THE EFFECT OF GOVERNMENT EDUCATION SPENDING ON ECONOMIC
GROWTH THROUGH SCHOOL ENROLLMENT IN INDONESIA

NUR INDAH LESTARI

Politeknik Keuongon Negora XTAN
E-mail : nurindohlestori@gmail.com

ABSTRACT

This paper examines the effect of government spending on education on growth as an indirect
process through enrollment rate, specifically in Indonesia. Using a panel data set of 26 provinces from
2000 to 2010 and applying fixed effect approach of panel regression, we find that government spending
on education has a positive relationship with enrollment with one-year lag; also, the data show that
enrollment affect growth significantly. By enacting the chain rule, government spending on education
has a positive effect in economic growth indirectly. Together, these findings suggest that raise
government spending on education can increase enrollment rate and enhance economic growth.
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1. INTRODUCTION

Mointoining government spending on
education hos been o mojor goal in Indonesia,
where the government has been struggling since
2003 to keep the allocation for educotion ot or
above 20% of the notionol ond regionalbudget,
based on Law no. 20 of 2003. Indonesia hos this
budget requirement for education because
government believes thot it will enhonce the
country's economic growth. A lorge body of
reseorch supports the belief that government
spending on educotion influences economic
growth significontly (Boldoccei, Clements, Gupto,
ond Cui, 2008; Barro & Zolo-I-Martin, 1995;
Douda, 2010; Musila & Belassi, 2004; ond
Prosetyo & Pongestuty, 2012).

While most researchers ogree there is
relationship between the two, some do not
consider that government spending must first
enhonce humon capitol, to improve education, as
meosured by enrollment rote (Baldocci et ol.,
2008; Gupta, Verhoeven, & Tiongson, 2002; ond
Rojkumor & ZXZwoaroop, 2007). Increased
enrollment rotes ore likely to expond economic
growth (Jolil & Idrees, 2013; McMahon, 1998;
ond Wolff, 2000).

Although some studies look at the effect of
humon copital on growth ond use developing

countries' data, they cover mony nations or long
time spon. No study hos focused on one
developing country's cose, especially Indonesia’s.
As education spending will have different effect in
different circumstances, it is importont to study
country specific coses. Our poper will attempt to
fill this gap by focusing on Indonesia.olone.

The paper will onalyze the effect of
government education spending on growth as on
indirect process through enrollment rote. Thus, it
aims to find the effect of that spending on
enrollment rate ond economic growth, ond the
direct effect of school enrollment rate on growth,
specificolly in Indonesio, using a.ponel dotaset of
26 provinces from 2000 to 2010.

This paper is orgonized os follows:section 2
provides the literoture review, section 3 discusses
the model and the dotoset, section 4 presents the
results, ond section 5 offers the policy
implication.

2. LITERATURE REVIEW

The relationship between government
education spending ond growth has been widely
discussed among scholars with various results.
Yome reseorchers ossert it hos o positive ond
significant relationship, such os Boarro & Zalo-1-
Mortin (1995), Musila. & Belossi (2004),
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Baldacei et al., (2008), Doudo (2010), ond
Prosetya & Pongestuty (2012). On the other hond,
Lotto (2011) found thot, in Nigeria, the
relationship is negative or not significont in the
short run while possibly positive in the long run.
Additionolly, Blonkenou ond Ximpson (2004)
concluded that the relationship between
education spending oand economic growth exists
becouse government provides finoncial support
for formal schooling in mony countries; however,
there is no clear empirical validotion of this
relationship becouse education spending moy
crowd out other growth foctors such os tox
structure ond government size.

Observing o strong relationship between
economic growth ond public spending on
education, mony scholars treot the lotter os o
direct foctor of growth, such os Barro (1990),
Blankenou ond Ximpson (2004), Musilo ond
Belossi (2004), Pradhon (2009), Lotto (2011),
ond Prosetyo ond Pongestuty (2012). However,
studies belonging to the Xolow growth model
formuloted the problem differently. In thot
model's original form, copital investment ond
population growth ore the determinonts of steady
state level of per copita income. Monkiw, Romer,
ond Weil (1992) ougment the Xolow model by
including accumuloation of humon copitol os well
os physical capital investment. Moreover,
McMoahon (1998) ond Boldacei et ol. (2008)
believe education is a key component of humon
capital os the determinont of economic growth.
From this point of view, government education
spending should be treated os on indirect foctor
for economic growth through enrollment
(Boldacci et al., 2008). Thus, we must first
examine the process from government education
spending to enrollment rote, ond then from
enrollment rote to economic growth.

