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1. Introduction

As shown in Table 1, for sub-Saharan African economies, child and adult mortality
rates are still high. In these economies, with low secondary school enrollment rates,
fertility rates also remain high whereas poverty head count ratios show the preva-
lence of poverty. Significant gaps now exist in per capita GDP between sub-Saharan
African economies and East Asian and Pacific economies. The governments of de-
veloping economies including sub-Saharan African economies combat diseases that
have high child mortality rates.! It would be natural to consider that uncertainty
about the number of surviving children, a low opportunity cost of child rearing,
and the existence of child labor cause high fertility rates, which slow the rate of
economic development. Thus, when we evaluate reductions in the child mortality
rates by health challenges, it would be worthwhile considering uncertainty about
the number of surviving children.

This paper develops a model where parents decide on their fertility rate and
whether they will make their children work as child labor or provide education
for their children before the uncertainty about child mortality is realized. They
will decide the level of education for their surviving children, whereas it implies
the decision after the uncertainty is realized. Because we assume that the survival
probability of a child depends on the income level of his or her parents, it implies a
high child mortality rate of poor people and a low child mortality rate of rich people.
In our model, there are income level thresholds for the start of education investment
because of convex educational expenditure and the existence of child labor.

Uncertainty about the number of surviving children decreases the expected util-
ity via the variance, while the uncertainty also affects the income of child labor.
When the survival probability of a child of poor people and the productivity of

child labor are high, an increase in the survival probability can increase the fertility

1 Child mortality is caused primarily by infection, pneumonia, malaria, diarrhea, and malnutri-
tion. In developing economies, a half of child mortality under five years old is caused in a day of

birth. See WHO (2013).



rate. Thus, it could prevent poor people’s escape from poverty through education
investment. Under the prohibition of child labor, an increase in the survival proba-
bility of a child decreases the fertility rate but temporarily increases the number of
surviving children that increases the expected utility level. It can help poor people
to afford education for their children. Because an increase in the number of the
poor’s surviving children can increase the population ratio of poor to rich people,
per capita GDP may decrease even with the decrease in the poor’s fertility rate
until the start of education investment. Further, an increase in the wage rate could
be more effective in helping the poor to escape poverty than health investment if
the survival probability depends on the income level. When people accumulate their
human capital, an increase in the survival probability has ambiguous effects on their
fertility rate and human capital level at the stable steady state.?

The remainder of this paper is organized as follows. The next section places the
study in the context of the existing literature. Section 3 describes our model. We
investigate how declines in the child mortality rate affect the fertility and education
decisions of rich and poor people. We also see macroeconomics. In Section 4, we
examine the panel estimation results. We conclude in Section 5 with some policy

implications.
2. Related literature

Zeira (1998) and Moav (2002) examined the evolution of income distributions by
assuming credit constraints and convex educational expenditure. They showed po-
larization of income distributions with persistent poverty. We extend their models
by considering fertility under uncertainty about the number of surviving children.
Because we examine whether an increase in the survival probability of a child can
help poor people start their education investment, we can evaluate policies designed

to decrease child mortality rates. Furthermore, we examine how the difference in

2 Education investment per child may not increase because of an increase in the number of
surviving children. However, an increase in the wage rate can decrease the fertility rate but

increase the human capital level.



the numbers of surviving children between rich and poor people affects economic
development.?

Kalemli-Ozcan (2008) developed a model in which parents decide on their fertility
rate before the uncertainty is realized, but they choose to invest only in the human
capital of their surviving children. By extending his model, this paper examines
how an increase in the survival probability of a child helps poor people to escape
poverty by starting education investment. We allow the decision of no educational
expenditure under uncertainty about child mortality.*

Some empirical controversy surrounds the effects of declining mortality.> Using
panel estimation, we found positive effects for the child mortality rate on the fer-
tility rate and the number of surviving children but a negative effect on education
investment. We also found a negative effect for the number of surviving children on

per capita GDP.

3. Model

3.1 Fertility and education decisions under uncertainty

In an overlapping-generations economy, individuals can live for two periods if they
survive. We consider child mortality before children work as child labor or go to
school. When parents make their children work as child labor, they obtain their own
labor income and child labor income. They determine the education level of their

surviving children after the uncertainty about the number of surviving children is

3 See also Galor and Moav (2002), Kremer and Chen (2002), de la Croix and Doepke (2003),
Doepke (2004), and Nakamura and Seoka (2014) that examined economic development with dif-

ferential fertility.
4 Cigno (1998), Kalemli-Ozcan (2002), Strulik (2004a,b), Soares (2005), Galor (2005), and

Azarnert (2006) examined the effect of child mortality decline. Hazan and Berdugo (2002), Doepke
(2004), Strulik (2004a,b), Moav (2005), and Load and Rangazas (2006) explored development with

child labor.
® See Load and Rangazas (2006), Acemoglu and Johnson (2007), Weil (2007), Lorentzen, McMil-

lan, and Wacziarg (2008), Angeles (2010), Cervellati and Sunde (2011), Galor (2012), and Naka-
mura and Mihara (2014).



realized, only if they decide that their children go to school, but not work as child
labor. Rich people, but not poor people, are assumed to be educated initially.

