ON BETA AND SSIGMA CONVERGENCE OF CZECH REGIONS
Jiti Mazurek

School of Business Administration in Karving,
Silesian University in Opava
The Czech Republic
mazurek@opf.slu.cz

Abstract:

The aim of the article is to examine beta and sigovaergence of fourteen Czech regions during 14953.
Using real GDP per capita panel data from the CZ&tattistical Office it was found that Czech regians
diverged in the period and this divergence waslacating in time regardless of whether the capigl Prague
was included among regions or not. Also, statiBiticaignificant p-divergence was present during the same
period. There are two main possible reasons fodibergence: inequalities in foreign and domestiestments
as well as the accumulation of human and physiggital in the most attractive regions, while leempetitive
regions were left behind. Policy implications nesgey to reverse the situation include governmesujsport of
investments in poorer regions and also gaining rfineacial resources from European ESF and ERDBSunN
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1INTRODUCTION

Convergence (or divergence) of regions in termtgheir GDP per capita (income) provides
useful information about regions’ competitivenagthey are converging to the same level, it
means that also their competitiveness is gettimgerl On the other hand, if divergence
occurs, than some of regions (with the higher cditipeness) accelerate while other are left
behind. Then it would be interesting to explainsgges for such behavior.

The economical concept of convergence was intratilige Barro and Sala-i-Martin (1992
and 1995). They distinguish betwegttonvergenceand o-convergenceFrom neoclassical
theory of economic growth it follows that natioredonomics converge to the same level
because of diminishing returns to physical capitahce GDP growth is negatively related to
the initial GDP per capita (‘catch up effectAnother force behind the convergence is
technology spillover among countries. This typeafivergence is callegiconvergence

Thep-convergence is defined as follows (Barro and $alartin, 1992):

Y
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The average growth of GDP per capita (PPP) (andY,,) during T years is equal to a
constantz and a linear combination of initial GDP per cafi¥g,) and a set of endogenous
factors Z;, & is an error term. Index denotes countries and and y are regression

coefficients. Thed-convergence occurs | <0.

The concept ofs-convergencearises also from the neoclassical theory of thenemic
growth, according to which countries converge te fame economic level (expressed as
GDP per capita, PPP). Given a set of countrieghéf variance (dispersiony’ of their
economic level declines during a given period, ttiere iss-convergencemong countries,



and countries are heading towards some ’'steadyhantbgenous state’ in the future. The
force behindo-convergence is mainly free trade, technology epdt and direct foreign
investment (Snikkova, Vkek, Cvengros, 2008).

The regions are sigma-convergent between timaedt + k if the following condition is
fulfilled:

gl >0l )

For practical uses-convergence is defined by the variation coeffitieh GDP per capita
(PPP) of a set of countries or regions in a giveret

v=2, 3)
X

In (3) sis the standard deviatioa=+/c? and x is the arithmetic mean of GDP per capita
(PPP) of a set of countries or regions.

As for the relationship between the two types afvaygencef-convergence (1) is necessary
but not sufficient condition fos-convergence (see Young, Higgins and Levy, 2004).

Both sigma and beta convergence were examined ity mapirical studies, see e. g. Barro
and Sala-i-Martin (1992 and 1995), Islam (1995)a$dartin (1996), Evans and Karras
(19964, 1996b), Evans (1997), Quah (1997), Léal.€2004) or Snitkova et al. (2008).

On the global level, the GDP data from World Banil énternational Monetary Fund suggest
that from 1980 to 1992 worlds’ regions slightly eiiged, but from 1992 to 2008 strong
convergence occurred (S¥kova et al., 2008). Divergence during 1980s anty d®£90s was
caused by the decrease of GDP per capita in thelaf@ag countries from Africa, Latin
America and Middle East, while developed countreegerienced growth. The fall of
communist block and the breakup of Soviet Unioro alentributed to the divergence, as
transition economies of Eastern Europe and Asidrdetseverely for almost a decade.

In Europe, among OECD countries between 1970 arid 2@riation coefficient declined
from 0.21 to 0.13, see Figure 1. However, on tiggoreal scale the divergence prevalils.

In the USA convergence across 3058 counties arstei®s were examined e.g. by Young et
al. (2004). While they found evidence fconvergences-convergence was not found in the
cross-section of counties and vast majority ofestat

As mentioned earlier there is a vast literaturebeta and sigma conference, but European
studies mainly focus on states and large regionsT@I1 and Il levels) of EU member states
in the context of European integration, see e.ddfdoand Canova (2001), Marelli (2007),
Novotny (2010) Nevima and Melecky (2011) or Ond@®1(1), and there are not many
convergence studies concerning purely regions wlstate’s border (NUTS Il level).

