section 2 provides a theoretical model capable of analyzing the interrelationship
between workforce skill composition, overall fertility and per capita GDP for least
developed, developing and developed countries. Section 3 analyses the U-shaped
interrelationship between fertility and economic growth. Section 4 concludes.

2. MobpEL

Consider an overlapping generations model in which people live for three periods.
In childhood, an agent consumes time, as well as goods and services, from their
parents. In adulthood, an agent supplies labor, raises children, and may receive
further education. The agent decides whether or not to undertake training to become
a skilled worker, how many children to have and the inputs with which to rear them.
In old age, an agent is retired from the labor force and consumes the proceeds of
their savings from the previous period.

The closed economy identity of savings and investment provides the link with
growth in the capital stock, skill composition of the workforce and wages, which in
turn influence fertility. Rising skilled intensity is a consequence of economic growth.
Skilled labor is complementary to physical capital. Combined with the neoclassical
capital intensity effect, this final feature generates a feedback loop between growth
in output per worker and fertility.

We model the economy as it moves through two phases, distinguished by the skill
composition of the labor force. We set out to explore the behavior of fertility, and
its implications for growth, during an initial phase when the labor force comprises
skilled and unskilled workers, before entering a second phase when every agent
chooses to become skilled.

2.1 Production of Final Output

Physical capital (K), unskilled labor (L}") and skilled labor (Lj) are factors of pro-
duction, all with non-increasing marginal products. The greater the capital-labor

"Cette et al (2007) find evidence corroborating these simultancous and opposing fertility effects.



ratio in the economy, the more highly rewarded is skilled labor relative to unskilled
labor. This is consistent with the relative rise in rewards to skilled labor character-
izing economic growth.

The production function is given by

(1) V; = A[K{(L;)I=) +bLY]; A>0; b>0; ac(0,1)

where the separability captures the assumption that, whereas capital complements
skilled labor, unskilled labor is a perfect substitute for other factors of production.®

Each household (agent) is endowed with a unit of time, which can be allocated to
child rearing, labor force participation and education (training). Each agent chooses
whether to become a skilled worker or an unskilled worker. To supply skilled labor,
an agent must spend a fraction of their time endowment, 7 € (0,1), to acquire skill.

Each household chooses the number of children, where n} and nj denote the
pairs of children of skilled and unskilled agents, respectively. To raise a pair of
children, an agent purchases goods and services and employs a fraction of their time
endowment, denoted & and Z, respectively, where Z € (0,1).

Let Ny be the number of working age agents and ¢ be the ratio of skilled workers
to all workers. The aggregate supply of skilled labor and unskilled labor at time ¢
is L = (1 —7—2nj) Ny and L} = (1 — Zny') (1 — ¢) Ny, respectively.

Perfectly competitive factor markets imply

(2) wi = 0Yi/OLi = Al — o) [ke/he]”
(3) wy = Ab
(4) Ry = (1 + T’t+1) = 8Yt/6Kt =Aa [kt/htgo]a

where k; = K;/N; and h; = L] /pN; denote physical capital per working age agent
and skilled labor per skilled working age agent, respectively. Ceteris paribus, an
increase in capital intensity will therefore raise the wage® for skilled labor (wy)
while the wage for unskilled labor (wjf') is constant.

2.2 Household optimization

Each agent (household) derives utility directly from the number of children. Skilled
and unskilled agents are assumed to have the same preferences. The household
utility function is

(5) ug =yIn(ng) + An(er) +0In(epyq) 5 v+ A+0=1

where ¢, ¢;+1 and n; denote working-age consumption, old-age consumption and
pairs of children, respectively, chosen by the household at time ¢; v € (0,1) and A €
(0,1) capture the relative weights given to children and working-age consumption
and § € (0,1) is the discount factor.

Taking the lead of Balestrino et al (2003) and Apps and Rees (2004), we as-
sume that n; pairs of children are reared at home by combining parental time and

8This functional form is common to endogenous fertility models with wage differentials (Galor
and Weil, 1996; Kimura and Yasui, 2007; Chen, 2010).
9This is the real wage, with the price of the aggregate good normalized to 1.



goods and services purchased from the market, both of which are essential. The
“production function” for child rearing is a Cobb-Douglas specification

(6) ne = (2)" (2)™" 5 a€(0,1)

where & and z denote total child rearing goods and services and total time input,
respectively.
The total cost of rearing children for agent 7 is

(7) C = wiz +pe(1 - B)zy 18 € (0,1)

where p, and (8 denote the price and government subsidy per unit of purchased
goods and services, respectively.!?

