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ABSTRACT

The Long-Run Effects of Mortality Decline in Developing Countries

Since World War I, mortality has declined in the developing world. This paper examines the
effects of this mortality decline on demographic and economic growth by a family-
optimization model, in which fertility is endogenous and wealth yields utility through its status.
The decline in mortality stimulates investment and generates an income stream which
promotes population growth, but the desire of status hampers fertility and prevents capital-
diluting demographic expansion. If status-seeking is strong, then the decline of mortality
decreases population growth below its original level.
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1 Introduction

Developing countries have in the post-war era faced a decline in premature
death: malaria and tuberculosis have diminished, and infant and maternal
mortality have approached the standards of the advanced countries.! This
decline in mortality has certainly been welfare enhancing, but has it affected
the patterns of population growth and capital deepening?

On the one hand, the “Malthusian pessimists” claim that a mortality
decline decreases the costs of children (Doepke 2005). This boosts popula-
tion growth, diluting income per person (Malthus 1798, Young 2005, Ace-
moglu and Johnson 2007). On the other hand, the “optimists” claim that
the increase of longevity stimulates investment in physical and human capi-
tal, helping economies to escape the Malthusian trap (Galor and Weil 2000,
Blackburn and Cipriani 2002, Ehrlich and Liu 2005, Soares 2005, Albanesi
and Olivetti 2010).

Empirical research has not yet solved this dilemma. On the one hand,
Zhang and Zhang (2005) show that mortality decline decreases fertility and
increases the resources in schooling, thus rising economic growth, and Weil
(2007) argues that the elimination of health gaps would decrease the variance
in per capita income between countries. On the other hand, Acemoglu and
Johnson (2007) show that a fall in mortality raises population more than
capital, thus decreasing per capita GDP.

In the model of this paper, there is a channel from a mortality decline to
population growth through the social status, which is characterized by cap-
ital per person relative to the average of that in the economy. The decline
in mortality stimulates investment and the more, the stronger is the desire
of status, but if wealth per person grows at the same rate for all families,
its marginal utility keeps constant while that of children decreases. There-
fore, even though a rise in income promotes the demand for children, the

families have no incentives to expand beyond the level at which their wealth

L Acemoglu and Johnson (2007) attribute the postwar mortality decline in developing
countries to three factors: innovation of new drugs and chemicals, establishment of the
World Health Organization, and change in international values favoring the rapid spread of
new inventions. Hence, by the late 1940s, malaria was eradicated in many Asian countries
(Davis 1956, Preston 1975) and mortality from infectious and tuberculosis diseases has
decreased worldwide (Deaton 2003, Becker et al. 2005, Cutler et al. 2006).



per person starts to decrease. The importance of status has previously been
recognized by Smith (1759), who denotes the appreciation of productive as-
sets as the “Spirit of Capitalism”. Kurz (1968), Corneo and Jeanne (2001)
and Fisher and Hof (2005) use status to explain economic growth only in ad-
vanced countries, but productive assets provide status in developing countries
as well (Gregory 1997, Diamond 1998).

This paper attempts to explain the demographic and economic effects of
the postwar mortality decline by the role of status and children in family
preferences. We try to answer the following questions:

Question 1: How do status seeking and demand for children affect the
patterns of capital accumulation after a mortality decline? Could a

mortality decline cause capital dilution?

Question 2: How do status seeking and demand for children affect the
patterns of population growth after a mortality decline? Does the pop-
ulation growth rate ultimately decrease below its initial level?

We construct a theoretical model and estimate its parameters from a sample
of 39 developing countries in order to test its predictions. The paper is
organized as follows: Section 2 constructs the family optimizing model with
mortality and status-seeking. Section 3 examines the dynamics of the model
and section 4 provides empirical evidence. Section 5 summarizes the results.

Technical and empirical details are placed in the Appendix.

