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The Centre for Planning and Economic Research (KEPE) was established as a
research unit, under the title “Centre of Economic Research”, in 1959. Its primary aims
were the scientific study of the problems of the Greek economy, the encouragement of
economic research and the cooperation with other scientific institutions.

In 1964, the Centre acquired its present name and organizational structure, with the
following additional objectives: first, the preparation of short, medium and long-term
development plans, including plans for local and regional development as well as public
investment plans, in accordance with guidelines laid down by the Government; second, the
analysis of current developments in the Greek economy along with appropriate short and
medium-term forecasts, the formulation of proposals for stabilization and development
policies; and third, the additional education of young economists, particularly in the fields of
planning and economic development.

Today, KEPE focuses on applied research projects concerning the Greek economy
and provides technical advice on economic and social policy issues to the minister of the
Economy and Finance, the Centre’ s supervisor.

In the context of these activities, KEPE produces five series of publications, notably:
Studies. They are research monographs.

Reports. They are synthetic works with sectoral, regional and national dimensions.

Statistical Series. They refer to the elaboration and processing of specified raw statistical
data series.

Discussion Papers series. They relate to ongoing research projects.

Research Collaborations. They are research projects prepared in cooperation with other
research institutes.

The number of the Centre’s publications exceed 650.

The Centre is in a continuous contact with foreign scientific institutions of a similar
nature by exchanging publications, views and information on current economic topics and
methods of economic research, thus furthering the advancement of economics in the
country.



O poiog Tov avBpomivov ke@araiov oty otkovopikn peyéOuvon:

Amoteréopata amd TOVg EAAMVIKOVS VOROVS

YtéMog Kapayuavvng & Nikog Mrévog

ITEPIAHYH

2KOTOS THG Tapovaas Epyociog eivol vo ektiunbel sumeipikd n oyéon ovOpwmivov
KEPOAQIOD KO 01KOVOUIKNG UEYEQVVONS Y10 TOVG eAAnVIKODS vouois v mepiooo 1981-2003.
Xpnoiuoroiodue s O€IKTES EKTAIOEDONS TIC EYYPOPES OTO TPATO KOl OEVTEPO ETITMEIO
0evTEPOPAOUING EKTAIOEDONS WG TOCOOTO THG OVTIOTOLXNS TANBVGUIOKNS OUGAOS KOl TO AOYO
HaBnraov-kabnyntov aro dvo eximeda exmaidevons. Emiong, kavovrag uia svpvtepn Gewpnon
00 ovOpwTIVOy KePOLOIOD, YPHOLUOTOLODUE 0D0 OEIKTES DYEING, TOVS VOGOKOUEIOKODS
VIOTPOVS Kou T0.  voookouecloka kpefotia. Oi ekTIUNoEIS HOG Ogiyvovy OTL T0. TOGOCTA
EYYPOPNS 0TOL OVO EMITEIQ EKTAIOEVONS Eyovy Oetiky ovayétion ue v ueyédovan, eva &vag
WHAOTEPOS 0Y0S HaOnTv-KoOnyntav xel opvntiko amotéieouo. oty ueyebovon. Emmiéov, o
op1OUOS TV VOGOKOUELOKMOV YIOTPOV QaiveTol 0Tl evioyvel tn ueyé@oven. Opilovue ovo
ousoes vouwv (ynlod Koi yYouniov EIGOONUATOS) Kol VTGPYOLY 10YVPES EVOEICEIS
ETEPOYEVELAS UETOLD TV ODO OUAOWV WG TPOS TIC ATOIOCEIS TOV avOPWTIVOL KEPOAQLO.
Emnpoobera, vmapyovv onuovtikes Oetikés elwtepixés emdpaoels  avlpomivov KeQoloiov

LETALD OLOPV VOUDV.

1o ovykexpygva, yio 1o 6GOVOLO TOD JEIYUATOS 01 EKTIUNTELS OELYVODY OTL TA TOTOTTC,
EYYPOPNS TV UAONTOV EYovV Hio, HIKPY, OAAG CHUGVTIKY GVCYETION uE THY ueyédovon otig
TEPLOTOTEPES TEPITTWOELS. AKOUN, 000 TEPIGGOTEPOL EIVOL 01 UOONTEGC o€ Oyéon ue TOVG
KOONYNTES, TO OTOLO UETPA TV TOIOTHTO. THG EKTOLOEVTIKHS O10OIKOACLOG, TOGO EMPPaodvVeETaL ]
ueyebovon. Emions, évag wniotepog opiOuos VOOGOKOUEIOK®Y YLaTPp@V  EVIGYDEL THV

avamroéiokn dvvauixy. O etnoiog poOudg kotd ovvOnkn odykiiong ektiudror oe 17%.

Katomv, ywpilovue tovs vouoivs o€ younlov kot vwniod e1600NUOTOS OVOAOYa UE TO
o 10 uéao koo, kepoin AEII tovg v wepiooo 1981-2003 eivar pueyoldtepo 1 ukpoTepo tov
otauecov AEIl 6Awv twv vouwv 1o 010 d100THUG. KOl KOVODUE TIG 101EC EKTIUNGELS UE ODTES,
mov kavoue yio. to ovvolo tov detyuotos. To omoteléouato OElyvovy io. OTOTIOTIKG,
ONUOVTIKY OETIKN OLOYETION TWV TOGOTTWOV EYYPOPHS OTO. 0DO ETITEON OeVTEPOPAOULAS
EKTOIOEVGNS 0Ty UEYEOVVEN OTIC TEPIOYES DWHAOD ELGOONUOTOS, EVA 1 OVGYETION EIVOL
OTATIOTIKG, OONUAVTY OTIS TEPIOYES YOUNAOD E1600NU0ToS. Avto eényel ) wikpn ovoyétion

VTV TOV UETAPINTAV UE TN ueYEGVVEN aT0 6VUVOA0 TOV Jdelyuatog. Akoun, S10TIGTOVETOL UG,
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OTATIOTIKG, CHUOVTIKY OPVHTIKY GOCYETION TOV A0Yov uodntamv-kadnyntav ue ueyédoven arovg
VOUOUS YOUNLO0D ELGOONUATOS, €V 1 OGULGYETION EIVOL OOHUAVTH OTOVS VOUODS YOUNAOD
ELGOONUATOS EYOVTOS (G TVVETELQ VA QODVOUO OTOTEAEGUA. Y10, TO GUVOLO TOD OEIPUATOG.
Emniéov, mepioootepor voookoueioxol ylatpol ivar w@EéLUOL Yo, TNV OIKOVOUIKY OVOTTOCH
Kal OTIGC 00O OUBOES Tepioywv. EmmAéov, poivetar 0t1 vmopyel kata ovvOnkn cOyKAlon Kol

0TI 00O OUAIES VOUWV.

Emnpoobeta, o1 extyunoeisc yio to ovvolo twv vouwv deiyvovv ot o poludg
ueyéBovang tovg ovoyetieton Oetiko. ue T0VS OEIKTEG EKTAIOEVONS KOl VYEIOS TV OUOPDV
vouwv, to omoio ociyvel v dmopln Octikwv elwtepikotitwy 00 avOpwrmivov kepaiaiov

HETOLD VEITOVIKMOV TEPLOYDV.

O1 EKTIUNOELS YLO. TOVS VOUODS YOUNA0D KOL DYHAOD ELGOONUATOS YWPIOTC. OELYVOVY OTL
01 e£WTEPIKOTNTES EKTAIOEVONG EIVOL LOYVPOTEPES OTIS TAOVGIEG TEPIOYES OE OYECN UE TIC
PTOWYOTEPES, VW 01  eEMTEPIKOTHTES DVYEIOG EIVOL EVIOVOTEPES GTOVS VOUODS YOUNAOD

elooonuarog. H dmopln kata oovOnxn odyrxiions emPefoiwverar kou o€ owTeS TIG EKTIUNOEIG.