The household first chooses the input mix, for a given n;, so as to minimize (7)
subject to (6), yielding child rearing input demands for time and goods

() d o= b pyni= [0
(&) i o= a(b o= [y

and the implicit cost per unit
(9) p(wi,pr. B) = [w]" [p2(L = B " B

where B =a"% (1 —a)"1"%, 51 = 9p(.) /0w and 2! = p(.)/Ops(1 — B).
Each agent faces the second period budget constraint

(10) Ct+1 = 8,5(1 + Tt+1)(1 — Tt+1)

where 7.1 denotes the rate of return on savings, s; , T3+ denotes the rate of taxation
on old age consumption.!!
A skilled worker faces the first period budget constraint

(]-]-) p(IUf,px,,B)nt+3t Swf (177—)

Maximizing (5) with respect to (10) and (11), it follows that the number of children
and the savings of a skilled worker are

s ’Y(l B T) U}f e
) s ]
(12b) ¢ = N1-1)w/
(12¢) si = 1=y=XN(1-7)w;.

An unskilled worker faces the first period budget constraint

(13) p(wi', B)ng + s¢ < wy'

19 As with w§, p. is the real price of child-rearing goods and services. Subsidies are financed by
a tax on old age consumption (see second period budget constraint below).

"'Subsidies are financed by a tax on old age consumption so as to satisfy the balanced-budget
constraint: S3,@ns [ni—1Li—1] = st—1(1 + r¢)TiLi—1. Although endogenous at the aggregate level,
the rate of subsidy and taxation is treated as exogenous by each individual household.



Maximizing (5) with respect to (10) and (13), it follows that the number of children
and the savings of an unskilled worker are

u 1—a
w _ w
e * = 3 i)
(14b) o = dwy
(14c) sg = (I—v—=Nwy.

Since agents choose to become skilled or to remain unskilled, agents are indiffer-
ent between becoming skilled and remaining unskilled in an equilibrium where both
types of workers exist. Equating the indirect utility of both types of workers yields
the arbitrage condition
wi!

(15) =(1— 7)Y/t

wi
where the equilibrium wage rate of a skilled worker is higher than that of an unskilled
worker, since 7 € (0,1); a € (0,1) and ~ € (0,1).12

Intuitively, each agent derives utility from children and old age consumption.
A skilled worker has lower fertility than an unskilled worker. On the one hand,
to become a skilled worker, an agent must spend a fraction of their time training,
and therefore has less time to rear children. On the other hand, higher wages
make children more affordable for a skilled worker. Consistent with evidence that
fertility of skilled workers is less than fertility of unskilled workers (Rosenzweig,
1990; Beenstock, 2007) we assume that the former effect dominates and fertility of
a skilled worker is less than fertility of an unskilled worker. Therefore, in order
to be indifferent between becoming skilled or remaining unskilled, a skilled worker
must earn a higher wage to fund higher old age consumption than their unskilled
counterpart.

2.3 Dynamic system

The dynamics of the economy can be summarized through the law of motion for
the capital stock per working age household. The market clearing condition implies
that the capital stock at period ¢ + 1 is determined by the savings of working age
households at the end of period ¢

(16) Kt+1 = StNt
where the total savings rate at time ¢ is

st = lpsi + (1 —0)) 5]
The number of working age households at time ¢ + 1 is

Niy1 = filVy

2 Although (12a) and (14a) indicate individual fertility is increasing in wages relative to childcare
prices, a positive wages effect does not occur until the second phase when every agent is skilled.
(3) and (15) indicate wi and wj are constant throughout the initial phase where both skilled
and unskilled workers exist. The average wage is increasing in ¢,, which we show herein rises with
capital per worker. Consistent with the empirical finding, fertility initially decreases with increasing
education and per capita income.



where the total fertility rate at time ¢ is

(17) fe=emi+ (1 —¢)ni
Capital stock per household is therefore given by

Kiy1 st

Nev1 o f

(18) k1 =

From (18), an equation of motion k1 = ¢(k¢) is obtained, since overall savings and
fertility is determined by ¢,, which we will see is a function of k; during an initial
phase, and savings and fertility of a skilled worker are determined by wy, which in
turn is a function of k; during the second phase.