2 The model

2.1 Production

There is one good in the economy, chosen as the numeraire, and an infinitely
living representative family with a fixed number L of members. Each family
member either rear children or work in the labor market. The population

growth rate n equals the fertility rate f minus the mortality rate m:

L . 1dL

—=——=n=f—-m, (1)

where ¢ is time and (") the derivative with respect to time. The number of

child-rearing family members, ¢f L, is in fixed proportion ¢ to the number of



newborns fL. The rest of the family, L — ¢fL = (1 — qf)L, participates in
the labor force. Noting this and (1), the effective labor input is given by

N = (1—qf)LA=[1 — (n+m)q|LA, (2)

where A is the exogenous productivity of labor.?2 The output Y of the single
good is produced from labor N and capital K with constant returns to scale:

Y:F(N,K>, FN>O, FK>O, FNN<O, FKK<O, FNK>07 (3)

where F' is a linearly homogeneous function and subscripts N and K denote
the partial derivatives with respect to NV and K, respectively.

2.2 Preferences

Because the stock of productive capital, K, is the only asset in the model, it
is total wealth as well. We denote consumption by C', consumption per labor
by ¢ = C'/(AL) and wealth per labor by k = K/(AL).

Following Razin and Ben-Zion (1975) and Becker (1991), we consider a
representative family that derives utility from consumption per person, C'/L,
and the proportion of children in population n (= the population growth
rate). In addition, the family benefits from its status in the society. Following
Lehmijoki and Palokangas (2009, 2010), this is proxied by its wealth per
labor, k, over and above the average wealth per labor in the whole economy,
k. Thus, we augment the temporary utility at time ¢ by an increasing function
v(k — k) of the status k — & as follows:?

u(t) = log(C/L) + flogn(t) + v (k(t) — (1)) =
log c(t) + log A(t) + @log n(t) + ev(k(t) — k(t)),
e>0, 6>0, v >0, '(0)=1, (4)
where 6 and ¢ are the constant weights for children and status. The greater

¢ is, the greater the desire for status due to wealth. The bigger 6 is, the more
children the families would like to have.

2The productivity parameter A is important in empirical estimation in Section 4, but
it plays no role in the theoretical analysis in this or the next Section.

3If the measure for status, v, were a linearly homogeneous function of k and &, we
would obtain the same results with some complication.



Let the constant p be a family member’s rate of time preference given
that (s)he could live forever. We assume that all family members face the
same mortality rate m. Thus, the probability of a member dying in a short
time dt is equal to mdt. In that case, e”™ is the probability that the family
member will survive beyond the period [0,¢], and e"™u(t) is the member’s
expected utility at time ¢. Noting (4), the representative family’s expected
utility at time ¢ = 0 is then given by

U= / (ue—mt)e_ptdt = / [log c+0logn +ev(k — ,{)] e—(l)-l-m)tdt’
0 0
"

vV >0, "<0, J0)=1, p>0, 6>0, >0, (5)

where p +m is the effective discount rate in family preferences.*

2.3 Saving

The family uses its saving to accumulate its wealth (= capital):
K=dK/dt=Y —C - 0K, 6¢e(0,1), (6)

where K is capital accumulation, Y income from production, C' total con-
sumption and 0 > 0 the constant rate of capital depreciation. Noting
c=C/(AL), k = K/(AL), (1), (2) and (3), the budget constraint (6) can be

expressed relative to efficient labor AL as follows:

k:—.——;:F(l—(n—i—m)q,k)—(n+§)k—c. (7)

3 Dynamics

3.1 The behavior of the family

The family chooses its consumption C' and fertility f. Because there is one-
to-one correspondence from (C, f) to (¢,n) through ¢ = C/(AL) and (1),
in the mathematical model, we can replace the former by consumption per

4Soares (2005) argues that the increase in human planning horizon is mainly due to a
decrease in adult mortality, whereas a decrease in infant mortality decreases the costs of
having live descendants. We do not discriminate between adult and child mortality, for
simplicity.



