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Wilson Rajagukguk’
POPULATION GROWTH AS AN ENDOGENOUS FACTOR
IN INDONESIA’S ECONOMIC GROWTH

This study aims to investigate whether population growth can be used as an endogenous factor of
nomic growth. The analysis was accomplished by constructing a model to evaluate the interaction
etween the rate of population growth and the rate of economic growth employing endogenous growth
theory and the Pontryagin maximum principle. The meter that relates population growth fo éco-
nomic growth is the child rearing cost. The results show that the relationship between population growth
and economic growth is positive when the child-rearing cost parameter is less than 1 (Simonian), and
negative when the child-rearing cost pammerea greater than 1 (Malthusian), and none — when the
child-rearing cost parameter equals to 1. The growth rate of capital, consumption and output is pro-
portional to the rate of population growth. Parameters that reduce the s.'eady rate of economic and
population growth are capital coefficient, child-rearing cost, technology and coefficient of relative risk
aversion. Based on the dynamics of capital in the Ramsey model, the golden rule will be achieved when
the initial value of the vector of the ratio between consumption and capital is maintained ar 0.01.
Keywords: population growrh; economic growth; child-rearing cast; Indonesia.
Peer-reviewed, approved and placed: 25.05.2017.

Binbcon Pamxarykryk

3POCTAHHSA YMCEJIBbHOCTI HACEJIEHHS AK EHJIOTEHH W1
®AKTOP EKOHOMIYHOTO 3POCTAHHSA THIOHE3II

Yemammi docaioxceno, AKUM HUHOM MUCEABIICHTb HACCACHIA KPATHU 6RAUGAC HA [T eKONOMIMHE 3P0-
cmanna. lodydosano modeas 047 OLINIOBARNA G3ACMO3E AIKY MINCO MEMIOM FPOCRIGINA HAceaenia ma
OUHAMIKOI0 eKOHOMIMHOD POISHAIKY, AKA GPAXOGYC IMEOPiIo eR0eeHRo20 3POCINAINA A RPUNIN MAaKci-
mymy Honmpazina. [Josedeno, o 3pocmania MUceabiocmi RACEACHHA Ma eKOROMIMNE 3POCIANNA Kpaiim
ROG 23V Mide cof0M RIAKIT RAPAMEMp, AK GUIMPAmi Ha euxosanna dumunu. Pesyiemanu anaiizy exa-
3VIONIB Hil HE, R0 G3ACMO36 H30K MINC 00CATONCEHIMU NOKQIHIGMI MONCHG 68 ANCAMIN ROGHIHEHIM ) Pazi,
Kl napavemp suoamiie Ha GUXOGAHHA OUEHE MEeHte 30 00URU0, GICMO36 H30K CIAC HeaQmueHIM,
K@il RAPAMEMp GHOGIIKIE Ha GICOBANIA OWMIHU crac Giibiie oot | Rapeunil 63aCvo36 530K /e cho-
crepizacmbea eag2ati, Ao damil napaviemp dopisiwoc odurngi. Tpu upomy, spocmanns kanimaty, cno-
HCHEAHILT Ma GUPOOHIWNEA MAK0Xe RPoROPUiani spocmanino Kiaskocmi nacetenns. Hoxaznusu, wo cno-
SLIBHIOIOME cIAOLIbNE FPOCINAHNA EKONAMIKE A Racedenta — We Koedinicium xanimaiy, eumpan Ha
GLXOBMIHA OWINI, PIGEHD FEXHOA02MI020 POSEUMKY Ma KoeDiufcnm yrucnenns gionochux pusiiia. 3z2iono
Modesti Pamsi, dia dunamicu poseumey Kanimaay “soaome npagiiio " Gyde docaziyme, Ko ROUGMKOGe 3Ha-
HEHNA GEOPA ) GIOROCUNAX MINC CRONCUSAINEAM Ma Kanimatom Gyde nidmpumysanuica na pieni 0.01.
Kaouogi caosa: 3pocmannd HuceabHochi Haceaenns,; eKxoHoMiMHe 3p0cmanis,; §Wmpamu Ha 61xo-
gakia dumunu; Thdonesia.

