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Abstract

This paper examines the process of convergencelativie GDP per capita across EU
countries and Turkey and investigates the effeft®p@nness, economic activity and
human capital investment in the growth process. giesence of convergence was found
to be higher for EU countries. We apply panel dasts of convergence with annual data
available from 1998 to 2007. We have constructedBtrropean Union data set to include
Turkish data. The results have some important patiplications for the European Union

and Turkey.
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Introduction

From the 1950s up until the mid-1980s, the litemaoncerned with long run growth was
dominated by the Neoclassical Growth Model- a [&o8qSolow,R,1956). According to
this theory, the economy - due to diminishing nesuon investment in physical capital,
converges towards a steady state conditioned upenb&havioural and technological
parameters in the model. After the mid-1980s, Emelogenous Growth Theory [EGT]
seeks to explain the causes tethnical progress as a driver of economic growth.
However, early versions of EGT did not predict tbenditional convergence that
characterises the Neoclassical Growth Model. Famgte, Barro and Sala-i-Martin
(1997) extend the EGT model and added the diffusicl@chnology and human capital to
account for economic growth. When imitation tendsbeé cheaper than innovation, the
diffusion models predict a form of conditional cengence that resembles the predictions
of the Neoclassical Growth Model. This frameworimbines the long-run growth
features of EGT with the convergence behaviour hif Neoclassical Growth Model
(Barro, 1997: ch.7).

The effects of technological diffusion on economgiowth have been analysed by
Grossman and Helpman (1991, Chs. 9 and 11) and&RBatiz and Romer (1991). Also,
Bernard and Jones (1996) suggest that differentdechnologies across countries can
have implications for convergence. Similarly, Kel{@001) and Bloom et al. (2002) argue

that strong technology diffusion is a major foroe/ards convergence.

In this paper, we analyse the convergence of gatac&DP across existing European

Union (EU) countries and Turkey, which is a cantbdar admission to the EU.

We specifically test the extent to which convergeiscderived from human capital
investment, nature of economic activity, trade o@ss which partially capture the process
of technology diffusion. These conditioning varieblhave been selected because they

reflect an openness to technical progress.



We apply panel data tests of convergence with draata available from 1998 to
2007. We have expanded the EU data set to includdash data and the results have some
important policy implications for the European Umiand Turkey. The rest of the paper is
organised as follows: Section 2 comprises theadlitee review. Section 3 discusses the
theoretical model of convergence. Section 4 expl#ie empirical specifications, data set

and results for unconditional and conditional cageace. Section 5 concludes.
2. Literaturereview for Turkey

In recent years, several studies have consideredctimvergence between EU
countries and candidate countries. For examplegcdgiu and Dogan (2005) analyse the
convergence hypothesis for EU countries and cataliciauntries including Turkey. Using
panel unit root tests, they find that Turkey cogeet to the EU during 1985-2004. Altin et
al. (2006) analyse the convergence hypothesisherperiod 1970- 2004 and find that

enlargement positively affects convergence.

Dogan and Saracoglu (2007) used panel unit rods tes investigate income
convergence for the EU and candidate countriesidJguarterly data for the period 1990-
2004, they found that there is no income convergeamong established EU countries but
that evidence of convergence exist for an expangexdip that includes candidate
countries. Some candidate countries, including &wrlkppear to be converging on the EU
average. Also, Atalay (2007 finds convergence fewnEU countries and candidate
country Turkey relative to the EU-15 countries begw 1993 and 2004.

Yigit and Kutan (2007) construct an EGT model teeistigate the consequences of
economic integration for convergence and produgtigrowth. Their empirical results
suggest that accession to the EU is a potentialgim not guaranteed, opportunity for

faster growth and convergence.
3. A theoretical mode of convergence

A theoretical model of convergence in per capitgpoucan be developed from the
neo-classical model of growth, as developed by8d¢k956). Following Barro and Sala-i-

Martin (1995), the production function can be reten as:



J=f(K)= f'(k)>0f"(k)<0 (1)

where Y is the total output while A is an efficignparameter. AnY =YL and
k=K/ L, where K is capital and L is units of effectivédar.
There are two exogenous sources of growth in éfiedabour units: the rate of

technical progress, x, and the rate of growth ofknmg population, n. Hence, we have

— Xt _— (n+x)t
L =Ne™ =N, )

where No is initial population.
With a closed economy, the rate of investment isaktp the rate of saving which
is Y-C, where Y is income and C is consumption. §hu

K+X=Y-C (3)

where Kis change in capital stock whilld is depreciation. The capital

accumulation growth path then is
k=f(K)-C=(0+n+xkK 4

whereC =C/L ., The representative household maximises utility by
U=u(c), u’(c )>0, u” (c) <0 (5)
where c=C/N.