labor, ¢, and the population growth rate n as the control variables of the
family. The representative family maximizes its utility (5) by choosing (¢, n)
subject to capital accumulation (7). In Appendix A, we show that this defines
consumption per labor, ¢, as the following function of capital per labor, &,

the population growth rate n and the mortality rate m:

c=z(k,n,m)/0 >0, z,=(1+q¢Fyg)n>0, zn=-ngFyxn >0,

Zn >0, n>0, (8)
where subscripts k£, n and m denote the partial derivatives with respect to k,
n and m, respectively. Because all families are similar in the model, they have

the same wealth in equilibrium, x = k. Noting this, the utility maximization
of the representative family leads to the Euler equation® (cf. Appendix A)

p+n+m+(5—FK(1—(n—|—m)q,k)—ec:—gz—;k—?h. 9)

3.2 The development of capital and population growth

Inserting function (8) into (7), and noting (3), (9), we obtain capital accu-

mulation k£ as the following function:

k= 9(k,n,m,0) = F(1—(n+m)qk) — (n+8)k—z(k,n,m)/o,

oY 2k
=& =Fx-n—06— =2
Uy, ok |, K—n—20 9
oY Zn . ov Zm
ﬁn—%——qFN—k—g<07 ﬁm—a—m——qFN—7<0- (10)

In Appendix B, noting (3), (5), (8), (10) and (9), we obtain the change

in the population growth rate, n, as the following function:

. . Op . Oy . ¢
— o(k 6 =7 Onliao= 5| Pm=os
n QO( ,n,m,¢e, )7 Pk ak ) ® }k:n:(] an E=n=0 8m

(O + 1) __y> 0. (11)

SWithout the status effect, e = 0, the equation (9) would be the classical Euler equation.




3.3 Stability

The system (10) and (11) can be linearized with respect to (k,n,m) in the
neighborhood of the steady state k = n = 0:

(2 E)(2)()mn

Because the trace of this system is positive [cf. (11)], there are two solutions.
First, if the Jacobian J = Yy, — U, is positive, then the system is globally
unstable: any perturbation taking the system from the steady state forever.
No economy behaves in this way. Second, if J is negative, then the system
has a saddle point: only one initial value of the jump variable n leads to the
steady state. We focus on this latter case.

In the system (10) and (11), the steady state values of the capital-labor
ratio, £* and the population growth rate n* depend on the mortality rate m
and the preference parameters € and 6. The responses of the capital stock

and population growth to a mortality shock are theoretically ambiguous:©

ok* > on* >
0, =—Z=0. 1
8m<0’ 8m<0 (13)

We sort out this ambiguity by empirical facts in the next section.

4 Empirical evidence

In this section, we estimate the unobservable parameters ¢ and 6 from the
post-war data and regress 0k*/0m ~ Ak/Am and On*/Om =~ An/Am
against the relative desire of status, /6, to find the empirically relevant
shape of the functions (13).

On the assumption that countries follow their optimal paths and are so
close to their steady states that k£ = x and v'(0) = 1 hold true, equations (8)
and (9) can be solved for 6 and ¢ as follows:

0= {(f — m)[aFn (1 — af,B) + K]} /e (1)
e=p+f+6—Fx(l—qf k)+¢/c]/e (15)

6The authors will provide detailed calculations to the readers on request.



As the first step to estimate € and 6, note that since 1 — ¢f is the labor
force participation rate, one can calculate ¢ = (1 — participationrate/f).
The theoretical model discusses physical labor force (1 — ¢f)L alone, but
for empirical purposes we apply human-capital augmented labor force (1 —
qf)H, where H = e?®) [ [cf. Hall and Jones 1999]. The function e?®)
indicates the efficiency of a worker with E years of schooling (¢(0) = 0),
and ¢'(E) is the rate of return on schooling. We assume that this rate is
constant such that each additional year increases workers’ productivity by
15% [cf. Psacharopoulos 1994]. We adopt the Cobb-Douglas formula for the
production function which thus becomes:

Y =F(A(l - ¢f)H,K) = [A(1 — qf ) H]' K" (16)
This expression indicates
A= (Y[(1—qf)H)* K)o, (17)

We assume that o = 0.3, as usually.