Education enfﬁ:;;?:n ¢ Economic
spending rate growth

Figure 1.Process from education spending to
economic growth
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The first process is the effect of government
education spending on enrollment rate.
Researches cloim it is o positive ond significont
one (Boldacci et al, 2008, ond Gupto, Verhoeven,
ond Tiongson, 2002); especially, if supported by
good governonce (Rojkumor ond Xwoaroop,
2007). Using cross-section dota, Rojkumor ond
Ywaroop (2007) define educationol ottoinment as
the proportion of school-aged children who finish
secondary school. However, Gupta, Verhoeven,
ond Tiongson (2002), define it as gross
enrollment rotio in primory ond secondory
education; similorly, Monkiw, Romer ond Weil
(1992) use enrollment rate os o proxy of humon
capitol accumulation.

In Boaldocei et al. (2008), education is
meosured by the summation of primory ond
secondary enrollment rate ond given o seporote
model from the general growth model. Boldocci
et ol. (2008) utilize ponel data from 118
developing countries from 1971 to 2000 ond
apply one period of log to education spending.
They conclude education spending hos positive,
significont impoct on humon copitol; ond
indirectly impacts on economic growth.

The second process is the relationship
between enrollment rote ond growth. Most
researchers ogree that enrollment rote enhonces
economic growth by enhoncing humon copital
(Barro and Xolo-I-Mortin, 1995; Mankiw, Romer,
ond Weil, 1992; and Wolft, 2000). All of them use
international doto; for instonce, Monkiw, Romer,
ond Weil (1992) use 98 countries, Barro ond Xolo-
[-Mortin (1995) use 97, ond Wolff (2000) use 24
members of the OECD. A time series opprooch
also proves that different levels of education
positively ond significontly affect to economic
growth, for example Pokiston from 1960 to 2000
(Jolil & Idrees, 2013).

Using Eost Asion countries' doto from 1965
to 1990 and applying the ordinary least squore
with correction for heteroscedosticity and
outocorre-lotion onolysis for the dato, McMohon
(1998) finds thot primory educotion spending
from the government is very importont in the
early period. However, this spending matters less
after primory educotion hos generolly been



ottoined, of which point more should be spent on
secondary ond higher education. Ximilorly,
Agiomirgionokis, Asteriou, ond Monostiriotis
(2002), employ a.dynamic ponel dota.approach to
93 countries from 1960 to 1987, ond find the
effect of education on growth increoses linearly
with the level of education.

This study puts together existing literature
by relating government educotion spending,
enrollment rote, ond economic growth in two
processes. First, we use the education equotion to
show the effect of government education
spending on enrolment rote. Xecond, we use the
Yolow growth model with enrollment rote os o
measurement of humon copitel. Finolly, using
both models ond opplying the choin rule, we
obtain the effect of education spending on
growth.

To be consistent with previous research
related to growth, we employ o ponel data
approoch in both growth ond education equations
to discern not only the time effect, but olso the
individual effect (Islam, 1995). Using ponel doto,
we will see the individual effect in each province
in Indonesia will in this study. Ours is aregional,
not national, cnolysis.

3. MODEL AND DATA
3.1. Model

To obtoin the impoact of government
spending on education on growth, this poper uses
general specifications for real per capito income
growth ond enrollment rote os used in the existing
literature. Boldocci et ol. (2008) build a seporate
model for the educotion equation, using
enrollment rote, os o determinont of economic
growth. Therefore, we employ two models, o
growth model and on educotion model. In both,
we include logged values of government
spending ond educotion variobles.

