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Abstract

This paper examines a recent view of Pritchett (2006 }hlea¢ is a wide gap between
the theoretical and empirical growth literature andpblkcy needs of the developing
countries. Growth literature has focussed on the lomg ¢ggowth outcomes but
policy makers of the developing countries need rapid improntsie the growth rate
in the short to medium terms. We think that this gapbsareduced if attention is
given to the dynamic effects of policies. With dateSingapore, Malaysia and
Thailand we show that an extended version of thev6(®56) model is well suited
for this purpose. We found that the short to medium gmowth effects of investment
ratio are much higher than its long run effects and gte@ynamic simulations for
Singapore showed that these short and medium run grofettseére significantly
higher than the steady state growth rate for up tped@s.
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1. Introduction

The literature on the economics and econometricsanftyris vast. It has used
mainly two types of theoretical growth models viz., 8dow (1956) exogenous
growth model and the canonical endogenous growth moddlzaiva (1968), Romer
(1986,1990), Lucas (1988) and Barro (1990) and their varidrtie.empirical growth
literature has used a variety of econometric techniqimshwange from country
specific time series methods to three types of crosstcy techniques. The latter are:
pure cross section methods, panel data methods ignoertoyi series properties of
the variables and panel data methods which take into actwutitre series
properties. These econometric techniques have been ussdrtate both the
exogenous and endogenous growth models and for the devetupdd\eeloping
countries to identify some key determinants of the londevel and growth of per

capita income.

However, Pritchett (2006) has recently observed thspite of much progress in the
growth literature, there remains a tension betweetotiie of academic interests and
the needs of policy practitioners of the developing caesitAccording to him nearly
everything about the first-generation growth models waslds with the needs and
perspectives of policy makers of the developing countriedo§enous models focus
on the very long run and on the incentives for expantiiegechnological frontiers.
This is not particularly useful for modeveloping countries, whose primary interest is
in restoring short-to medium-term growth and accelegaitchnological catch-up by

adopting already known innovations.

! Ignoring refinements and extensions, these canloencigenous models use different factors to
explain the observed persistent growth in per capita issdmthe advanced countries. In Uwaza
(1968) and Romer (1986) persistent growth is due to investmwimexternalities. In Romer (1990)
this is due to accumulation of knowledge through researthi@evelopment. In Lucas (1988) it is
human capital and in Barro (1990) government expenditure @sinfcture causes growth. In
comparison, in the exogenous model of Solow (1956) persistntigis due to the exogenous

(unexplained) growth of knowledge i.e., growth in totatda productivity TFP).



The aim of this paper is to addresses the tension notedtblgett and to provide
some guidelines to narrow the gap between academiccbhswat the needs of the
developing country policy makefsWe take the view that the potential of the Solow
model to narrow this gap is inadequately explored. Thigspite a prevalent view
that the Solow (1956) model does not have significant ypotiplications for growth,
even for the developed countries, and the view of HitR8%) that “Growth Theory
(as we shall understand it) has no particular beanmgnderdevelopment economics,

nor has the underdevelopment interest played any edgeattian its development”

The structure of this paper is as follows. Section 2 @xasrthe needs and constraints
of policy makers of the developing countries and the depwadmts in the growth
literature. Section 3 reviews the potential of the Saldel and its extensions to
meet some of these needs. Section 4 presents erhpgsads to show that the Solow
model has a considerable potential to meet the needs aévk®ping country policy
makers as noted by Pritchett. Section 5 briefly examinesrgirical endogenous

growth model and its use for policy. Section 6 concludes.

2. Growth Literature and Needs of the Policy Makers

Policy makers of the developing countries (often abbtedias policy makers) want
to know the likely consequences of public sector actionsttred relevant time
horizons; Pritchett (2006). However, these time horizons dferént for the policy
makers and the academic economists. Policy makershiomeons are generally
short spanning over one or two terms of office. In cahtmrauch of the growth
literature, based mainly on the endogenous modelsgiesied in the long run
determinants of the growth rate and the effects ofigslion growth spanning over
decades. Consequently, it seems necessary to distingivgben policies that can be
effectively implemented in the short to medium rémogn those that take decades to
be effective. Existing growth literature, by and larges, igaored this distinction
because, as noted by Hicks (1965), developments in grovdtyttiel not have any

2 \We ignore the growth policies for the developed counftie two reasons: (1) the use of the existing
growth literature for policies in the developed countisdsss controversial and (2) policies for growth
seem to be more urgent for the developing world.

% Quoted by Pritchett (2006).



bearing on the needs of the development economists éod makers. However, as
stated earlier the potential of the Solow (1986) model anesextended variants of
this model, e.g., Mankiw, Romer and Weil (1992), to meetieds of policy
makers is inadequately explored. The Solow model can lok ifisxtended, to
analyse both the short and long run effects of chaingég investment rate on the
level of income and its medium term growth rate durlrggttansition period. These
medium term transitory growth effects are of intetegolicy makers of the
developing countries because raising the investment rateslatively simple policy
to implement compared to implementing institutional neetc. Institutional
reforms need longer periods to implement and to be eféedturthermore, there is a
significant support that investment ratio is an importeterminant of the long run
growth rate in the cross country works of De Long amchi®ers (1991), Levine and
Renelt (1992) and Sala-i-Martin (1997) although the magnitutl@oéffect seems to
somewhat overestimated. More recently Greiner, Senmanig Gong (2005) found,
with country specific data, that investment is an imgatrdleterminant of the long run
growth rate in the early stages of development ofienttg. However, in all these
studies there is no distinction between the long aod st medium term growth
effects of the investment rate. In contrast to theseks we shall examine the
dynamics of the growth effects of investment ratio.

However, there seem to be some neglected areas whigchawe widened the gap
noted by Pritchett. Technocrat policy makers need singulé unambiguous
guidelines on the selection and specification of mogelky variables and
techniques for estimation and simulation. These areriapbfor an understanding of
the dynamics of growth during long transition periodthefeconomy between two
steady states. Endogenous growth models, which have retiedipirical research

on growth are mainly interested in the long run effe€solicies on growth and
neglect the dynamics because they use cross countrgaseffurthermore, the
theoretical models are abstract and difficult to undedsédthough they are important
to understand what factors potentially determine the graateéhand how to sustain it
in the long run. Furthermore, structural endogenous modelsaad to estimate with
country specific time series data due to the nonlinesuini¢he parameters. Therefore,
these models are estimated mainly with the cross gpo@thods and with somewhat
ad hoc specifications of the growth equation and an arbitralgcsion of the



explanatory variables; see Durlauf, Kourtellos, and (P&08) Easterly, Levine and
Roodman (2004) have expressed concerns onallebc specifications as follows:
“This literature has the usual limitations of choosirgpeacification without clear
guidance from theory, which often means there are platesible specifications than
there are data points in the sample.”