We first describe the utility function of parents, which depends on their con-
sumption level, the number of surviving children, and the education level of their

children by allowing zero education investment:
Up=vlncy +nIn Ny + (1 — v —n)In(o + e Nyy), (1)

sit. (1= zng)hyw + (1 — 24)0wNy = ¢ + xipes Ny, (2)

where ¢ = r,p. r and p respectively represent rich and poor people. We assume
0<vy<1,0<n<1,0<1l—y—n<1,and 0 < 0. Uy is the utility level, ¢;; is the
consumption level, N;; is the number of surviving children, e;; is the education level,
n; is the fertility rate, h; is the human capital level of a parent, and w is the wage
rate.® 1z represents the decision with respect to work or education of children and
takes a value of zero or unity.

We assume that the amount of educational expenditure increases the parents’
utility level because it increases the human capital level of their children.” We

describe the human capital level as follows:
hirr1 = (14 eq)’, (3)

where 1 = 7, p. We assume 0 < § < 1.

The human capital level is still positive even without education investment. The
decision x;; = 0 implies that e; = 0. Parents choose the education level with the
decision z;; = 1.

Because child mortality rates would be highly correlated with the income level

ex post, we assume that the survival probability of a child depends positively on the

6 We consider a linear production technology with perfect substitutability of labor; that is, the

wage rate is equal to the productivity of labor.
7 If we assume that the parents’ utility level depends on the human capital level of their children,

then the consumption level and total amount of educational expenditure would depend on the

number of surviving children. The analysis would be then complicated.



income level:

qit = Q<hitw); (4)

where we assume 0 < g;; < 1, B?Z‘th > (0 and % < 0.
Thus, a low level of human capital implies a low survival probability of a child.
The number of surviving children is distributed as a binomial distribution:
S(Niminai) = || a1 - gy (5)
it
We now examine the utility maximization problem. When parents decide their
consumption level and fertility rate, they face uncertainty about the number of
surviving children. They decide the education level of their children after the un-
certainty is resolved. Thus, we use backward induction to solve the utility max-
imization problem. We first examine that parents can afford education for their

children. Given that uncertainty is resolved, individuals maximize their utility level

by education investment:
Hé%X U(eit|nit, Nig, e = 1), (6)

where the utility level depends on the level of education in which the utility level is
conditional on the fertility rate, the number of surviving children, and the decision

of education investment:
U(eitlnit, Nit7 Tit = 1) =7 ln[(l—znit)whit—eit]\fit]—i—nln Nlt—F(l—’}/—n) ln(0+eitNit)-

The education level is represented as follows:

(1=~ —n)(1 = zny)why — o
(1 —=n)N; ' @)

it =

Whereas the expenditure of education is convex with respect to the income level, it is
divided equally among the surviving children. The ratio of educational expenditure

to income increases with an increase in the income level.



Income is allocated to consumption and educational expenditure, and thus we

have the following consumption level:

= Wt 230 0

Both the consumption level and the total amount of educational expenditure de-
pends on the fertility rate, but not on the number of surviving children. That
is, a decision of the fertility rate implies the allocation between consumption and
educational expenditure.

The education level in (7) and the consumption level in (8) imply the following

utility level:

Uit

en=1 = (1 =n)In[(1 — zny)why + o] + nln Ny + Dk, 9)

Y (A—y=m)! 7"

where D, = In o=

By considering uncertainty about the number of surviving children, we can rep-
resent the expected utility as:
Tt

pi=1) = Z U(nit, Nit| i = 1)P(Nig; e, Gie)- (10)

NitZO

E(Uy

By use of the delta method which is a Taylor expansion of the second order
around the mean, the expected utility in (10) can be approximated as follows:

1T —q

Qi Mt

E(Uy

en=1) = (1 =) In[(1 — zny)whi + o] + nlnnyqis + De —

(11)

The expected utility level increases with the mean in the number of surviving chil-
dren but decreases with the variance. The last term represents the variance which
implies the risk about the child mortality. An increase in the fertility rate or the
survival probability decreases the variance.

We obtain the fertility rate by maximizing the expected utility in (11). Given

the parental human capital level, the fertility rate satisfies:

whiz 1 I —gq
t F— 41 Qit

F(nig, hig) = —(1 —
( t t) ( 77) (1 . Z’flit)'LUhit + o0 Nt 2Qitn12t

= 0. (12)



We assume n;; > 1 to avoid a decrease in the population.

The fertility rate decision is affected crucially by the variance in the number

8

of surviving children.® An increase in the income level decreases the fertility rate

because of an increase in the opportunity cost of child rearing:

OMitlzy=1  OF (nig, hiy) /Ohigw
E)hitw - (()F(nit, hzt)/anzt

< 0.