The aim of the article is to examine beta and sigmavergence of fourteen Czech regions
during 1995-2009. The period was chosen to statlprafter the constitution of the Czech
Republic in 1993 (after splitting the former sta@zechoslovakia) and the period was finished
with the start of the global financial crisis.

The article is organized as follows: in Sectioh@ tlata and method are described, in Section
3 results are presented and Section 4 providesssismn. Conclusions close the article.
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Figure 1. Sigma-convergence of EU-15 (without Luxembouiiggg in variation coefficient of GDP per capita
(PPP). Source: Sritkova et al. (2008).

2THE DATA AND THE METHOD

For the evaluation of-convergence of Czech regions relative GDP (peagentevel of the
average EU GDP level) from the Czech Statisticdic®@f(CSO) were used from 1995 to
2009. In this panel data relative values of GDPenemployed for their illustrative nature. As
the variation coefficient (3) is invariant to ling@ansformations, its value would be the same
as for absolute values of GDP. The panel data rsepted in Table 1. For the evaluation of
B-convergence the same (but absolute) values admagreal GDP per capita were used from
CSO database.

From Table 1 it is clear that the richest Czecharg Prague with the GDP per capita about
170 % of EU level in the late 2000s. None otherdbzeegion is ranked above EU average.
Prague is followed by Jihomoravsky (76.7 %) ante@tesky region (73.7 %). On the
bottom there are Karlovarsky and Liberecky regisith GDP per capita slightly above 50 %
of the EU level.

To examines-convergence for each year during 1995-2009 theatan coefficient (3) was
calculated. Also, the linear regression (by OLS hudj was performed to obtain a linear
trend of the variation coefficient, the analysissweerformed by statistical software Gretl and
the linear regression was corrected for heterosteds. For the examination of-
convergence the regression model (1) was usednendnalysis was carried out in Gretl too.
Results are presented in the next section.

Table 1. Regional relative GDP per capita (EU = 100 %urSe: CSO (2011).

Region | rok | 1095 | 1996 | 1997 | 1098 | 1999 | 2000 | 2001 | 2002 | 2003 | 2004 | 2005 | 2006 | 2007 | 2008 | 2009

Praha 124.8| 128 | 130| 133| 135.9136.3| 145.1| 147.4| 153.6| 154.3| 158.3| 161.6| 171.5| 171.7| 177
Sttedatesky | 63.2 | 64.7| 63.7 636 65 642 652 6741 69 712 6OR6| 748| 74| 73.7
Jihotesky | 68.5| 71.2| 68.7 664 648 628 633 633 653 pB7 368.69 | 685 67.6] 69.1
Plzeisky 70.7| 73.9|] 70.5 657 64F 641 661 646 6B3 722457 72.6| 734 6823 69.f
Karlovarsky | 68.4 | 67.9| 63. 59.7 58 57 558 571 586 58.215%755.2| 56.8/ 55.3 5438
Ustecky 69.4| 706/ 651 612 59 55[7 557 558 60.3 617 661625| 63.2| 644 64.1
Liberecky | 66.3| 67.5| 66.3 61.9 621 61]1 616 616 592 60.8.66 62.5| 615 585 55.8
Kralovéhr. | 68.2| 70.1| 69.8 657 649 64/6 648 638 656 67546 652| 67.9] 67.1 67.7




Pardubicky | 65.7 | 66.2| 64.1 62.1 595 583 59 50 622 6R.8 626.5| 66.8| 66.7] 66.4
Vysagina 625 | 64.4| 644 573 58 572 62 609 629 689 6481.8| 67.1| 631 62.9
Jihomoravsky | 70.1| 72.1| 689 664 645 63]1 65 648 679 684 [690.4| 73.3| 781 76.7
Olomoucky | 61 | 64.3| 61| 56| 553 548 546 543 56.1 587 5§75 |[589.2| 60.4| 60.5
Zlinsky 65.6 | 64.3| 652 611 586 57]1 581 581 599 H9.4.26 62.6| 652 68| 66.F
Moravskosl. | 64.1 | 67.1| 63.3 58.2 558 535 548 542 567 GL426 64 | 67.2| 69.3 655

3RESULTS
3.1. Beta conver gence of all regions

For the evaluation dgi-convergence of Czech regions the regression nm@jleéas used with

T = 14 years and; = 0. Regression was performed and corrected ftarbscedasticity by
statistical software Gretl. Basic results are showiTable 2. Other features of the model
include: adj.R? = 0.458,p-value of F-test 0.0047, Akaike’s criterion 63.48 and Hannan-
Quinn’s criterion 63.36.