On the arbitrary nature of the selection of the exgllary variables Durlauf, Johnson,
and Temple (2005) have noted that the number of potentiatigioproving
variables, used in various empirical works, is as mariylgés Often these growth
enhancing variables are correlated. Consequently, itdstbastimate with precision
their individual effects even if only a few are retnn the growth regressions. The
issue of model selection is further complicated becdiff@ent authors choose
different empirical proxies for variables in the sagnewth theory; see Durlauf,
Johnson, and Temple (2005)There is also disagreement on the relative merifseof
estimation techniques. Much of the empirical work is a@tad by cross country
methods where variables from a number of developed andogénglcountries are
averaged over the entire sample period or divided intagesrof shorter panels of 5
to 10 years. Recently, panel data techniques with the @nmesanethods of unit roots
and cointegration have also become popular in whichnheal growth rate is used
as the dependent variable. If endogenous growth modelb@uetae relationship
between the long run or the steady state growth 8X8R) and its major
determinants, then it is hard to accept that averagetigmates over short panels are
good proxies for the unobserval¥8GR. Therefore, there will be some
misspecification biases in the estimated coefficief@snceptually the unobservable
SSGR is similar to the natural rate of unemployment. Bathta be derived by
estimating appropriate dynamic non-steady state modélbyimposing the steady
state conditions.

4 Further, there is no endogenous theoretical model inhwhare than one or two variables are used to
explain the persistent positive growth rate. In genenalariable that has externalities can cause
positive growth in the long run. This explains why gyéanumber of growth variables have been used

in the empirical works.

® We conjecture that the growth effects of variable$wéloverestimated because rate of growth

proxied with the averages over short panels has both diteastd long run components.



The main objective of the cross country studies is &mmaxe which set of variables
can best explain the large variations in the per captames or their growth rates
across countries. This has important policy implicaion spite of the standard
criticism that cross country studies make the tenuousrgg®n that one size fits all.
Cross country methods are important when country speftata on growth enhancing
variables are not available for longer periods and if slata were available the
variances of the variablesare too small. Therefomssccountry studies are useful for
identifying the more important (fundamental) determinahtgowth. Commenting

on the diversity in the cross country works, Boswarrtt Collins (2003) say that the
empirical growth literature is filled with conflictingaims and strong disagreements
on econometric methodology, substantive conclusiotb@predictors, determinants
of cross country growth differences and appropriate wayseasure potential growth
determinants. However, through careful attention tcatdeiselection and
measurement, it is possible to develop a coherent pekspeatcross country growth
determinants and thereby bring some clarity to empigicabth studies. Although
Durlauf (2003) was critical of Bosworth and Collin’'s medbtgy, it is in this spirit
Durlauf, Kourtellos, and Tan (2005) summarise the findirffgeweral cross country
studies as follows. The fundamental determinants of dirave (1) economic
institutions (2) legal and political systems (3) climatedeographical isolation (5)
ethnic fractionalization and (6) cultutédowever, these findings do not meet the
immediate needs of the policy makers of developing cmsnéind their politicians.
The latter want quick improvement in per capita inconeiengrowth rate. Among
the above fundamental factors (3) to (5) are virtuallyasgible to change through
short and medium term policies although their adversetsftan be somewhat
mitigated. Since these fundamental growth variables@repragmatic policy options
for the immediate needs of many developing countries left to the international

® These are broadly consistent with the view of Fra(@@D3) that the three big theories that seem to
have emerged from the cross country studies on growtheaesl on climate, openness, and
institutions.



aid and credit giving agencies to convince or even foraga tbemplement these long

run reforms and improve economic, legal and political emvirent’

Country specific time series studies to identify suctdamental determinants of
growth are mostly encouraged by the findings in the crosdmgostadies and the
availability of long enough time series data. Howeweas, impossible to test the
growth significance of factors like climate and geograph&aoteness with country
specific data. Nevertheless, country specific studiesigde be more appropriate for
country specific growth policies and Greiner, Semmler @ong (2005) strongly
defend this approach over cross country studies. Thesiaedits all”’ criticism
against cross country studies has also received supparL&vine and Zervos
(1993) and Durlauf, Kourtellos, and Tan (2008). Levine and Zak®sritical of
estimating regressions with a sample of a large nunfasrumtries with diverse
economic structures and interpreting the coefficienfmbtfy variables as their
growth elasticise. Durlauf et. al., find evidence forxplained regional and
parameter heterogeneity in the aggregate production fsdticcross country works.
Similarly Luintel, Khan, Arestis and Theodoridis (2008nkhihat country specific
time series studies are more reliable and useful fazypol

Country specific time series studies have investigatedrthsth effects of variables
like the investment ratio, trade openness, education, bdéfjetts, public investment
in the infrastructure, aid per capita and progress ofinb@dial sector etc. Time series
data on these variables are generally available for m@wgloping countries for
longer periods. These variables can be quickly influebgetie policy makers
compared to reforming institutions. However, as noted eattie specifications used
by many country specific works areahoc as in the cross country studies. They do
not make clear whether their specifications are dasethe exogenous or an
endogenous growth model and how they have derived theifispgans from the
theoretical growth models. Furthermore, it is alsoaimtious whether the estimated
relationship is a production function or a growth equafidrey simply regress the

" These are known as the conditionality of the intisonal aid giving agencies. Interestingly Frankel
(2003) also argued that the most important determinants oflfgeppear to be factors that cannot be

changed substantially in the short run.



annual growth rate of per capita or per worker output single or a small number of
selected growth enhancing variables. None of them se&aveogenerated and
studied the dynamic growth effects of the policy varialitas.hard, therefore, to

depend on the findings by theahoc studies for growth policie’s.

In spite of the aforesaid weaknesses, debates onlgemehomics and econometrics
are useful for reaching a broad agreement on model seleestimation methods and
to identify the fundamental growth factors. It is alsportant to examine the
dynamic effects of policy variables on growth whergyessible because the short
and long run growth effects may differ. In this contéxs of interest to note that
Greiner et. al. (2005) have found with time series dbtaeoOECD countries and
with specifications based on various endogenous modelmttie early stages of
development investment with a potential for externalitiee important for growth.
Human capital formation and expenditure on researdidawelopment (R&D) are
likely to play important roles in the later stages ofedepment. The first finding is
important for policies in the developing countries anddsestention in the time
series studies. With this backdrop we examine now whegeful in the existing

growth literature for the needs of the developing counagestated by Pritchett.

3. Useful M odels and Technique for Policy

Policy makers—politico and technocrat—are interestechowkng which models and
techniques are useful for policies and how to use thegerierate the dynamic effects
of policies on the level and growth of income. A rethissue is whether a policy has
only temporary or permanent growth effects and if temgotaw long they may

last. An example is a policy to increase the investrratio which has only temporary
growth effects in the exogenous model of Solow, but haaxe permanent growth
effects in the endogenous models if investment has edters. From the perspective
of a typical politico policy maker, a policy that is gkito implement and quickly
increase the growth rate—irrespective of whethertraissitory or permanent—is a
more attractive policy than institutional reforms thaty change long standing

8 We desist from increasing the number of referebyasting these works because they are too many

and citing a few may give the impression that we arergitig some authors.



traditional values of a country. Although institutionabrens have lasting growth
effects, they need perhaps decades to be effectivehiBgurpose endogenous
models are appropriate but it is hard to estimate themasuntry specific data
because of the lack of reliable measures of reforma,alatilability for long enough
period with some variance and the nonlinear nature afptaeametric structure.
Because of these difficulties it hard to estimate gedous models to analyse even
the effects of investment ratio with country speaifata. Therefore, often calibration
methods are used to simulate the growth effects ofieslio these models; see
Albelo and Manresa (2005). In contrast, the Solow madetn extended, is simpler
to estimate and simulate to understand the dynamics wtlyr®ther than this it is
hard to say at this stage which of these models is l#tit@ugh there are some strong

views against the merits of the endogenous maddels.