We next consider that parents make their children work as child labor; that
is, they do not afford education for their children. The expected utility level is

represented as follows:

it

2u=0) = Z U(nt, Nit|wir = 0)P(Nig; 1t Gie) (13)

NitZO

E(Uy

where Us|yz,,—0 = vIn[(1 — zni)hi + 0nyqi] + nIn Ny + (1 — v —n) Ino.
Using the delta method, the expected utility can be approximated as:

E(Uy

en=0) = yIn[(1 — zny)hi + Onuqir] + nlnngqie + D

1—q it (1 — i) 0?
_?7( qt)—’)/ Nt it ( Git) 2’ (14)
2 2[(1 — zng)his + Onipqi)

where D,,, = InwYo!=777,

The number of surviving children affects the utility level not only directly, but
also indirectly through the income level because of child labor. The last term in (14)
represents the variance in the number of surviving children via the income level. We

obtain n; by maximizing (14). The fertility rate satisfies:

Zhit - 9% 1 <1 _ Qit)
G(nit, hit) = — Nt 2qum?
(i hit) 7(1 — 2nit)hit + Onieqin " nnit o 2qin3;

Qz‘t(l - Cht)gz
— 1
VS[ = 2ngVhay + O L T

The variance in the number of surviving children affects the fertility rate with the

2nz‘t(2hz‘t - Q%tnit)
(1 — zng)his + Onuqa

— 0. (15)

productivity of child labor.

8 In the appendix, we consider the perfect foresight about the number of surviving children

which yields the different result.



We assume that the opportunity cost of child rearing exceeds the income of child
labor:

Zhit > ‘9(]” (A]')

Parents cannot afford education for their children—that is, they choose x; =
0 when the marginal benefit of education cannot outweigh the marginal cost of

education—then we have:
B(hyw) = (1 —v — n)whiy(1 — 2n4t|e,,=1) — v0 < 0. (16)

Furthermore, even when B(hjw) > 0 holds, when the expected utility with edu-
cation investment cannot outweigh the expected utility without education investment—

then we have:

IC(hiw) = E(Uit|e;=1) — E(Uit|2;,—0) <0, (17)

parents make their children work as child labor. Note that E(Uj|,,,=1) can be defied
when B(hyw) > 0.

3.2 How do child mortality declines affect the fertility and education

decisions of poor and rich people?

In this subsection, we first examine the effect of an increase in the survival probability
of a poor’s child on their start of education investment. We consider the threshold
in the wage rate at which the marginal benefit of education investment is equal to

its marginal cost:
B(w) = (1 =~ = n)i(l = 2npls,=0) —v0 =0, (18)

where 1|, ,—o is given by G(n,, hy) with ¢, = q(w).
When w < w holds, we have B(w) < 0; that is, it is impossible for poor people to
afford education for their children because of that h,y = 1. We consider an exogenous

health investment on poor people, which can increase the survival probability of their



children. The survival probability of a poor’s child is represented by g, = ¢(w : v)
in which v is health investment and we assume %ﬁ > 0.7

The effect of an increase in the survival probability on the fertility rate is rep-

8nplzpt:0 _ G (np,hp)/0gp

resented as day 9C(nphp)/0ny

Given the fertility rate, the increase in the
survival probability can increase both the mean and variance in the expected utility
through the income of child labor. When we have a low z — /g, implied by a low cost
of child rearing, a high productivity of child labor, and a high survival probability,
given g, > 1/2 which implies a decline in the variance represented by n,¢,(1 — g,),
the increase in the survival probability can increase the fertility rate, %q'it:o >0
that can increase the income of child labor.

The effect of an increase in the productivity of child labor on the poor’s fertility

. onplz, =
rate is represented as nplaept 0 = — 83&%;::’))/6‘1617. When we have a low z — fg,, the
. . .. . . .- onple, ,—
increase in the productivity of child labor can increase the fertility rate, % >0

because of the increases in the income of child labor.

Proposition 1: (Effect of an increase in the survival probability on the fertil-
ity and education decisions of poor people in the presence of child labor). Suppose
that Assumption (A1) holds. An increase in the survival probability of a child may
increase the threshold in the wage rate for the start of education investment because
of the presence of child labor. Thus, it may not help poor people to start education
1mvestment.

Proof: The effect of an increase in the survival probability on w is represented

as g—;z = —7?)@((’3))%2 in which
0B(w) 0B(w) 0Ny lzp=o
=1—~v—- d =(1—~— —
9 7o and =5 (1—v—nwz o0,
When we have a low level in z — g, %{;FO > 0 can hold. We then obtain
%Z > 0. ||

9 Increases in the numbers of skilled maternity nurses, improved distribution of maternity health
records, and the administration of particle nutrients to pregnant mothers help to reduce maternal
and child mortality rates. Vaccines, the administration of nutrients to children, and mosquito nets

can decrease the child mortality rate.

10



An increase in the survival probability has an ambiguous effect on the incentive-
compatibility condition for educational expenditure. Given a positive education

. onple, =1 Ogpnplz, =1 L.
investment, we have pag;”t < 0 and % > 0, whereas it increases the
r P

expected utility. Thus, the effect of the increase in the survival probability on the
incentive-compatibility condition depends on the increases in the expected utility
with and without education investment.