It follows from (2), substituting for 2nj, (3), and (15) that the fraction of skilled
workers, ¢, is a function of k;, as implied by the following expression

1
B (1 _ 7—) a(l—a'y)il 1 —« 1/04 -
(19) p(ke) = 1—ay) b ki = Ok,

where (k) has an upper bound of 1. Once k; reaches a sufficiently high level, k,
all agents choose to become skilled.
Thus, the fraction of skilled workers is

B 1 ifk >k
(20) olke) = { Ok, if ky < K
here 0 = (=07 (1ay Ve i F g ielding the follow
where = W (T) an = , yie lng € 10 OWlng
Proposition 1: The fraction of skilled workers is non decreasing in the capital

stock per household, and strictly increasing in the capital stock per household for
ke < ];I

3. EQUATION OF MOTION

Substituting into (18) from (16) and (17), the equation of motion for the system
is derived from

(W) [p= (1= B if ke >k
1—y—=2A
(21) ki1 = Bg Okpws (1—7)+(1— 0k )w . =
Y oS T—a pRT T—a if kt <k
ok (i) 0000 () ]
where
s B [ke/(1 —ay)(1 —7)] ifky >k
(22) wy = Al —a) { [(1—-ay)(1—7)0]"% ifk <k



Referring to the Appendix, capital per household evolves over time from a his-
torically given initial level according to

kiy1 = o(ke)
et K ik 2
(== A s
(23) = A“B(Wi) 1+9{(1—r)(1a7>—1}kt
7 ba

if ky <k

al(l—'y)
10{ 1—(1—r) 7 }kt

where B =a"% (1 —a)~ 1% (p,(1 — B))} 2

The following properties of the equation of motion (23) ensure existence of steady
equilibrium (a)

_ a (1 - ’Y) . ’ -
(24) #(0) = (Ab)* B———= >0 and lim ¢ (k;) =0 .
’}/ kt—o00

Furthermore, the equation of motion has curvature properties which we summarize
with the following

Proposition 2: ¢ (kt) is increasing and convex in k; over the interval (0, l?;); in-
creasing and concave over the interval (k, oo).

Proof See Appendix.'?

Result 1: If the initial state of technology is sufficiently low, the economy con-
verges to a poverty trap, k7, or high education steady state, k}; , depending on
ko..'* The poverty trap is characterized by high fertility due to a high fraction of
unskilled workers.

Referring to Figure 3, for a low initial A, initial capital per person determines
whether an economy converges to a high education state or a poverty trap. If
ko < k such that ¢(kg) < ko, the economy converges to a poverty trap, where the
low k] determines a high ¢7. The high fraction of unskilled workers implies high
overall fertility, since unskilled workers have more children. For a sufficiently high
A, there exists a unique steady state equilibrium, k*, comprising skilled workers and
a stationary fertility rate, f*. We explore the behavior of fertility in convergence to
this equilibrium, which describes a developed or high income economy.

Result 2: If the initial state of technology is sufficiently high, the economy con-
verges to a high education steady state, £*. In transition to this steady state, over-
all fertility decreases over the interval (O, l;:) and increases over the interval (E, k:*)
Skilled workers bring about the reversal of fertility decline.

Bntuitively, curvature properties follow from the dynamic behaviour of savings and fertility. For
instance, when k; > k, fertility rises less than does savings, such that ¢(k:) follows the path of the
per unit child rearing cost function, p(wf, pz, ) which is increasing and concave in k.

" There is a third possibility, where A is extremely low such that ¢(k:) intersects the 45° line
once at k* < k7. In this case, a poverty trap is the only possible equilibrium.



Using (12a), (14a), (17), (19) and (22), the average fertility rate, f;, is expressed

as a function of k,
1—a a(l=y)
Ab (I—-av) . -
% [Pm(l—ﬁ)} |} — 0 (1 —(1-7) kel if by <k

Y1) 0 T AQ-a) o) .
B [Pm(lfﬁ)(lfa'y)"} kt it ke > k

(25a) [ (ki) =

where, referring to the appendix,

(25b) ff(k) <0 f"(k)=0 ifky <k
(k) >0 f" (k) <0 ifky >k
and
S N U =)
(250) PR =3 ats] e

_ b 1/ 1
where k = (ﬂ) (1 —avy) /(1 —7)el-an .

(25b) implies a negative relationship between fertility and capital per capita,
and therefore income per capita, when the economy initially comprises skilled and
unskilled workers. This relationship becomes positive once sufficient capital per
capita, k, has been accumulated such that all workers are skilled.

Based on (25a) - (25c¢), Figure 4 depicts the dynamics of the average fertility
rate. When k; < k, the economy comprises skilled and unskilled workers. Since a
skilled worker has less children than an unskilled worker, average fertility falls as
the fraction of skilled workers rises with k;. When k; > k, all workers are skilled and
the negative composition effect on average fertility disappears. Capital complements
skilled labor, raising the marginal product of skilled labor at a decreasing rate. As
skilled wages rise, the opportunity cost of raising children increases, but so to does
potential income. Substitution of purchased inputs for parental time mitigates some
of the rising opportunity cost for skilled workers, so that the income effect dominates
the substitution effect and a skilled worker chooses to have more children. Average
fertility rises with k; until it converges to the stationary rate, f (k).