To mopomave omoteAéouata deiyvovv 0Tl 1 vyelo. €ival GHUOVTIKOTEPY Yio TN
ueyeBovon arovg Vouovs younAod €1600NUATOS, EVO 1 EKTOLOELON Eval (WTIKOTEPNS
ONUAOIOS YL TOVG TAOVOIOTEPOVS VOUODS. LVVETWS, UEYOADTEPO UEPIOIO THS ONUOOLOS
XPHUOTOOOTNONG VIO DENPETIES VYELAS EIVaL OKOTIUO VO, 000El 0TI 0IKOVOUIKG, DOTEPOVTES
TEPLOYES, EVA) TYETIKO. DYNAOTEPO UEPIOLO THG YPHUATOOOTHONS VIO EKTAIOEVON EIVOL YPHOILO
va. katevQovlel otic evmopotepes mepioyés. Ievika, ta amoteléouoro. Tovi{ovv Ty avaykn yio,
UEYOLDTEPN YPHUOTOOOTNON TOGO THS VYEIAS 000 KO THG TOIOEIOS 08 OAES TIC TEPLOYES THS
Ellddas mpoxeiuévov yio tv mpowbnon s owkovouikng ueyé@ovong. Ihotevovue 0t o1
00KOOVTES TOMTIKY TPETEL va. Adfovy cofapd vmown avTa To. EVPHUOTO. TTO GYEOLOGIUO

TOMTIKNG 0€ EOVIKO KOl TEPLPEPEIOKOD ETITEDNO.



ABSTRACT

The objective of this paper is to empirically examine the relation between human
capital and economic growth for the Greek regions (NUTS III), for the period 1981-2003.
We employ education indicators including the enrolment rates in lower and upper secondary
education and the respective student/teacher ratios. Moreover, taking a broader view of
human capital, we include two healthcare indicators — the number of medical doctors and
hospital beds. Our estimations reveal that student enrolment rates at both levels of
secondary education have a positive impact on growth, while a higher student-teacher ratio
inhibits growth. Also, the number of medical doctors seems to boost growth. We define two
regional groups (high and low income) and there is strong evidence of heterogeneity in rates
of return to human capital. Besides these, there are important human capital externalities
across neighbouring regions. Thus, the evidence implies the need for larger public spending
on education and healthcare in all regions as a growth-enhancing policy. We believe that
policy makers in Greece should take this into account in designing policies at the national

and regional levels.
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1. Introduction

Human capital theory argues that there are positive educational externalities: that is,
benefits of individually-acquired education are not restricted to the individual but spill over
to higher levels of aggregation in the same industry, city, region or the macroeconomy as a
whole. These externalities provide the economic justification for public funding of
education. '

In the recent literature, attempts have been made to empirically test the relationship
between human capital and economic growth, usually employing cross-sectional country
data. These studies use measures of formal education as proxies for human capital, since
investment in education plays a central role in human capital accumulation. They provide
contrasting results regarding the impact of human capital on growth: effects are found to be
positive, statistically insignificant or even negative in some cases (Pritchett, 2001; Barro &
Sala-i-Martin, 2004).

The main cause of these puzzling results is probably that most studies use international
data sets, but incorrectly impose equal returns to schooling (single coefficients) among
sample countries (Temple, 1999; Krueger & Lindahl, 2001; Di Liberto, 2007). This problem
arises when education quality is affected by educational institutions, which often differ
across countries. In this context, one explanation for the estimated low returns to education
in international data sets is that national statistics are dissimilar. Moreover, returns to
education tend to be higher in countries with a better-educated labour force, as predicted by
some growth models (Azariadis & Drazen, 1990). Another issue appears to be that
acquisition of educational skills is not linked with productivity in some cases — that is,
education is not only an investment but also a consumption good for the individual. Finally,
in many countries (especially those which are less developed), the public sector employs

most of the skilled labour force: this creates distortions in the estimation of returns to

bA commonly used definition of human capital includes the set of knowledge, skills, competencies and
abilities embodied in individuals and acquired through education, training and experience (Bassetti, 2007).
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schooling, owing to measurement problems of public sector output, inefficiency and lack of
innovative activities in this sector (Griliches, 1997).

In this paper, our objective is to estimate the impact of human capital on regional
economic growth in Greece, and analyse the implications for economic policy. In order to
control for the problems described above, we focus on a fairly homogeneous data set, which
at the same time is relatively diverse in terms of human capital characteristics of the various
regions. Furthermore, Greek regions are characterised by common institutions and,
especially a homogenous educational system.

Our approach features several important contributions. First, this study represents, to
the best of our knowledge, the first attempt to provide a comprehensive set of estimates of
the impact of human capital dynamics on growth of Greek regions (NUTS III level) for a
fairly long period (1981-2003). Secondly, we define human capital more broadly than most
of the literature, using various measures of education as well as healthcare. Thirdly, we
investigate systematic growth differences between regions, which vary in terms of income
level and location. Recent studies emphasise the presence of two income clubs in Greece
based on: (a) access to the main transportation network (mostly the Athens-Thessaloniki
highway), and (b) highly developed tourist industry in islands (Christopoulos, 2004;
Prodromidis, 2006; Benos & Karagiannis, 2008). These two clubs are characterised by
identical educational institutions together with significant differences in enrolment rates.
This way, we allow for heterogeneity of the effect of human capital on growth across the
two regional groups. Finally, we allow for human capital spillovers between neighbouring
regions.

Our analysis is carried out using Random Effects (RE) and enhanced GMM
(Arellano & Bond, 1991) estimators in order to handle endogeneity and unobserved
heterogeneity problems. We find that the number of students in lower and upper secondary
education levels affects growth positively. Additionally, a higher student/teacher ratio

inhibits growth and the number of medical doctors fosters growth. Besides these, there is
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strong evidence of differential effects of the human capital variables between rich and poor
regions. Finally, there are important human capital externalities across neighbouring regions.

The paper is organised as follows. In section 2, we present a review of the theoretical
and empirical literature on human capital and growth. Section 3 describes the data, while
section 4 presents the econometric framework and methodology. In section 5, estimation
results are analysed, while section 6 offers policy considerations and concluding comments.

An Appendix contains detailed information on our data and empirical results.

2. Literature review

The theoretical literature on the relationship between human capital and economic
growth provides different models. In the first group of models, growth is sustained by
human capital accumulation — that is, human capital is a factor of production and its
accumulation influences the growth process. In this type of model, human capital is a flow
variable (Lucas, 1988). In the second category, economic growth depends on the existing
human capital stock, which generates new knowledge (Romer, 1990) or facilitates the
imitation and adoption of foreign technologies (Nelson & Phelps, 1966). In the third class of
models, human capital is a threshold variable — that is, the impact of human capital depends
on the human capital stock accumulated within a given time period (Azariadis & Drazen,
1990). So, human capital matters as a stock and flow variable, because its accumulation is
necessary to achieve the stock level, above which the impact of human capital strengthens.
One implication of these models is the existence of multiple equilibria in the growth path,
since the growth path comprises various phases.

Regarding empirics, the investigation of the growth impact of human capital uses
measures of formal education, such as adult literacy rates, school enrolment rates and
average years of schooling, as proxies for human capital. This follows from the fact that
investment in education is central to human capital accumulation and can be measured more

easily than other elements, such as on-the job-training, experience and learning-by-doing.
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In one of the early studies that examined the role of human capital on growth, Barro
(1991) found that primary and secondary enrolment rates have a positive growth effect, but
this was not always true for adult literacy rates. Mankiw et al. (1992) estimated an elasticity
of output of about one-third with respect to the average percentage of the working-age
population in secondary school. Benhabib & Spiegel (1994) found that the human capital
flow did not have a statistically significant growth effect, while the average stock had a
positive, though not always significant, growth impact. Durlauf & Johnson (1995) identified
different growth regimes for groups of countries characterised by different initial GDP per
capita and human capital levels supporting models with multiple equilibria.

More recently, De la Fuente & Domenech (2000) and Bassanini & Scarpetta (2001)
estimated a positive effect of schooling years on growth. Bils & Klenow (2000) concluded
that initial enrolment rates explain less than one third of the variation in growth rates and
half of this is due to the fact that anticipated increases in growth raise schooling. Pritchett
(2001) estimated a negative growth impact of human capital growth. However, Krueger &
Lindahl (2001) showed that higher education attainment has a positive effect on economic
growth once measurement errors are taken into account. Also, they showed that linearity
and parameter homogeneity are rejected by the data. Kalaitzidakis et al. (2001) found
nonlinear effects of human capital on growth. Papageorgiou (2003) concluded that the role
of human capital in the creation and adoption of technology increases with country income.
In a review of the empirical literature, Sianesi & Van Reenen (2002) pointed out that
education implies indirect growth benefits in terms of physical capital, technology transfer,
fertility and other dimensions of human capital (e.g. life expectancy, infant mortality).