Baltogi (2001) argues thot ponel approoch is
the most applicoble method for growth model,
since it does not require technology to be the
some ocross individuals ond provides a better
dynomic effect for eoch. Islom (1995) adds that it
lets us separate the effect of “copital deepening”
ond technological ond institutional differences.

Hence, we employ a ponel opprooch for both
models. Xpecification for each equation is shown
below.
3.1.1. Education equation

The education equation follows the existing
literoture ond mokes avoiloble the dynomic
effects of lagged spending. It is bosed on Boldocci
etal. (2008) and Gupto, Verhoeven, and Tiongson
(2002). They mainly use gross enrollment rotio
(GER) os the education varioble. They also use
mony voriobles to explain GER, such os initial
income, education spending, child mortality,
urbonization, shore of female students, ond
repetition rate. However, due to limited time ond
dota availability, this poper only used initial
income os o control vorioble. Therefore, the
generol equation is os follows:

GERy = Va0 + Y21 lnyy,
+ vy EduSpending;, + 1y,
+ Uz + €210

This equation observes the impact of
education spending on GER in eoch level of
schooling where it is o proxy of humon copital in
the growth equation. The use of gross enrollment
rate 0s o proxy is consistent with much of the
literature examining the role of humon capitol on
growth (Baldacci et al., 2008; Monkiw, Romer, &
Weil, 1992).

Indonesia hos four levels of education (see
Appendix 1): pre-school, bosic, secondary ond
higher education. In this poper, we used basic ond
secondory education without accounting for non-
formal education. Bosic education is primory
school, while secondary education is consisted of
lower ond upper secondary school. GERs ore
token for each level of schooling. Therefore, we
hod three education equations representing three
levels of schooling. We used the GER of each
schooling level os the education meosurement.
2ome variobles thot will influence GER, bosed on
the equotion above are:

e Income level (y). An increase in per copito
income tends to increose demond for
education, moking o positive coefficient.
This varioble is the logarithm of real per
capito. gross regionol domestic product
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(GRDP).

Education Xpending (EduSpending). This
varioble expresses educotion spending of
provinciol ond municipal governments os o
percent of GRDP. A one period log account
for the oftoinment time of the spending’s
impact.

n, ond p, indicote the time-specific effect ond
province-specific effect, respectively.

g, 18 error term.

3.1.2. Growth equation

Drowing upon Monkiw, Romer ond Weil

(1992), the growth equation is based on Zolow's
neoclossical growth fromework. It adds humon

capital accumulation to the Zolow growth model.

The

growth per copita output equation is below

(see Appendix 2 for the derivation):

Git = Y10 t V11(nsg;, + vialnsy,

+yizin(n+ g+ 8y,
+ Yialnyice—1y + M1 + pyg

where

“In” meoms “notural logorithm”.

Jit isreal GRDP growth.

Sk denotes the investment ratio, in terms of
gross fixed copital formation (GFCF) per
GRDP. A higher investment ratio raises the
stock of physical copital.

Shj; refers to the stock of human copital,
represented by GER. The GER of eoch
school's level will be estimated seporately to
better understond the progress in developing
humon copital for each province ot different
stoges.

(n+ g+ 96) is summation of population growth,
technological ond depreciation rate. Following
Monkiw, Romer, ond Weil (1992), we assume that
g+ 6 is0.05.

Yi(t—1) defines the logged logarithm of per capito
income. The negative direction of growth os initiol
per capita income increoses shows that there is o
conditionol convergence to the steody state.

Ne ond Wi indicote the time-specific effect ond

T &1 province-specific effects, respectively.
*  g;iserrorterm.
Table 1. Group of provinces
No | Name — Old Province Name — New Province Established
1 Riou o. Riom o. 1958
b. RiouIslond b. 2002
2 | Zouth Zumatero o. Zouth Xumatera, o. 1959
b. BongkaBelitung b. 2000
3 West Java o. WestJavo o 1950
b. Bonten b. 2000
4 North Zulowesi o. North Xulawesi o 1960
b. Gorontalo b. 2000
5 Youth Zulawesi o. Xouth Xulawesi o 1960
b. West Zulowesi b. 2004
6 Maluku o. Maluku o 1958
b. North Maluku b. 1999
7 | Papua o. Popua o. 1969
b. West Papua b. 2001

