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Abstract
We examine how female labor supply affects fertility in an overlapping-
generations model, considering three different types of households exist in the
economy. We show a case that an increase in the female labor participation rate
increases the fertility rate. We also demonstrate that an increase in the social
security tax rate and the amount of child allowance benefit can decrease the

fertility rate in the economy.
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1 Introduction

We observe the positive relationship between female labor supply and total fertility
in OECD countries, recently. The total fertility rate has been slightly increasing in
Japan since 2005 around the same time that the female labor supply is also
increasing.

This paper considers an overlapping-generations model in which young-working
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generation is composed of three different types of households : households in which
both wife and husband work outside during raising children, households with
children in which only the husband works outside, and households of two workers
without children. In such economy, we examine how an increase in a proportion of
female labor supply affects the fertility rate through social security systems.

There are many papers which consider social security systems and fertility.
Becker and Barro (1988) and Zhang (1995) show that increasing social security
benefits reduces the fertility rate considering the bequest motives. Zhang and
Zhang (1998) demonstrate that with both PAYG-pension and gifts (transfer from
children to parents), a higher social security tax leads to lower fertility rate and
leads to higher per-capita growth rate. The relationship between female labor and
fertility is also discussed, theoretically and empirically. Ahn and Mira (2002) show
that with a panel of OECD aggregate fertility and labor market data between 1970
and 1995, along the cross-sectional dimension, the correlation between total fertility
rate and female labor participation rate was negative and significant during the 1970’s
and up to the early 1980’s, however, by the late 1980s the correlation had become
positive and equally significant. Apps and Rees (2004) analyze the extent to which
the positive relationship between female labor supply and fertility can be explained
by public policy, in particular taxation and the system of child support. The results
suggest that countries which have individual rather than joint taxation, and which
support families through child care facilities rather than child payments, are likely to
have both higher female labor supply and higher fertility. This paper presents a
positive relationship between female labor participation rate and fertility rate,
theoretically, considering heterogeneous households and social security policies.

The remainder of this paper is organized as follows. Section 2 presents the
model. Section 3 shows a case in which the increase of female labor force
participation increases the fertility rate. Section4 shows fertility effects of social

securities. Concluding remarks appear in Section 5.
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2  Model

We consider a small open economy populated by overlapping generations who live
through three periods : childhood, young, and old. By the assumption of a small
open economy, firms and households take a world interest rate as given. The
interest rate is assumed to be constant over time. The government implements two
social security systems ; Child-Allowance systems and PAYG-Pension systems.

The settings of the childhood and the old period are mostly common to all
individuals in the same generation except for the amount of pension benefit and
savings. However, in the young period, the individuals divide into three types of
households with an exogenous probability. The first type of households is consisted
of a worker who receives labor income, a homemaker who does not earn wage
income, and some children. We call this type of households as H-Parents. The
second type is a family with children where both parents are employed outside and
earn labor income, that is, so called double-income-with-kids family. We call this
type as D-Parents. The third type of households is married Couples, in which

(1)
husband and wife are working, without bringing own children.

2.1 Households

We refer to a generation spending as a worker or a homemaker in period ¢ as
generation £. The population of generation ¢ is denoted by N:. Tt is assumed that
the same number of male, N,”, and female, N/, exist in the economy. Thus,
N/ =N/ =+ N:. To focus on the female labor participation, we assume that only
X part of the female young population works, and (1—2) part of them is regarded

as homemakers (housewives) who do not earn wage income by themselves, in

(1) Although we regard all young individuals as couples to avoid complicacy, the result of this
paper is not changed if the member of Couples are not married and make independent living. At
that time, the number of households is only changed.
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contrast, all male young individuals work outside to earn wage income. Thus the
number of young female population of H-Parents is (1—x)N/. Among the female
workers, *N/, ¢ part of them is called as Couples who do not bring own children.
The number of such females is written as $xN/. (1—¢) part of the female
employees, (1—¢)xN/, is called as D-Parents and raise some children during
working outside. It is assumed that according to the distribution of female type
in the young period the couples are formed, automatically. The number of
households of H-Parents and D-Parents are, respectively, given by (1_Z)%Nt,
and (1 —¢)X%Nt. The amount of Couples in this economy is ¢X%Nt.