For a long time the Solow model has been used to tesbfats predictions viz., the
convergence hypothesis. Its ability to explain the dynaofiggsowth with country
specific time series data did not receive similar &éttenTesting for convergence is
an indirect test of the Solow model if it is adequateeikplaining the large
differences in the level of incomes across countwigis diverse structures. The
majority of the empirical works on convergence, whhelve used data from both the
developed and developing countries, did not support convergeddmplied that the
Solow model is inadequate for explaining these differemceggomes. This in turn
has partly induced interest in the endogenous growth moslalseanatives, but the
more important reason for the development of the emdngemodels is that the
Solow model cannot explain why countries grow at a sustiaiate for long periods.
Its explanation that this is due to exogenous growtharstock of knowledge, i.e.,
total factor productivity TFP), is unsatisfactory. Although testing the convergence
hypothesis has some methodological merits, policy maitetke developing

° Mankiw, Romer and Weil (1992) have argued that the Solodel can explain the observed facts
better than the endogenous models. Jones (1995) argued thaedhsee series facts do not support
the conclusions of the endogenous models. Solow (2000, p.158&Ihsaid that “The second wave of
runaway interest in growth theory—the endogenous grotefature sparked by Romer and Lucas in
the 1980s, following the neoclassical wave of the 19504 86ds—appears to be dwindling to a
modest flow of normal science. This is not a bad thiGgé also Parente (2001) for other criticisms of

endogenous models.
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countries are least interested in knowing whethecapita incomes in their countries

will converge, in about 200 years, to the level of per aapgome in the USA.

Subsequent extensions to the Solow model by Mankiw, RanteWeil (1992) have
shown that the Solow model, if augmented with humaitalacan satisfactorily
explain cross country differences in the levels cbme. In particular their results
showed that the steady state levels of income ditfersa countries and incomes
converge to the country specific steady state levedrd&fore, if a sample includes
countries with approximately the same steady statdslevéncome, then countries
with lower initial levels of income grow faster durifgettransition period.

The main conclusions of Mankiw, Romer and Weil areodisvis. Firstly, the Solow
model in which the production function is augmented wittnéi capital explains
about 80% of the variation in the levels of incoma®sg countries compared to 60%
of the basic Solow model. Second, ignoring human dapithe specification of the
production function causes overestimation of the sbfpeofits which may also
overestimate the level of the steady state incdred, the augmented Solow model
predicts that per capita income converges to its cogpegific steady state level.
This is known as conditional convergence. Finally, tbl®8 model helps to explain
the (slow) speed of convergence to the steady state dhartiges in the investment
rate. These are all useful for growth policies indegeloping countries. However,
they need to be re-examined and tested with country gpeaié series data if the
policy makers main objective is to quickly increase incame its growth.

3.1 The Solow Model for Policy

Senhadji (2000) is the earliest to use the framework aikikg Romer and Weil with
country specific time series data. He has estimated exigeh production functions
with time series methods of unit roots and cointegrato88 countries for the period
1960-1994. His specification of the augmented production funistitth

19 The Mankiw, Romer and Weil for cross country spediiirais:y = L ““K. H” and the implied

specification for the time series datayjis: (A L1)l_a_ﬂ K: H”. The advantage of Senhadiji's
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Y, = AK, (H.L)" 1

whereA is the stock of knowledg#, is income K is capitalL is employment ant
is a measure of human capital which is the sanmainkiw, Romer and Weil viz.,
number of years of schooling. Equation (1) canxpressed in skill adjusted per

worker terms as follows:

yo=(k)’ )
wherey™ =(Y/ AHL)and k™ = (K / AHL). The solution for the steady state level of

income, which is well known, is:

a

. s EA 3
Y “ldargen ©

where y~ (=Y / HL) is the steady state level of income per skill stjd worker. The

meaning of other symbols is as followgs: the ratio of investment to incongyz
depreciation rate of capital,= the rate of change of income and the rate of
growth of skill adjusted labour.

If policies to increase the investment rate ardemented, it is easy to compute the
new steady state level of income with (3). Howet®o methods can be used to
understand the dynamics of growth between the gtgtatles. Firstly, the much
neglected but useful Sato’s (1963) closed formtgmiufor the actual level of income
is:

a
[(1-a)la]

eneelpzmren(s) o] o

specification is that it simplifies the solution foetkteady state level of income and the closed form

solution, to be discussed shortly, to simulate the dycsofigrowth.
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where the new symbols aiy; = the initial stock of knowledge, = initial skill
adjusted employment, = the initial level of incomey; = income in tha™ period and

A=(1-a)d + g +n). The rate of growth can be easily computed fromw(tf) the

estimates oftr and by using the actual data for other variablée Jecond approach

is proposed by Mankiw, Romer and Weil in their @gqura(13) which is:

Alny, =A(Y; - %) (5
where y; =is the steady state income per worker in periechtch can be computed
with a variant of (3) because of the presence afdnucapital as an additional input in
Mankiw, Romer and Weil; see their equation (1)=actual level of income per
worker. A can be estimated or computed/As(1-a — £)(d + g +n), where Bis the

exponent of human capital. is computed, then it is also possible to analyical
solve the difference equation in (5) and MankiwjriRo and Weil's solution in their
equation (14) is:

Iny, =@1-e™)Iny +e™Iny, (6)

Yy, =the initial period income per worker.

Senhadji has estimated only the production fundticequation (2) and did not
estimate the steady state incomes using equatjar (dmpute the transitional
dynamics of growth using equations (4) or (6). Heevehe has used the estimates of
country specifiars to conduct growth accounting exercises to decompies

contributions of factor accumulatiom@In(k™) ) and technical progress

(AIn(y")—aAln(k™)) to growth. Next, he regressed the estimated teahprogress
(TFP) on some potential determinants viz., initial cibods, life expectancy, external
shocks (proxied by the terms of trade shocks), maariables (inflation rate, public
consumption, real exchange rate, ratio of reselvgaports and level of external

debt), trade regime (current account and capit@aat convertibility) and political
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stability (proxied with the ratio of war casualties te fropulation)* His major
findings are: (1) the contribution 3P to growth is generally small in many
developing countrie& (2) there is support for conditional convergence, thus
validating the use of the augmented Solow model forge laumber of countries and
with diverse economic structures; (3) the significamti@natory variables ofFP,

with the expected signs in brackets, are: life expegtgmusitive), public
consumption (negative), real exchange rate (negat®®rves to import ratio
(positive), external debt to GDP ratio (negative), @itcount convertibility
(positive) and the ratio of war casualties to populati@gative); and (4) the
insignificant variables are: terms of trade shocks (pe$) inflation (negative) and

current account convertibility (wrong sign and negative)

Some, if not all, of his findings are useful for policieshe developing countries.
From the short to medium term perspectives, policiéis avpotential to increasé-P
are: reductions in the share of public consumption, loea&rexchange rates,
increases in the ratio of reserves to imports thraxgiort promotion and trade
liberalisation policies and reduction in external dédny of them have been
successfully used by the East Asian countries to enjdyehigrowth rates. China and
India have also followed these countries and their draaties have increased quickly
to unprecedented rates. Whether these high growth raties Asian countries are
temporary or permanent is an interesting issue butdtemed to have continued for
a number of years. Policies needing longer periods temgnt are political stability,
institutional reforms, improvements in health and huegital formation etc. Policy
makers are likely to be motivated to implement thesgdoterm policies once they
enjoy higher levels of income and growth rate in thetdlsomedium terms.