Instantaneous social utility is defined as the podaf the population size and the
utility-from-consumption of the representative comer. The social objective function to
be maximised is the discounted future time patkazial utility, discounting representing

time preference.

u= NOJ'u(c)“"‘””dt
0 (6)

The optimal growth path, therefore, maximises theva objective, subject to the

capital accumulation constraints. The current vidaeiltonian is



H = u(c) + m{ f (K) =&~ (& +n+x)K] ()

The maximum principle requires

oH _ . -

a_C =u'(c)-m=0 (8)
OH _ .o A =k

o = [ -e-(F+n+xk=k )
aH _ L — —_ - =-n

W—m[f(k) (0+n+x)]-(p-nm=-m f10

Differentiate equation (8) with respect to time
u(c)c=m (11)

Use equations (6) and (9) to eliminate m Mdn equation (10).

6=209 1y -3+ x+ o)
u* (x) (12)

k=f(kK)-E—(0+n+xk (13)

The above equation can be linearised using theof @dpansion theorem. But the
characteristic roots cannot be compared unlessadeactional forms are assumed for
u(c) and f (k).

Following Barro and Sala-i-Martin (1995), we assuime the utility function takes
the form

c? -1
1-6 (14)

u(c) =

Since U'(c)=c” angu"(c)= —& | equations (14) and (13) become

o Crcin
¢=g LT (k) =(a+x+1)] (15)



Equations (13) and (15) provide steady state gr@aths for k and c. In the steady
state, y, k, and c grow at the rate of x. To shiegvdtability of the model, we can linearise

in the zone of steady state equilibrqu,E). This yields

m:k fw'(k) _oll[t Zﬂ

where? =p—n-@1-6)x

(16)

which is regarded as positive and in the steadg,sta
f'(ky=0+p+ (@L+6)x

Thus the last term in thex2 matrix is zero. The system shows saddle pathlisgab

because the trace and determinants of A are pesitid negative respectively, i.e.
Tr(A) =W¥)0

Det(A) = —(c/6)f '(kXO0 (17)

The stable rocB, is given by

B =-Tr(A) +{Tr (A)* - 4Det(A)* - 4Det(A) J'2

given a Cobb-Douglas production function (CDP, i.
¥ = (k)= AK”

This yields

~(n+5+ X -2

Lol
,/3—2{!// +4( P )(p+0+6K) ) (18)

[,o+6+65<
a

Note with CDPF, the dynamic time paths of y andr& alentical. Hence, in

discrete time, the solution f109[¥(1)] is

log[y(t)] =log[y(0)le™* +log(y)(L-€™*) (19)



The greater the value 8f the greater the responsiveness of the averagélgrate

to the gap betwee'oQ(V), long run equilibrium level, and the initial level income, i.e.
log[y(0)]. The model implies conditional convergenia that for given values of x a¥1
The growth rate is higher the lower is log [y(OJlhis is the standar@ convergence

process (see Barro and Sala-i-Martin, 1995).

For empirical estimation, we follow

109 T) = - (1-e)log(y, ) +U

1to.torr

Vi, (20)
where® = X+[(1—-€e)]llog(y) + Xto] U047 is the error term and i indices of the

countries. Eq (21) i Yosr ~ Yo =8FB¥i0 + Vi i which the coefficient 01'09(Yio) -

Y

i.e.on'ito, is constant.

4 Empirical specificationsand results

To test our convergence hypotheses, we use thefispans derived from the
previous section. Equation (21) implies the test doconditional convergence while

equation (22) specifies conditional convergence.
The empirical models for the estimation at a gitiere are thus

Yie = Yio = a+bOYi,tO + Vi (21)

and
Yi,t _Yi,tO =at boYi,to + blTRADEit + bzAGRI it T bsHCit + Vi (22)

where T= number of years in the period from 1992067 and i =1, 2, ..., and 26

European Union countries and Turkeyand By,B,B, and B are the parameters to be
estimated.

