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Abstract

We present an alternative explanation of the positive relationship be-
tween total fertility rate (TFR) and female labor participation rate (FLPR)
observed in recent cross section of OECD countries. We first show qual-
ity adjusted consumption is related to fertility and female labor supply
in a general equilibrium model with vertical quality differentiation and
heterogeneous labor, Then we verify this relationship with Japanese cross
sectional data from 8 different points in time (every five years from 1970
— 2005) in which a positive correlation between TFR and FLPR among
prefectures (regions) have been observed since 1980. We show that con-
sumption variables are statistically significant when they are added to
the crass section regression of TFR on FLPR. However, the FLPR coef-
ficient is no longer significant at the 5% level when quality of consump-
tion variables are included in the regression. Furthermore, FLPR has a
statistically significant negative effect on TFR in addition to the statis-
tically significant consumption variables, once we take both time-variant
regional heterogeneity of consumption and time-invariant heterogeneity
into account using the fixed effect model.
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1 Introduction

In this paper we present an explanation to the positive relationship between
fertility rate and female labor participation rate observed in cross section of
OECD countries. We first show theoretically that there is a relationship between
quality of consumption and number of children (Aoki (2008)). This reflects
not only preference of workers between consumption and children but also the
labor market and wages for skilled labor necessary for high quality goods and
unskilled labor necessary for the standard goods. In particular the relationship
between labor supply and number of children differ by skill level, meaning the
relationship may be positive or negative. The theoretical implications are upheld
by Japanese cross sectional data from 1970 to 2005. This constitutes the second
half of the paper.

Time series among many OECD countries show negative relationship be-
tween female labor participation and TFR (Figure 1), while cross country in
2005 (average of years 1985-1996 as well as year 2000, Sleebos (2003), d’Addio
and d’Ercole (2005), Da Rocha and Fuster (2006)) show a positive relationship.
In Japan, although time series relationship has been negative for 1980 - 2000
(Figure 1) , cross section among prefectures show positive relationship in 1987
and 2002 (Figure 2). Obviously conditions that differ across regions in Japan
are different from difference between two points in time. We also note that
countries with high per capita GDP have low birthrates (Figure 3), suggesting
low fertility may be correlated with high consumption.

The theoretical model is in the spirit to papers in growth and trade that take
into account the reaction of the economy in the long run (Acemoglu (1998), Flam
and Helpman (1987), Thoenig and Verdier (2003)). Acemoglu (1998) showed
that while in the short run, labor input is reduced in response to scarcity of
skilled labor and high wages, skilled labor supply increase in response triggers
technological change that makes skilled labor even more productive, raising
skilled Iabor wage in the long run. Our analysis suggests that a similar long
term adjustment of the economy will prevent a natural feedback mechanism
from working. That is, smaller population will increase marginal product of
labor more productive in the short run but consumption pattern will change in
the long run reducing such an advantage.

In Section 2 we present a theoretical frumework that derives a relationship
between quality of consumption and number of children. In Section 3, we verify
the results using Japanese data from 1970 to 2000.
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Figure 1: Time Series TFR and Female Labor Supply, OECD Countries
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Figure 2: Japanese TFR and FLPR by Region
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Figure 3: Cross Section TFR and Per Capita GDP

2 Theoretical Analysis

In this section we analyze a general equilibrium model in which consumers differ
by two attributes, their preference and skill level of labor. Consumers choose
either to consumer high quality product or standard (low quality) product.
Child bearing choice differ according to which product they choose, as well as if
they are skilled or not since wages differ according to skill level. Skilled workers
produce the high quality product and the labor supply level determine the level
of quality.

2.1 General Equilibrium with High Quality Product and
Heterogenous Labor
Consumers

We simplify the consumer’s problem so that she chooses between consumption
(z) and childbearing (n). Her preference is represented by the following utility
function which also depends on the quality of the good consumed, @Q,

Up(n,z) = (Qzf +nP)?, 0<p<1. (1)

Consumers preference, p, is distributed uniformly over [0,1]. Consumption good
is either the standard (low quality) @ = 1 or high quality @ > 1. Consumer’s la-



bor endowment is £ and wage is w which is also the opportunity cost of children.
Denoting price of the good by p, consumer chooses consumption and number of
children to maximize (1) with respect to the budget constraint,

pa:+um=wt-.

Each consumer’s consumption and number of children given quality @ is deter-
mined by the utility maximization given the budget constraint,

*add = Z
Er @@=y =g @

= (p,w; Q) =

where o = i -l
1=y
Consumption is increasing and number of children is decreasing in quality, as
in the previous section. The indirect utility is,

i
Vo (p, w; Q) = E(Q’(E}H + 1)

The consumer must choose which quality to consume. If her marginal utility
from more consumption is relatively large, she devotes less resources to children
and has fewer children. If the quality is low and not as beneficial, she derives
utility by having many children. She compares the utility levels from consuming
each quality and buys whichever yields higher utility. We denote the prices of
the goods with different qualities by py and pr. Consumer will buy the high
quality good when
vo(pr, w; Q) > vo(pr,w; 1),

This condition is equivalent to,

In B4

oLo= ;
InB4 —1nQ

(3)
Since o > 1, there will be no demand for the low quality good if In f,f <InQ.
This occurs if low quality product is more expensive ( pr = py) since @ > 1
and pp > pr but the price premium for the high quality is small relative to
difference in quality. It does not depend on the level of income.