To calculate the country-specific values for A, we collected time series
for Y = GDP, labor force participation rates, education, and investment for
the 1960-2007 period from developing countries. The time series of fertility
and mortality (f and m) were collected in the same way. For data sources
and detailed definitions of the variables, see Appendix C. The capital stocks
K can be calculated from investment time series by the perpetual inventory
method (Caselli 2004). Thus, we are able to derive A from (17) for all
available years for each country. Since households in developing countries
tend to be impatient, we assume p = 0.10, while the assumption 6 = 0.05 is
standard. We assume that all countries share these values of p and §.

Given the parametric expression for the production function, and the
other parameters as above, we are able to calculate the preference parameters
¢ and ¢ from (14) and (15) for each available year for each country. We
use their average values over years as the country-specific estimates #; and
g; [cf. Appendix C]. The dependent variables are Ak; = k;2007 — k1.19605
An; = 12007 — Nijngeo, and Am,; = m, 2007 — M4 1960- 1he sample, for which
sufficient data is available, contains 39 developing countries worldwide [cf.
Appendix C].
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Figure 1: The response of per capita capital £ and population growth n to
change in mortality as a function of €/6.

We are now able to regress the response functions 0k;/0m; ~ Ak;/Am,;
and dn;/0m; =~ An;/Am; against the relative desire for status, (¢/6);. Figure
1 shows the observations with means —402.922 and 1.987 for Ak;/Am; and

An;/Am;, respectively. The simple linear models are:

Model IT :  An;/Am; =+ (e/0); + 7 Z; + €.

In Model I, the covariates X; are the initial values for the capital stock (k; 1960)
and mortality ((m;1960), both targeted to control for the cross-country varia-
tion in the starting levels. In Model II, the covariate Z; is the initial value for
population growth (n;1960); initial mortality is not applied since it is (par-
tially) controlled by m;1960. Other covariates (e.g., government spending,
taxes, trade, literacy and political stability) are problematic, as the expres-
sions for # and ¢ in (14) and (15) depend on the specific formulation of the
theoretical mode. To apply further covariates we should thus insert them into
the theoretical model as well. We leave the development of such a model as
a future challenge.

In Model I (both versions), the estimated [ is negative and significant,
indicating that higher relative desire for status generates faster capital deep-
ening. The introduction of the covariates induces a relative small change in
the estimate for 3. The estimated constant is not significant which, together
with the negative mean for Ak;/Am,, indicates that the predicted value for
Ok/Om is negative for all £/6 > 0. The last row shows that, depending
upon the version, the relative desire for status can explain 14% or 35% of

8



Model 1 Model II

est. D est. p || est. P est. D
constant 415.15 0.244 | -1069.57 0.071 || 0.02 0.982 -2.92  0.097
/6 -4197.33 0.019 | -3648.95 0.044 9.96 0.024 7.17 0.106
M1960 65721.36  0.005
k1960 101.42  0.083
N1960 124.120 0.057
R? 0.14 0.35 0.13 0.21
Countries 39 39 39 39

Table 1: The estimates and p-values.

the variation in the response of the capital stock. In Model II, the version
without covariates gives a statistically significant positive ¢ so that that the
decrease in population growth is the larger, the higher is the relative de-
sire for status. The statistical importance of £/6 is, however, eroded by the
control variable nigg9 [cf. Table 1, last column]. The estimated constant is
insignificant which, together with the positive mean for An;/Am; indicates
that the predicted value for On/0m is positive for all £/6 > 0. We can now

summarize the empirical answer to questions 1 and 2 as follows:

Proposition 1 An exogenous decline in the mortality rate m increases per
capita capital stock (i.e., Ok/Om < O for all €/0 > 0). This increase is the

larger the bigger is the relative desire for status (z’.e., ﬁ)% < 0).

Proposition 2 An exogenous decline in the mortality rate m decreases the
population growth rate (i.e., On/0m > 0 for all /0 > 0). This decrease is
likely the greater, the bigger the relative desire for status (i.e., %)% > O).

5 Conclusions

The effect of the mortality decline on demographic and economic growth
has been subject to continuous debate. The decline in mortality stimulates
investment but, on the other hand, it decreases the costs of children the
demand of which increases, thus tending to dilute income and capital per
person. Therefore, the effect of a mortality decline on income and capital

deepening is ambiguous.