Furthermore, some research has recently concentrated on the impact of human capital
on regional growth. The idea is that knowledge produces spillovers: that is, firms learn from
other firms and people get ideas from other people. So, in regions with high concentration
and/or accessibility to human capital, such as large cities, ideas disseminate quickly and

human capital externalities are more likely to arise. Knowledge flows between different
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localities and regions imply spatial dependence among adjacent regions, which diminishes
with distance (Grasjo, 2005; Andersson & Karlsson, 2007).

Finally, a number of recent papers examine the field of health as a human capital
component, although several pioneering studies go back a few decades earlier (Mushkin,
1962; Becker, 1964; Fuchs, 1966). In particular, health in the form of life expectancy has
appeared in a number of cross country empirics, which confirm the positive effect on the
rate of growth (see Bloom & Canning, 2000, 2003). In addition, several papers include
health indicators in growth regressions in an effort to incorporate direct or indirect effects
on economic growth (see Barro & Lee, 1994; Barro & Sala-i-Martin, 1995; Barro, 1996;

Caselli et al. 1996, Bloom & Sachs, 1998; Bloom & Williamson, 1998; Bloom et al., 1999).

3. Description of the data.

We start our analysis with a brief description of the main regional educational and
healthcare data used.” Our data include the number of students attending the two levels of
secondary education’ (upper and lower) together with the respective number of teachers at
both levels.* Using these, we were able to construct the student/teacher ratio for the two
levels of education. In addition, we include two healthcare indicators, namely the number of
medical doctors and hospital beds available per region. All our variables span from 1981
through 2003 and cover the 51 regions of Greece (NUTS III level).

Map 1, below, presents the division of the 51 NUTS III Greek regions into two sub-

groups, according to whether their average GDP p.c. for 1981-2003 lies above or below the

? Detailed definitions of the variables are available in the Appendix (Table 1).

* We do not include data on the number of primary education students since there is no significant variation
across regions, thus we would not be able to identify a distinct growth impact of such variables on regional
growth.

* The use of enrolment rates as a human capital variable is justified by the notion that current investment in
human capital will be reflected in the future stock of human capital (Bassetti, 2007). We would have been keen
to use human capital stock in our estimations (i.e. average years of schooling) but unfortunately it is not
available for Greek regions (NUTS 3 level). In addition, such data depend on arbitrary assumptions about
depreciation and rely on inaccurate measures of benchmark stocks and investment flows (Barro & Sala-i-
Martin, 2004). Studies that consider school enrolment rates include Barro (1991), Mankiw et al. (1992) and
Levine & Renelt (1992).
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median. Tables 3 and 4° provide the descriptive statistics of our variables based on the

division of our sample into high and low income regions.

Map 1. High and Low income regions (NUTS III) in Greece
(average GDP pc, 1981-2003)

High Income Regions
Low Income Regions

According to our calculations, there are numerous income, education and healthcare
disparities among the Greek regions. High-income regions enjoy higher levels of per capita
GDP when compared to low ones (the means are 10,835 and 7,968 Euros respectively, over
the period studied). They are characterised by different numbers of students attending lower
secondary education (the means are around 591 and 584 students per 1000 of the relevant
age group, respectively). On the other hand, low-income regions exhibit a greater proportion
of students attending the upper level of education when compared to the high-income ones.
Overall, participation rates® in the two levels of secondary education in Greece differ
substantially across regions as well as through time. Our data reveal that rural regions

present lower enrolment rates compared with urban ones.” The above findings are in line

> Tables 2-4 provide all descriptive statistics (see Appendix).

% Nine years of education (primary and lower secondary) has been compulsory in Greece since 1976 (Hellenic
Constitution, article 16, paragraph 3).

7 Rural regions present enrolment rates of approximately 60%-65% over the whole period in lower secondary
education and include prefectures such as Rodopi, Xanthi, Grevena, Euritania and Rethimno. The same
regions exhibit enrolment rates around 30%-40% at the beginning of our sample period. In contrast, urban
regions such as Athens, Thessaloniki and Achaia present enrolment rates of around 90%-95%.
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with previous studies specialised in this field of work.® Also, participation rates have
improved during the period examined — especially in upper secondary education (from 35%
in 1981-94 to 60% in the 1995-2003 period).

Healthcare variables reveal a greater inequality between the two sub-samples. The
number of available hospital beds and, to a lesser extent, the number of medical doctors are
greater in high-income regions when compared to low-income ones (4.05 to 3.10 per 1000
people and 2.40 to 2.03 per 1000 people, respectively). Finally, public investment at
regional level is included in our regressions in order to disentangle the effect of physical
capital from the effect of human capital on growth (see Krueger & Lindahl, 2001).” We
believe this is a good proxy for total investment at regional level. This is so, because public
and private capital tend to behave similarly in Greek regions (Louri, 1989). Specifically, our
proxy is based on the actual investment included in state budget expenditures at regional
level '”. As evident from the descriptive statistics, the regional allocation of public
investment in Greece presents disparities across high/low income regions (2.3% and 2.5%
respectively) as well as throughout the period examined (2.2% of regional GDP for the

1981-91 period to 2.5% for the 1992-2003)."'

4. Theoretical Framework and Empirical model

As human capital is multidimensional (Bloom et al., 2004), we need a model of
growth that includes its major components. While most studies identify human capital
narrowly with education, they do not consider health to be a crucial aspect of human capital,
and therefore a critical ingredient of economic growth. In particular, the population’s health

impinges on growth through productive efficiency, life expectancy, learning capacity,

¥ See Kanelopoulos, Mauromaras & Mitrakos (2003), Paleocrassas et al. (1997), Paleocrassas (1996) and
Kanelopoulos (1994).

? Here we should note that data on regional private investment (NUTS 3 level) are not available for Greece.

12 Please note that this is the second attempt for the computation of such a variable in the relevant literature on
Greek regions; the initial one was by Labrinidis, Psycharis & Rovolis (2005).

" According to Labrinidis, Psycharis & Rovolis (2005) regional public investment disparities in Greece are
positively associated with the national elections and the infrastructure capital stock, and negatively associated
with population size and regional product per capita.
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creativity, coping skills and inequality (Howitt, 2005). Also, an increase in survivorship
raises the returns from education because educational costs come at earlier ages and returns
at later ages (see Becker, 1964 & 1993; Meltzer, 1992; Ehrlich, 2000). In this paper we
consider both education and health in the formation of human capital as complementarities
exist between its different forms (Becker, 2007).

We study the role of human capital in the growth process, using the framework
suggested (among others) by Mankiw et al. (1992), de la Fuente (2002), Bloom et al. (2004),
Barro & Sala-i-Martin (2004). Thus, we specify an empirical model by augmenting a
standard aggregate production function with a technological progress function. In this
framework, we allow for regional fixed effects.

So, we assume a Cobb-Douglas aggregate production function

Y, = Kg;(tc (AitLit )91 Sifs Hi?h (1
where Y;; denotes total output of region i (i=1,...,51) during period ¢ (t=1981, ...,2003), Kgi
the public stock of physical capital, L; is employment, S, the stock of educational human

capital, H; is the stock of health human capital, and 4;; a (labour-augmenting) TFP indicator.

Also, we assume 6,. +6, +6_ +6, =1, so we have a Solow-type model. Thus, we take a

broader view of human capital than most literature by including education and health in the
production function of our economies. Both forms of human capital are seen as production
factors, the accumulation of which affects growth, i.e. human capital is a flow variable
(Lucas, 1988). However, we allow for differential impact of the two components of human
capital (education, heath) on output, therefore on economic growth. Finally, incorporating
Ay, we allow for permanent differences in the production functions of the various regions.
The introduction of human capital in a broad sense, along with differential technical
progress between regions, gives us the ability to obtain more accurate estimates of the
model’s parameters.

Now, equation (1) in per capita terms takes the form
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Y,

= Kl AL ] ?
Taking logs of (2)
Yt
ln[_lJ - eKG In KGit + 91 In Ait + (61 - l)hl Lit + es In Sit + ‘911 In H” (3)
it

and then time differences, we get

A h{f_J =0, ,AlnK,, +0AInA, +(0, —-1)AInL, +8,AInS, +6,AlnH, (4)

it
Before we estimate (4), we must specify the TFP growth term A/nA;. We assume that the
regional TFP variable (measured in logs) is the sum of two components:

Ind, =r,+b, (5)

where r; is a regional fixed effect, which captures regional features that affect productivity
and are constant over time (e.g. location, climate etc) and b, is nationwide technical progress,
which evolves at a constant rate g:

Ab, =g (©)

Thus, human capital does not influence technical progress. Therefore, the rate of change of
regional TFP is:

AlnAd, =Ar,+ g (7)

and after substitution of (7) and some rearrangements, equation (4) becomes

Y.