Consumer's labor supply is the hours not devoted to raising children,
Q°

Lo(pw; Q) = E=ny(p,w; Q) = o ¥ (BT (4)

10



Markets

The labor each consumer supplies is either skilled (s) or unskilled (u). There
are total of N consumers, and # € (0,1) of the consumers are skilled. Labor
endowment, £, is the same for both types. We denote wages for skilled and
unskilled by w, and w,. Production technology is constant returns to scale in
labor: one unit of skilled labor produces one unit of high quality product and one
unit of unskilled labor produces one unit of the standard product. Furthermore
we assume both products are supplied competitively, meaning py = w, and
PL = Wy,

One skilled worker’s demand for high quality product is , denoting relative
wage by £ = ¥+ > 1 and using (2),

:f(f} =z (w,,w,;Q) = a',q:f—l: o= h‘f-_llﬂ'

and her demand for low quality product is,

£

E""'(ETI"'.I_)' T> 4.

:f(E) = z;(mm '”-GQ) —:
There will be positive demand for the low quality product only if £ > 1 since
£ =2 We make the following observation

Claim 1. High skilled consumers consume more of both quality, 5 (&) > zH (&)
and z}(€) > z{(£).

Total demand from all the skilled workers for high quality product and low
quality product are ,

&
L
oN fl 2 (¢)do and ON f:’ zLdo.

Similarly for unskilled workers, we have the individual demands for high quality
good,

£ In
A =<0~ FrETy <O wg
and demand for low quality good,
2 (€) = =5 (wu, wi; Q) = g. o> 8.

"



Total demands for each quality from all unskilled workers are,

&
(1-6)N f 27 (8)do and (1 - )N f zE(&)do.
1 &

Since production of one unit of good requires one unit of labor, demand for
skilled and unskilled labor, L? and LY are,

& oo
D o H L
LP(g) = aN‘ j: 2 (€)do + ON j; zldo, (5)
L2@=oN [ =E(edo+ (1= [ =E(e)do (®)
1 &

Labor supply is constructed in a similar manner from individual supplies.
Individual labor supply as function of relative wage is , using (4) ,

QE ”

O =L@ = gy, @<

(€ = L way wai ) = 51_,;“ o580

H = gy Wy = LE o<T
£ = G wi@) = g, 7 <0

() = (s i) = 2, 0> 0.

Aggregation yields the total labor supply of each type,

L3=NE[ " (€2 (&) + £5(6)} do, @)
L = (- onE [ " {(6) + £5(8)} do. (®)

It is easy to show, from (3), that & is decreasing in € that LP and LY is decrensing
in§ = J* and L? and LY are increasing in €. Equilibrium relative wage for
a given quality level, £*(Q), is determined by the skilled labor market clearing
condition,

L(§) = L3 (€).
The unskilled labor market has cleared by Walrus Law.

12



2.2 Comparative statics
We first see how the equilibrium labor supply and relative wage change with
quality.
Claim 2. (i) L?, LS and LP are increasing and L2 are decreasing in Q.
(ii) Equilibrium relative wages and level of skilled labor are increasing in qual-
ity. That is, 8€*(Q)/0Q > 0 and 8L3(Q)/6Q > 0.

(See Figures 4 and 5. Proof is in the Appendix.) Higher quality makes
consumption attractive for skilled workers and also increases proportion of all
workers that consume the high quality product. Thus both demand and supply
of skilled labor is increasing in quality. The same effect increases the supply of

unskilled workers and reduces demand for low quality good. The latter effect
implies demand for unskilled workers decreases when quality improves.

L EEO LED
) [ Leo

S
r” ¢

Skilled Labor Market

Figure 4: Equilibrium in Skilled Labor Market

Skilled labor supply is increasing in population, LS /AN > 0, from (7) and
demand is also increasing in population, 8LP /8N > 0, from (5). (See proof of
Claim 2 in the Appendix.) This implies
Claim 3. Both equilibrium skilled and unskilled labor will increase when popu-
lation increases, 8L2/ON > 0 and L3 /0N > 0.

Again, using the proof of Claim 2 in the Appendix, both demand and supply
of skilled labor are also increasing in proportion of skilled consumers, L /00 >
0, from (7) and 8LP /06 > 0, from (5).

13
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Figure 5: Equilibrium in Skilled Labor Market

Claim 4. Equilibrium skilled labor and equilibrium relative wage are increasing
in the proportion of skilled consumers, 0L} /80 > 0 and € /80 > 0.

Birthrate

Individual number of children are,

n(€) = 2 (wy, wy; Q) = a?i_r o<y,
nf(€) = ny(wy,wy;1) = E.,TE_*]. a> &
7
nll (&) = nj(ws, wy; Q) = FR=Te <

nk(g) = g (1, s 1) = %, o>a.