In this paper, there is a channel from a mortality decline to popula-
tion growth and capital deepening through the social status from wealth.
Since excessive population growth erodes wealth (capital) per person, status-
seeking limits the incentives to have large families. We construct a theoretical
model and estimate its parameters from a sample of 39 developing countries
to show that an exogenous decline in mortality decreases the population
growth rate and this decrease is likely the greater, the bigger the relative
desire for status. Ultimately, population growth falls below its original level.
On the other hand, per capita capital stock increases and the more, the
bigger is the relative desire for status.

Appendix

A Results (8) and (9)

The family maximizes its utility (5) by choosing its growth rate n and con-
sumption per labor, ¢, subject to capital accumulation (7). The Hamiltonian

of this maximization is given by

H =logc+log A+ fOlogn+ ev(k — k)
+ A[F(1 = (n+m)g, k) — (n+ )k — ], (18)

where the co-state variable A evolves according to

A= (p+m)\— OH ok
=[p+n+m+0—Fx(l—(n+m)g,k)]\—ev'(k— k),
lim Ake(PHmt = 0. (19)

t—o0

The maximization of the Hamiltonian (18) by the control variables (¢, n) for

a given A yields the first-order conditions

oH 1 oH 0
e =2 A=0 o= = [aFN (1= (n+m)g, k) + kA =0.

Given these two equations, (3) and (5), we can replace A by n as the co-state
variable and define consumption per labor, ¢, as a function of capital per

10



labor, k, the population growth rate n and the mortality rate m as follows:

c=1/A=z(k,n,m)/0 >0, z(k,n,m)=n[qFy(1—(n+m)qk)+Fk|,

0 0
n>0, z= 62 (1+qgFng)n >0, zmia—;:—anFNN>0,
. 0z
Zpy = — —qFN+k—anNN>O

on
Noting this, k = k and (5), we transform the equation (19) into

p+n+m+6—Fr(l—(n+m)gk)—ec=

e A dlog)
=p+n+m+6—Fg(l—(n+m)gk)— /(O)X:X 7
=1
| _dlose & dlows | mp Gy g
dt c dt z z z z

B Function (11)

Because the production function (3) is linearly homogeneous, its derivative
Fi (1= (n+ m)q, k) is homogeneous of degree zero. This implies

Rearranging terms in (9) and noting (3), (5), (8), (10) and (20), we obtain
o(k,n,m,e,0) =

—[ 1—n—i—m)q,k)—i—%z(k,n,m)—n—m—é—p]—?k:
zn € ZZ
—[FK 1—(n+m)g k)—l—gz(k:,n,m)—n—m—é—p] —Z—ﬁ(k,n,m,ﬁ),
with
£ 2Lk
90k|1%;:n:0 8k o 9Zk+FKK> R ﬁk’k:nzo’
n= NP
|- = (Ez —1—¢qF >+— ﬁﬁ
Prli=n=0= 3n o T\ NE
:(10)i(£2n—1—qFNK)+ﬁ(qFN+k+—n>
Zn 0 Zn 0
_® < 1 Fyv+E)z — (1 +gF Z _E 2k
9Z+Zn [(m)zk (M)Z]—F i QZ+ g > 0,

=z/n =zr/n

11
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C Estimated Parameters and Data