To quickly improve the level of income and its transisibgrowth rate, an attractive

short to medium term policy is an increase in thestment ratio which was not

1 See Section IIl in Senhadii (2000) for further detailiow these variables are defined and
measured. He has used cross methods of estimation byrgyagpintries into regional groups.
12|n the East Asian countries, with an average valu@ &f0.48, factor accumulation contributed
77.5% to growth. In the South Asian countries, where tbeagea = 0.56, TFP's contribution was

half at only 12%. The rate of growth TFP was negative in the Sub-Saharan Africa, Middle East and
North Africa and Latin America.
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examined by Senhadji. Its potential level and growth tffean be computed with
equations (3) and (4). Simulations with equation (4) to uraleilghe dynamics of
growth can be implemented with Excel or a regressidinvare; see Rao (2007). For
illustration, equation (4) is simulated for 100 periods whig assumptions that
a=0.4,g=0.01,n=0.005d = 0.05 and the initial investment ratio & £ 0.15.

The steady state per worker income (wisen0.15) is set to 1008* Whens is
increased from 0.15 to 0.18, the new steady statd bf income will be 1127.5. This
is a 12% increase in the level of income becauseldsticity of income with respect

to the investment rate is(1-a)™" = 0.67.

What are the dynamics of the increase in incomevdxt these two steady states?
Our simulations showed that the rate of growthavfial income will increase from
1% to 5.2% after one period. It will continue t@grby 3% even after 10 periods
before converging to theSGR of 1% in about after 50 periods. These results are
broadly consistent with the view of Jones (199510) that perhaps a permanent
increase in investment rate increases transitigmadith rate for 25 to 30 years. An
increase in the investment ratio by 3 percentagggdrom 15 to 18 percent, is not a
hard target to achieve in the short to medium ténnmsany developing countrié$.

3.2. Solow M odel for Policy: Alternative M ethods

The above simulation of dynamic growth effectsamalytical and may not hold in
practice in all countries. An increase in the inkeent ratio by 3 percentage points
may have larger dynamic growth effects in a countitiqh stronger backward and
forward linkages than in a country with weaker gk effects. Furthermore, if
investments are made in sectors that have largeoetgpwide externalities, the
growth effects of investment may be permanentGregner and Semmler (2002).
These externalities may be due to learning by dbewause investment in new and
improved machines needs new skills and trainingHemworkers and management.

Although endogenous growth models are appropriagaalyze such growth effects

13 This is set by assuming a value for the initial stocknafwledge so that initial income is 1000.

14 We did not simulate with the Mankiw, Romer and Weil ¢ipua(6) because there are three inputs in

their production function.
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due to externalities, with the exception of Greineakf.(2005), there are no
systematic studies with time series data. HoweverStilow model can also be
extended empirically to capture some types externadineshe long run growth
effects. The rest of this section examines this. Guedly our procedure is similar
to Senhadji’s, but it is a one step procedure instead ofiteie separate stepsTo
illustrate we use the standard textbook model of Soldw thie Harrod neutral
technical progress. The specification of the productiootfan is:

Y =K (AL)™ 7

whereA is the stock of knowledgé,is income K is capital and. is employment.
The solution for the steady state level of per wolikcome is the same as equation
(3), given below as (3a) for convenience.

a

y* = [;jw A (3a

d+g+n

where y = (Y /L). The steady state growth rate, when the parametéhe ibrackets

remain constant, is simply:
Alny =AInA=g (8

In the Solow model the stock of knowledd$ {s assumed to be exogenously
determined and it is common to assume ggtows at a constant rate gf

Therefore,

A = A «

where A is the stock of knowledge in the initial period.tBiois does not change the

fact that growth rate is exogenous in this modewever, this assumption helps to

!5 These are: (a) estimation of the production functigrolitaining the Solow residual to estimaeP

from the growth accounting exercise and (c) regreskisgh some potential explanatory variables.
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estimateTFP directly instead of conducting a growth accounting exetoigstimate

as a residual.

Two well known limitations of the Solow model are assumptions that saving and
investment ratesf and the rate of technical progress) (are determined exogenously.
Endogenous growth model relax these assumptions, when@sapg households and
firms make saving and investment decisions and the ragelwfital progress
depends on the externalities of variables like investneghication, trade openness,
R&D expenditure and quality of institutions etc. Someheke externalities like
learning by doing take place without the need for additi@sdurces and others like
R&D and human capital formation need additional resesiend depend on the

decisions of households and firms and the policy incesti

However, the Solow model can also be extended by makestock of knowledge to

depend, besides time, on some variabfegdentified to be growth enhancing by the

some endogenous models. This is similar to the procedsmra endogenous
growth models in which there is an equation for the gnavftknowledge. We shall
examine in Section 5 one such endogenous model wherefroembeaven type of
externalities due to investment are incorporated irgaytbwth model. We assume as

follows:

A =A% 9% i =1..n (10

The advantage of this extension is that it is relatiealyy to estimate and examine the

significance of the permanent growth effectsZpivith country specific time series
data. In equation (10) the rate of growth of technical msgis:g=g, +> 92,

i =1..n, where g,captures the effects of the neglected but trended vasialiteis the
long run growth rate depends, besides on trend, on tekedéthe Z, variables, as in
the endogenous models. The coefficiegts i =0...n, should be significant if th&.

variables and trended and excluded variables heeenalities'®

16 Other specifications are:
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In practice it is not possible to include more thanrmdha of crucial variables irz;in

the country specific time series studies becauseniteld sample sizes and possible
multicolinearity among these variables. The growth ecingrnvariables which are
selected in our empirical work are: trade openness mehasrhe ratio of exports
plus imports to GDPTRAT), the share of government expenditure in GBRAT),
ratio of investment to GDRRAT) and number of years of schoolitgqU) or human
capital HK).!” Data from Singapore, Malaysia and Thailand from 1970 to 2694 a
used*® All these variables are considered to be importarthihigh growth rates of
these East Asian countridd4K is included because some endogenous models based
on the canonical Romer (1986) model have argued that ineesbiy itself and
without education (i.e., human capital formation) may have significant
externalities; see Greiner and Semmler (2002). Ourtsélgrowth improving
variables may also meet Jones’ criticisms of the enumgemodels that growth rates
did not increase with the increases in the levett@fgrowth improving variables like
expenditure on R&D etc. Among our variabl®AT cannot increase indefinitely or
GRAT cannot increase or decrease forever. Our empirisaltseshow that the growth
effects of these variables is much smaller than tlesad in some cross country

studies implying that ever increasing growth rates are omstely when the levels

A=1(T,2)=Ae"'Z’
A =1(T,Z)=Ae" &

These imply respectively that the rate of growtafre: g + & Aln Z andg + kAZ The difference

between these formulations and (9) is thalepends on the level @fin (9) and on the changes4nin
the above. In our empirical applications in the labrtate with data of a number of countries we found

that the specification in equation (10) performed far better.

" We have tried the number of years of schoolEQ) in place oHK but found thatiK performed
better.HK is itself computed usingDU and they are highly correlated. For example, in Singafa
correlation coefficient between these two is 0.997.

18 The sources of data are: UN database is used for outpesfinent, government expenditure and
exports and imports, World Development Indicators for empémtrand Bosworth and Collins (2003)
for education and human capital. Their data up to 2000 iapotéated to 2004 by the authors. Capital
stock is estimated with the perpetual inventory method eata on capital formation from the UN
Database.