Dopma. 8. Jdim. 50.

Buascon Pamxarykryk

POCT YMCJTEHHOCTH HACEJTEHHWA KAK DHJIOTEHHBI
QAKTOP S9KOHOMHUYECKOI'O POCTA HHAOHE3HUH

B emamvbe uceiedosano, Kakum o0pazoM HUCAEHROCIb HACEACHUA CRIPANG] GAUAEM Ha &
axonomusecku pocm. Hocmpoena modeas 048 OUERKH G3AUMOCEAIN MeNcdy MeMRoM pocma
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HAcCeAeH A U ONHAMIKON IKOROMUMECKO20 PA3GUMUA, KOMOPAA YHUMbIGAEM HEopulo 3 do2enno-
20 pocma i npuniun maccumyma Honmpsaeuna. Joxazano, wmoe pocm 4ucAenHocnin RaceAenis u
IKOHOMUHECKUI POCI CIMPANbl Yea3bigaem Mexcdy cofoll makol napamMemp, Kax 3ampans Ha
socnumanue pedeénxa. Peiyibmambl anaiuia yKazuléaom Ha Mo, 4Mo 3QUMOCEA3L Mexcoy
uccaedye MbIME ROKAZAMETAMU MONCHO CHUNAMb NOINMUGHOI 6 cayuae, Kozda napamemp pac-
X0006 Ha GOCRUMane pefeénKa Menbiie eounibl, 63AUMOCEAZL CINAROGUMCA OMPREAMEAsH o,
Kozda napamemp pacxodog Ha gocRumanue pedenka cmanoeumca doabie eoununbl, 1 HaAKonel
GIAUMOCEATL He nabalodaemcea oace, ecan dannbii napamemp pacen edunune. 1pu smom, poem
Kanumadta, nompedieNua u RPOuIGOICMEa MaKyce HPOROPUHOHAALHBI POCHY HACEACHUA.
Hoxazameu, samediarouue cmaduAbHbHi pocm IKOROMUKI & HACEAERUA — M0 Ko duuuenm
Kamumaida, 3ampamst Ha eochumanue pedenKa, ypoeens Mexnoa02ueckozo paseumus i Kodg-
ghunuenm uidezanun omuocumeasnsix puckoe. Cozaacnoe modeau Pamiu, din dunaMuKy paseu-
mMuA Kanumada "oa0moee npagiao” Gydem docmuziymo, Ko2oa UiHaUAIBHOE IHAMEHNE GEKMOpa

& COOMHOMERNN Medcdy nompedienuem u Kanumaiom dydem noddepucugamoca na ypoene 0.01.

Kiouegste caoga: poch YUcAeHHOCH U HACEAEH HA; IKOHOMUMECKIT pOcn, 3ampaitkl Ha @0CH LA -
Hie peténra; Hudownesus.,

Introduction. Today some European and Asian countries such as China, Hong
Kong, Japan, South Korea and Singapore face a very serious problem for their eco-
nomic revival because older population outnumbers young one. This demographic
deficit has become a serious threat for economic revival in these countries.
Demographic deficit may occur because of embracing Malthus assumption that con-
siders population growth rate has negative impact on economic growth.

This study aims to investigate the relationship between population and econom-
ic growth. Previous studies have proposed that this association can be positive, nega-
tive or hove no relationship. This might imply that population is an exogenous factor
of economic growth. This study examines whether population growth can be used as
an endogenous factor of economic growth.

Literature review. There are three opinions about the %ationship between popula-
tion and economic growth. The first argues that the relationship is negative
(Malthusian), while the second proposes that it is positive ( Hayek, Phelps and Simon).
F. Hayek (1988) argued that the fear of Malthusian — that is the fear of population sur-
plus, is not realistic. E.S. Phelps (1968) asserted that the larger the population, the more
the ideas can be developed. Idea can produce technology. If this technology is developed
everywhere it can be imported and adopted by others almost without cost. That is why J.
Simon (1996) argued that population growth is good. Further, I. Cohen (1995) proposed
that environment carrying capacity change rate is proportional to population growth rate
with Condorset parameter as its constant proportion rate. Therefore, the larger the pop-
ulation, the better the environment carrying capacity because of technological progress.