2.1.1 H-Parents
Each household of H-Parents derives utility both from material consumption in the
second and third periods of life, and from the number of children. The life time

utility function of the household of generation ¢ is expressed as

ul' =In¢}” +p Ine +oInnf, (1)

where ¢} and ¢/} denote consumption in the second and third periods of life,

respectively, 7/ is the number of children, p (0, 1) is the discount factor, which
is common among the same generation, and o (> 0) represents the degree of the
preference for children.

The budget constraints of the member of generation { when young is given by
(1-D)w+Qinf =c}™ +sH+qnkF, (2)

where 7 is the rate of payroll tax for social security systems, w is the wage rate, @
is the amount of child allowances per child, s/’ is the savings for consumption in
the retirement period, and ¢ is the rearing cost per child.

The budget constraint in the retirement period is written as
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(14+7)s#+TH, =c/H, (3)

where (1+7) denotes the interest factor, 7}, is the pension benefit paid in period
t+1.

Combining (2) and (3) leads to the household’s lifetime budget constraint :

JH b G 1— wo L (4)
e Fanl =(1-t)w+Q:n, TR

The households choose consumption in the second and third periods together with
the number of children so as to maximize lifetime utility (Eq.1) subject to the

lifetime budget constraint (Eq.4). The first-order conditions for the optimum are

given by
1 _(1+7)
C[yH C[ofll
and
(¢=Q1) o
Cty]] 7’l” .

Making use of the first-order conditions, we have

H _ [ _ Ttljr]l 5
n —(qut)v[(l z')w+—(1+7)] (5)
and
_ _ T o, Tl
sfH_p”[(l T)w+(1+7’)] (1+7’)Y
_ 1
wherev:7(1+p+d) (0, 1).

2.1.2 D-Parents
The setting of D-Parents is mostly the same as that of H-Parents except for wage
income in the young, and the amount of pension benefit in the old period. The life

time utility function of D-Parents of generation ¢ is expressed as
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up =Ine;” +p Inc/P +o Innp, (6)

where ¢/” and ¢/”, denote consumption in the second and third periods of life,

respectively, n/” is the number of children, and the degree of ¢ is the same as that
of H-Parents.

The budget constraints when young is given by
2(1-0)w+Qinpl =¢}” +sP +qnp . (7)

As D-Parents receive dual income, their income is twice as the income of H-
Parents. The saving is given by s/ .

The budget constraint in the retirement period is written as
(1+7)sP+Th, =¢/2, (8)

where T2, is the pension benefit which this type of households receive in period
t+1.

Combing (7) and (8) leads to the household’s lifetime budget constraint :

oD

TD
cf"-i—qn}’-i—ﬁ: 2(1-1)w+Q n,’)+ﬁ. (9)

The households choose consumption in the second and third periods together
with the number of children so as to maximize lifetime utility (Eq. 6) subject to the

lifetime budget constraint (Eq.9). The first-order conditions for the optimum are

given by
1 _p(l+r)
CEVD et
and
(g=Q1) ¢
C[yD ﬂ,D N

Making use of the first-order conditions, we have
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D _ o _ Ttpm 10
n} 7(q7Q1)77[2(1 r)w+—(1+7)] (10
and
T2 e

sP=pl2(1-1)w+

(1+7)" (1+7)°

2.1.3 Couples
Each household derives utility only from material consumption in the second and
third periods of life. The life time utility function of a household of generation ¢ is

expressed as
uf =Inci +p Inc/S, (11)

where ¢/ and c¢/¢, denote consumption in the second and third periods of life,
respectively.

The budget constraints when young is given by
2(1—c)w=1¢"+sF, 12

where s is the savings for consumption in the retirement period.

The budget constraint in the retirement period is written as
(1+7)sE+TE, =¢tC, (13

where TS, is the pension benefit paid in period #+1.

Combining (12) and (13) leads to the household’s lifetime budget constraint :

oC C
Cria TS,

(1+7):2(1—r)w+(1+7). (14)

e+

The households choose consumption in the second and third periods so as to
maximize lifetime utility (Eq. 11) subject to the lifetime budget constraint (Eq. 14).