18

of these variables change in favourable directions. Fumtbre, in our empirical
results we also fund that the growth effectBAT is nonlinear in Singapore and
converges to an upper limit. But, there is no strong suothis in Malaysia and
Thailand. In fact in Thailan@RAT seems to have only minor short run growth

effects.

At the outset it should be noted that what can benastd in the Solow model is the
production function in (6) or with our modification in (10’ he London School of
Economics and Hendry general to specific appro@T§) is used for estimation.
Hendry (2000), Hendry and Krolzig (2001) and Rao, Singh and K({2088) explain
the advantages @ETSover other time series methods. FurthermGETSis the
only method where the cointegrating equation can be a&gthwith constraints on
the coefficients. Additional growth enhancing variables loa added if enough data
are available. Generally some of these growth imprpvariables are highly trended

and the coefficient of timeg(in the equation below) may capture some effects of

these omitted variables. The impli&ETS specification of the modified production

function in (10) is as follow$?

In yt—l - (aO + (al + aZTRA-rt—l + aBGRA-I-I—l
Alny, =-A
+a,IRAT +aHK )T+alnk |

+3yaink +3 KaTRAT 43 wacRa
i=0 i=0

i=0

t-i

+iviAIRA'I:_i +§:riAHKI_i +i/7iAIn Y., (11

4. Empirical Results

All the variables are tested for unit roots with &i2F and the generalise&DF tests
and found to b&(1) in levels and(0) in their first differences. These results are not

reported to conserve space and may be obtained from thoe.gbititictly speaking a

19 Many empirical works based on the Solow model mistaketliea¢stimated equation is a growth
equation because the dependent variable is the ratamfelof output. What actually estimated in this

equation are the long run parameters of the productiaridum
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time series interpretation f@ETSis not necessary becauSETS formulations need
only the classical methods for estimation; see RaglSand Kumar (2008). For this
reason we shall not strictly use the Ericsson andiMwon (2002) test for
cointegration in th&ETS equations. Estimates of (11), with the nonlinear two stage
instrumental variables metho23_SV), for Singapore are given in Table-1 and for
Malaysia and Thailand in Table-29.3V is used to minimise any endogenous
variable bias because contemporary changes in théleriare retained in some
equations. Choice of the instrumental variables is coetsial and as Frankel (2003)
has observed, in the context of cross country stuttiesjuality of instrumental
variables is largely in the eye of the beholder. Howees observation is less

applicable to time series studies where one can usdikestise Sargay®tests to test

for the validity of the choice of the instrumentaliables. We have selected the
lagged values of the variables as our instruments ancedppk Sargan test to
validate. Estimates with the standard specificatioth@foroduction function in (6)
and with the extended function in (10) for Singapore arergas equations (l) and
(1)) in columnsl and 2 of Table-1. Equations (lll) and (Bvg estimates of the
variants of (I). All these equations are well deterrdibet equation (IV) with the

nonlinear effects fofRAT seems to be the best.

In equation (1) all the estimated coefficients aresigant at the 5% level. The
X’tests on its residuals show that there is no sesiatlation and misspecification.

The residuals are normally distributed and the Samgtnridicates that our choice of

instrumental variables is appropriate. However,Rhe 0.22 is low. The estimate of
the share of profitgr at 0.211 is reasonable although somewhat lower thatylitsesl

value of one third. The coefficient of trend indicatiest TFP is almost 4% per year.

Estimates with our extended production function in (plain 63% variation in the
dependent variable compared to 22% in fjtests on its residuals are as good as in

equation (I). Estimate of the share of profits is gigant and close to its stylised
value. However, the coefficient of trend is insignifitand the coefficient dfiK is

significant only at a slightly higher level of 12%. Allher coefficients are significant
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and have the expected values. The insignificance of tsamut unexpected because
TRAT, GRAT, IRAT andHK seem to have adequately explained growfrHR.

TABLE-1
Results for Singapore
Dependent variableln y

NL2SLS-IV Estimates, 1974-2004

| Il 1 IV
P 1.299 1.127 1.134 1.153
(4.206)* | (5.263)** | (6.107)** (5.298)**
T 0.039 0.003 - 0.014
(35.21)* | (0.293) (1.864)*
TRAT,, - 0.005 0.005 -
(3.568)** | (4.202)*
TRAT,! - - - -0.019
(-5.433)**
GRAT - -0.064 -0.056 -0.048
=1 - (-7.180)** |  (-2.509)**
3.306)**
IRAT - 0.011 0.012 0.015
t (3.481)** | (5.494)* (4.993)**
HK - 0.011 0.012 0.015
1 (1.607)* | (5.494) (4.993)**
Ink_, 0.211 0.296 0.302 0.298
(4.471)* | (7.088)** | (12.360)* |  (9.708)**
DYNAMICS
ATRAT 0.158 0.167 0.176
' (3.741)** | (5.775)* (3.678)**
Alnk 2.683 0.651 0.621 0.524
(2.187) | (3.821) | (4.483) (3.493)**
ANy 0.338 - -
(2.367)*
2 0.22 0.626 0.643 0.685
R
Sargan’sy? 1562 | 2.501 2.721 3.387
[.458] | [.981] [.994] [.971]
SEE 0.029 0.021 0.020 0.019
XA(0) 0.656 | 0.173 0.269 0.046
[.418] | [.173] [.603] [.830]
XYA(ff) 0.112 | 0.699 0.651 2.315
[.738] | [.699] [.420] [.128]
X:(n) 3.71 1.586 1.624 .896
[3.71] | [1.586] | [.444] [.639]

Notes: Absolute-ratios (White-adjusted) are in the parentheses belowodféaents; 5% and
10% significance are denoted with ** and * respectivehyalues are in the square brackets

for the )(2 tests; constrained estimates are denoted with (c).
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Estimates in equation (lIl) are the constrained versio(ll). It can be seen that in (Il)
the coefficients ofRAT andHK are very close. The Wald test could not reject thie nu
that these coefficients are equal and also that teficdent of trend is zero.

Therefore, (lll) is a reestimate of (I1) with thetse constraints. There is a slight

improvement in itsR* due a small increase in the degrees of freedom. Alsof it
summary statistics and estimates are close to {This equation implies that
increases in the investment ratio and human capit& siavlar effects on the long
run rate of growth. In comparison the long run growthot$f@f TRAT seem to be
small wherea§&RAT has strong long run negative growth effect. In the radesef
other variables to capture the effects of good econpumiicies, GRAT may be
viewed as a proxy for good macroeconomic policies. Furtbiernmvestment

(Alnk,) and changes iRAT have also strong short run growth effects.

Equation (V) is a reestimate of (1) to test if ta#fects ofTRAT are nonlinear and

converge to a maximumRAT is entered in its inverse with an intercept. Heof
this equation is marginally higher than (lll) and alitsfsummary statics are good.
The estimated coefficients are all significant atGfe level except the intercept for
TRAT which is significant at the 10% level. This equation iegpthat the growth
effects ofTRAT eventually converge to about 1.4%T&AT increases. The estimate

of the profit share is near one third as in (1) ang.(Estimates of all other

coefficients are similar to (I11). Since this equatiwas the highest? and the
estimates of the coefficients are similar to equat{@ihsnd (111), this is our preferred

equation.