The effect of population growth rate on economic growth rate has been debated
(e.g., Phelps, 1968 in Henderson, 2006; Simon, 1977; Hayek, 1988; Jones, 1995;
Birdsall and Sinding 2001). Phelps (1968) and Jones (1995) argued that high eco-
nomic growth in the past was caused by high population growth rate. Simon (1977)
firmly stated that population growth is good. Meanwhile, F. Hayek (1988) proposed
that population growth rate never affects economic growth rate. He stated that eco-
nomic growth comes from external forces that change and give opportunity to labor
division. Growth and development are the results of market advancement,

AKTYASIBHI NMPOBJIEMIW EKOHOMIKK Ne9 (185), 2017
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Ray (1988) and C. Portner (1996) assumed thatpulation growth can have both
positive ggd negative effect on economic growth. The influence can be positive as a
result of an increased market size or scale effect, technological progress and increased
labor force participation rate. The impact can be negative as a result of higher
dependency ratio and increased capital and resources. Some impacts depend on a
time frame. For example, fertility can have negative effect in a short run through
greater expenditure for rearing and nurturing children and can be positive in a long
run through great future human capital.

Problem statement and research objectives. This study aims to develop an inter-
action model between population growth and economic growth. Phelps (1968) stat-
ed that technological progress today is the results of high population growth in the
past. E.S. Phelps (1968) in C. Jones (2001) even realized it and stated he missed
Mozart because he forgot population growth in modeling economic growth. lqer,
M. Kremer (1993) gave reasons to support the importance of a deeper study the rela-
tionship betwee pulation and economic growth in particular, on a global scale.
This study aims to model the relationship between populati rowth rate and eco-
nomic growth rate. Specifically, we search to find long-run population growth rate
and economic growth rate in Indonesia using the model.

Methods. The data used in this study are divided into two parts — economic and
demographic data. Demographic data in 1980-1999 are obtained from the Statistics
Indonesia and compilation by the Ministry of Finance of Republic of Indonesia (2008).
The data consist of output, household and government expenditure and capital forma-
tion. Data used are gross domestic product at constant price (real GDP). Economic
data for 1960-1981 are the results of calculation by (Sundrum, 1986). Meanwhile, cap-
ital stock data were obtained from the calculation by (Van Der Eng, 2008). The latter
used data from the Statistics Indonesia to estimate the capital stock of Indonesia.
Meanwhile, demographic data include the population of Indonesia from Bappenas et
al. (2005). The vearly population produced was estimated using interpolation. The pro-
jection of population in 2035-2050 were nloaded from the United Nations (2009).

To develop an interaction model between population growth and economic
growth, the enogeneous growth theory was employed using dvnamics optimization
method. This method uses the Pontryagin maximum principle (optimum control).
Optimization is divided into two parts. The first part is to find the dynamic con-
sumption growth rate using the Euler equation. The second part is to find the steady
state growth rate. To find the dynamic growth rate, the Hamiltonian equation has
been emploved. Meanwhile, find the steady state growth rate current-value
Hamiltonian equation is used. The steady state growth rate is the function of param-
eters obtained in the model. Further, simulation was done with respect to steady state
economic growth. In simulation, the parameters are changed to evaluate its impacts
on optimal population and economic growth rate. The values of economic parame-
ters were estimated using nonlinear genetic algorithm method with replication
around 10,000 and 15,000 times.