Y

Here "it is the natural logarithm of real GDP per capitacountry| at timet,

relative to the inter-country mean at that datg specification investigates convergence betvaeemtries.



The model considers three other explanatory vagblvhich are expected to
control for the effects of technology diffusion: apen trade policy, change in economic
activities and accumulation of human capital. Ithnw~v generally acknowledged that a
relatively liberal trade regime along with accuntigia of human capital as knowledge
industry and structural economic changes are the mehicles of technology diffusion.
These variables are demeaned before estimatiotnéopurpose of removing some of the

correlations that may exist across the error tdses Lee, Pesaran and Smith, 1997).

Thus, equation (22) tries to show how income pgritaadepends on trade, structural change and huagital. We

assume that trade could be the engine of econormowtly, although some argue that
causality could be bi-directional (Ghatak, S andvVBeatley-Price, 1997). Trade is also
important, because a higher degree of integratiitim thve world market means higher level
of technology. Some researchers believe that liraita in trade slow down the speed of
growth. TRADE is the difference between the natlomghrithms of the ratio of imports
and exports to GDP. We use AGRI as the percentageDd that is produced by the

agricultural sector to capture the impact of suatchange.

The final explanatory variable in our growth eqaatis a proxy for the ratio of
human capital investment to GDP. We use logaritbfitee percentage of the working age
population that is enrolled in secondary school€)Ht is now well known that human

capital accumulation is a prime driver of technjgadgress and diffusion.
4.1. Econometric Background and Data

The panel data method is used in this study. Rdatel consists of time series and
cross-sectional data. In panel data, which hassimee problems with time series, it is
essential to determine whether variables includé root, or not. It is also important to
investigate whether there is co-integration betwegnmables which have unit roots of the
same value. If the variables are not stationargression estimates obtained may be
spurious. Therefore, in order to obtain corretingste values, panel unit roots tests are

applied.

In recent years some tests for unit root withingtarhave been developed in the

literature. Unit-root tests examine the unit-roatl inypothesis based on a single equation



method. However, it is well known that these téstee low power when the root is close
to one (Wu J.L. 2000: 216). Levin and Lin (1992939 Im, Pesaran and Shin (IPS),
(1997, 2003), Maddala and Wu (1999), Kao (1999)lQ{1994), Choi (1999, 2001) have
all developed panel unit-root tests, but in thiglgtIPS (2003) was used.

IPS presented a method to test for the presencanidfroots in a dynamic
heterogeneous panel. They considered a samplecobd$ section units observed over T
time periods (Otero J. et al. 2005: 230). IPS afldvior a heterogeneous coefficient of

Yi-1 and proposed an alternative testing proceduredbas averaging individual unit root

test statistics. IPS suggested an average of th #Bts wherYt is serially correlated

with different serial correlation properties acressss-sectional units (Baltagi, 1988: 242).
The power of ADF tests is low with short time spafike null hypothesis is that each
series in the panel contains a unit root and ttesradtive hypothesis allows for some (but

not all) of the individual series to have unit m¢@Baltagi, 2005: 242).

The IPS statistic is defined as:
Z = N[t - E(D)]/Var (f)
>
t=@/N)> t, A _ _

Where = ', b is t statistics 05 =0 E() andVar(t) are the mean
and variance ct , respectively.

If there is a unit root in the series, panel cegnation tests should be used in order
to get a long run relationship between series. Fadroni (1995, 1997,1999) panel co-
integration test is used widely in the literatuf@edroni (1999) improved a residual based
panel co-integration test. He introduced panelntegration tests for a model which has

more than one independent variable in the regnessgmiation. Using this method, firstly
the co-integration regression is estimated by QkrS&ch cross section:

Vi =0+ 0+ BiXy  + BaXo Fot BuiXuin T Ex

t=1...T. i=1..,.N; m=1..M



T is the number of observations over time, N isnheber of individual members
in the panel, M is the number of independent vieis B Bair-Pui are the slopes of

coefficients, & is the member specific intercept or fixed effeatgmeter, ar9t is the

deterministic time trend.