It is clear that for given wage level, those that consume high quality good de-
voted even more resources for consumption and thus reduce number of children
when quality improves. Since the equilibrium relative wage is increasing in
quality, we can say the following,

Claim 5. (i) Skilled consumers have less children . That is , nf! < n¥ for
o < & and nF < nk foro > é.

(ii) Skilled consumers have less children when qualily of product improves.

14



That is, dn¥ /dQ < 0 for o < & and dnk/dQ < 0 for o > &.

ber of children when quality improves. That is, dnk/dQ = 0 for o > &.

The substitution effect dominates for skilled workers that consume low qual-
ity and they reduce number of children. For unskilled consumers that bought
high quality good, improvement makes consumption more attractive (reduce
children) but their relative wage becomes lower and the income effect works in
the oppasite direction. The total effect is not clear.

Endogenous quality

We have so far assumed that quality @ is exogenously determined. In this section
we pride a brief explanation of how quality can be determined endogenously.
Assume that level of quality is increasing in the size of the skilled labor. That is,
@Q = Qr(L,) is an increasing function of Q. Subscript T' refers to “technology™
which is what this relationship reflects, We will denote the inverse relationship
between the market equilibrium supply of skilled labor and quality of L}(Q) by
Q = Qu(L,), which is an increasing function from Claim 2. The equilibrium
level of labor L] and equilibrium level of quality, @* = Qp(L}) = Qr(L}), is
the intersection of the two curves,

When marginal increase in quality from labor is very large, then the equi-
librium is unstable. Graphically, this would mean slope of Q7 is steeper than
Qu (@7 > Q) . This is the case around equilibrium E, in Figure 6. A per-
turbation away from E; results in either spiral increase in quality and skilled
labor supply or decrease of quality and skilled labor supply. When technology
is mature so that marginal quality improvement is very small, then equilibrium
is stable (@ < @),;) . This is equilibrium Ej; in Figure 6. There may be mul-
tiple equilibria, some stable and others unstable. A slight perturbation from
low quality with small skilled labor force will start a spiral of labor and quality
improvement until E; is reached.

3 Empirical Application

In this section we examine the empirical evidence to support the theoretical
implications of the previous sections. In Section 3.1, we present the data with
descriptive statistics and confirm the positive relationship between total fertility
rate (TFR) and female labor participation rate (FLPR) among regions (prefec-
tures) in Japan, as seen in other OECD countries. We present the estimation
results in Section 3.2. We estimate the equations that assume that regional TFR

15



Equilibrium Quality and Skilled Labor

Figure 6: Equilibrium Relationship Between Quality and Skilled Labor

is affected by regional variables that reflect quality or variety of consumption
goods, Specifically we consider household leisure and entertainment expendi-
tures, automobile ownership, and number of department stores as explanatory
variables, in addition to the traditional marriage and other family variables. We
employ the fixed effects model to take into account the unobserved heterogeneity
AmMong regions.

3.1 Data and Descriptive Statistics

We use data from 47 prefectures for years 1970, 75, 80, 85, 90, 2000, and 2005
(Okinawa prefecture is not included in 1970). Figure 7 plots correlation coeffi-
cients between regional TFR and FLRP by the 8 years from 1970 — 2005. The
coefficient is negative for 1975 but is positive thereafter. For the last few years,
the correlation is not only positive but close to 0.5 , a very clear positive rela-
tionship between TFR and FLRP. This is similar to the phenomenon observed
in other OECD countries in recent years. We will be controlling for consump-
tion variables implied by the proceeding theoretical model to understand the
relationship.

The labels and source of the variables for the regression in the next section
are summarized in Table 1. We introduce some new variables as determinants of
TFR in addition to the traditional marriage variables. In order to capture qual-
ity of consumption, we use proportion of leisure and entertainment expenditure
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Figure 7: Correlation Coefficient by Year

in household expenditure , automobile ownership per working population, and
number of department stores, which usually specialize in high end products.

Table 2 summarizes the change throngh time by depicting mean, standard
deviation, minimum and maximum values for each varinble for each year. The
steady decline of TFR is striking and TFR in 2005 has been decreased to al-
most one-half of that in 1975. The number of married couples has been declin-
ing as well. FLPR declines slightly in the period, but the standard deviation
has changed from 6.313 (in 1975) to 2.467 (in 2005), implying that prefectures
have become more homogeneous for FLPR. There is a similar phenomenon in
marriage standard deviation. On the other hand, we also observe that some
variables have had rising means (proportion of one-person households, propor-
tion of leisure and entertainment expenditure, automobile ownership rate and
number of department stores), especially means of antomobile ownership and
the number of department store have risen substantially. And their standard
deviations have increased, suggesting they could be better explanatory variables
for heterogeneity of prefectures. In Section 3.2 we regress TFR on FLPR and
other variables, and apply the fixed effect model to our panel data to incorporate
unobservable heterogeneity among prefectures,

Table 2: Descriptive Statistics
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