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Is There Convergence across European Countries?
Simple Cluster Analysis Approach?®

Stanislav BURIAN — Jakub FRYDRYTH

Abstract

In this paper, we have verified the convergencegss in the EU in the period
2001 — 2013. The methodology of this paper is aml that of Artis and Zhang
(1997), Boreiko (2003), and Crowley (2013), whadiscused on the European
convergence process. This paper is based on thestiieat the convergence
process is proven if the clusters are gatheringsihorter squared Euclidean
distances during the time, or, alternatively, ietHistances between European
Union economies and Germany are shorter. Firsprager to perform the clus-
ter analysis, the convergence criteria are ideatifithe choice of the criteria is
based on optimum currency area). Second, with @& the criteria, we con-
duct thirteen cluster analyses for every year & pleriod 2001 — 2013. From
this perspective, we focus on the differences lmiwibe analyses' outputs
during the time. According to our results, it isspible to draw the conclusion
that the economic convergence process in the EUnagroven.

Keywords: convergence, convergence process, cluster anabysispean Union,
European Monetary Union, optimum currency areas

JEL Classification: F15

Introduction

The outputs of the theory of optimum currency aif€aCA) include the spec-
ification of criteria whose evaluation allows thetgntial risks resulting from
accessing the monetary union to be identified. diheof this paper is to identify
convergence tendencies among selected EU coumtnigésGermany in period
2001 — 2013 using the cluster analysis approacts. aiticle connects the OCA
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theory to a theoretical concept of economic conmecg which is specifically
expressed through the use of an in-depth analy$is. connection is made
through the use of selected criteria of the OCAothen the role of criteria of
a cluster analysis which is applied to the annualreary data of nineteen EU
countries. The clusters are calculated for evemglsiyear of the 2001 — 2013
period (thus, a cluster analysis is performed irtdén cases for nineteen sub-
jects for every year of the thirteen-year periodrestion).

Cluster analysis is used to identify the charaofedevelopment of the con-
vergence process in member countries of the Eunope@on. This process can
be expressed via Squared Euclidean distances (8#Bip identified clusters
during the time. If the SED between Gernfaagd particular country (included
to analysis) is decreasing during the time, econaonvergence between Ger-
many and the country may be considered to have beemonstrated. If the
opposite occurs, i.e. if distances are increasivey the period, it is possible
to consider the development as a divergence. tetie an absence of trends,
we cannot prove convergence or divergence.

Moreover, if the composition of clusters is unaipeah (at the same level of
SED), there are no convergence or divergence termgenThis methodological
approach is derived from methodology in Krcilkov20@6) or in Artis and
Zhang (1997). As we pointed out, we perceive omtrdoution especially in the
reinterpretation of changes in the sizes of Eual@istances.

Data for the convergence criteria of individualstries are obtained from
the Eurostat, OECD, and IMF databases. First, elteangtime series analysis is
used to determine the fundamental characteristidspaoperties of the time se-
ries needed for further clustering (such as distidm, kurtosis, median, outliers,
skewness). Second, for the application of clustelysis is selected Ward's
method of clustering, which minimizes the total hivitcluster variance (clus-
tered are the groups which creates the lowest mvithister variance). When the
cluster consists df objects, which are characterizedmayariables, then matrix
k x mwith x; elements is available. Within-cluster varianceiigg by following
relationship (Meloun and Militky, 2004):

WCV = _m > 05— %)? (1)
j=li=1
where
X =Y @

2 Germany is chosen because it is a permanent mesfillee Core of the EMU; based on the
methodology of Artis and Zhang (1997).
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Squared Euclidean distance is used as a meadu places a progressive-
ly greater weight on objects that are farther apad represents the basis of the
Ward’'s method (Meloun and Militky, 2004).

d (% X) =304 = ) ©

The selected limit for exclusion variables becaofseulticollinearity is the
value 0.7, using the Spearman’s rank correlaticeffioient. Spearman’s rank
correlation coefficient is used because the assompf normality is violated.