Then pane P and pane! statistics are computed by taking the first défare of

the original series and estimating the residuath®following regression:
AYM = bliAXJJ,t + bZiAXZi,t ot bMiAXMi,t + 7T,

Following regression

O oo O
€t =) 61t Uiy

m]
is estimated by using the residue®: from the co-integration regression (

Yie = T O+ BXy  + BaXa e+t BuiXui + ‘git). The null hypothesis of no co-integration
for the panel co-integration test:
Ho:¥i =1 foran  1:L...N

The alternative hypothesis for the between-dimenbiased statistic is
Hot¥ <1 foral  1:1...N a common value fc¥ =V is not required

Ho Vi =V<lioral i:L--N assumes a common value ¥ =V

In this study, the data set is from World Bank,dstat, Turkish Statistical Institute
and Penn World Tables (PWT). We applied panel dests of convergence with the
annual data available from 1998-2007. The modélased on European Union countries
and Turkey. We have constructed the European Uthada set to include Turkish data. We
have excluded Malta because there is not enouga dat their agricultural sector.

Therefore we have used 27 countries.
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4.2. Estimation results on unconditional conver gence
To determine the unit root we used the IPS unit test for each series.

Table 1 Im, Pesearan and Shin (2003) Panel Unit Root TestulRs

Variable Statistic Probability]
Ihc level 2.19503 0.9859
first difference -3.94562 0.0000
lagri level -0.89488 0.1845
first difference -12.4104 0.000d0
ltrade level 1.71947 0.9572
first difference -2.49774 0.0062
Y level 2.55246 0.9947
first difference -2.46768 0.0068

Ihc is natural logarithm of human capital; lagrinatural logarithm of agriculture;
Itrade is natural logarithm of trade, aidis the natural logarithm of real GDP per capita.

According to the IPS panel unit root test resudtisseries have unit roots.

Because all series have the same degree of utjtwednvestigated whether there

is a co-integration between variables.

Table 2. Pedroni (1999) Panel Cointegration Test Results

Dependent variable Independent variable  Independent variabl
Y Yito (Included Turkey)¥wit

Panel ADF 1.8731 i1 -0.8476 -4.7149
(0.9695) (0.0000) (0.1983) (0.0000)

Group ADF 3.8225 -11.682 -3.5122  -10.6401
(0.0001)  (0.0000) (0.0002) (0.0000)

Pedroni (1999) panel-t and group-t co-integratestg are one-sided tests and have
critical values of -1.645.
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We used Pedroni (1999) panel co-integration tdst. rEported values of this test in
Table 2 are less than the critical value. This maae rejection of the null hypothesis of

non co-integration. There is a co-integrating retaghip between the variables.

Table 3 Estimates of the growth model (21)

1998-2007 (included Turkey) 1998-2007
fixed effect fixed effect
Constant 0.0632 0.0635
(39.9854) (44.3958)
Yito -0.0221 -0.0091
(-1.6215) (-1.728)
Implied A 0.00242 0.00102
Obs. 243 234
Adj. R? 0.46 0.61
Hausman Test |X*(1)=7.9176 X (1)=7.4221

Note: Values in brackets are t-ratios

Our regression results for 1998-2007 using pan& daalysis are presented in
Table 3.

The investigation of unconditional convergence negua restrictive assumption
that there is no difference in preference, techgwland steady state across countries.
When we included Turkey, Hausman test yields astiabf 7.9176, which is Chi-squares

distributed with a degree of freedom equal to gk&we can reject the null hypothesis (
Ho 1 E(&/%) = 0y, we used the fixed effect model.

There is an absolute unconditional convergencerebddecause the coefficient of
the initial level of real GDP per capita, Yito, megative and statistically significant.
Countries with lower initial levels of relative GOger capita tend to grow 0.0221 percent

faster than rich ones.

12



On the basis of~ A1—€"") = -0.0221 the implied value of the rate of convergence
is 0.00242. It implies that 0.242 percent of thp g&initial levels of real relative GDP per
capita between the rich and the poor vanishesy@aa if their steady states are identical.

Given that4 = 0.00242, the time for an economy to move halfizagational steady state

is 286 years from the half life formult =In2/A

In this study, when we excluded Turkey from thelgsig, the Hausman test yields
a statistic of 7.4221, which is Chi-squares disiiglol with a degree of freedom equal to
one. The null hypothesis proved invalid so the dixeéfect model was used. An absolute
unconditional convergence was observed. Countriéis mwer initial levels of relative
GDP per capita tend to grow 0.0091 percent fabin tich ones. The estimated value for
the speed of convergence is 0.00102. It implies €hB02 percent of the gap of initial
levels of real relative GDP per capita between add poor vanishes in a year if their

steady states are identical. Given tA#¢ 0.00102, the time for an economy to move

halfway to national steady state is 679 years filoenhalf life formulat=In2/A,

4.3. Estimation results on conditional conver gence

As it has been indicated earlier, to control foe ttiifference in technologies,
TRADE, AGRI and HC are included.