For illustrating the policy use of equation (IV) we haeanputed th&SGRs for

various decades with the actual values of the variablesaverag&SGR during the
decade of 1970s is 1.40% and it has increased to 2.12% by thétbadlecade of
1980s. This has further increased to an average of 2.60%dec¢hde of the 1990s
and slightly moderated since then to an average of 2.5gd2000-2004. These are
shown for comparisons in Table-3. Policy options to imseetheSSGR, albeit by a
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small amount, are also clear since it can be clthhgehanging'RAT, GRAT, IRAT
andHK. However, the potential long run growth effectsT®AT are limited because
of the nonlinearity in its effects. BURAT has also some short run growth effects. An
increase INRAT has only small long run but larger short run growth éféarough

its effects onAIn k. This can be explained as follows. The mERAT during 2000-
2004 was about 0.24 and the mean ratio of net investmeapitalds 0.03. The mean
capital to output ratio is 3.4, which seems to be high but adequate for illustrating
the policy implications. IfRAT is increased by 11% points to 0.35, which is slightly
less than the average of 0.39 during the decade of the 19%sanehhe short and
long run growth implications? The long run growth effso¢asy to compute and this
is 0.2%. In other words tH8SGR of 2.5% increases to 2.7%. The short run growth
effect of the change IRAT is about 5.6 percentage points implying that if the
economy is growing at tSSGR of 2.5%, the actual growth will increase immediately
to 8.3%, of which 2.7% is due to the long run effect and 5.6%adthe transitory
short run effectd’ These computations do not make clear the dynamic¢eeof t
transitory growth effects of an increasd RAT. For this purpose it is necessary to
simulate equation (IV) by assuming some initial valuesHe variables e.qg., their
average values during 2000-2004.

The time profile of the dynamics of the growth raé@ be estimated by simulating
equation (IV). We performed this dynamic simulation eserevith some
simplifications. Instead of assuming thRAT increases suddenly by 11 points in one
year, we assumed that this increase is gradual over @od.gerthe first period the
increase is 1 percentage point. In the second and thimbpehis is 3 percentage

points and in the fourth year 4 percentage points. For 2&dgdihe values

2 The short run growth effects are computed as folldM k =dk /k =1 (1+d) /K ,where

d =is depreciation rate which is assumed to be 0.04 in theagss of K. It is also assume that
employment is constant during the 2 periods. The aboveearpressed as:

Alnk=dk/k=1(1+d)/K
_IRAT xY(L+d)

K
=ax |RAT .

The average value during 2000-2004 of capital to out ratid iargl thereforea = 0.306 The

averagdRAT is 0.24 implying that whetRAT is 0.35, the value afAIn k =0.073. This causes 0.056
points increase in the short run growth.
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Figure-1
Dynamics of Actual Growth Rate
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of the variables are set at their mean values during 2000-2008AT is assumed
to increase from 0.24 to 0.35 over 4 years. 3BBR is computed as 2.47% for the
initial 25 periodsIRAT is then assumed to increase in the aforesaid mannegdurin
2005-2008. The average (actual) growth rate till 2035 is 3.34% peagpd the new
SSGR after 25 periods is 2.69%. Thus the permanent increabe 838&R is 0.22
percentage points. However, the actual growth rateigpasicantly exceeded the
SSGR of 2.47% for about 11 years before it reached its 888R of 2.69%. It
reached a maximum of 5% after 5 periods in 2025. The timédgpodthe dynamics
of growth rate is given in Figure-1. These transitigralwth effects, measured as the
difference between the actual growth rate and thaliS8GR, are country specific
and may differ between countries. For example inumty in its early stage of
development|RAT may have larger external effects and thereforertmesitional
growth effects may be larger. On the other hand thesetefvill be smaller if

investments are made inefficiently.
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Selected estimates for Malaysia and Thailand are lseTZ2 The specifications
estimated for these two countries are variants o$pleeification in column 2 of
Table-1 for Singapore. Equations (V), (V1) and (VII) éwe Malaysia and (V1) is
for Thailand. Equation (V) is similar to (1) for Singajgo Although the summary
statistics of this equation are good, a number of aefffis are insignificant. The

only significant coefficients are the adjustment patam@l), IRAT and A IRAT.

Equation (VI) is a constrained estimate of (V) witle constraints that the coefficients
of trend,GRAT andHK are zero. The Wald test did not reject these caint$s and

they have improved the significance of the estadatoefficients. All the

coefficients are significant at the 5% or the 1@#els and the estimated share of
profits is closer to the stylised value of onedhin equation (VII)RAT andHK are
specified in multiplicative form to examine if humeapital formation improves the
effects oflRAT. The significance of the coefficient of this comsfte variable has
improved compared to the coefficientl®AT in equation (VI). Furthermore, there is

also a marginal improvement in twé and this is our preferred equation for Malaysia.

We faced some difficulties in estimating the equadifor Thailand. When the
specification in equation (ll) in Table-1 for Simyae is estimated for Thailand, the
coefficient of trend was implausibly high at 14%eTcoefficient of RAT was
insignificant and that dflK was negative. After considerable modifications we
obtained reasonable estimates when the coeffictedRAT andHK were
constrained to be zero and these estimates ardedpo equation (VIII) of Table-2.
All the coefficients are significant at the 5% leeg&cept that ofAGRAT which is
significant at 12% level. The tests on the ressliradicate that this equation is well
determined. The estimated profit share is slighidjher than one third but not
significantly different from this value. Because hgve droppedRAT andHK the
coefficient trend seems to be higher because @reseended variables. This equation
implies thatGRAT seems to have strong negative effects on growlthafland
compared to Singapore and Malaysia.
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Table-2

Results for Malaysia and Thailand
Dependent variableln y

NL2SLS-IV Estimates, 1974-2004

\Y VI VI VIl
Malaysia Malaysia | Malaysia | Thailand
/] 0.874 0.648 0.656 0.739
(1.824)* | (6.106)** | (6.069)** | (2.484)*
T -0.057 - - 0.028
(-0.654) (4.399)**
TRAT,_, 0.005 0.001 0.006
(0.897) (5.669)** | (6.063)**
GRAT 0.004 - - -0.186
-1 (0.198) (-7.645)*
IRAT 0.021 0.014 - 0.022
t (2.757)** (1.848)* (5.679)**
HK 0.032 - -
1 (0.538)
IRAT,_, * - - 0.010 -
(2.038)*
HK,
In k[ 0.445 0.268 0.277 0.368
1 (1.617) (1.994)* | (3.732)** | (4.011)*
DYNAMICS
ATRAT, - - - -
AGRAT, -0.570 -1.007 -0.999 -1.526
(-0.584) (-1.914)* | (-1.921)* | (-1.599)
A/RAT, 0.588 0.377 0.369 0.821
(2.205)* | (4.143)** | (4.579)** | (4.704)*
Alnk; 0.557 0.685 0.721 -
(1.128) (1.994)* | (2.304)*
DUM97-98 - - - -0.054
(-2.343)
2 0.740 0.776 0.777 0.845
R
Sargan’sy? 13.177 16.160 | 16.259 | 11.294
[.106] [.135] [.132] [.256]
SEE 0.020 0.019 0.019 0.017
2 712 .798 .748 2.720
C
X (s0) [.399] [.372] [.387] [.099]
2 .255 1.708 1.729 276
ff
X (1) [.613] [.191] [.189] [.599]
)(Z(n) 465 1.754 1.699 1.954
[.792] [.416] [.427] [.376]

Notes: Absolute-ratios (White-adjusted) are in the parentheses belowodféaents; 5% and
10% significance are denoted with * and ** respectivehyalues are in the square brackets

for the )(2 tests; constrained estimates are denoted with (cMINP8 is a dummy variable
for the East Asian Financial crisis.
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The sample period and decade averages 33B&s for these two countries and also
for Singapore are given for comparisons in Table-3. In btalaysia and Thailand
the SSGRs during the entire sample period are lower, at about 1¥d &%
respectively, than 2% in Singapore. However, the sub-eapepiod comparisons
show some improvement in Malaysia while some detarran Thailand. In
Malaysia there has been a small improvement irs8&R till the end of the 1990s
and it has stabilised during 2000-2004 at 1.5%. In Thailan83BR during the 1970
was marginally higher than in Singapore at 1.5%. Thiglealned to 1.2% in the
1980s and then improved to 1.9% during the 1990s. During 2000-2004 this has
declined to 1.5%, perhaps mainly due to the East Asian falasicsis in the late
1990s which has hit hard this country and subsequent poli&tability.