1. Literature Review

The basis for the OCA theory (which forms the tletioal basis of this paper)
lies in the definition of criteria which may be dstor individual countries (or
more generally, economic areas) in order to forteutacommendations as to
whether it is advantageous to enter into a monetaripn or not. Mundell
(1961), the original author of the OCA theory, itiéed the mobility of the
workforce and the flexibility of wage costs as Kegtors in determining the
successful functioning of a currency union. Thegerta were later supplemented
by McKinnon’s (1963) criterion of the opennesstd economy and subsequently
by Kennen'’s product diversification criterion (196%hese criteria assume that
the more open an economy is to a currency uniotheomore diversified aggre-
gate production is, the greater the potential bebebught by membership in
the monetary union will be.

From the 1970s until practically the present,ftheis of research in this area
shifted from theory to empirical analysis. With aeds to the further development
of OCA theory, Fidrmuc (2002) introduces a clest dif criteria which primarily
focus on symmetric shocks in the regional econormeguestion straightfor-
wardly expressed as symmetries in the busines® dgele, e.g., Frankel and
Rose, 1998), the volume of fiscal transfers (seg, ®ixit, 2000), and harmo-
nized inflation (Carlin et al., 2001).

However, there does not exist any consensus enargl list of criteria that
could be interpreted in relation to the theory &40 A particular node of conflict
in research carried out to this point concerndrfigence of the openness of the
economy. On one side, Frankel and Rose (1998) dewenstrated the endogene-
ity of economic convergence and closer recipraeald relations, with economic
convergence creating better conditions for the tionig of a single currency
within the monetary union. On the other side, regdess such as Bayoumi and
Eichengreen (1994) have shown a higher level ohoges leads to greater specia-
lization that could increase the risk of asymmeghocks in a group of countries.
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To quantify the level of convergence of individ@gonomies, deviations in
real exchange rates are modelled (originally byn&ngreen, 1991), and the dis-
tinct manifestations of these fundamentals imply plotential risk arising from
the introduction of a single currency. Other modgiess the mobility of the
workforce (e.g., De Grauwe and Vanhaverbeke, 19@t) hence, the volume
of reciprocal “cross-border” trade (but within thentext of the economic unit
under study), or the level of internal opennesshefeconomies (e.g., Frankel
and Rose, 1998).

Attempts to implement the criteria on a comprehenbasis have led to the
creation of a specific area of study involving thentification of so-called OCA
indexes (normally employing vector autoregressiat)pse values express the
suitability (or lack thereof) of membership in tberrency union in question for
individual countries. Among those concerned with theation of OCA indexes
are Bayoumi and Eichengreen (1997), who define @A @dex as the bilateral
deviation in nominal currency rates in dependenteelected exogenous varia-
bles (the standard deviation of the log valuesirst flifferences of the relative
change in total production, the commodity structafeoutput, the arithmetic
mean of mutual exports versus GDP and the aritltmedian of the log values of
GDP for both countries). The lower the OCA indelueathe higher the level of
economic convergence. Newer papers, such as tHoSamabuch and Vavra
(2000), Horvath and Komarek (2002), and Hedija (30have made only minor
methodological changes to these approaches. The adaed value brought by
these papers lies in updating the size of the ieslé@x question.

The dominant approach based upon regression @#ysomplemented by
the lesser-used method of cluster analysis. An rtapb contribution is the ana-
lysis by Artis and Zhang (1997), which classifiesaaple of eighteen developed
countries around the globe into five groups. Ttalesters were identified in the
European context: Core (France, the NetherlandgjuBe, and Austria), Northern
Periphery (Denmark, Ireland, Sweden, Norway, FidJaand the UK) and
Southern Periphery (ltaly, Spain, Portugal, andeGeg Note: Because of the
particular role that it played in the methodolo@ermany was included in the
analysis as a core country of the Eurozone.

Cluster analysis is also used to explore the ageree process by Krcilkova
(2006), who clusters the countries in the Europdaion using growth in the
GDP, the inflation rate derived from the GDP deftathe unemployment level,
real interest rates, and the public budget defieisus GDP as convergence cri-
teria. In her conclusions, she points to the ewdeior significant convergence
in the economies of the member countries duringpiirdod analysed (1997 —
2005). Further publications exploring the conveogenf countries located in
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the European economic area via cluster analysisidacBoreiko (2003), who
uses a fuzzy approach to cluster analysis to afisegmtential entry of countries
located in Central and Eastern Europe to the Em@zbsangarides and Qureshi
(2006), who use a similar methodology to evaluh&edustainability of a fixed
currency regime in Western Africa; and Crowley (@Q0wvho uses correlation
indicators as features for cluster analysis (agpte32 countries).