Aln(—”j =0 AInS, +6,AInH, +0,,AlnK_, +(6, —-1)AInL, +6,Ar, +0,g  (8)
it

Since we estimate a Solow-type model, we include initial GDP per capita in the empirical

counterpart of (8) in order to control for convergence effects on growth. We expect the

education, health and public investment parameters to be positive, while the labour force

parameter should be negative.

So, real per capita growth is related to an array of control variables, region-specific

effects and technological progress effects common to all regions. For the first two terms, we
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use several human capital indicators and since it is generally accepted that human capital
affects growth with time lags, we use lagged values of these indicators (Di Liberto, 2004,
2007; Midendorf, 2006)."

These indicators include the following: a) students at lower secondary education level;
b) students at higher secondary education level; ¢) medical doctors; d) hospital beds."> The
first two variables measure schooling and the other two capture the impact of health on
growth (Malik, 2006; Ricci & Zachariadis, 2007). Additionally, we use the student-teacher
ratio in the two levels of education as a measure of the quality of education provision. We
also employ public investment per region regarding the third term in (8). Furthermore, we
proxy employment growth by population growth in (8), because there are no available data
on the former. Finally, following Andersson & Karlsson (2007) and Grasjo (2005) we
include two variables in order to explore the possibility of spatial externalities in terms of
human capital (see section 5.3).

Regarding the methodology of estimation, OLS assume that the error in each time
period is uncorrelated with the explanatory variables in the same period. However, a
primary motivation for using panel data is to solve the problem of omitted variables, which
are effectively part of the error term and cause bias in the coefficient estimates. In light of
that, in the first part of our estimations, we assume that there is a time-constant unobserved
effect, which we treat as a random variable drawn from a population together with the
observed dependent and explanatory variables. The unobserved effect may represent region-
specific technology, tastes, historical and cultural factors. These characteristics are assumed
to be correlated over time but uncorrelated with the observed explanatory variables, which
is critical for the consistency of our estimates. We proceed with random effects estimation,

which exploits the serial correlation in the error, due to the presence of the unobserved

"2 The unavailability of average years of schooling as a measure of human capital, combined with the
relatively short time span, led us to use 2-year lags in our estimations. We tried longer lags (3-5 years) and the
results were essentially the same. Our final choice was dictated by the need to maintain a sufficient number of
observations.

1 For detailed definitions of the variables see Table 1 in the Appendix.
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effect in every period. We apply GLS and compute robust standard errors of the
coefficients.

Furthermore, one of the most challenging problems in the empirical growth literature
is the likely endogeneity of the right-hand-side variables. This is particularly true in the case
of human capital variables, since education is highly income elastic and high-income
economies dominated by the service sector require a well-educated workforce. In order to
cope with this problem, in the second part of our estimations we use the GMM estimator of
Arellano & Bond (1991), which calls for first differencing and using lags of the dependent
and explanatory variables as instruments (Caselli et al., 1996). First differencing removes
region-specific effects, which are a potential source of omitted variable bias (see above) and
deals with series non-stationarity. Also, when choosing instruments, we allow the
explanatory variables to be endogenous, which is the least restrictive assumption we can
make. Thus, applying GMM we eliminate the inconsistency arising from the incorrect
treatment of correlated region-specific effects and the endogeneity of explanatory variables.
So, we are more confident about GMM compared with RE results and emphasise the former.

At the same time, if the findings are similar, this is a signal of robustness.

5. Empirical results

5.1. Full sample

Full sample estimations reveal that students at lower-secondary level and higher-
secondary level exert a positive, albeit small, effect on growth in most cases (Table 5, cols.
1-8). Furthermore, the student-teacher ratios in lower and upper secondary education, which
are measures of education quality, exert a negative influence on growth in most cases as
well — that is, the higher is the number of students relative to teachers, the lower is human

capital accumulation and growth. These findings accord with the fact that controlling for

' Spatial autocorrelation might be an issue in this context. However, island prefectures constitute almost 30%
of Greek regions and mainland Greece is dominated by a mountain range (Pindos). As a result, labour and
capital mobility between Greek regions are quite limited, and the location of economic activity is mostly stable
over time, which limits spatial autocorrelation. Nevertheless, spatial externalities are partially taken into
account in section 5.3.
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labour force quality reduces the impact of schooling on growth (Sianesi & Van Reenen,
2002). Overall, the results concur with our theoretical underpinnings and previous empirical
evidence (Barro, 1991; Sianesi & Van Reenen, 2002).

Regarding healthcare indicators, we use the number of medical doctors, as it reflects
the quality of health services. This is expected to boost productivity and growth.'* The
evidence confirms our intuition showing a positive impact on regional growth (Table 5, cols.
2,4, 6 & 8)." 7 Overall, the evidence supports the case for public funding of education and
health care in Greece as a growth-enhancing policy.

Public investment does not have a statistically significant growth impact in most cases.
This is possibly because it represents a small proportion of GDP in most regions and is
inefficiently allocated in accordance with the electoral cycle theory (see Labrinidis,
Psycharis & Rovolis, 2005).

The estimated parameter of initial income indicates conditional convergence of Greek
NUTS III regions at an annual rate of approximately 17% (Table 5, cols. 5-8)."® This is in
line with our Solow type model, where an economy is in the process of transitional growth
towards its steady state. The above convergence speed is similar in magnitude to those
found by Caselli et al. (1996) and differs from results commonly found in work on
convergence.'** So, Greek regions are mostly near their steady-states and differences in
GDP per capita are due to differences in their steady-state levels. In this framework, areas

with high growth are those which experienced repeated shifts in their steady-state during the

"> The correlations between students (lower & upper secondary level) and medical doctors are 0.13 & 0.57
respectively and thus do not influence our results.

'® We also tried using hospital beds per 1000 population, but it was not significant. We think this is because it
is a measure of the quantity of health services, in contrast with doctors who measure better the quality of
services provided.

' We do not use variables employed in cross-country studies, like life expectancy and infant mortality, since
there are no such data at regional level in Greece.

' The relevant specification tests provided no evidence of misspecification of our models.

" Caselli et al (1996) showed that their estimation methodology, which is very similar to ours, implies
consistent estimates of convergence in contrast with most empirical growth literature.

% The presence of business cycles possibly induces upward bias in the convergence coefficient. However, in
our case regional business cycles are likely to be correlated, so this effect is rather weak. Also, previous work
with the same dataset with 5-year averages indicated that findings are not sensitive to the time span employed
in the estimation (Benos & Karagiannis, 2008).
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period covered by our sample. Finally, population growth exerts a negative influence on per
capita income growth in accordance with theory and previous evidence (Eckey et al.,

2006).%

5.2. Convergence clubs.

As mentioned in Section 2, there is a strong case, both theoretically and empirically,
for different effects of human capital on growth among regions which vary in terms of
income. Consequently, we split regions into low-income and high-income according to
whether their average GDP per capita is below or above the median for our sample period
(1981-2003).%%* First, we estimate the same equations as before for the two sub-samples.

According to Tables 6-7, for the rich and poor regions respectively, we see that lower
secondary education students have a positive impact on growth in the former (Table 6, cols.
1, 5-6), while they are not statistically significant in the latter (Table 7). Furthermore, there
are positive growth returns to upper secondary education in the high-income regions (Table
6, cols. 3-4, 7-8), while they are mostly insignificant in the low-income ones (Table 7, cols.
3-4, 7-8). These differences among the income groups explain the very weak growth
influence of both variables in the full sample estimation and agree with previous work
(Durlauf & Johnson, 1995).

Also, we identify a strong negative effect on per capita growth of the student-teacher

*! Furthermore, we include in our model a number of geographical dummies (North/South, East/West, and
islands/mainland) in order to capture spatial effects across groups of Greek regions. Our estimations exhibit a
positive sign regarding mainland regions, meaning that these regions enjoy a positive growth differential with
respect to islands. This might be explained by the insufficient public infrastructure and problematic connection
of the islands with the mainland, especially during the non-tourist period of the year.

22 See Map 1 (section 3) for the spatial allocation of the two income groups. The high-income group includes:
(a) the mainland regions with access to the main transportation network (from Athens to Thessaloniki), and (b)
the island regions with highly developed tourist industry (Crete, Corfu, Cyclades, Dodecanese). The low-
income group includes most regions of Thrace, Western Macedonia, Epirus, Peloponnese, North Aegean and
Eptanisa.