(25¢) provides the critical values for k and f (/%) for which a positive relationship
between fertility and per capita income emerge. The level of f (/%) is higher, the
lower the subsidized price of purchased child rearing inputs (p, (1 — 3)) at time ¢,
suggesting a role for government policy. For a sufficiently large 7, k is increasing
in a, the production share of time in child rearing.'® Ceteris paribus, developed
countries where child rearing is inherently more (less) intensive in parental time
reach the fertility rebound stage at a higher (lower) level of capital per capita. The
value of a affects not only the onset but also the scale of fertility rebound. Referring
to the appendix, f’(k;) — 0 as a — 1. In the special case where the availability of
purchased child rearing inputs is restricted (a = 1), fertility of skilled workers is no
longer affected by wages growth. This may explain more prolonged periods of low
fertility in some high income economies, such as Japan and Italy.

5 dk In(l1—7 7
Bl [1+ a(LM))] EF>0eln(l-1) < —a(l—ay).

9



4. CONCLUSIONS

The once negative association between fertility and per capita income is no
longer observed across all countries. Fertility remains high in impoverished coun-
tries where the majority of workers are unskilled, declines with rising per capita
income in developing countries as the fraction of skilled workers rises and is now
positively associated with per capita income across more developed countries where
the workforce is predominantly skilled.

The model of economic growth and household choice of occupation, fertility and
child rearing presented in this paper explains these observations. Within an econ-
omy, skilled workers have fewer children than low skilled workers. As an economy
moves through two phases distinguished by the skill composition of the workforce,
the analysis predicts that as an economy grows, overall fertility

e initially declines with rising skill intensity of the workforce; and

e then may recover with rising wages of a skilled workforce.

Some testable implications arise for future empirical research on fertility rebound
at advanced stages of economic development. The results suggest that subsidies
to purchased child rearing inputs raise fertility and that the production share of
purchased inputs in child rearing positively affects the onset and scale of fertility
rebound. This implies that future empirical work on fertility rebound consider cross
country variation in the production weight and price of a child rearing alternative
to parental time, which in turn depends on cultural factors and government policy.

10
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Figure 1. Fertility and Per Capita GDP in 130 Countries, 1980-1984'6
Source World Bank (2012)

The sample of 130 countries, consistent across Figures 1 and 2, excludes major oil produc-
ing economies and Luxembourg, whose per capita GDP significantly outstrips other high income
economies. Luxembourg’s per capita GDP at PPP for 2005-2009 is $70,911, approximately two
thirds higher than that of the United States.

More developed regions comprise all countries of Europe, Northern America, Australia, New
Zealand and Japan. Less developed regions comprise countries of Africa (excluding sub-Saharan
Africa), Asia (excluding Japan), Latin America and the Caribbean plus Melanesia, Micronesia and
Polynesia. Sub-Saharan Africa comprises the least developed countries of Africa.
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Figure 2. Fertility and Per Capita GDP in 130 Countries, 2005-2009
Source: World Bank (2012)
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APPENDIX

Equation of Motion (23)
Substituting the second line of (22) in (21) and noting that wy* = Ab yields

0 e(1-n'"""1-a)
b+ {0 b0}

b = 2= g 1 - )

—a pl—a(l—a)(1_+ 1—a(l—a) 1—q)l—a —a
pl—a 4+ { ((1—a)'y)a(1*a) (1-o) _pl 9} Ky

Further substituting for #~%, using (19), and manipulating yields (23).

Proof of Proposition 2
Differentiating (23) and using (19) gives

aa [%kau_l >0 ifk >k

QZS,(kt) - A“Bm
v

—avy a(l—v)
b0 |:(1—T) (1-a7) —(1—7)(=am)

a(1-7) ’
1-08 1—(1—7) =am) Sk,

]>O if ky < k

Further differentiating, we obtain

~(1—aa)aa [ Kot <0 itk 2k

" ~ (1 — — A\ a(l— _a a(l—
¢ (ki) = aept=r =Y ba202{1—(1—7)(1(1“’z;}{(1—7’)(1‘;Y)—(l—'r)(l(l“z;

a(l—v) 3
1-0< 1—(1—7) 0=a7) L,

]>0 if ky < k

Proof of Result 2
Differentiating (25a) gives

a(l—7y)

l1—a —a _
f’(kt):—%[ﬁ} ol1-a1-n" ”’><o; Fr) =0 ifk <k

flk)=al-a)f 00 (k) =la(l—a) -1 78 <0 ifk >k
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