Saint-Arnaud and Bernard (2003), specifically,stdn the economies in the
European Union to demonstrate the convergence ggaugh respect to different
political regimes. They consider four regimes ie turopean Union (Liberal,
Social-Democratic, Latin, and Conservative). Thiesults confirm the presence
and persistence in these societies of significastingtions in social policy
organization and in the interrelationships betwéiem state and the market.
Comparing these results has allowed them to reg¢dgast for the period from
the mid-1980s to the mid-1990s, the hypothesisrobeerall convergence of
regimes resulting from the constraints of econaméckets.

Blajer-Golebiewska (2014) mainly focuses on Eastéurope and clusters
countries in the European Union to demonstrate timge eastern economies
converge towards the European Union. Her resefi@hssthat artificial changes
in the division of Europe are not stable. The stmecof countries in accordance
to their economic activities has a tendency to geawards the geographical,
historical, and political classifications based the old division into Western
Europe, Nordic countries, Central and Eastern Euaopd Mediterranean coun-
tries. She asserts that it can be stated thatlaélssification of economies due to
their economic activities is not stable; howevéarges are not very significant.

2. Cluster Analysis

In our paper, we have performed thirteen clustedyses (one cluster analy-
sis for every year from the period 2001 — 2013)iciwtare applied to nineteen
objects (countries) and six variables (OCA criterMineteen member states of
the EU (cluster analysis objects) have been chbssed on the aims of this
paper and specific data availabilityariables have been defined with respect to
OCA theory. More specifically, we have used ecomoapenness of countries,
long-term interest rates, GDP in purchasing povasityy position in the busi-
ness cycle, flexibility in the labour market, aritp level. None of these varia-
bles is not removed, because the collinearity ggorthan 0.7 is not identified.
The optimum number of clusters is based on theaVisnialysis.

3 We chose only European countries which were OECiniees since 2001. Since this year
OECD started with evidence of the indicator of petiten legislation (in labour market). This
variable is used as an indicator of the level déptial mobility of employees.



398

Generally speaking, according to OCA theory, wepsse that highespen-
ness of economincreases positive effects which are influencedngmbership
to a monetary union (due to a reduction in trarigaatosts). Open economies
are appropriate candidates for a single currenpgn@ess of economy is defined
as an export to GDP ratio.

Whenlong-term interest rates cyclese synchronized among countries, it is
possible to claim that unified monetary policy valiit candidate countries and
members of the Eurozone. In the situation when-teng interest rates are sig-
nificantly different, it is not possible to recomnte monetary union member-
ship. For analysis, we use interest rates of gowem ten years’ bonds, which
are used in the framework of nominal convergenter@.

GDP in purchasing power parity per capitsichosen as a variable because
different levels can lead to the fact that, in kbweg run, economies with a rela-
tively low GDP in PPP per capita grow faster anccmmore than economies
with a relatively high level of this indicator. Aaaling this assumption, one
monetary policy cannot fit countries which differ ievel of development. In
other words, members of a monetary union shoule lalatively similar stats
in this indicator. This criterion is important, mbi in the long run.

Position in the business cydkean important variable because of the different
consequences of a “one size” monetary policy. G@shich are overheating
need a restrictive monetary policy, while expansie@netary policy is required
by economies in recession. Membership in a monatargn can be recom-
mended if member countries have synchronous bissityedes. Position in the
business cycle is quantitatively defined as a dewieof the real GDP from its
potential level as % of potential GDP (with respeectMF methodology), in the
analysis is used the value of output gap from OEG@base.

Interpretation of thdabour market flexibilitycriterion is not unambiguous.
According to OCA theory, a flexible labour markgtain important condition for
a working monetary union without complication. Ajhér degree of labour mar-
ket flexibility causes easier labour mobility, whican serve economies as an
adaptive mechanism. When there is a recessiongiorrél, in region B, there
will be a growth; performances (and also employmehtboth the regions can
be equalized due to labour mobility, which is tkeagon for the formulation of
the thesis that a “one size” monetary policy neetbe a problem. For a mone-
tary union, it is favourable if members have a bigtegree of labour market
flexibility. However, cluster analysis compares owoies based on similarities,
not based on higher values of indicators, whichsmesalabour market flexibility.
Labour market flexibility is expressed by the OE@Dicator of protection legi-
slation, which measures the difficultness of thecpss and costs of dismissing
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and hiring workers. According to this, it is impamt to know that ambiguous
interpretation and restrictive expression of thmla market flexibility indicator
may limit the interpretation of cluster analysisuks.