» Our spatial division of Greek regions concurs with the findings of recent studies. Christopoulos (2004)
reports similar evidence on the spatial segregation of Greek regions and states that such regional divergence
exists due to employment and output differentials. Prodromidis (2006) traces the same effects at NUTS 4 (post
code) level and argues that access to the Athens-Thessaloniki transportation network acts as an income
corridor between Greek regions. Finally, Benos & Karagiannis (2008) present similar findings arguing that
two convergence clubs exist in the Greek economy.
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ratio at both the lower secondary and upper secondary education levels in the rich regions
(Table 6, cols. 1, 5-8). In poor regions, this impact appears mostly insignificant (Table 7,
cols. 1-8), implying a weak effect of this variable in the full sample. Besides these, the
number of medical doctors boosts regional growth in both sub-samples (Tables 6-7, cols. 2,
4, 6, 8). However, it seems that the effect of healthcare on regional growth is stronger in
low-income areas than high-income ones.

In addition, we estimate regressions, which include interaction terms for our
education and health indicators in order to check the robustness of the previous results. In
particular, we interact a binary variable that indicates rich and poor areas with the education
and health variables. Our findings confirm the stronger impact of lower secondary education
students and student-teacher ratio in lower secondary education on growth in high income
regions relative to the poor areas (Table 11, cols. 1-2, 5).

Thus, our evidence suggests parameter heterogeneity regarding the effect of human
capital on growth — confirming previous studies. So, from a policy perspective the evidence
presented above implies that it is optimal to direct public spending on education mostly
towards rich regions if the aim is growth maximization.?* Also, conditional convergence
seems to hold in both sub-samples, as it was the case for the whole sample. Finally, public
investment does not have a growth impact and population growth affects per capita income

growth negatively as before.

5.3 Spatial externalities

24 . . . . ..

However, one must always keep in mind that economic growth is only one of the government objectives
along with e.g. stabilization, income equality, and external balance. In light of that, higher funding on
education in rich regions relative to poor ones may not be desirable, because it will increase spatial income
inequality.
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Next, we proceed to examine if there is dependence of regional growth on human
capital in neighbouring regions — that is, human capital externalities among regions. We
construct three types of variables to capture these effects. The first type includes students of
both the region in question and its neighbouring regions (Regional Students). It replaces the
students of the region in question in the regressions. The second type corresponds to the
students of the neighbouring regions only (Extra-Regional Students). It is used in the
equations in addition to the student variables used in the previous section. The third type
refers to two variables: they add the number of university medical doctors and hospital beds,
when direct access to a university hospital is available, to the medical doctors and hospital
beds at the regional level used in the original estimations creating University Medical
Doctors and University Hospital Beds respectively.

By looking at Table 8, Regional Students of lower secondary (see cols. 9-10) and upper
secondary education (see cols. 11-12), have a much stronger impact on growth than the
original student variables (Table 5). This is in line with the evidence, which shows that
students of neighbouring regions (Extra-Regional Students) have a positive effect on growth
(Table 8, cols. 13-14). Lower and upper secondary school students continue to affect growth
positively (Table 8, cols. 2, 6, 10, 12-13). Regarding healthcare variables, University
Medical Doctors affect growth positively and University Hospital Beds do not influence the
growth process as before (Table 8, cols. 7-8, 15-16). Thus, there is quite strong evidence of
spatial externalities, in the sense that regions seem to be affected by the performance of their
neighbours in terms of education and health status. This is in accordance with recent
findings for Sweden (Andersson et al., 2008). The results do not change when we
incorporate public investment in the regressions, which continues to be statistically
insignificant (Table 11, cols. 5-7).

When estimating the same equations in the two sub-samples of rich and poor regions,
the findings are somewhat different. We observe that the positive impact of Regional

Students (both lower and upper secondary levels) on growth is stronger in the wealthy
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regions compared to the lagging ones (Tables 9-10, cols. 9-12). The same pattern is true for
the Extra-Regional Students at both education levels (Tables 9-10, cols. 13-14). Besides
these, students of lower and upper secondary level education continue to exert a positive
growth influence in all but one case in rich regions (Table 9, cols. 2, 6, 10, 12-13), while
their effect is not statistically significant in poor regions in most cases (Table 10, cols. 2, 4-6,
10, 12-14). Furthermore, University Medical Doctors and University Hospital Beds do not
affect growth in the affluent regions, contrary to the results for the former variable in the full
sample, while they have a positive growth impact in poor regions (Tables 9-10, cols. 7-8,
15-16). At this point we should note that Medical Doctors are significant in high income
regions (see Table 6, cols. 2, 4, 6 & 8) but University Medical Doctors are not. This
seemingly awkward result can be explained by the fact that university hospitals are mainly
hosted in rich regions, thus their effect is captured by Medical Doctors. Consequently, there
is no additional impact of University Medical Doctors to be estimated in these regions.
These findings are consistent with the evidence obtained when we use interaction
terms to estimate the differential impact of Regional Students, Extra-Regional Students and
University Medical Doctors on growth between high and low income areas (Table 11, cols.
5-7). For example, Regional Students in upper secondary education boost growth in rich
regions more strongly than in poor ones. Also, University Medical Doctors have a larger
growth impact in poor areas compared to rich ones. Thus, we continue to find evidence of
parameter heterogeneity regarding human capital variables in Greek regions, when we take
into account spatial externalities. Also, in both sub-samples conditional convergence holds
and population growth is detrimental to per capita output growth, as is true for the whole
sample.
As a result, evidence presented in this section emphasizes the need for larger public
funding of education and health in both high and low income regions in order to realize the
benefits arising from spatial externalities of human capital accumulation on regional growth.

Additionally, the results underline that healthcare is a more important growth determinant in
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poor regions relative to rich ones. On the contrary, education seems to matter more for
growth in wealthy rather than lagging regions. In light of these, policy makers should direct
a larger share of the funding for human capital accumulation towards healthcare in poor

. . . . 2
regions and education in rich ones.*

6. Conclusions

This paper examines the social returns to human capital at regional level in Greece
using education and healthcare indicators. We estimate the effect of these variables for all
regions and separately for poor and rich ones, allowing for spatial heterogeneity of rates of
return to human capital. Overall, we find that there are differences between the two regional
clubs. In particular, our results show a positive impact of education on growth in high-
income regions, while the evidence is much weaker for low-income regions. On the contrary,
health is more important for growth in poor regions relative to rich ones. Also, there are
important human capital externalities across neighbouring regions. Thus, the findings imply
the need for larger public spending on education and healthcare in all areas as a growth-
enhancing policy. However, the policy makers should direct a larger share of human capital
expenditure on education in wealthy regions and health in lagging regions.

We conclude with some possible research extensions. We could employ alternative
estimation methods as a check for the robustness of the results (i.e. spatial econometrics).
We might also use other measures of human capital, taking into account in a more
comprehensive way its quality, additional stages of education (higher education) and other

forms of education (job training) when data become available. These are left for future work.

APPENDIX
Table 1. Description of Variables

» However, we should point here that policy makers should also take into account the overall characteristics of
every region, such as geographic location, when designing specific growth promoting policies.
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Dependent Variable

Description

Source

GDP per capita

in Euros, at 2000 constant prices;

National Statistical
Service of Greece,
Quarterly Regional &

Satellite Accounts Section

Explanatory Variables

Public Investment

Investment of the state budget at regional level
(NUTS 3) as a % of regional GDP. The variable is
constructed by extracting payments for services

National Statistical
Service of Greece,
Public Sector Survey

Students; Lower Secondary
Level

rendered from total regional state budget Section
expenditures.
Number of students attending the lower

secondary level of education at regional level
(NUTS 3). The variable is denoted per 1000
children aged 10 to 14 years of age.

National Statistical
Service of Greece,
Social Accounts Section

Student; Upper Secondary
Level

Number of students attending the upper
secondary level of education at regional level
(NUTS 3). The variable is denoted per 1000
children aged 15 to 19 years of age.

National Statistical
Service of Greece,
Social Accounts Section

Students — Teachers Ratio;
Lower Secondary Level

The number of students divided with the number
of teachers at the lower secondary level of
education at regional level (NUTS 3). Teachers
are denoted per 1000 inhabitants at regional level.

National Statistical
Service of Greece,
Social Accounts Section

Students — Teachers Ratio;
Upper Secondary Level

The number of students divided with the number
of teachers at the upper secondary level of
education at regional level (NUTS 3). Teachers
are denoted per 1000 at regional level.