Table-3
Estimates o6SGRs and Actual Mean Growth Rates
SGP MYS THA
1970-79 1.40 0.8 1.46
[5.35] [5.93] [3.54]
1980-89 2.12 1.00 1.20
[4.31] [2.24] [3.79]
1990-99 2.60 1.50 1.90
[4.20] [3.79] [4.01]
2000-04 2.50 1.50 1.50
[2.52] [2.03] [3.60]
1970-04 2.14 1.15 1.53
[4.31] [3.64] [3.71]

Growth Effect ofalraT = 0.11

Long run: 0.2 0.2 0.3
ASSGR
Short run 5.6 2.5 7.4

growth effects

Notes: Average actual growth rates are in the square
brackets belovieSGRs.

A comparison of the actual growth rates (shown in thume brackets below the
SSGRs) with theSSGRs indicate that a substantial proportion of the adt@mith rate
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of these countries is due to the transitory dynamictsffef the improvements in the
growth enhancing variables but their permanent growth sfteet smalf*

What are the growth effects of a 11 point incread®A&T? In Malaysia the short run
rate of growth will increase from an average of 2% du2®@0-2004 to 4.7% of
which 2.5% is the short run effect and 0.2 percentage @sidtee to the long run
effect. ItsSSGR will increase from 1.5% to 1.7%. In Thailand growthrafome will
increase from an average of 3.6% during 2000-2004 to 11.2% of whihig the
short run effect and 0.3 percentage points is the longffact. 1tsSSGR will increase
from 1.5% to 1.8%. A dynamic simulation for these two ¢oes is beyond the scope
of the present paper. It is reasonable to expect thalytiemic pattern of growth in

these two countries will be similar to Singapore.

Our empirical results with the extended Solow modeélsghown that the long run
growth effects of increasing the investment ratio aralls About a ten point increase
in IRAT caused at the most only 0.3 percentage points incretseS8GR of
Thailand. This is significantly less than 3% effect fdloy DE Long and Summers
(1991) based on the cross country appréattowever, these authors have
disaggregatetRAT and found that only investment in plant and equipmentus s
high growth effects. In fact non-equipment investmatibrhas zero or even negative
effects on the growth rate. Besides this, as we hatexlrearlier, measuring the rate
of growth even with 20 or even more years of averagettroate is not a good proxy
for the unobservable long run growth rate and may overattithe growth effects of
variables likd RAT. For example, when we have regressed the annualfrgtewth

of output of Singapore on the current and lagged valueg détiels ofTRAT, GRAT,

2L For the entire sample period permanent and transitowtireffects are roughly equal in Singapore
at about 50% each. For Malaysia and Thailand the propatidre transitory growth effects are,
respectively, 68.4% and 58.8%. However, by 2000-2004, the propoftiba transitory growth effects
seem to have declined significantly in Singapore and Malagéngapore is growing near 8GR
and in Malaysia the significance of the transitorwgtorate has declined to 25%. However, in

Thailand and there is no significant improvement.

2 |n another cross country study by Levine and Refi8®Z) the growth effects of aggregate

investment ratio are much higher and somewhat implausibl
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HK andIRAT the sum of the coefficients 6RAT is 1.5 which is 7.5 times more than
our estimate for Singapore.

However,IRAT has significant growth effects in the short run amy tre likely to
persist for about ten years. This distinction betwershort and long run effects of
IRAT cannot be captured in the cross country regressiangdxhis transition
period in Singapore this growth rate has exceede&sB@&®R of 2.5% by as much as
2% points during 3 periods. The implication of these tsssiithat increasing the
growth rate by increasing the investment rate is act@féegrowth policy for the
short to medium terms. Needless to say policy maddetise developing countries will
find this result attractive for growth policies. Howewre long run growth effects of
IRAT are modest and this needs further examination witlyglisgated data on
investment. For the long run growth policies the findimgghe cross country studies
that the fundamental growth determinants are openmssguiions and geography
are worth perusing’

5. Endogenous M odels

As already noted endogenous growth models are of limitedougpolicy makers of
the developing countries because their main purpose i®totbleoretically how in a
model with optimising agents, endogenous factors can cassainable growth of per
capita income in the long run. Their theoretical argots are important because it is
possible to improve the growth rate through policies byi@rfting the decisions of
households and firms. In contrast the basic model lmiBdoes not explain this
persistent growth and has no policy implications fonglrun growth. However, as
we have argued, the Solow model has some policy imgitaitd increase the level
of income and its growth rate during the long transigjenod. Furthermore, Senhadji
(2000) has illustrated how Solow (1956 and 1957) models can Beaiskentify key
factors to improve the long run growth rate. Our extensithe Solow model is

% 0On the controversy about these fundamental determinfaloisgorun growth see Frankel (2003)
which are more tempered than some critical views exptdgsethers in their comments on Bosworth
and Collins (2003). Openness also offers opportunitieedoning by doing and may have large

permanent growth effects.
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similar to his approach and it is relatively easy toreste our extended Solow model.
With this backdrop we briefly examine the use of endogenaakel® for policy.

A brief outline of a canonical endogenous model would be Lisefe. The
benchmark model, with optimising agents, is the conveatiBamsey (1928) growth
model with zero (or even negative) per capita long romvtyr. Romer (1986) showed
how if investment with externalities takes place, ¢heill be a sustainable positive
growth of income. Since saving and investment decisionsiade by households and
firms, the Romer model is an endogenous growth modein&rand Semmler (2002)
is perhaps the earliest to estimate an extended veystbhe Romer model with time
series data for Japan and Germany for the period 1950-1992 nide can be
described as follows. In a competitive economy saving @rektment decisions are
made by optimising households and firms. Equilibrium ocainsn factor prices
equal marginal products. However, if investment has postemomy wide
externalities, its rate of social return will be highiean the competitive private return.
The stronger are the externalities the wider is tipebgdween these two returns.
Therefore, competitive levels of saving and investmerthgiless than their socially
optimum levels and the government can increase soelédne through appropriate
policies e.g., by subsidising investment. Another aspeah@ed by the endogenous
literature is how to finance the additional governmempeaditure without increasing
the budget deficit. The general answer is that it shbeltinanced by imposing lump-
sum taxes. This framework can be extended similarlpoavghat the long run
growth rate can be increased through policies to ineréeslevels of other growth
improving variables like education, health, R&D activiggal, political and
economic environment through institutional reforms anddilisation policies etc.
However, there is no generalised endogenous model wiegrdwth effects of
many such variable are derived. Often the theoretical Imode one or two growth
enhancing variables; see footnote 1. Therefore, any vatladilés believed to create
significant externalities is included as a candidat&énempirical work on growth.
This explains why Durlauf, Johnson, and Temple (2005) havel fthat too many
growth improving variables are selected in the empinuadels. The concerns of
Easterly, Levine and Roodman (2004) on the use of arbitracyfisptions and lack
of any reference to any theoretical model is alsofjedtbecause it is hard to estimate
the actual structural equations of the theoretical endagemodels. The theoretical
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endogenous models in principle help to compute the gap betiveeompetitive and
socially optimal levels of a potentially growth enhanciagiable like investment.
The relationship between the long run growth rate antetted of the growth
improving variable can also be derived. This may be otasee policy makers if it
is easy to estimate these models. But as we shallhe¥e some difficulties in
estimating these models at present.