Note. Ztatistic Indonesio
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Table 2. Zummory descriptive stotistics

Variable Observation | Mean | Stdeviation | Min | Max
Real per copita GRDP growth 260 0.03 0.05 -0.32 | 047
Income level (log of real per copita GRDP) 286 1.19 0.64 0.72 | 3.79
Investment ratio (log of GFCF per copita GRDP) 286 -1.73 0.47 -3.56 | -0.93
Primory gross enrollment rotio 284 1.08 0.04 091 | 1.18
Lower secondory gross enrollment ratio 284 0.81 0.09 0.51 | 1.01
Upper secondary gross enrollment rotio 284 0.57 0.13 0.29 | 0.95
Education spending (per GRDP) 286 0.04 0.04 0.00 | 0.37
Totol Zpending (in logorithm form) 286 14.86 0.86 11.93 | 16.81
Population growth 260 0.02 0.01 0.003 | 0.05
Note. Ministry of Finance, Ztotistic Indonesia
Table 3. Education equation
Variable Elementary GER Lower secondary GER | Upper secondary GER
Income level (t-1) 0.0878*%** 0.0575%** 0.559%**
(0.0190) (0.0381) (0.0716)
Education spending (t-1) 0.129** 0.116 L 115%**
(0.0602) (0.120) (0.226)
Constont -0.0877** -0.318*** -1.639%**
(0.0341) (0.0682) (0.128)
Observation 259 259 229
R-squared 0.025 0.025 0.407
Number of province 26 26 26
>tondords errors in porentheses
#a% p<().01, ** p<0.05, * p<0.1
3.2. Data new voriobles that toke into account yeor before

We gathered o ponel dotoset for 26 provinces
in Indonesio. from 2000 to 2010, out of 34
provinces thot exist in Indonesia today. Xome
new provinces ore regrouping back into old
provinces (before exponsion) ond therefore
connot provide comparoble ond consistent doto
(see Table 1 for group of provinces, ond Toble 2
for more description of the data).

Doto for GRDP, GFCF, ond GER are from
Ytotistic Indonesia, while dota for spending is
from Ministry of Finonce. At stort, we hod 286
data points, but only 260 were effective after
regression due to limited availobility of dota (e.g.
GER of Aceh in 2000 ond 2001) ond generoting

2000 (e.g. growth).

4. EMPIRICAL RESULT AND

DISCUSSION

The aim of this study is to investigote the
effect of education spending ot o provincial level
on economic growth indirectly through
enrollment. Tobles 2 ond 3 show results for
growth ond educotion equotions. Per previous
discussions, we used the pomel opprooch to
estimate the educotion equotion ond growth
model. The ponel method hos two kinds of effect,
fixed ond rondom. We employed the Housmon
test before running the regression in order to
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obtain the best ponel approoach. The results of the
Housmon test (see Appendix 3), for both models,
showed thot opplying fixed effect is more
oppropriote. In most coses, the coefficients ore
statisticolly significont ond the directions areas
expected (see Appendix 4 and 5 for more detail
results).

4.1. Education Equation

Gov ernment spending on educotion positively
affects GER after a one-yeor log. Boldacci, et ol
(2008) found the similar result. The coefficient
implies that on increase in educotion spending of
1% of GRDP would increase enrollment rates by
a foctor of 0.13 for primary, 0.12 for lower
secondory, oand 1.12 for upper secondory in the
following year (see Table 3).

The income level also matters significontly
to GER, especiolly lost yeor income. The

coefficient of income level meons thot on
additional 1% in income will increase GER by
0.09, 0.06, ond 0.56 point in elementory, lower
secondory, ond upper secondory school,
respectively.

4.2. Growth Equation

The impact of different levels of schooling
on economic growth moy vory between notions
(Jalil & Idrees, 2013); olso, within regions of a
notion. In the humon copital oaugmented
production function (growth equation), we
substituted the humon copital vorioble with GER
of each level of schooling to meosure the effect
from each of them on growth. We separoted
primary, lower secondory, ond upper secondory
school into three equotions to avoid the risk of
multicollinearity, which would leod to incorrect
inferences.