National Statistical
Service of Greece,
Social Accounts Section

Medical Doctors

Number of medical doctors per 1000 inhabitants
at regional level (NUTS 3).

National Statistical
Service of Greece,
Social Accounts Section

Hospital Beds

Number of hospital beds per 1000 inhabitants at
regional level (NUTS 3).

National Statistical
Service of Greece,
Social Accounts Section

Regional Students; Lower
Secondary Level

Number of students attending the lower
secondary level of education at regional level
(NUTS 3), including students at the same level of
education from the neighbouring regions.

National Statistical
Service of Greece,
Social Accounts Section

Regional Students; Upper
Secondary Level

Number of students attending the upper
secondary level of education at regional level
(NUTS 3), including students at the same level of
education from the neighbouring regions.

National Statistical
Service of Greece,
Social Accounts Section

Extra Regional Students; Lower
Secondary Level

National Statistical
Service of Greece,
Social Accounts Section

Extra Regional Students; Upper
Secondary Level

Number of students attending the Ilower
secondary level of education from the
neighbouring regions only (NUTS 3).

Number of students attending the upper
secondary level of education from the

neighbouring regions only (NUTS 3).

National Statistical
Service of Greece,
Social Accounts Section

University Medical Doctors

Number of university medical doctors per 1000
inhabitants at regional level (NUTS 3). The
number of university medical doctors (when direct
access to the respective university hospital is
available) is added to medical doctors at regional
level (NUTS 3).

National Statistical
Service of Greece,
Social Accounts Section

University Hospital Beds

Number of university hospital beds per 1000
inhabitants at regional level (NUTS 3). The
number of university hospital beds (when direct
access to the respective university hospital is
available) is added to hospital beds at regional
level (NUTS 3).

National Statistical
Service of Greece,
Social Accounts Section

26



Table 2. Descriptive Statistics: Greek Regions, 1981 — 2003 (NUTS III)

obs. mean st. dev. min max
GDP per capita 1173 9373.0 2796.8 5272.6 33490.7
GDP pc growth 1173 0.016 0.069 -0.349 0.521
Population growth 1173 0.003 0.010 -0.121 0.060
Public Investment 1169 0.024 0.015 0.001 0.123
Students; Lower Secondary Level 1168 587.2 71.8 300.8 995.8
Student; Upper Secondary Level 1168 393.0 124.9 140.2 775.9
Students — Teachers Ratio; Lower Secondary Level 1168 1168 207.8 41.7 80.0
Students — Teachers Ratio; Upper Secondary Level 1168 1170 180.2 32.2 87.5
Medical Doctors 1173 1173 2.211 1.152 0.47
Hospital Beds 1173 1173 3.569 1.964 0.51

Table 3. Descriptive Statistics: Low-Income Regions, 1981 — 2003 (NUTS III)

obs. mean st. dev. min max
GDP per capita 598 7967.7 1435.9 5272.6 16509.5
GDP pc growth 572 0.016 0.071 -0.256 0.400
Population growth 572 0.003 0.009 -0.072 0.060
Public Investment 597 0.025 0.012 0.001 0.104
Students; Lower Secondary Level 595 583.8 80.7 300.8 995.8
Student; Upper Secondary Level 596 394.8 123.7 151.1 700.1
Students — Teachers Ratio; Lower Secondary Level 595 205.8 40.7 95.4 365.7
Students — Teachers Ratio; Upper Secondary Level 596 177.1 28.6 107.9 271.9
Medical Doctors 598 2.03 1.04 0.47 7.11
Hospital Beds 598 3.10 1.25 1.03 8.12

Table 4. Descriptive Statistics: High-Income Regions, 1981 — 2003 (NUTS III)

obs. mean st. dev. min max
GDP per capita 575 10834.6 3103.1 6377.4  33490.7
GDP pc growth 550 0.016 0.067 -0.349 0.521
Population growth 550 0.004 0.012 -0.121 0.040
Public Investment 572 0.023 0.018 0.001 0.123
Students; Lower Secondary Level 573 590.7 61.2 380.9 755.2
Student; Upper Secondary Level 574 391.2 126.2 140.2 775.9
Students — Teachers Ratio; Lower Secondary Level 573 209.9 42.7 80.0 342.7
Students — Teachers Ratio; Upper Secondary Level 574 183.6 35.3 87.5 505.1
Medical Doctors 575 2.40 1.23 0.75 6.83
Hospital Beds 575 4.05 2.41 0.51 15.88
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Table 5. Panel Data Estimates: Education and Health Care Variables (All Regions)

Random Effects Estimates Arrelano Bond Estimates
Explanatory Variables * (1) (2) (3) (4) (5) (6) (7) (8)
Students; Lower 0.001** 0.148* 0.001*** 0.001
Secondary Level (2.51) (2.24) ) ) (3.55) (1.41) ) )
Students — Teachers Ratio; -0.062*** -0.024** -0.018 -0.003
Lower Secondary Level (-5.75) (-2.14) ) ] (-0.64) (0.13) ) )
Student; Upper 0.001*** 0.001** 0.001*** 0.001***
Secondary Level ) ) (5.80) (1.51) ) ) (3.12) (3.88)
Students — Teachers Ratio; -0.033*** -0.018** -0.020 -0.011***
Upper Secondary Level ) ) (-2.66) (-1.49) ) ) (-0.85) (-0.50)
Medical Doctors ) 0.024*** ) 0.010%** ) 0.092%** ) 0.092%**
(4.59) (2.97) (4.52) (4.61)
GDP Initial * -0.005 -0.016 -0.004 -0.016 -0.185%** -0.166*** -0.182*** -0.158**
(-0.06) (-1.52) (-0.45) (-1.51) (-6.31) (-5.81) (-6.23) (-5.58)
public Investment 0.002 -0.007* 0.001 -0.005 0.005 0.002 -0.007 0.003
(0.69) (-1.73) (0.49) (-1.33) (0.78) (0.31) (1.16) (0.51)
Population Growth -1.147%%* -1.303*** -1.124%** -1.297*** -1.411%** -1.545%*%* -1.421%%* -1.555%**
(-5.77) (-6.73) (-5.69) (-6.66) (-5.68) (-6.56) (-5.78) (-6.68)
Obs. 1070 1019 1070 1020 1019 968 1019 968
R’ 0.066 0.075 0.084 0.079 - - - -
sargan Test - - - - 0.104 0.116 0.121 0.138
(p-value)
Autocovariance test of - - - - 0.302 0.128 0.670 0.312
order 2 (p-value)

Note: Dependent variable GDP per capita growth in region i (i =1,...,51) in period 7 (t =1981,...,2003). z-statistics in parentheses; *, **, *** denote 10%, 5% & 1% significance respectively. '
Initial per capita GDP in region i in period 7-1. > The null hypothesis is that the instruments used are not correlated with the residuals. * The null hypothesis is that the errors in the first-
differenced regression exhibit no second order serial correlation.® See Table 1 in the Appendix for the definition of the variables used. Explanatory variables lagged 2 periods and Medical
Doctors lagged 3 periods. All the explanatory variables were used as instruments.
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Table 6. Panel Data Estimates: Education and Health Care Variables (High Income Regions)

Random Effects Estimates

Arrelano Bond Estimates

Explanatory Variables * (1) (2) (3) (4) (5) (6) (7) (8)
Students; Lower 0.001** 0.001 _ j 0.001*** 0.001** ] _
Secondary Level (2.33) (0.46) (3.47) (2.36)

Students — Teachers Ratio; -0.051*** -0.021 ] R -0.003** -0.018** ] ]
Lower Secondary Level (-3.59) (-1.41) (-0.09) (-2.11)

Student; Upper ] ] 0.001*** 0.001** j j 0.001*+* 0.001***
Secondary Level (4.30) (2.04) (3.45) (3.93)
Students — Teachers Ratio; ) } -0.021** -0.012** } } -0.055** -0.049**
Upper Secondary Level (-1.25) (-0.73) (-2.05) (-1.88)

: 0.018** 0.005** 0.058** 0.055**
Medical Doctors - (2.45) - (0.53) - (2.05) - (0.50)
GDP Initial * -0.001 -0.012 -0.018 -0.022 -0.133*** -0.128*** -0.133*** -0.118***

(-0.00) (0-.74) (-1.12) (-1.37) (-3.20) (-3.03) (-3.21) (-2.82)