Let us assume that child labor is prohibited. The expected utility can be ap-

proximated as follows:

1—gq,) 1
E(Upt|zp—0) = yIn(1 — zny)w + nlnnyg, + (1 —v —n)Ino — u—. (19)
20 My
By maximizing the expected utility, the fertility rate is given by:
z 1 1—gq,1
G hy) = —y——— — P — =0. 20
(1p, ip) vl_znp+nnp+n 2y 2 (20)

From (18), we have E(Up|z,,—0) = E(Upt|z,,=1) at w = w because of no child
labor. Thus, when w > w, we can have the incentive-compatibility condition,
E(Upt|zpi=1) > E(Upt|z,e=0)-

An increase in the survival probability of a child always decreases the fertil-

anp'“”ptzo — __ 0G(np,hp)/0qp <0
Ogp OG(np,hp)/Onp :

ity rate because of no child labor; that is, we have

Furthermore, the increase in the survival probability increases the number of sur-

.. . . Aqpnip|z, =0 L. . . .
viving children; that is, we have pé’% > (0, whereas it implies an increase in the
p

expected utility level.

Lemma 1: (Comparison in the effects of survival probability on the fertility rates
between with education investment and without education investment under the pro-
hibition of child labor). (a) The fertility rate with education investment is lower
than that with no education investment: np|y ,—0 > Npla,,=1. (b) An increase in the
survival probability can decrease more rapidly the fertility rate without education in-

nplayy=0 Onplay, =1

vestment than with education investment: e > T (c) The elasticity

of the fertility rate with respect to the survival probability can be higher with education

Olnnple,, =1 dlnnplz,—o
Ogqp Oqp

mwvestment than without education investment: —

11



Proof: (a) Let us temporarily assume that:

v (1 —=nw
L —2nylz,—0 (1= 2nple,—1)w +o

This implies np|z,,—1 > Npls,—0. Furthermore, we have:

(1=n—y)w(l = z2np|s,—0) — 70 < YW(Np|2p=0 — Mplzp=1)-

Although this implies (1 — 7 — y)w(l — 2n,|s,—0) — vo < 0, this contradicts
B(w) > 0 which implies the decision, x,; = 1.
Thus, the following inequality holds:

vz (1 —n)wz
L—2nplo,=o (1 = 2nply,=1)w + 0’

(21)

which implies 7p|z,,—1 < 1p|z,—0-
(b) By use of (12) and (20), the effects of an increase in the survival probability
on the fertility rates without education investment and with education investment,

respectively, are represented as follows:

"
(9np’xpt:0 . 243
) -1 _n(l=gp) 72 _nl=gp) ’
dp Y [77 + 2qpnp‘;pli:0:| T+ ‘1pnp|zpf:0
__n_
8np|$pt:1 B 2q2
T _n(l—ap) 12 _nl=gp) °
dqp (1—n)"tn+ 2qpnplz;:1] TNt G

on |z =0 on |z =1
We have — paq’;t > — paq:t because 1, |z,,—0 > Npla,,—1 and 1 —n —~ > 0.

(¢) We obtain:

8np\wpt:1 anp‘xpt:()
P P
- dp > — dp 7 (22)
np|$pt:1 np‘xpt:()
Oln+ S 2, .
because np|z,,—0 > Npla,=1, 1 —n —v > 0, and — e > 0 that holds with

g = 1/3. ||

We have %qiw) > 0; that is, the incentive-compatible condition for education
investment can hold more easily with an increase in the survival probability because
Nplay=1 < Nplay—0- We now examine how increases in health investment and labor

productivity are effective for the start of education investment.

12



Proposition 2: (Effect of an increase in the survival probability on the fertility
and education decisions of poor people under the prohibition of child labor). (a) An
increase in the survival probability decreases the threshold in the wage rate through
a decrease in the fertility rate. Thus, it can help poor people to start education

Oqp

investment. (b) Suppose that % = 2. An increase in the wage rate helps poor

people to start education investment more strongly than health investment does.

Proof: (a) We have % = —% < 0 because
0B ONp|pe—
(w) :(1—7—77)1027%’ n=0 .
g, 0qy

(b) The effects of the wage rate and health investment on B(w) are, respectively,:

0B(w)

ow I=y=—n+0-—7- n)wzianp’xm:o%

dg, Ow’

a (w) an |:z' =0 8(]
d = (1 —~— Zplep=0 THp
o v (=5 =njwz dqy, Ov
Thus, when % = %, we obtain 3571%”) > aBa(Uw), |

An increase in the wage rate can have both a direct effect through the income
level and an indirect effect though the fertility rate. However, health investment has
only an indirect effect through the fertility rate. Thus, the increase in the wage rate
can help poor people to escape poverty more strongly than health investment can.