The first-order conditions for the optimum are given by
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1 _p(l+7)
¢ clf

Making use of the first-order conditions and (14) we have

b TS, TS,

s =1 Ttr) (1tr)

Ty [2(1—7)w+

]_

2.2 Production

Competitive firms produce a single final good by employing both physical capital
and labor input. The aggregate production function at time f is given by
Yi=F(K:, Li)=K¢L'“, where Y, K:, L, and @ (0, 1) respectively denote
the aggregate output, the physical capital, the aggregate labor, and the share of

physical capital. The aggregate labor, L:, is

Li=N/+xN/

:%NH»X%Nt

=(1+2)5N:. 1)

Firms hire physical capital and labor inputs up to the point where their marginal

products equal their factor prices :

(1+7)= g};’ =aK/ 'L,
t
w = ng —(1-a)K L,

where 7 is the world rate of interest.

2.3 The government
This economy has two social security systems; Child-Allowance and PAY-G

Pension systems. The government levies a tax r [0, 1] on wages of young
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workers and redistributes 2 €[ 0, 1] part of the revenue to those young child-rearing
households as child allowances, and (1— ) part of it to retired workers as PAYG-
public pensions. In this paper, we assume that the pension benefit is only allocated
to retired workers, so homemakers who had not paid their contribution in the young
period are not received own pension benefit in the old perioc(lz.> The marginal
contribution rate 7 is assumed to be constant over time and common to all workers.
The value of allowance per child at time ¢ is described as €, which is adjusted

to keep the government’s budget constraint. The budget constraint of the child-

allowance policy at time  is given by
prwle = Qi Ni+1. (16)
The population of generation £+ 1 is expressed as
Ny =ntH(1—x)%Nt+n,”(1—¢)x%Nr. 17)

Using (15)-(17), the value of child-allowance per child is determined as

_ prwle _ prw(1+x) 18
Q= Neev  nff (1=x)+nP (1-¢)x" "

The amount of pension benefit per retired workers at time ¢ is described as 7t
and adjusted to keep the government’s budget constraint. The budget constraint of

the PAYG-pension system at time  is given by
(1_/1)2'th = TtLt—l.

The pension benefit per retired worker at time ¢ is determined as

(1—p)rwLe  (1—p)7wNe L
= = 9
T: Li Ni ’ )

(2)  Even if all old individuals including homemakers receive the same amount of pension benefit,
the results of this paper does not change significantly.
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The pension benefits which each type of the households of generation ¢ receives

at time #+ 1 are as follows.

H _—
TH, =T,
D o_ <
T2 = 2T,
Tt(il = 2Tt+1~

2.4 Equilibrium

We assume that individuals have perfect foresight not only into future interest rates

and social security benefits but also the number of children in the next generation.
Inserting government’s budget constraints (18), (19) into households’ equilibria (5),

(10, and using (7), we can get the numbers of children those H-Parents and D-

Parents decide to have in equilibrium, respectively, as follows.

it — 2w r)lpr(1+2) +on(1—o){1+2(1-2¢)}] 00
o214 7)—on(1—p)rw{1+2(1-2¢)} {1+ 2(1-2¢))
0P = 2mf = 4w(1+7r)pr(1+x)+on(1—o){1+x(1-2¢)}] o1

[2¢(1+7)—op(1—p)rw{l+x(1-2¢)} {1+ 2(1—-2¢)}"

To make sure that #/ and n/ are positive, we assume that the denominators of 20
(3)

and thus (1) are positive. That is,

on(1—p)rw{l1+x(1-2¢)}
2(1+7)

q> =qo.

Combining 20 and (21) leads to the population growth rate in equilibrium, as follows.

(3)  We can confirm the numerators of 20 and thus (21) are positive, easily.
. Ity _ 1, 1_4
{(1+x(1-2¢)}=0= ¢ < 2 _2x+2 =¢
Under x €(0, 1), then ¢ > 1. By the setting of ¢ =(0, 1), the sign of {1+x(1—24)} is
always positive.
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_ N _w(1+7)[pr(1+2)+on(1-){1+2(1-2¢)}]

N [2¢(14+7)—op(1—p)rw{l+x(1-2¢)}]

%

ne

They are constant over time.