) -0.001 -0.009 -0.002 -0.007 0.008 0.002 0.008 0.001
Public Investment (-0.29) (-2.45) (-0.48) (-1.20) (0.95) (0.24) (1.08) (0.06)

: -1.066*** -1.143*** -1.085*** -1.125%+* -1.413%+* -1.474%* -1.366*** -1.409***
Population Growth (-4.31) (-4.64) (-4.50) (-4.64) (-4.83) (-5.12) (-4.70) (-4.94)
Obs. 524 499 524 499 499 474 499 474
R 0.067 0.068 0.086 0.068 - - - -
Sargan Test (p-value) - - - - 0.062 0.074 0.099 0.106
Autocovariance test of -
order 2 (p-value) * - - - 0.176 0.122 0.146 0.144
Table 7. Panel Data Estimates: Education and Health Care Variables (Low Income Regions)

Explanatory Variables * (1) (2) (3) (4) (5) (6) (7) (8)
Students; Lower 0.001 -0.001 ) B 0.001 -0.001 } )
Secondary Level (1.51) (-0.83) (0.97) (-0.81)

Students — Teachers Ratio; -0.080*** -0.023 ] R -0.046 -0.003 ] _
Lower Secondary Level (-4.64) (-1.24) (-1.19) (-0.10)

Student; Upper ] . 0.001*+* 0.001 . ] 0.001 0.029
Secondary Level (4.08) (0.82) (1.27) (0.72)
Students — Teachers Ratio; ] ] -0.042** -0.014 ] ] -0.039 -0.020
Upper Secondary Level (-2.14) (-0.76) (-1.11) (-0.63)

) 0.028*** 0.026*** 0.089*** 0.087***
Medical Doctors - (3.66) - (2.92) - 3.71) - (3.64)
GDP Initial * -0.032 -0.047* -0.031 -0.049** -0.245%+* -0.215%+* -0.244x** -0.211%+*

(-1.21) (-1.87) (-1.21) (-1.96) (-6.07) (-5.65) (-6.05) (-5.55)

; -0.001 -0.001 0.007 -0.001 -0.001 0.001 0.003 0.003
Public Investment (-0.25) (-0.19) (1.02) (-0.19) (-0.04) (0.06) (0.36) (0.39)

. -1.367*** -1.547*%** -1.210*** -1.502*** -1.548*** -1.702*** -1.560*** -1.632%**
Population Growth (-4.02) (-4.78) (:3.51) (4.52) (-3.77) (-4.49) (-3.80) (-4.32)
Obs. 546 520 546 520 520 494 520 494
R 0.070 0.092 0.084 0.095 - - - -
Sargan Test (p-value) - - - - 0.129 0.280 0.123 0.330
Autocovariance test of ] ] ] ] 0.302 0.314 0.620 0.524

order 2 (p-value)

Note: Dependent variable GDP }())er capita growth in region i (i =1,...,25
o & 1% significance respectively.

parentheses; *, **, *** denote 10%, 57
with the residuals. ~ The null hy%otflem
variables used. Explanatory varia

),

for High Income Regions and i (i =1,...,26) for Low Income Regions; in period 7 (t =1981,...,2003). z-statistics in
¢ > i1 [. “The null hypothesis is that the instruments used are not correlated
s is that the errors in the first-differenced regression exhibit no second order serial correlation.” See Table 1 in the Appendix for the definition of the
les lagged 2 periods. All the explanatory variables were used as instruments and Medical Doctors lagged 3 periods.

Initial per capita G
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in region i in period #-1.
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Table 8. Panel Data Estimates: Regional & Extra Regional Education and Health Care Variables (All Regions)

Random Effects Estimates

Arrelano Bond Estimates

Explanatory Variables * ) 2) 3) @) (5) (6) @) (®) 9) (10) (11) (12) (13) (14) (15) (16)
Regional Students; -0.005  -0.011%* 0.253%*  0.236%**
Lower Secondary Level (-161)  (-3.32) ) ) ) i ) (479  (4.41) ) ) ’ ) ) i
Regional Students; 0.003 0.002 0.002%+* 0.783%
Upper Secondary Level i (1.07)  (0.79) i i i i i i (4.03) (3.37) i i i
Extra Regional Students; -0.003 0.295%**
Lower Secondary Level i i i i (-0.83) i i i i i | ) (3.88) | | i
Extra Regional Students; -0.003 0.086**
Upper Secondary Level i i i i i (-0.85) i i i i i i (2.27) i i
Students; Lower 0.000 -0.026 0.155**  0.086**
Secondary Level i i i (1.24)  (-1.51) i i i i i (3.43) (1.39) i i
Students; Upper 0.000*** 0.045*** 0.047** 0.001**
Secondary Level i (7.16) i i (5.66) i i (2.34) i i i (0.02) i
N . 0.016 0.106%+*
University Medical Doctors - - - - - - - - - - -
(3.19) (3.99)
N . 0.002 0.038
University Hospital Beds - - - - - - - - - - - -
(0.45) (1.26)
GOP Initial -0.003  -0.003 -0.009 -0.010  -0.003  -0.004  -0.015  -0.011 | -0.186%* -0.182%* -0.174** -0.176%* -0.187** -0.167** -0.168** -0.163*
(-0.39)  (-0.35) (-0.95)  (-0.99)  (-0.29)  (-0.45)  (-1.62)  (-1.17) (-6.40)  (-6.28)  (-6.01) (-6.10) (-5.92)  (-5.29)  (-5.93) (-1.26)
Population Growth -1.168% 12314 -1.045% 1075 -1.220%% 11230 -1.233%% .1 210%*| -1.37%%  -1.369%* -1.389% -1.350%* -1.482%%  -1.493% .1 620%+ -1 147
(-5.73)  (-6.17)  (-5.12) (5.24) (-5.39)  (-5.56) (-6.43) (-6.29) | (-5.60) (-5.60) (-5.70) (-5.53) (-5.56)  (-5.60) (-6.96)  (-6.35)
Obs. 1071 1071 1071 1071 903 903 1020 1020 1020 1020 1020 1020 860 860 969 969
R 0.031 __ 0.080 _ 0.051 0.040 0.035 0.079 0.064 0.043 - - - - - - - -
é"’_‘\r/%?l:‘e;fg - - - - - - - - 0656 0722 0632 0740 0629 0832 0680 0741
Autocovariance test of ; - - - - - - - 0530 0563 0788 0707 0621 0813 0941  0.799

order 2 (p-value) *

Note: Dependent variable GDP per capita growth in region i (i =1,...,51) in period 7 (t =1981,...,2003). z-statistics in parentheses; *, **, *** denote 10%, 5% & 1% significance respectively. '
Initial per capita GDP in region i in period 7-1. > The null hypothesis is that the instruments used are not correlated with the residuals. * The null hypothesis is that the errors in the first-
differenced regression exhibit no second order serial correlation.* See Table 1 in the Appendix for the definition of the variables used. Explanatory variables lagged 2 periods and Doctors
University & Beds University lagged 3 periods. All the explanatory variables were used as instruments.
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Table 9. Panel Data Estimates: Regional & Extra Regional Education and Health Care Variables (High Income Regions)