We next examine how an increase in the survival probability of a child affects
the fertility and education decisions of rich people. Given the human capital of

parents, an increase in the survival probability decreases their fertility rate and

Ongt |x7,t:1

5 < 0 and
qrt

increases their number of surviving children; that is, we have

aq”n*t!frt:l > 0. Thus, their expected utility level can increase because of health
aE(UrtLvrt:l)

Dare > 0.

investment:
Using the law of large numbers, the average level of education investment can

be represented as:
o — (1=~ —=n)(1 — zn.)wh, — 7o (23)
(1 = m)nreqre

13



An increase in the survival probability of a child can increase education invest-

ment: % > (0 when the following inequality holds:

(1 - - n)thTt(_gZ:z) aqrtnrt

(1 =~ —=n)hpw(l — 2n.4) — 0 0qys

Because an increase in the survival probability decreases the fertility rate, an
increase in the income level can increase educational expenditure. However, given
the total amount of educational expenditure, an increase in the number of surviving
children decreases the amount of educational expenditure per child. When the
former effect outweighs the latter effect, education investment per child can increase
because of an increase in the survival probability.

The dynamics of the human capital level can be represented as follows:

1—~y—n)(1— — 1—
(1=~ —n)(1 = zn.)why — 0+ ( n)nrtht](s ). (24)
(1 - n)nrtQTt

hrt+1 = [
ong
Note that Fp=t < 0.
We assume concavity in (24):

Ohyiin o
0 and
T 1)

< 0. (A2)

Assuming the existence of steady states, Assumption (A2) implies the unstable
steady state represented by h** and the stable steady state represented by h*; that
is, we have E)ahzitftl h.=h= > 1 and 881127?:1 h=h+ < 1. We also obtain n** and n* which
respectively, correspond with A** and h* (n** > n*). As shown in Figure 1, given
h,.o > h**, the human capital level monotonically converges to h*.

Let us examine the effects of an increase in the survival probability on the fertility
rates and human capital levels at the steady states. We consider (12) and (24) at
the steady states in which F(n,, h,) = 0 and H(n,, h,) = h — h(h,,n,) = 0. Thus,

the comparative statics are represented as follows:

ong 1 OH (ny,hr) OF (nr,hr)  OF(ny,hy) OH (0 hr)

ov _ Oh, ov Oh, ov (25)
Ohy Q(nr, hr) _ 0H(nr,hr) OF (nr,hr) + OF (ny,hr) OH (nr,hr) )

ov ony ov ony ov

14



— OF(ny,hy) 0H(ny,hye) — OF(ne,hy) OH (nr hr) OF (ny,hy)
where Q(n,, h,) = == o o o We have =—g2== < 0,

OH (ny,hr) OH (ny,hr) aF(nmhr
v O ong, > 0

d 8F(nr7hr < 0

<0, an
Under Assumption (A2), we have Q(ny, hy) > 0 at h, = h**. We assume that at
h, = h*,

Q(ny, hy) < 0. (A3)

This assumption easily holds when we have a strong concavity in (24) at the
stable steady state. We consider the different signs of Q(n,., h,) between the stable
and unstable steady states.

We obtain ambiguous effects of an increase in the survival probability on the
steady-state human capital levels at the stable steady state, even under Assumptions
(A2) and (A3). Although the total amount of educational expenditure increases as a
result of the increase in the survival probability, the effect on educational expenditure
per a child is ambiguous because of an increase in the number of surviving children.
Thus, the effects of an increase in the survival probability on the steady-state fertility
rates are also ambiguous. However, under Assumptions (A2) and (A3), an increase
in the wage rate decreases n* but increases n**, whereas an increase in the wage rate
increases h* but decreases h**.10

Proposition 3: (Effect of an increase in the survival probability on the fertility
and education decisions of rich people). Suppose that Assumptions (A2) and (AS3)
hold. (a) Given the human capital level, health investment decreases the fertility
rate. An increase in the survival probability has ambiguous effects on the fertility
rate and human capital levels at the stable steady state. (b) An increase in the wage
rate decreases the fertility rate but increases the human capital level at the stable

steady state.

3.3 Macroeconomics

10 An increase in the survival probability can decrease the fertility rate at the unstable steady
state, although the effect on the human capital level is ambiguous. Additionally, an increase in
the wage rate decreases the human capital level at the unstable steady state, although the effect

on the fertility rate is ambiguous.
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The total population includes the numbers of rich and poor people:
Ly = Ly + Ly,

where L; is the population, L,; is the number of rich people who survive in the
second period, and L, is the number of poor people who survive in the second
period. That is, we have L,; = Ny Ly4—1 and Ly = NpLpi—1.

We define the ratio of rich people to the total population as A\, = LL—T: Thus, the

Lpt

ratio of poor people to the total population is represented as 1 — \; = e

When child labor is unavailable, per capita GDP is represented as follows:
Yy = w[)\thﬁ + (1 - >\t)] (26)

Per capita GDP depends on the human capital level of rich people and the population
ratio of rich to poor people.