An essential objective of monetary policy is aatiekly low but stable
growth rate of theprice levelwhich is expressed via Harmonised Index of
Consumer Prices (HICP). When the price level of tienetary union (Euro-
zone) core differs from the price level of peripher candidate countries, a “one
size” monetary policy cannot be successful. Theegfd is important to have
synchronization in price level cycles among all riigs.

We suppose that the results of the cluster arsabidw us to classify the
countries into several groups which have similatdees. In this context, we
may compare cluster analysis results for singlesyéehis comparison allows us
to find out whether there are certain changes finee clusters or not. At the
centre of our interest is the question whethergtmp (which represents the
Core of Eurozone) is defined more widely during #malysed period or not.
A more widely defined core can lead to the thdsas tertain countries converge
to the Eurozone core.

3. Analysis Results

When analysing the dendrogram results for the 26t3, it is possible to
identify the composition of clusters which approaien the results of the study
Artis and Zhang (1997), i.e. dividing European Unemuntries into three groups:
“Core”, “Southern Periphery” and “New Periphery”’hd cluster categorisation
is presented in Figure 1.

The cluster entitled the Core of the EU consist&ermany, France, Bel-
gium, Denmark, Finland, Sweden, Austria, and the Ule Netherlands and the
Czech Republic joined this cluster later (jointhyrhing a cluster at higher SED).
The Core may be characterised by low interest r@as than 2% on average),
a lower inflation rate (98.88% on average; 10099%5), and low negative values
of the production gap (2.16% on average), indicative dying out of the 2009
financial crisis. The Czech Republic and the Né#mals reach similar values in
these criteria, but are significantly more opefot@ign trade (Netherlands 83%
and Czech Republic 84% compared to the Core averfadjédo).

The Southern Periphery includes a cluster congigif the southern Eurozone
countries (Portugal, Spain, Italy, Greece, and &i@). This cluster differs from
the Core particularly in higher interest rates deieed by a higher risk premium
(6.2% on average), a higher production gap (—8.8%),a lower labour flexibility
rate (the mean of the indexes of labour marketHility for this cluster is 2.5).
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Figure 1
Cluster Analysis’ Results for 2013 — Dendrogram and/ap
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The last identified cluster is the New Periphennsisting of Hungary, Slovakia
and Poland. Ireland is included in this clusteryaat higher SED. Compared to
the Core (on average), the New Periphery (wittalvdlincluded) shows a higher
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openness to foreign trade (85.6%), higher inteedss (4.2%), higher labour mar-
ket flexibility (1.8), and a higher negative valokthe production gap (-3.7%).
According to the values measured, the conditioeaafnomies in this cluster is
situated between the Core and the Southern Peyiplsenomies.

When structural changes in the individual clusier8me are examined, it is
possible to reach the conclusion that their contjpos are not stable in indivi-
dual years. Thus, the analysis results did noticarthe anticipated existence of
three stable clusters within the European Union (Eddre, Southern Periphery,
New Periphery), unlike in the original study by i&rand Zhang (1997). In the
first three years of the 2Xentury, the similarity of these clusters wastieddy
stable, while the SED between them showed no temeenowards extending,
which may be considered to be a manifestation bigher level of the cluster
composition stability. In other words, no convergemr divergence tendencies
could be proven. However, the cluster compositioomged a higher variability
in the following period, and differences betweeoremnies expressed by SED
increased in most cases. Thus, the assumptioredEdinopean monetary union
economic core getting extended (to the same diegrdid not prove to be cor-
rect. On the contrary, in the following years, iasvpractically impossible to
identify the Core in a stabilised form (Germanynsidered to be the most im-
portant economy of the EMU, was part of clustersighly variable composi-
tion which changed almost every year).

A detailed examination of the results of the @ustnalyses was performed
with the use of SED of all the economies includedhe analyses in relation
to Germany. The development of the SED betweemtbeomies and Germany
in 2001 — 2013 is given in Appendix 1.