Table 4. Growth equation

Growth using
Voriable
251 2313’ 25y v v’ v
GRDP per copita(t-1, log) -0.348%*** -0.288*** [ -0.290%** |-0.218% [-0.119%** | -0.181%**
(0.0933) (0.0745) (0.0752) (0.113)  [(0.0375) |[(0.0391)
Investment rotio (t-1) 0.0645%* 0.0645** [0.0645** 10.0113 0.0726*** 1 0.0375%*
(0.0253) (0.0253) (0.0253) (0.0441) [(0.0277) |(0.0215)
Population growth (n+0.05) -0.156 -0.156 -0.156 -0.083 -0.113 0.109
(0.237) (0.237) (0.237) (0.350) [(0.250) (0.221)
Primory GER (log) 2.498%** 1.514
(0.857) (1.132)
Lower secondory GER (log) 2.7773%%* 0.562%*%*
(0.951) (0.183)
Upper secondory GER (log) 0.289%** 0.185%**
(0.0992) (0.0488)
Constont 0.163 0.826 0.418 0.111 0.188 0.835
(0.650) (0.740) (0.677) (0.962) [(0.688) (0.628)
Observation 260 260 260 259 259 259
R-squared 0.123 0.123 0.123
Number of province 26 26 26 26 26 26

“ Regression using primary gross enrollment ratio
* Regression using lower secondary gross enrollment rotio
‘ Regression using upper secondory gross enrollment rotio

>tondords errors in porentheses
**% p<0.01, ** p<0.05, * p<0.1
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Table 5. Morginal Effect

Morginaol Effect Elementory GER | Lower secondory GER | Upper secondory GER
Education spending on GER* 0.129 0.116 1.115
GER on growth (2ZLX)’ 2.498 2.773 0.289
GER on growth (IV)"’ 1.514 0.562 0.185
Education spending on growth (2XLX)" | 0.322 0.322 0.322
Education spending on growth (IV)* 0.195 0.065 0.206

“Token from Toble 3
"Taken from Toble 4

oy _ dy af

)
‘Calculation based on chain rule (5 = ax)where ﬁ is education spending on growth

on GER, ond g—i is GER on growth.

All levels of GER were found to positively
ond significantly contribute to economic growth
ot a 1% stotistical significonce level, whether
using 2XLY or IV regression, except for on
insignificant coefficient of primary GER using
IV regression. In the 2XLX regression, a 1%
increase in the primary, lower secondory ond
upper secondary GER should raise the growth
rate by 0.025, 0.028, ond 0.003 points,?’
respectively. In the IV regression, the instrument
variobles ore education spending rotio in terms of
GRDP per copite, totol value of education
spending, initial income, ond log of population
growth. The coefficient of GER meons thot o 1%
increose in the lower and upper secondary GER
should increose the growth rote by 0.056 ond
0.019 percentoge points®’, respectively.

These results ore in line with McMohon
(1998) and Jalil and Idrees (2013). They could be
due to investment in humon copitol by household
or government, as well as physical copital, but
probobly not the technological progress lorgely
responsible for the high per copita growth in East
Asia(McMohon, 1998).

Another interesting motter is the coefficients
of initial GRDP per copito. In both 2XLE ond IV
regression, we found thot initidl GRDPs per

*Yee Wooldridge (2002) chopter 2,p.45 on the summory of
functional forms involving logarithm. For o level-log model,
the interpretation of fiis Ay = (8;/100)%Ax. Yo, a.one percent
increose inx will roise y by (5,/100).

* Loc.cit.

dy

ar 18 educoation spending

copita have negative directions, which implies
that each province in Indonesiawill converge to a
steady state. This result matches the convergence
concept in the neoclossical growth model (Zolow,
1956) which says thot o country's per copita
growth raote tends to be inversely related to its
starting level.

4.3. The effect of education spending on
growth through enrollment rate

We calculated the effect of government
education spending on growth through
enrollment rote bosed on the marginal effect of
education spending on GER ond the morginal
effect of GER on growth. Bosed on the chain rule,
the multiplication of these effects will be the
effect of education spending on growth.