The dynamics of the ratio of rich people to poor people depend on the ratio of
the number of poor to rich surviving children:

1—M
At

1 =X
A1

= g(hrt) (27)

Npdp
Nrtqre

where g(h,) =

While the fertility rate of rich people decreases with their accumulation of human
capital, their fertility rate is always lower than that of poor people. However, the
survival probability of rich children always exceeds that of poor children. We assume

that the number of rich’s surviving children falls below that of poor’s surviving
children:
g(hq) > 1. (A4)

The population ratio of poor to rich people in the current period depends posi-
tively on the ratio of the number of poor to rich surviving children and the ratio of
poor to rich people in the previous period. Under Assumption (A4), the population
ratio of poor to rich people continues to diverge if poor people cannot start their

education investment (see Figure 2). Thus, per capita GDP depends on the relative
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growth rates of the human capital level of rich people and the population ratio of
poor to rich people.

The population growth rate is represented as:

Ly
Ly

= nT‘tQTt)\t—l + npqp<]- - )\t—l)- (28)

Under Assumption (A4), the population growth rate continues to increase as long
as poor people remain in poverty.

Proposition 4: (An increase in the survival probability of poor’s children and
macroeconomics). Under Assumption (A4), the ratio of poor people to the total
population increases when w < w. An increase in the survival probability of poor’s
children may decrease per capita GDP even with a decrease in their fertility rate
until they can accumulate their human capital.

Proof: We have 8%%”7)}?”5:0 > (0. This implies %;‘p”) > 0. ||

Furthermore, even if poor people start education investment, if its level does

not exceed the low steady-state level, h**, they still cannot accumulate their human

capital.
4. Panel estimation

In this section, by applying a panel estimation with fixed effects, we examine how
mortality and health investment affect economic development. We examine both
child and adult mortality to see their different effects. We first explore the effect of
child and adult mortality rates on the fertility rate:

Inni = Bi + BrnInhy + By Inmty + Boy Inamt sy + €, (29)

where i = 1,2,---, U (U = 24 for the low-income subsample and U = 70 for the full
sample) and ¢t = 1990, 1995, 2000, 2005. n;41 is the fertility rate, h; is the average
years of total schooling, mt;;,, is the child mortality rate between birth and five
years of age, amt; is the adult (male) mortality rate, which is the percentage of

adults dying between the ages of 15 and 60, and €; is an error term.'!

1 The data were derived from the World Bank, whereas educational data were from Barro and
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Column [i] in Table 2 provides the results. In the low-income and full samples,
the human capital level is negative and significant. This implies a trade-off between
the number of children and their human capital level. The child mortality rate has a
positive effect on the fertility rate in both samples, whereas the adult mortality rate
has a negative effect.'> Thus, in developing economies, people have a high fertility
rate because of a high child mortality rate. A decline in the child mortality rate
would decrease the fertility rate.

We explore the number of surviving children but not the fertility rate:

Ingniy1 = Bi + BrnInhiy + B Inmity 4 Bom Inamiyy + €54, (30)

_ 1000—mt;s 41
where qni 1 = — 50"

ni++1 which is the number of surviving children.

Column [ii] in Table 2 provides the results. In the low-income and full samples,
the human capital level has a negative effect on the number of surviving children.
The child mortality rate is positive and significant in both samples. Thus, a decline
in the child mortality rate can help to decrease the number of surviving children.
The adult mortality rate is negative and significant in the low-income sample but

not in the full sample.

We next examine the level of education investment:
Ineyp1 = B + Bnlnhy + By Inmty + Bom Inamty + €, (31)

where e;; is the gross secondary enrollment rate.
Column [iii] in Table 2 details the results. In the low-income and full samples,
the human capital level in period ¢ has a positive effect on the level of education

investment in period ¢ + 1. Furthermore, the child mortality rate has a negative

Lee (2010). These data were chosen because of data availability. We chose a low-income subsample
in which per capita GDP in 2010 was less than 3000 USD. We obtained the same results with the

adult (female) mortality rate.
12 The alternative hypotheses were 3,,, # 0 and B4y, # 0. The Hausman test has a y? distribution

in which the degrees of freedom are equal to the number of explanatory variables. Rejection implies

the existence of correlations between the individual effects and explanatory variables.
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effect in the low-income subsample but not in the full sample. Thus, a decline in
the child mortality rate can help to increase education investment in developing
economies. It is impossible to confirm a negative effect of the adult mortality rate
in the two samples. The effect of a decline in the adult mortality rate on education
investment may be weak.

We explore the effect of the number of surviving children on per capita GDP:
Inyi1 = Bi + Besie + BrIn hyy + Bgn Ingqny + €5, (32)

where ;.41 is per capita GDP and s; is per capita domestic savings.'?

Column [iv] in Table 2 shows the results. In the low-income and full samples, the
savings are positive but not significant. This might be because of negative savings in
some economies. The human capital level is positive and significant in both samples.
We obtained a negative effect of the number of surviving children on per capita GDP
in the full sample but not in the low-income subsample. Although a decline in the
child mortality rate is important for economic development, the number of surviving
children may not decrease sufficiently in the less-developed economies. Finally, we
use the neonatal mortality rate, which is the percentage of children dying in the
first month, rather than the child mortality rate. As shown in column [v] in Table
2, by using the neonatal mortality rate, we obtain a negative effect of the number
of surviving children on per capita GDP in both samples.