Country 0 € /0 Ak/Am  An/Am
Algeria 1.516  0.313  0.207  -208.2521739 0.962
Argentina 0.324 0.085 0.261 -3077.713636 4.482
Benin 0.258  0.006 0.022  -4.561832524 -0.762
Bolivia 0.241  0.060  0.248 30.4148732 0.263
Brazil 0.341 0.069  0.204  -200.7156805 2.751
Central African Republic 0.134 0.015 0.111 59.12245431 -0.137
Chile 0.481 0.103 0.215 208.0119015 2.131
Colombia 0.334  0.059  0.177  -138.7519757 2.842
Costa Rica 0.414 0.079 0.190 -615.2168869 2.902
Dominican Republic 0.387  0.068  0.176  -219.7983623 1.785
Ecuador 0.498  0.098 0.196 -89.90767018 1.194
El Salvador 0.300 0.063 0.211 -305.0615385 1.809
Fiji 0.436  0.098  0.224 -789.119685 4.858
Ghana 0.160  0.026  0.161 913.9719463 0.893
Guatemala 0.489  0.092 0.189  -105.0980303 -0.035
Honduras 0.485  0.108  0.222  -327.3872948 0.558
India 0.388 0.050 0.128 -112.8783396 0.503
Indonesia 0.335  0.007  0.022  -180.9121415 0.528
Iran 1.002  0.159  0.158  -299.8465187 1.124
Jamaica 0.363  0.094  0.260 -3179.43887 6.252
Kenya 0.142  0.009 0.067 -32.61138311 0.525
Malawi 0.138  0.036  0.258 35.19255639 -0.001
Malaysia 0.489 0.064 0.131 -404.3307312 1.276
Mauritius 0.246  0.042 0.171 60.92090909 7.318
Mexico 0.442  0.089  0.201 -654.504908 2.190
Nicaragua 0.588  0.183  0.311  -543.1936282 0.892
Pakistan 0.505  0.061 0.121  -78.71442901 0.341
Panama 0.449 0.122 0.272 -791.4231203 2.613
Papua New Guinea 0.372 0.043 0.115 -217.7042098 -0.169
Paraguay 0.237  0.038  0.160  -1323.858175 5.144
Peru 0.342  0.090 0.264 158.6609531 0.908
Philippines 0.271 0.058  0.214  -284.1538547 1.150
Sri Lanka 0.326 0.064 0.196 -96.61818182 4.258
Thailand 0.201  0.070  0.349  -2218.450363 5.891
Togo 0.321  0.096  0.300 -162.8579278 0.071
Tunisia 0.542 0.081 0.150 53.88922156 1.214
Turkey 0.465  0.073  0.157  -328.6466837 1.284
Venezuela 0.956 0.206 0.215 -43.01564482 3.890
Zambia 0.328  0.088  0.268 203.5090426 1.824
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Country 0 € e/0 Ak/Am  An/Am

Togo 0.321 0.096 0.300 -162.8579278 0.071
Tunisia 0.542  0.081 0.150 53.88922156 1.214
Turkey 0.465 0.073 0.157 -328.6466837 1.284
Venezuela 0.956 0.206 0.215 -43.01564482 3.890
Zambia 0.328  0.088  0.268 203.5090426 1.824

The variables, their sources, and the maximal data availability are:

G DP = real gross domestic product, base year 2005, Laspayres index. Source:
Heston et al. (2009), 1960-2007, all years.

Investment = proportion of investment in GDP. Source: Heston et al.
(2009), 1960-2007, all years.

Fertility f = crude birth rate, number of births per hundred people. Source:
World Bank (2009), 1960-2007, some years missing.

Mortalitym = crude death rate, number of deaths per hundred people.
Source: World Bank (2009), 1960-2007, some years missing.

Population growthn = f—m. Source: World Bank (2009). 1960-2007, some
years missing.

Participation rate = Total labor force participation rate. Source: World
Bank (2009), 1980-2007. To avoid the loss of years, the average over available
years is applied for 1960-2007.

Schooling = average years of schooling, both sexes. Source: Barro and Lee
(2000), 1960-2000. The quinquennially available data is imputed such that
the intermediate years take the values of the earlier years.

0;: estimated as a country-specific average over all available years from 1960
to 2007.

g;: estimated as a country-specific average over all available years from 1960
to 2007.

The sample initially contained 56 developing countries, but due to small
capital stocks in some countries, the marginal product of capital (F3) is so
large that the calculated ¢ fails to satisfy the constraint ¢ > 0, thus limiting
the sample to 40 countries. Of these, South-Africa turns out to to be an
outlier, exhibiting excessive values for An/Am due to its very small decrease
in mortality. Thus the final sample contains 39 countries.
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