The toble 5 shows thot increasing 0.01
percent of education spending in terms of GRDP
will increase growth by 0.003 point using 2XLX
regression; while using IV regression, 0.01
percent increase of education spending will
increase growth by oaround 0.002 point.
Therefore, government spending has o positive
impoct on economic growth.

5. CONCLUSION AND POLICY
IMPLICATION
This study ottempted to exomine the effect of
government education spending on growth
through school enrollment in Indonesio during
the period 2000 to 2010.1It hos investigated using
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fixed effect of ponel data regression with 2XLX
ond instrument vorioble. The main findings ore os

follows:

1.

For the education equotion, stondord ponel
dato. regression by using fixed effect
opprooch clarifies thot educotion spending
hos a positive relationship with enrollment
ratio in oll levels of education with 1%
significant level in upper secondary school,
5% significant in primory, ond not
significont in lower secondory. The latter
effect is because fewer lobor forces are token
from lower secondory school.

For the growth equation, ponel doata
regression using either 2XLY or the
instrument vorioble shows that enrollment
rate has o positive relationship with
economic growth at o 1% statistical
significont level, except for the instrument
varioble, ond elementory school, where the
relationship is insignificont. This is probably
due to on olready high elementory
enrollment rote.

The chain rule confirms a positive effect of
education spending on economic growth
through school enrollment. Increosing thot
spending will increase that growth.
Indonesion provinces tend to show a
conditional convergence to the steoady stoate,
including negative direction for the initiol
income level. Thus, oll regions will have
similar growth rate, even though the speed of
convergence of each province may differ.
The policy implications of this study ore os

follows:

1.
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Having o wide voriation of provinces in
Indonesia. ond o lorge education budget,
government should create on education
system fostering colloboration between
central government, local governments,
schools, associations, ond communities to
support the implementation of policy.

We con learn from developed countries. The
Jopanese educoational system, for instonce, is
built on four levels: centrol, prefectural,
municipal, ond scholostic. Those levels allow
itto berelatively efficient ond effective.

Education is considered o chonnel of
technological tromsfer ond o way to boost
economic growth. To accelerate regional
growth, especially in relatively diverse
regions, government con provide tolented
citizens from relatively boackword regions
with scholarships, encouroaging their
educoation in more developed regions or even
obroad. As o condition, citizens would have
to return home ond develop their region,
becoming chonge agents toword o better
condition.

West Nusa Tenggora wos the province with
the lowest economic growth surveyed. We
suggest its local government ollocate more
of its budget to the educoation sector or other
productive sectors such os health ond infros-
tructure. this province's economic condition
will therefore improve.

There is o one-yeor log between increose in
education spending ond effect on school
enrollment rote ond growth. Government
should ollocate more resources to school
infrostructure, school needs, or focilities
such os classrooms, librories, ond books. The
impoct of government spending on
education will probobly increase since
facilities of schools are well developed ond
maintoined.

Provinces with low economic growth should
increose the quolity of not only formal
schooling but olso informal schooling.
Better schools will push pupils to improve
their knowledge, ond skill. Loter on, citizens
of each province will be a good lobor force
or, even better, create job themselves.
Therefore, every region con enhonce their
economic growth by enriching their society.
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Appendix 1. Toble of education system in Indonesia

Age Grade Level Formal Education Vocatinal Education Non-formal
Education
Islamic Strata 3 | Specialist
S3 Program| Program | Program 2
High Islamic Strata 2 | Specialist Open
= — Education S2 Program| Program | Program 1 University
21 15 Islamic Strata 1 | Diploma 4 [
20 14 Strata 1 Program | Program I:I)Dlploma 3 Diploma 2|
19 13 Program rogram Program | D1 Program
18 12 Secondary | 'Slamic UPP General Uper Secondary | Vocational Secondary
— L Sehool (MA) | Secondary s S Paket C
16 10 School (MA) School (SMA) chool (SMK)
15 9 Islamic Low
14 3 Secondary Lower Secondary Paket B
13 7 School (MT) School (SMP/SLTP)
12 6 .
11 5 Basic )
10 4 Education Islamic .
9 3 Primary Primary School (SD) Paket A
School (Ml)
8 2
7 1
< Pre-School Islamic
i Education | Pre-School Kmdergarten (TK)
Remarks:

Strata 1,2,3 (S1, S2, S3) are equalivalent to Bachelor Master, Ph.D.