Next, we examine the effect of health investment on economic development. We

first consider the effect of health investment on the child mortality rate:
Inmti = Bi + BrnInhip + Bow Invpuge + By Invpriy + €, (33)

where i = 1,2,---,U (U = 24 for the low-income subsample and U = 70 for the full
sample which are the same with the estimation of (29)—(32)) and ¢t = 1995, 2000, 2005
because of the availability of data on health expenditure. vpu; is per capita public

health expenditure, and vpr;; is per capita private health expenditure.

13 We did not take the logarithm of savings because some observations are negative.
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Column [i] in Table 3 shows the results. In the low-income and full samples,
the human capital level has a negative effect on the child mortality rate. It may
be appropriate to assume that the survival probability of a child depends on the
parents’ income level. Public health investment is negative and significant in both
samples. Private health investment is also negative and significant in both samples.
Thus, both public and private health investment may help to decrease the mortality
rate.

We see the effect of health investment on the fertility rate:
Inng = B + BpInhiy + Bou Invpuiy + Bor Invpry + €. (34)

Column [ii] in Table 3 shows the results. In the low-income and full samples, the hu-
man capital level has a negative effect on the fertility rate. Public health investment
is negative and significant in the full sample but not in the low-income subsample.
Private health investment is negative but not significant in both samples. Thus,
public health investment may have a weak negative effect on the fertility rate.

We explore the effect of health investment on the number of surviving children:
Ingnit1 = Bi + Buln by + Bou Invpuy + Bor Invpry + €. (35)

Column [iii] in Table 3 provides the results. The human capital level is negative
and significant in the full sample but not in the low-income subsample. Public
health investment is negative and significant in the full sample but not in the low-
income subsample. Private health investment is negative but not significant in both
samples. Thus, we have the same result for the fertility rate and the number of
surviving children.

We examine the effect of health investment on education:
Ineyr1 = Bi + Brln hy + Buuw Invpuy + By Invpry + €. (36)

Column [iv] in Table 3 provides the results. In the low-income and full samples,

the human capital level has a positive effect on education investment. Public health
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investment is significant in the low-income sample. Private health investment is not
significant in both samples.
We finally explore the effect of the number of surviving children on per capita

GDP with health investment:

Inyip1 = Bi + BsSie + BrInhiy + Byn Inqniy + Boy Invpuy + By Invpry + €. (37)

Column [v] in Table 3 details the results. In the low-income and full samples,
the savings are positive and significant. The human capital level is positive but
not significant in both samples. The effect of the number of surviving children is
negative and significant in the full sample but not in the low-income subsample.
The number of surviving children may not decrease sufficiently in the less-developed
economies. Public and private health investment both have negative and significant

impacts on per capita GDP in both samples.
5. Concluding remarks

This study examined the escape from poverty by poor people under uncertainty
about the number of surviving children. Under the prohibition of child labor, poor
people can start education investment with a sufficient decline in the child mortality
rate because of a decrease in their fertility rate. The population ratio of poor to rich
people increases with an increase in the number of poor people’s surviving children
because of an increase in the survival probability of poor people. Thus, per capita
GDP may decrease until poor people start education investment.

The government should continue decreasing the child mortality rate of poor
people, even though it temporarily increases their number of surviving children.
Furthermore, the government should prohibit child labor because its existence could
prevent an escape from poverty by poor people. If it takes time to eliminate child
labor, this could further disturb development because of an increasing population

ratio of poor to rich people.
Appendix.
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In this appendix, we assume that parents know the number of surviving children

with perfect foresight. The utility maximization problem can be rewritten as follows:

max  ylncy +nlngng + (1 —~v —n)ln(o + gunieq), (B1)

Cit MitsCit it
st (1= zng)whi + (1 — 24)0wqini = i + TiiNisear, (B2)
where 7 = r, p.
The marginal benefit of education investment by rich people outweighs its marginal

cost when the following inequality holds:
(1=~ = n)whyy — (n+ 7)o > 0. (B3)

Furthermore, when the incentive-compatibility condition for education investment

holds, we have the following first-order conditions:

n(whys + 0)
v = Rt 7O B4
Npe =1 whos (B4)
1— 7y — n)why; —
o, — L=y =mwhn = (y+m)o (B5)
QriTirt

There is no effect of the survival probability on the fertility rate. An increase in
the survival probability decreases education investment: % < 0. Thus, a declining
child mortality rate leads to a decline in education if child mortality occurs before
schooling starts.*

When the marginal benefit of education investment by poor people falls below
its marginal cost, it is impossible for them to afford education for their children.

The fertility rate is represented as:

. n
" (e~ Og) (56)

An increase in the survival probability increases the fertility rate because of the

Inp

existence of child labor: 3
dp

> (. Under the prohibition of child labor, an increase in
the survival probability does not affect the fertility rate, but increases the number of
surviving children. Thus, it is difficult for poor people to start education investment,

regardless of the existence of child labor.