The coefficients in the model was found positive and statisticailgnificant ata = 0.01
level, thusp-divergence among regions occurred in the exampertbd. This means that
richer regions in 1995 were getting even richenrduil995-2009, and vice versa. Possible
explanation for such development is discussed ati@e4.

Table 2. The regression model (1). Source: author.

coefficient error p-value significance
const —0.143094 0.0456928 0.0086[7 il
logY,, 0.0393356 0.0113671 0.00471 K

3.2. Sigma conver gence of all regions

For the evaluation of-convergence of all 14 regions of the Czech Repuliie data from
Table 1 were employed. The variation coefficient \{&s evaluated for each year, and is
shown in Figure 2. As can be seen, with the onlgepkon of the year 2004, the variation
coefficient was non-decreasing during examinedogerthus sigma divergence of Czech
regions was accelerating in time.

Simple linear regression corrected for heterosdagitgshas the formy = 0.0114& — 22.502;
wherex is a year ang/ is a variation coefficient. Both regression cmedhts, hence the
upward trend of the variation coefficient, are sgly statistically significant, see Table 3.
Other features of the model: a8 = 0.9321,p-value of F-test 3.54e-09, Akaike’s criterion
48.85 and Hannan-Quinn’s criterion 48.83.

Table 3. Simple linear regression model, all regions. Seuauthor.

coefficient error p-value significance
const -22.5023 1.64490 4.28e-09 rrx
year 0.0113975 0.000820322  3.54e-09 ok

To fit the data presented in Figure 2 (and FigutieeBeinafter) also other then linear trend can
be used. For example cubic functigre 0.0002¢ — 0.615% + 12335 8242, wherex is
a year andy is a variation coefficient, provides better fit tife data with determinacy



coefficientR? = 0.9698, but the point of both figures is tostiate upward trend of variation
coefficient in time, not to find the best numeriaplproximation.

From Table 1 it is evident that Prague divergednfrother regions during 1995-2009.
Naturally a question rises, whether the divergemoald occur if Prague was excluded from
the list of regions. The answer to this questiopreasided in the next subsection.
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Figure 2. The evolution of variation coefficient, all reg& Source: author.

3.3. Sigma conver gence of all regionswithout Prague

In this section only 13 regions were consideredhout Prague). The variation coefficient (3)
was evaluated for each year, and is shown in FiQurés can be seen, the variation
coefficient was much smaller (indicating more hoerogty among regions) and it declined in
three years: 1997, 2005 and 2007.

Simple linear regression corrected for heterosdaikyshas the formy = 0.003% — 6.558;
wherex is a year ang/ is a variation coefficient. Both regression cmedhts, hence the
upward trend of the variation coefficient, are sgly statistically significant, see Table 4.
Other features of the model: a8 = 0.9337,p-value of F-test 3.03e-09, Akaike’s criterion
65.99 and Hannan-Quinn’s criterion 65.98.

According to the model sigma divergence among Czegions was accelerating even
without the capital city Prague. Possible explamafor this development is discussed in the
next section.

Table 4. Simple linear regression model, all regions withBrague. Source: author.
coefficient error p-value significance
const -6.55811 0.470232 3.38e-09 e
year 0.00330883| 0.000235128  3.03e-09 e
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Figure 3. The evolution of variation coefficient, all reg®without Prague. Source: author.

4 DISCUSSION

The main result of this study is that there wastb(highly statistically significant) both beta

and sigma divergence among Czech regions durin§-2009. Beta divergence means that
richer regions in 1995 were getting even richerrduexamined period, while poorer ones
were lagging behind. Also, sigma divergence occuamong regions (with or without the

capital city Prague), and this trend was growinthwime. When Prague was included among
Czech regions, 2004 was the only year when vanatioefficient declined in comparison

with the preceding year. When Prague was excludeah fthe list of regions, decline of

variation coefficient was observed in 1997, 2008 @007. Reason behind the declines in
these particular years is rather unclear, as 199 awear of economic crisis (GDP declined
annualy by —-0.7 %) , while in 2005 and 2007 the diz&epublic experienced strong

economic growth (by 6.8 % and 5.7 % of GDP annualy)

Both findings of beta and sigma divergence of Czesfions are in accord with other

empirical convergence studies. For exampled®ova et al. (2008) found sigma convergence
of regions in Slovakia, UK, Greece, Poland or Swebtetween 1996 and 2004. This and
similar studies indicate that there is convergeanemacro-level (level of countries), but

divergence on micro-level (regions, districts oumwties). Within national borders rich regions
tend to grow faster and are getting richer, whifte tbe national level differences among
countries decrease, and poorer countries catchitiptie richer ones. Explanation of this

evolution is rather difficult. Main reasons behihé divergence might be following:

1.) Different level of direct foreign investmentnegions, see Table 5. The capital city Prague
attracted much more foreign investment than otkgrons, about 22 % in 2009, while the
population of Prague constitutes only 12 % of Czedpulation. On the other hand,
Moravskoslezsky region with a population equal tagRe’s attracted only 14.5 % of foreign
investments when compared to the capital city. Wiaéities in foreign investments might be
one of the most important reasons behind regioispladity (not only) in the Czech Republic.