Specialist programs are programs for academic and/or professional futher education
Basic education is compulsory and free of change

Pre-school is optional

Note. TVETipedia, retrieved from www.unevoc.unesco.org

Apendix 2. Derivation of growth equation

Following Monkiw, Romer, ond Weil (1992) model, the equation storted with Xolow growth model by
adding humon copital occcumulation ond featuring Cobb-Douglos production function is:

(1) YO =KOHOPABOLDO]*F o<a+p<1

Where Y is output, H is humon capital, K is physical copital, L is labor, and 4 is the level of technology. L
ond A are assumed to grow exogenously ot rotes 7 and g so thot:

(2)  L(t) = L(0)e™

(3)  A(t) = A(0)e

The intensive form of the Xolow production function by defining oll variobles per effective lobor is:

®)9(t) = k(O“h(®)*

oY) noo K@) ~. o H®
where y(t) = AOLD k(t) = AOLD nd h(t) = 20L0
Assuming both physical ond humon copitols ore accumuloting factors, their equations of motion for ore:
Physical copital:

K(t) = s,Y(t) — K(t)
Biry = i K(t)
® = 6t<A(t)L(t)>
po K®AM®LE) — K@®)[ADL®) + A)L(D)]

K== AOLOP |
Be) = Kt  K@® [A(DL() + AD)L(D)]
AL AL AL(L)

ki) = 20RO 6y gy

A(L(t)
k(D) = se9(0) = k(D) — (n+ k(D)

Thus, the motion for physical capitol is

(DE() = si9(t) — (0 + g + &k (D)
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H itol: .
HIEEPTE B ) = s, Y (6) — SH(D)

hi O (_H®
® =7 <A(t)L(t)>
H®OA®L(E) — HO[AWLE) + A)L(L)]

Ao = AOLOP _

Riey — Hit)  H®) [AOL® +A@BLD)]
© = AOL()  A()L(Y) AL(D)

i) = 22O 64 gy

) A(t)L(t)
h(t) = s 9(t) — Sh(t) — (n + g)h(D)

Thus, the motion for humon copital is
(10)h(t) = 5,9 () — (n + g + &)h(L)

Where sy is saving rate of physical copital, Sy is saving rate of humon copital, ond 6 is depreciation rote
that assumed to be the same for both physical ond humon copitaol.

In the steady state, physical ond humon copital per effective worker must be constont. This implies thot
solving for the steady-state con be done by finding the values for ond which set the obove equations of
motion to zero. The steady-state conditions are then:

(1D () = (n + g + Ok(E)

(12)sp () = (n+ g + 5)h(t)

shk(®*R()F = (n+ g + S)A(D)

h(t)F1 = [—(" +f * 5)] R(t)~@
h
S =7 a
AR = || ROTP
Yubstituting equation (8) ond (13) to equation (11), then:
B
sk(®)® [m]l 7 k()T ] =(n+g+8k)
_ £ w 5
a— 1+ ﬁ Sk _(%)
k(®) [(n+g+6)] (n+g+6)]
S &
k® T lin+g +6)] [1(n+g+5)] ﬁ ,
oo |21 ] (et
T lin+g+6) (n+g+8)
1-B
| Sk J1-a-8 Sh 1- a B
k() = [((n+ g + 6)] [(n+g+6)]
1
R Shﬁ 1-a—

ADk@®)" = C +g+5)]
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Yubstituting equation (14) to equation (13), then:

a

1 11-8
h(t) = _ Sh ﬁ R ’
T lin+g +6)] (n+g+5)
1 S
h(t) = Sh 1527 [ skt Pspf (a-e=Pa-p,
i+ g+l [(ntg+d)
1, aB __ (-Bpa
h(t) = Sh 1-p"(1-a-p)(1-p) [ ](1—a—ﬁ)(1—ﬁ>
[(n+g+9d)] (n+g+96)
] A-a-p-aB _a
h(t) = Sh (1-a-p(-p) [ ](1—a—ﬁ’)
(n+g+9)] (n+g+96)
_ L l-a __a«
~ Sh (1—-a-p) [ ](1—0(—3)
h t) =|— _—
O [(n+ g+ 96)] n+g+96)
1
(15)h(t e
Sl e