Model Estimation. The purpose of a society is to maximize its welfare as follows:

L] CI g
W:Ie“"e"’—d1 5t (1)
; -
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subject to two capital dynamic constraints

aK(t) /ot = AK + BK“N” —C - 8K —bnK (2)
and population dynamics
oN(t)/bt=n.N. (3)
From equation 1, 2 and 3 the Hamiltonian equation can be made as follows.
C1—|5'
H=e S A [AK + BKNY — &~ bk ~Cle 2, [oN] (4)

The results of optimization are as follows:
a. Dynamic consumption eguation:

E—l a-ipgf o _M. -
= (AraBKTN ~5-p)- 2, (5)

b. Economic growth rate is proportional to population growth rate:

(1_0"}5.':{ =5!—.§'~- ©)

It can be seen from this gggdel that it supports Jones (2001) in that economic

growth rate is proportional to population growth rate.
c. The steady state of capital, consumption and output:

© __ PpA-p5-pp+abp)
“ " B%0+ Bb-abB - 2ab+2a’b
d. The steady state population growth rate:

_ (1-a)pA-p5- pp+abp) (8)
N B%0+ pb—abbB —2ab+2a’b

(7

Key results

The Effects of Parameter Changes on Growth Rate. Using the determined bench-
mark for the parameters it was found that the economic growth rate is 0.063217, or
6.3% and population growth rate is 0.012643, or 1.2%. If the population growth rate
of Indonesia in 2009 is estimated to be 1.13%, ¢8en in the simulation it is changed to
predict its impact on the long-run optimum population growth rate and long
optimum economic growth rate. According to the conditions in 2009, therefore, the
long run economic growth rate of Indonesia is 6.3%.

There is a probability that Indonesia’s population growth rate will increase.
From the aspect of capital coefficient in production process, the greater this figure the
larger the population growth rate. If Indonesia’s economy becomes more capital
intensive, then population growth rate will decline.

The increase of population coefficient in the output function will increase the
population growth rate. The economic growth rate and output per capita increases as
the population growth grows respectively. 11

The child-rearing cost has impact on economic growth rate, population growth
rate and output per capita growth rate. This parameter relates directly to population
and economy and measures the expenditure spent by households on rearing children
from childhood to adulthood. Becker (1991) proposed that time and opportunity

AKTYASIBHI NMPOBJIEMIW EKOHOMIKK Ne9 (185), 2017
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costs are included in this expenditure. An increase in child-rearing cost will reduce
economic, population and output per capita g h rate.

Capital depreciation has positive effect on the growth rate of economic, popula-
tion and output per capita. Meanwhile, the rate of time preference has negative influ-
ence on the growth rate of economic, populati nd output per capita. Further, the
elasticity of inter-temporal substitution aﬁ'ectsggmwth rate of economic, popula-
tion and out@yt per capita negatively. Furthermore, technological progress relates
negatively to the growth rate of economic, population and output per capita.

Conclusigms and directions. Based on the simulation and analysis performed in
the frame of steady state growth rate it is aled that economic growth rate is pro-
portional to population growth rate. If the steady state population growth rate
increases, then the steady state economic growth rate also increases. This finding sup-
ports the hypothesis proposed by S. Kuznets (1960), Phelps (1968), J. Simon (1977),
Boserup (1981) and Jones (1995). Therefore, it can be concluded that in Indonesia
population growth rate influences economic growth rate positively.

The analysis results on the dynamic cogmmption growth rate employing Euler
equation with the child rearing cost of 0.51 show that population growth rate has a
positive effect on consumption growth rate. Therefore, to increase consumption
growth rate Indonesia needs to keep population growth rate. The 1997-1998 eco-
nomic crisis experience shows that in the situation where Indonesia’s economy is not
interesting for investment aggregate consumption can become a soft “pillow” for the
country’s economy avoiding a deeper crisis. Until today, Indonesia’s large population
has become the big market even for foreign investments.

The results of simulation indicate that the steady state economic growth rate of
Indonesia is 6.3% per annum. This figure can be used as the long-run benchmark for
consistent long-run economic growth for decision makers in tqlr development planning
forthe country. A deviation from this figure is a short-run one. Therefore, the steady state
growth rate will give direction to where Indonesia’s economy should be pointed to.
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