Just to briefly illustrate close relationship beéneforeign investment and economic level,
consider regional direct foreign investments in [€ab and GDP per capita of regions in
Table 1 for 2009. Pearson’s correlation coefficibetween the two variables = 0.98
(statistically significant a&t = 0.01 level). The same strong correlatié@9(<r < 0.9¢) was
found in all years between 2000 and 2009. Fromli&igad point of view, the regional foreign
investment inequalities can be largely attributedrtissing or at least ineffective national
cohesion policy during examined period. On contrargnvergence on national level is
strongly supported by the European Regional Devetoyd Fund (ERDF), the European
Social Fund (ESF) and the Cohesion Fund.

2.) The accumulation of national physical and huncapital in capital cities or large
agglomerations with high-quality infrastructurerga and attractive markets and production/
innovation/research facilities. Within national ers, physical capital tends to accumulate in
centers, as they are more attractive not onlydogifn investors, but also for domestic ones.
Also human capital is attracted into areas, whexepfe can utilize their knowledge. This
process is enhanced by no barriers for migratiathiwinational borders, so the differences
among regions enlarge. However, on the interseael Ithere are many barriers such as
different language, culture, politics, legislati@tc., so the process of capital accumulation is
not so substantial, hence beta and sigma convergencnational level is observed more
frequently.

3.) The historically determined existence of esomocenters (such as Prague) naturally
concentrating capital: these centers did accumukpéal in the past and will continue to do
so in future. Due to spillover effects also regicfse to centers (such agesiaiesky region)
participate on centers’ growth, while more distaagions are left behind. This can be
illustrated by the data in Table 1: regions, whetperienced relative decline of GDP per
capita (compared to the EU average) between 19822809, lie rather on Czech periphery
(far from the three largest cities: Prague, Brnal abstrava) and include Plzsky,
Karlovarsky, Ustecky, Liberecky, Kralovéhradecky@lomoucky region.

To quantify how much these and other determinamth as regional infrastructure, education
level of inhabitants, environment, etc., actualbnitibute to beta or sigma divergence more
empirical studies from various parts of the worklveell as theoretical studies (containing
econometric models) are necessary.

Table 5. The direct foreign investment in Czech regionsgagita (in thousands of CZK).
Source: Portal Inovace (2011).

Region 2000 2009 change (in %)
Praha 328.9 953.6 304
Stredaiesky 87.2 220.9 282
Jihasesky 49.6 130.5 268
Plzaisky 60.3 125 215
Karlovarsky 34.5 72 211
Ustecky 73.7 124.2 170
Liberecky 36.8 133.2 370
Kralovéhradecky 31 65.1 211
Pardubicky 44.1 76.6 176
Vysaotina 27.8 113.1 403
Jihomoravsky 45.2 116.1 260
Olomoucky 27.8 52 187
Zlinsky 34 66.9 195
Moravskoslezsky 28.8 138.2 469




5 CONCLUSIONS

In this article beta and sigma convergence of Czeglons during 1995-2009 was examined.
Results indicate that Czech regions were divergingng the period regardless of whether
Prague was included among regions or not, andigimeasdivergence was growing with time
almost linearly. Also, beta divergence among regisas found during the period. The same
result — the divergence on the scale of regioncammties — was documented in other
empirical studies across EU and the USA. Howeuethe larger scale of countries (or blocks
of countries) the situation is usually reversed beth and sigma convergence occurs.

Regional disparities might occur due to the accatnuh of physical and human capital in

natural national centers, such as capital citi@gel agglomerations, university or research
centers equipped with the better infrastructurestleaving less attractive regions behind.
Another reason stems from unequal foreign or doméstestment. Again, more attractive

regions including the capital city attract moreastors willing to spend their money and to
utilize their know-how. Lower mobility of human ampdhysical capital in the Czech Republic

might also contribute to regions’ inequalities.

As it is desired by national governments and aléb Gommission to reduce differences

among regions in EU, national governments shoubgst foreign and domestic investments

in poorer regions to stimulate their competitivenegrowth and attractiveness. Also, poorer
regions can gain significant help from EU fundshsas ESF and ERDF, as convergence of
NUTS Il and NUTS Il regions is one of EU priorisie

As for the future research, it would be interestm@xamine convergence during and after the
financial crisis, and to compare the developmernheCzech Republic with the evolution of
other Central European transition economies.
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