Random Effects Estimates

Arrelano Bond Estimates

Explanatory Variables * €] @) @) @ 5 ®) @ ®) © (10) (8 (12) (13) (14) (15) (16)
Regional Students; -0.004  -0.010* 0.345% (0, 293%
Lower Secondary Level (-0.89)  (-2.08) i i i i i i (419)  (3.45) i i i i i i
Regional Students; 0.004 0.003 0.113*%* (.089**
Upper Secondary Level i i (1.08)  (0.85) i i i i i i (3.71) (2.83) i i i
Extra Regional Students; -0.001 0.309***
Lower Secondary Level i i i i (-0.32) i i i i i i i (2.81) i i i
Extra Regional Students; -0.002 0.475**
Upper Secondary Level i i i i i (-0.50) i i i i i i (2.43) i i
Students; Lower 0.037  -0.039 0.184**  0.007*
Secondary Level ) ) (1.35)  (-1.28) ) i ) ’ | (2.65)  (1.19) | i
Students; Upper 0.045%** 0.048*** 0.068** -0.086**
Secondary Level i (5.04) i i i (4.35) i i i (2.44) i i i (2.27)_ i i
N . 0.008 0.052
University Medical Doctors - - - - - - - - - - - - -
(1.11) (1.42)
N . 0.004 0.004
University Hospital Beds - - - - - - - - - - - - - -
(0.54) (0.11)
SDP Initial -0.007 -0.009 -0.014 -0.013  -0.005 -0.011  -0.018  -0.011 | -0.130%* -0.122%* -0.114%* -0.119%* -0.150%*  -0.127** -0.116*** -0.117***
(-0.49)  (-0.66) (-0.98)  (-0.87) -0.32 (-0.72)  (-1.18)  (-0.77) (-3.15)  (-2.96)  (-2.77) (-2.89) (-3.43)  (-2.91)  (-2.79) (-2.81)
Population Growih -1.08%%  .1.254%% 0.984%* -1.064%* -1 117%% -1.125%% -1 125% -] 082%%| -1.35%% ] 303%* ] 348%** ] 385%k -] 368 -1.369% -1.428%* .1 349%
(-4.36)  (-5.10)  (-3.96)  (-4.17) -4.33 (-4.73)  (-4.66)  (-4.50) | (-4.69)  (-4.82)  (-4.69) (-4.81) (-452)  (-452) (-4.98)  (-4.79)
Ops. 525 525 525 525 162 162 500 500 500 500 500 500 270 220 275 275
R 0.039 0.087 0.051 0.055 0.039 0.089 0.054 0.047 - - - - - - - -
(Sp"’}\r/%i?e;?s‘ - - - - - - - - 0.872 0.541 0911  0.852 0.853 0.832 0734  0.741
Q}’C}gfg"gﬂsglﬁ%)‘%ﬁ of - - - - - - - - 0.946 0827 0761 02808  0.762 0.813 0638 0622

Note: Dependent variable GDP per capita growth in region 7 (i =1,...,25) in period # (t =1981,...,2003). z-statistics in parentheses; *, **, *** denote 10%, 5% & 1% significance respectively. !
Initial per capita GDP in region i in period #-/. > The null hypothesis is that the instruments used are not correlated with the residuals. * The null hypothesis is that the errors in the first-
differenced regression exhibit no second order serial correlation.” See Table 1 in the Appendix for the definition of the variables used. Explanatory variables lagged 2 periods and Doctors
University & Beds University lagged 3 periods. All the explanatory variables were used as instruments.
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Table 10. Panel Data Estimates: Regional & Extra Regional Education and Health Care Variables (Low Income Regions)

Random Effects Estimates Arrelano Bond Estimates
Explanatory Variables * (1) (2) (3) (4) (5) (6) (7) (8) (9) (10) (11) (12) (13) (14) (15) (16)
Regional Students; 0.005 0.011 0.150**  0.148**
Lower Secondary Level (1.27) (2.51) (2.38) (2.32)
Regional Students; 0.002 0.015 0.057* 0.054*
Upper Secondary Level (0.61) (0.37) (1.77) (1.67)
Extra Regional Students; -0.004 0.266***
Lower Secondary Level (-0.79) (2.98)
Extra Regional Students; -0.003 0.080*
Upper Secondary Level (-0.59) (1.67)
Students; Lower 0.019 0.026 0.042 0.020
Secondary Level (0.95) (1.18) (0.81) (0.30)
Students; Upper 0.051*** 0.045*** 0.014 -0.033
Secondary Level (5.25) (3.79) (0.53) (-0.84)
) . . 0.025** 0.094***
University Medical Doctors - - - - - - - - - - - - -
(3.43) (3.00)
) . . 0.001 0.071%*
University Hospital Beds - - - - - - - - - - - - - -
(0.15) (0.01)
GDP Initial * -0.299 -0.039  -0.382 -0.043 -0.040 -0.047 -0.022 -0.035 -0.024*+*  -0.248***  -0241*** -0.241** -0.237***  -0.022*** -0.224*** -0.219***
(-1.14) (-1.52)  (-1.46) (-1.62) (-1.20) (-1.48) (-0.87) (-1.34) (-6.20) (-6.17) (-6.04) (-6.05) (-5.30) (-4.99) (-5.92) (-5.69)
Population Growth -1.26%%*  -1.171** -1,102** -1.094 -1.32 -1.199%%* -1 153*** .1 154%**| -1 443*** -1.419*** -1.456*** -1.416*** -1.861***  -1.898*** -1 771*** -1 .657***
P (-3.61) (-3.42) (-3.14) (-3.12) (-3.18) (-2.92) (-3.43) (-3.40) (3.58) (-3.50) (-3.62) (-3.50) (3.85) (-3.92) (-4.75) (-4.40)
Obs. 546 546 546 546 441 441 546 546 520 520 520 520 420 420 494 494
R? 0.025 0.080 0.032 0.032 0.029 0.070 0.072 0.026 - - - - - - -
sargan Test - - - - - - - - 0810 0781 0881 0970 0997 0747 0897  0.789
(p-value)
Autocovariance test of - - - - - - - - 0982 0954 0854 0910 0781 0968 0741  0.822
order 2 (p-value)

Note: Dependent variable GDP per capita growth in region i (i =1,...,26) in period 7 (t =1981,...,2003). z-statistics in parentheses; *, **, *** denote 10%, 5% & 1% significance respectively. '
Initial per capita GDP in region i in period 7-1. > The null hypothesis is that the instruments used are not correlated with the residuals. * The null hypothesis is that the errors in the first-
differenced regression exhibit no second order serial correlafion.” See Table 1 in the Appendix for the definition of the variables used. Explanatory variables lagged 2 periods and Doctors
University & Beds University lagged 3 periods. All the explanatory variables were used as instruments.
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Table 11. Panel Data Estimates: Robustness Analysis (Arrelano & Bond Estimates)

Explanatory Variables * (1) (2) (3) (4) (5) (6) (7)
Students; Lower Secondary Level (g_)gg)l ((1)88)1 - - 6_00-04153) ?i0037(3) -
Students; Upper Secondary Level - - ?10&(3)%)* (2108%;* - - -
Students—Teachers Ratio; Lower Secondary Level 6%05262) ?1'22292) - - - - -
Students—Teachers Ratio; Upper Secondary Level - - 6_00'04197) ?001003; - - R
Medical Doctors - ?fgg;** - 0(41%%;** - - -
Students; Lower Secondary Level * Income ?2-25550)** (()62124%** R R (()ilgg)** 0(:1%579;)** l
Students; Upper Secondary Level * Income - - ?(508297) 803%% - - -
. 0.016 -0.072%**
Students-Teachers Ratio; Lower Secondary Level * Income (0.28) (2.77) - - - - -
Students—Teachers Ratio; Upper Secondary Level * Income - - E-Odoloﬁ 6%05212) - - -
Medical Doctors * Income - 6%06172) - ?107577)* - - -
: . 0.113**
Regional Students; Upper Secondary Level - - - - (14.94) - -
Extra Regional Students; Lower Secondary Level - - - - - ?2-1593)** R
. . . 0_094***
University Medical Doctors - - - - - - (10.37)
: . 0.046***
Regional Students; Upper Secondary Level * Income - - - - (3.76) - -
Extra Regional Students; Lower Level * Income - - - - - ?(501187) -
University Medical Doctors * Income - - - - - - -%23805*; *
GDP Initial * -0.187** -0.144** -0.180*** -0.158*** -0.071*+* -0.191*** -0.161***
(-6.34) (-11.36) (-6.13) (-5.56) (-6.42) (-6.00) (-5.80)
: 0.006 0.001 -0.007 -0.003 0.004 0.003 -0.004
Public Investment (0.87) (0.11) (-1.06) (-0.54) (1.00) (-0.79) (-1.28)

. -1.445%* -1.506*** -1.419%** -1.516*** -1.372%* -1.504*** -1.559%**
Population Growth (-5.81) (-6.01) (-5.73) (-6.45) (21.2) (5.70) (-6.84)
Obs. 1019 968 1019 968 968 859 968
Sargan Test (p-value) 0.610 0.115 0.712 0.773 0.804 1.000 1.000
Autocovariance test of order 2 (p-value) ° 0.807 0.509 0.720 0.244 0.941 0.608 0.540

Note: Dependent variable GDP per capita growth in region i(i =1,...,26) in period #(t =1981,...,2003). z-statistics in parentheses; *, **, *** denote 10%, 5% & 1% significance respectlvely

Initial per capita GDP in region i in period #-1. “ The null hypgthesw is that the instruments used are not correlated with the residuals.’ The null hypothesis is that the errors in the first-
differenced regression exhibit no second order serial correlation. Explanatory variables lagged 2 periods & University Medical Doctors lagged 3 periods. All the explanatory variables used as
instruments.

INCOME is a binary variable taking the value of 1 if observation belongs to high income regions.
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