3 Female labor participation and Fertility

In this section, we examine the effect of female labor force participation rate on the
fertility rate in the economy. First of all, we assume that more than half of the

(4)
female working population has their children, as follows.

Assumption 1.

DO =

Under Assumption 1., we have
Proposition 1.
An increase in the female labor force participation rate increases the total fertility

rate.

Proof. The partial derivative of fertility with respect to x is given by

sign(‘??)
=sign(q(1+7r)[pr+op(1—7)(1-2¢)]—op(1—p) pr*we). @2

(4)If less than half of the female labor have children, that is, ¢ > %, the result of Proposition 1.
changes, as follows.

Under 7 > 7, then on” > (), under 7 <7, then on’ <0, where = M

ox ax w—op(1-2¢)

When 7 >7, it is the same way as Proposition 1., under Assumption 1.

(0, 1).
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- o’ . L . o9 (1—p) pr’wé _
The sign of —— is positive if and only if ¢ > =g
By P YT T e ton(1-o)(1—24)] 7
Under Assumption 1., we always have qo = ¢i. Thus, the sign of % is always
positive.
Q.E.D.

There are two ways which the fertility rate increases as the female labor force
participation rate increases. First of all, when female labor participation rate
increases, the child allowance per child increases as the tax revenue increases.
Thus, the number of children which both H-Parents and D-Parents choose to have
increases. Secondly, as richer D-Parents have more children than that of H-
Parents have, the increase of the female labor participation rate raises the number of

D-Parents leads to higher fertility rate.

4 Social security systems and Fertility

In this section, we examine the effects of the social security systems on the fertility
rate.

The following propositions summarize effects of the increase of the social
security tax rate and the volume of child allowance benefit on the population growth

rates.

Proposition 2.

(1) When 1> i, an increase in the social security tax rate increases the fertility
rate.

(2)  When i < 2, an increase in the social security tax rate increases ( decreases )

the fertility rate, if ¢ <(>)q-.

Proof. The partial derivative of fertility with respect to 7 is given by
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on

sign(ﬁ)
=sign(2q(1+7)p(1+x)—on{1+x(1-28)} +027* {1+ 2(1-2¢)}* (1 — 1) w).
@3
I [ (14 %) —0n{1+%(1—26))]= 0, that is, x 2W5ﬂe(q 1),
thena—n>0.
or

If [(1+x)—op{l1+x(1-24)}]1<0, that is, ¢ <z, a—”z(g)o if and only if

or
-0 {1+ x(1-2¢)(1—p)w
1= a4 x) = (1 +2(1-26)]]

=q2-

Q.E.D.

When p </, pension benefit per retired worker is relatively larger and child
allowance per child is smaller. At that time, if the rearing cost per child is
comparatively large as g > ¢2, the negative effect of the decrease in the disposable
income dominates the positive effect of the increase of the social security benefit.
Thus, the increase in the social security tax burden can decrease the fertility rate in

the economy.

Proposition 3.
An increase of the allocation of child-allowance policy increases (decreases) the

fertility rate, if q >(<)qs.

Proof. We can show that the condition that the partial derivative of fertility with

respect to x is positive, as follows.

sign (g%)

= sign(—opw{1+x(1-2¢)Hc(1+x)+op(1—o){1+2(1-24)}]+2¢(1+7)(1+%))=0

oqw{1+x(1-2¢)}[c(1+x)+on(1—2){1+x(1-29)}]
2(1+7)(1+y)

Sq> = ¢s.

Q.E.D.
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The smaller the rearing cost is, the larger the fertility rate in the economy is. In
that case, when the government increases the child allowances while decreasing the
pension benefit, the households with children increases the saving in preparation for

the retired life, and decreases the number of children those they choose to have.

5 Concluding remarks

This paper has presented an economy in which young working generation is
composed of three-type households. In such economy, we showed a case that an
increase in the female labor force participation rate increases the fertility rate. We
also demonstrated that an increase in the volume of social security and even child
allowance benefit may decrease the fertility rate depending on the child rearing cost

in the economy.
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