Belgium and the UK remained in higher SED thandtreer members of the
cluster during the whole period monitored, althotighir distance to Germany
was comparable to other economies of the Coreadrfittal year. The average
value of the SED was about 3.3 in 2013; with ecaeenof the broader Core
included, it was 4.0. Although the monitored SEDraveelatively low, their
course showed no apparent long-term trends indgdltie existence of provable
convergence or divergence.

The Southern Periphery cluster consists of tha@wies of Greece, Spain,
Italy, Portugal, and Slovenia, as is clearly shawrthe dendrogram compiled
from the 2013 data. Those are economies of théneouiving of the Eurozone,
for which it was established that the SED develapmeas variable over time;
however, there was an observable increase of gtendies in relation to Germa-
ny over the last four years. The only exceptiolialy which, despite a worsened
squared distance indicator, remained within therial of values similar to
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those of the Core. The average distance of thstel(in relation to Germany)
was 17.45 in 2013 and, therefore, significantlyheigthan the average distance
of the Core (4.0). However, due to the high valgtibf values, the final increase
of the distance may not be considered to be atemg-trend.

Although the SED of the New Periphery of the ElUdiketed in higher values
than those in the other clusters in all periodsjust be noted that the distances
kept decreasing in most economies in the finalggermhis development of the
distances, different from that in the Southern ffrexiy, means that the average
distance of economies in this cluster was 16.480m3, i.e. lower than in the
previous cluster. The evaluation of the distanceslibgpment in time is similar
to both the previous clusters; once again, duegtafecant oscillation of values
the decreasing of SED may not be considered toldwegaterm trend.

Figure 2 shows the means and standard deviatidche 8ED between individual
European Union economies and Germany (coveringahied of 2001 — 2013).

Figure 2

Means and Standard Deviations of the SED between Eapean Union Countries
and Germany, period 2001 — 2013
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The results presented indicate that France shioevbtvest mean SED value
in relation to Germany when OCA criteria are in@ddn the cluster analysis.
France also shows minimum SED volatility (standdegtiation). Thus, as com-
prehensive evaluation indicates, France has thieehtglevel of structural si-
milarity with Germany from all the economies inchalin the analysis in the
period monitored. Other countries with low mean SEE@ude the Core cluster
members — Sweden, Austria, Finland, and Denmarko\ibé for all of them).
The SED volatility in the period in question isabst low levels.
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The highest mean SED are those of Slovakia (12@knd (20.0), Ireland
(20.4), and Hungary (25.2), all members of the NRewiphery cluster. Hungary
and Ireland also show an average size of the stdrdiviation, which may
be interpreted as the relative stability of lastétgictural differences compared
to the economy of Germany.

Conclusions

The 2013 analysis defined the composition of the EGore as a relatively
broad area of economies, in most cases, geogrdighidase to Germany.
The analysis results show that the Core of the [@an Union in the early
21% century cannot be defined definitely and that dsnposition varied in
the years monitored. Despite a missing SED decargdstnd which would indi-
cate convergence tendencies, these economies igarcantly closer to each
other than the economies of the Southern and Neipteeies of the European
Union.

The average distances of countries forming thergon and New Peripheries
were very similar; however, there was an observdifference between them in
the recent development when the distances of the Rieriphery members to
Germany were reduced, but the distances of theh8outPeriphery members
were extended. However, these changes need noenprdse beginning of
a long-term trend which would indicate the existeraf deeper convergence
tendencies.

Besides their geographical proximity to Germahg EU Core members are
distinguished by the relatively good conditionstieéir economies with lower
interest rates and production close to the potepti@duct level. The Southern
Periphery cluster, formed by economies of the sathving of the EU, reach
significantly worse values than the Core econonpiexctically in all criteria.
Higher interest rates and under-potential perfomeanf economies are the
defining elements of the Southern Periphery as wasllthe New Periphery,
whose dissimilarity from the other two clusterssliespecially in high openness
to foreign trade.

In conclusion it may be said that the assumptegarding the convergence
of European Union economies, expressed throughnthgsion of the economies
in the Core cluster with permanently decreasing S not prove to be correct.
Neither convergence nor divergence could be prdamethe development of
the distance of individual European Union econonieselation to Germany,
because no trend-like tendencies were identified, lagther.
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Appendix 1

Development of Distances between Germany and SeledtCountries
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Note: The value on the vertical axis represents thewdést between Germany and particular economy.

Source:Own calculation.