The competitive solution of an endogenous model deperalsamplex manner on
the parameters of the intertemporal utility and prodadumctions besides the
equilibrium conditions and constraints of the optaisn model. Consider the
following results from the model of the Greiner and 8#en (2002). First, the
specifications of the inter-temporal Cobb-Douglas produgti9nand CRRA
consumption(C) functions and the rate of growth of the stock of krealgk (A) are

as follows. Time subscripts are ignored for converaenaept for the consumption

function.
Y = (UAL)" K" = (UA)“ K™ 12)
U, = C + G (1
1-¢ (1-$)(A+p)
A=) -nA  $ U)X 0 (15)
K =1-0K (1€

where u =time spent on work (normalised as unit§)zis the risk averse coefficient
in the CRRA utility function whose inverse giveg tlasticity of intertemporal
substitution, o =time preference rate) =depreciation rate oK and/ = depreciation
rate of A A dot on the variable indicates its rate of chadgte that the production
function is transformed into per worker terms alifjo Greiner and Semmler did not

change their notation. The solution to the modaki$ollows.

dc__p+a, (-a)(W)A) K™
c ¢ é

dK __ . C (- AY
=9 K-{(U)Kj (18)
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dA _ e (KYT_C
e /7+¢(u){(u) (Aj Aj (1€

where the asterisk forindicates that it is given and constant. Theresarae
problems in estimating these structural equati@i@} o (19).There are not enough
restrictions to identify all the parameters. Furtldata on the unobservable stock of
knowledgeAare to be estimated with the perpetual inventorshoe just likeK is
estimated with data dnand with some plausible assumption ab@(t’). Greiner
and Semmler make a simplification by subtractingagign (18) from (17), with the

assumption thafl/£) =1, ¢(u’) =0.4,u=0.86,7 = 0.0¢ to get**

© o pr-a L] - (19
c K

dc | uA )
0| =+ — |=p +h 2
(v ) (

Estimates of equation (20) for Germany for thequedi950-1992 givl = —0.096
and b, =0.37and both are significant. No doubt this exercisesisful but the

important parameter concerning the scale effectsvelstment is assumeg(u’))

and not estimated. Further estimates of (20) asyeumeful to estimate the time
preference rate and the share of profitd—a) and nothing more. These parameters
can also be estimated by estimating the consumptidrproduction functions and
there is no particular merit in estimating themhaah endogenous growth model.
Nevertheless, the theoretical results show thavéstment has no externalities i.e.,
¢(u’) =0, it cannot sustain a positive growth rate. Perh@gsubse of these estimation
limitations Albelo and Manresa (2005) have usedcation methods by making
plausible assumptions about all the parametetsein model. They have used their
model is to show that when externalities due t@sment are of two types viz.,

economy wide and firm specific, under some condgigrowth and investment may

4 The assumption that the elasticity of inter-tempstaistitution of consumptiofil/ &) = limplies

that the utility function is the simpler Cobb-Douglas type.
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be negatively correlated. This is contrary to theifigd in the cross country studies
and also our results with the extended Solow model.rGivese difficulties it is hard
to disagree with Solow (2000) that the second wave of runanengst in growth
theory—the endogenous growth literature—appears to be dwirtdlimgnodest flow
of normal science. Nevertheless, endogenous modelsafd to identify a few
fundamental determinants of long run growth and to prudesii¢isa few of these

variable for estimation of our extended Solow model.

5. Conclusions

This study has examined an influential view that theeel@ésge gap between the
needs of policy makers of the developing countries andxiséing theoretical and
empirical growth literature. While growth theory and émpl work have focused on
the long term growth effects, policy makers of the @gpiag countries wish to know
the short and medium term consequences of policy ogrtiveth rate. It is suggested,
therefore, there is a need to distinguish betweenhitwt and long rum effects of
policies. We have shown that how the Solow (1956) maatebe extended and used
to examine the dynamic growth effects of policies botine short and long runs. We
estimated the extended Solow model with data from Singaptadaysia and

Thailand to examine the growth effects of certain yaieasures viz., the investment
ratio, trade openness, the ratio of government expeaditu6DP and human capital
formation. We concentrated on the effects of thegtiment ratio and found that it has
significant short run growth effects which persist fooat 10 years. These short run
effects, though transient, are much larger than thg on effects. Because this
distinction is not possible in cross country empingark these seem to have
overestimated the long run growth effects of variabkesthe investment ratio. A
finding that is of interest concerning the growth ratethe East Asian countries is
that their high growth rates seem to be due to thawelatarge transitory growth
effects of variables like the investment ratio and thair long run growth rates or the
SSGRs seem to be modest. Our finding that the long run growtletsftef investment
ratio are small is consistent with the general vieas@d on cross country studies) that
there may be a few more fundamental variables thathaes larger effects on the
long run growth. For example Acemoglu, Johnson, RobiasanThaicharoen (2003)
have found that institutions are more powerful thacnmmaolicies in explaining long
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run growth. Nevertheless, our paper suggested that malcepare likely to be
useful to increase the growth rates in the short wivneterms. Such policies are
attractive and meet the immediate needs of the polalers of the developing
countries. Further, these policies, if successfulraffgortunities to the policy
makers to implement the more difficult long run growtligges such as institutional

reforms.

There are some limitations in our paper. Firstly, eupirical results should be
interpreted with caution because we have selected amk&y growth enhancing
variables in comparison to more than a hundred sucimtidteariables examined by
the empirical works. However, our framework can belyastended to include
additional variables subject to the availability of démegparticular inclusion of
variables that proxy the quality of institutions may rediheesignificance of the
variables we have selected. But it is likely thatwhgances in the institutions
variables will be small in the country specific tiseries data compared to cross
country dat&> Secondly, we have selected only Singapore to conduct tizemiy
simulation exercise. It is desirable to perform thithwliata from other countries.
However, this simulation exercise is demanding and oungkamay encourage
others to fill this gap. Thirdly, we have neglected thestgaries econometrics and
usedGETS and classical methods of estimation. Neverthelbsst-tatios of the
preferred equations for Singapore and Malaysia exceediticaloralues of Ericsson
and McKinnon (2002) for cointegration. The equation for TEimai, however, fails

this test.

In spite of these limitations we believe that oanfework is well suited to meet the
short and medium term needs of the policy makers adekeloping countries.
Hopefully other investigators will further narrow the dsgiween the academic nature

of growth research and the needs of policy makers idekeloping countries.

kkkkkkhkkkkkkkkkkk

% Furthermore, changes in the institutional structureiapelly sudden after a war, an upheaval and at

the time of independence of a country; see Frankel (2003).
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