14 See also Azarnert (2006) and Ozcan (2008).
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Table 1. Economic growth, mortality, fertility, education, and poverty

sub — Saharan countries 1960s 1970s 1980s 1990s  2000s
per capita GDP growth 2.44 0.93 —1.01 —-045 2.09
child mortality rate 254.61 216.36 185.33 167.65 127.68
adult mortality ratio 465.01 419.58 390.81 407.64 395.28
fertility rate 6.67 6.78 6.58 6.02 5.49
secondary school enrollment 13.76  21.94 24.09 33.25
poverty headcount ratio 55.30 58.00 52.93

FEast Asian and Pacific countries 1960s 1970s 1980s 1990s  2000s

per capita GDP growth 3.80 4.55 5.78 7.02 8.20
child mortality rate 91.98 64.47 50.67 30.08
adult mortality ratio 363.00 228.63 202.53 184.26 149.76

fertility rate 5.93 4.14 3.02 2.10 1.84
secondary school enrollment 43.81 36.30 51.73 69.32
poverty headcount ratio 63.01 40.76 22.19

Note: The data are from the World Bank. We calculate the averages between ten years wherever
possible. Child mortality rate is the ratio of dying between bith and five years of age per 1000
live births. Adult mortality rate is the ratio of dying between the age of 15 and 60 years per 100
thousands live births. Secondary school enrollment is the gross rate. Poverty headcount ratio is

represented at 1.25 dollar a day (% of population).
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Table 2. Panel estimation, which considers mortality

U=24 [i] In 741 [i7) Ingnir1 i8] Inejqq [iv] In Y41 [v] In yiz41
In Ay —0.339 —0.376 0.748 Sit 0.00354 0.00545
(—2.36%) (—2.67)  (5.62") (0.95) (1.51)
In mi;; 0.139 0.176 —0.172 In hyy 1.024 0.762
(2.47%) (3.20") (—3.31%) (4.72"%) (3.25")
In amt;; —0.300 —0.616 0.0807 In gng —0.196 —0.459
(—2.19%) (—4.58*) (0.64) (—0.92) (—2.35%)
R* H 0.968,4.83 0.969,7.60  0.921,8.37* 0.915,6.13 0.921,8.37*
U=170 [i] In 141 [i7) Invngsr  [i9d] In e [iv] In Y41 [v] In yiz41
In Ay —0.364 —0.384 1.010 Sit 0.00148 0.00174
(—4.14%) (—4.20")  (11.87*) (0.80) (0.96)
In mt;; 0.139 0.197 —0.0304 In hyy 0.759 0.627
(4.04") (5.52**) (—0.92) (5.57) (4.50")
In amt; —0.156 —0.0642 —0.018 In gng —0.662 —0.740
(—2.46%) (—0.97) (—0.84) (—5.78*) (—6.73*)
R? H 0.964,21.38* 0.963,26.94** 0.977,2.60 0.987,18.43** 0.987,15.71**

Note: The numbers in the parentheses are the t-values. *, x* represent significance at the 5%

and 1% levels, respectively. H is the Hausman test. We use child mortality rate in [iv] and

neonatal mortality rate in [v].
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Table 3. Panel estimation, which considers health investment

U=24 [i]lnmiyg [i7] In njgq1 [i7d] Ingnis1  [iv] Inegyr [v] In yit41
In Ay —1.377 —0.479 —0.502 0.828 Sit 0.00256
(—4.80) (—2.70) (—2.96")  (4.76*) (0.88)
In vpuge —0.347 —0.00997 0.0946 0.115 In hj 0.460
(—4.17%) (0.19) (1.92) (2.29%) (1.67)
Invprs —0.191 —0.0252 —0.0272 0.0111 Invng —0.0237
(—5.98") (—1.45) (—2.94") (0.57) (—0.11)
In vpugy 0.382
(5.32**)
In vpri, 0.102
(3.77%)
R? H 0.965,10.95*  0.976,8.31* 0.979,11.34"* 0.981,5.82 0.967,10.88
U=70 [i]lnmig [i])Innjpr  [itd) Inongyr  [iv] Inegq [v] In yiz41
In hjy —1.285 —0.306 —0.417 1.112 Sit 0.00552
(—7.04%%) (—2.72"%) (=3.77%)  (10.63*) (3.35")
In vpuy —0.249 —0.0645 —0.0701 0.0191 In hjy 0.228
(—5.13") (—2.16%) (—2.39*) (0.69) (1.38)
Invprs —0.192 —0.0143 —0.0273 0.00173 Invng —0.297
(—6.42"%) (—0.77) (—1.51) (0.10) (—2.43")
In vpugy 0.280
(6.58"*)
In vpr;; 0.127
(4.89%*)
R?,H 0.986,21.13** 0.972,15.08"*  0.983,1.37  0.983,3.50 0.994, 99.09**

Note: The numbers in the parentheses are the t-values. *, *x represent significance at the 5%

and 1% levels, respectively. H is the Hausman test.
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Figure 1. Dynamics of human capital level for rich people
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