Zubstituting equotion (14) and (15) to (8), we got:
9(6) = k(O h(t)

1 a 1 B
S5(t) = Skl_ﬁshﬁ 1-a-B Shl_ aSka m
y® = n+g+96) n+g+96)
] _a B
A(t) _ Skl_ﬁshﬁ 1-a-p Shl_ aSka a-a-p)
YW=+ g+0) n+g+95)
af+a(1-p) ap+p(1-a) —(a+p)

YO =5 TP s, TeF (ntg+)Teh

B —(a+p)
(16)P(0)" = st~ ﬁshl “Bl(n+ g+ 6)]|a-a-h
Toking natural logarithm for equation (16) gives the steady state for output per effective labor is

A7) 9©) =1 1_5_3 %

Following Mankiw et ol. (1992) and Islam (1995) by considering that the equation (17) exploins the
steody state behavior; y* be the steody state level per effective worker; ond let y(t) be its octual volue ot

Ins, + Ins, — In(n+g+9)

ony time t, the speed of convergence is given by:
(18) 228 = 2[in(3") - Inp ()]
Wherel— n+g+6)1—a—-p)
The model suggests a notural regression to study the rate of convergence A. The equation (18) implies
thot:
(19) Wmy(ty) = (1 —e™*)np* + e ny(ty) T=t,— 4
Where y(t;) is income per effective labor of some initiol time.
Yubtrocting both side with Iny(t;) yields
ny(ty) — my(ty) = (1 — e ™) ny* + e X iny(ty) — InP(ty)
(20) Iny(ty) — Iny(ty) = (1 — e"“)lnj}* — (1 — e"“)lnf/(tl)
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Yubstituting y(t)* into the equation (20):
(21)  Iny(t2) — Iny(t1)
= (1— )

Ins;, + (1 - e‘“) Insy

a B
l—a-p l—a-p
a+
—(1-e) ﬁln(n +g+8)—(1-e)ny(ty)

Reformulate equotion (21) in terms of income per capito. Note that income per copita per effective lobor

is: . Y1) Y (®)
(@) = = R

A()L(t) A(0)edtL(t)

Toking the logarithm of the equation obove, thus,

(22) Iny(t) = Iny(t) — InA(0) — gt

Replace ol y(t) in the equotion (21) using the equation (22) gives
Iny(t;) — InA(0) — gt, — (Iny(t;) — InA(0) — gt,)

=(1-e*) Insg + (1 —e™7) Insy,

l—a-p l—a-p
+B

-(1- e"“)liﬂln(n +9+8) — (1-e)(ny(ty) — InA(0) — gty)

(23)  Iny(ty) — Iny(ty)

= (1 - e"”) Insy + (1 - e_k) Insy

a
l—a-p l—a-p
+B

—(1-e) 1i‘ra—_ﬁln(n +g+8) + e Finy(ty) — (1 — e *7)InA(0)
+ (tz — e"“tl)g

Equation (23) is the steady stote level of growth in term of output per copito. Thus, in the Xolow
model the growth income is o function of saving rate of physical capital (sk), saving rate of humon
capital (sh), population growth, technological ond depreciotion rate (n + g + §), ond initial level of
income y(t1).

Following the conventionol notation of ponel data that applied by Islam (1995), the equation is:

(24)  git = Vo t valnsy, +valnsp,, +yvzin(n+ g + h)ie + valny (&) io) + 1e + i + €3¢

where: gir = Iny(ty) — Iny(t,)

U = (1 — e"“)lnA(O)
Ne = (tz - e‘“tl)g

n=0-e )=
- B

r= (1= e )y
+

re=—(1-e)
ond & is the transitory error term thot vories ocross countries and time periods ond has meon equol to
Zero.
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