TRADE is included under the assumption that thera correlation between higher
degrees of integration with the world market anghkr levels of technology. Countries
with more exports and imports are likely to havedutheir resources more efficiently and

imitated foreign advanced technology.

AGRI is included to allow for the differing comptsn of economic activities
within European Union countries and Turkey. Ecomodevelopment literature has long
assumed that different components of economic ifctiiave different levels of
technology (Ghatak and Li, 2006). Thus, countriethva higher percentage of GDP in
agriculture are expected to have lower level ofitetogy.

HC is included on the basis that education andMedge accumulation boosts

output growth rates.
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Table 4. Estimates of the growth model (22)

1998-2007
(including Turkey)  1998-2007
Fixed effect Fixed effect
Constant 0.0597 0.05925
(31.1679) (34.816)
Yito -0.0217 -0.0081
(-1.7007) (-1.8205)
TRADE 0.0688 0.0769
(2.7342) (3.3997)
AGRI 0.0144 0.0056
(0.9481) (0.04109)
HC -0.1975 -0.2091
(-5.0709) (-6.1389)
Implied A 0.00244 0.00090
Obs. 243 234
Adj. R2 0.54 0.6105
Hausman Test| X~ (4)=22.1295| X~ (4)=28.9724

Note: Values in brackets are t-ratios

In this study, when Turkey was included, Hausmast tgelds a statistic of
22.1295, which is Chi-square distributed with ardegof freedom equal to four. Rejecting
the null hypothesis, the fixed effect model wasduse

An absolute conditional convergence is observedilme the coefficient on the
initial level of real GDP per capita, Yito, is néiga and statistically significant. Countries
with lower initial levels of relative GDP per cagpitend to grow 0.0217 percent faster than
rich ones.

The speed of convergencei€—€") =-0.0217  The 0.244 percent gap of initial

levels of real relative GDP per capita between add poor vanishes in a year if their
steady states are identical. Given tA#& 0.00244, the time for an economy to move

halfway to national steady state is 284 years filoerhalf life formulat=In2/4 .
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In this study, when we exclude Turkey, the Hausrtest yields a statistic of
28.9726. Again, the null hypothesis can be rejeetad the fixed effect model employed.
An absolute conditional convergence is observed,cauntries with lower initial levels of

relative GDP per capita tend to grow 0.0081 pertaster than rich ones.

The estimated value for the speed of convergen@®3)90. It implies that the gap
of 0.09 percent of initial levels of real relati@&DP per capita between rich and poor

vanishes in a year if their steady states are ic@nGiven thatA = 0.00090, the time for
an economy to move halfway to national steady swté70 years from the half life

formula,t=1In2/A.

Knight, Loayza and Villanueva (1993) and Islam (@PAse a similar method, but
different conditional variables. Knight et al. @® estimate the speed of convergence is

6.26percent for 98 countries, including developing gmeshe period 1960-1985.

Islam (1995) estimates that the speed of convemgdac 22 OECD countries
(which are relatively homogenous) over the sameogeis 9.26 percent. Islam (1995)
argues that the high speed of convergence is d¢ensiwith the prediction of the Solow-
Cass-Koopmans model because an open economy veisiba growth model predicts a

speedy convergence.
5 Conclusions

This paper examines the tendency towards conveegenelative GDP per capita
across EU countries and Turkey and investigatesffieets of openness, economic activity
and human capital investment in the growth procéss. panel data analysis with the
annual data available from 1998 to 2007 confirnesghesence of greater convergence for
EU countries when Turkey is included. These resstisw that Turkish accession to the
EU will be important both for EU countries and Teyk Our results are in accord with the
studies of Dogan and Saracoglu (2007) and Borgs €2008).

As regards conditional convergence, we find thaénmgss and human capital
investment are positively and significantly relatedsubsequent economic growth rates.
When Turkey is included they affect the convergespeed more than the data from EU

countries alone. However, the coefficient on thecpetage of activity in agriculture is

15



statistically insignificant. This situation is no#ally important for either EU countries or
Turkey, because of the declining role of agric@twectors in these economies.
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