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RealȱconvergenceȱinȱEurope:ȱaȱclusterȱanalysisȱ

ȱ

JuanȱCarlosȱCuestasȱȱȱȱȱȱȱȱȱMercedesȱMonfortȱȱȱȱȱȱȱJavierȱOrdóñezȱ

UniversityȱofȱSheffieldȱȱȱȱȱȱȱȱȱJaumeȱIȱUniversityȱȱȱȱȱȱȱUniversityȱofȱBathȱ

ȱ

Abstractȱ

InȱthisȱpaperȱweȱanalyseȱrealȱconvergenceȱinȱGDPȱperȱworkerȱinȱtheȱEUȱmemberȱstates.ȱ

Theȱ aimȱ isȱ toȱ testȱ whetherȱ thereȱ isȱ evidenceȱ ofȱ clubȱ convergenceȱ inȱ theȱ EU,ȱ i.e.ȱ

divergenceȱinȱGDPȱperȱworker.ȱEvidenceȱinȱfavourȱofȱclusterȱorȱclubȱconvergenceȱmayȱ

beȱanȱindicationȱofȱsignificantȱproductivityȱdivergencesȱbetweenȱcountries,ȱwhichȱmayȱ

alsoȱ explainȱ theȱ currentȱ turmoilȱ inȱ theȱ euroȱ zone.ȱ Theȱ resultsȱ showȱ evidenceȱ ofȱ

differentȱ economicȱ growthȱ ratesȱ withinȱ Europe,ȱ whichȱ alsoȱ convergeȱ toȱ differentȱ

steadyȱstates,ȱ implyingȱdivergenceȱ inȱ theȱEUȬ14.ȱWithinȱ theȱEUȬ14ȱmemberȱstatesȱweȱ

observeȱ twoȱconvergenceȱclubs,ȱwhichȱareȱnotȱrelatedȱ toȱ theȱ factȱ thatȱsomeȱcountriesȱ

belongȱ toȱ theȱeuroȱarea.ȱFurthermore,ȱEasternȱEuropeanȱcountriesȱareȱalsoȱdividedȱ inȱ

twoȱclubs,ȱwithȱaȱmoreȱdirectȱeffectȱofȱbelongingȱtoȱtheȱeuroȱzoneȱinȱtheȱcompositionȱofȱ

theȱclubs.ȱ
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1. Introductionȱ

ȱ Theȱ existenceȱ ofȱ realȱ convergenceȱwithinȱ theȱ EuropeanȱUnionȱ (EU)ȱmemberȱ

statesȱisȱofȱparamountȱimportanceȱinȱtheȱprocessȱofȱeconomicȱintegration,ȱprovidingȱaȱ

mechanismȱ toȱ achieveȱ economicȱ andȱ socialȱ cohesionȱ amongstȱ countries.ȱ Inȱ fact,ȱ theȱ

reductionȱofȱ incomeȱ inequalityȱacrossȱ itsȱmembersȱhasȱ longȱbeenȱaȱdeclaredȱobjectiveȱ

ofȱtheȱEU,ȱandȱpoliciesȱaimedȱtoȱpromoteȱeconomicȱconvergenceȱwereȱsetȱoutȱ inȱ1975ȱ

throughȱtheȱStructuralȱFunds,ȱandȱinȱ1993ȱthroughȱtheȱCohesionȱFunds.ȱTheȱideaȱthatȱ

Europeanȱ integrationȱ throughȱmacroeconomicȱpolicyȱconvergenceȱandȱgreaterȱcapitalȱ

mobilityȱwillȱcauseȱconvergenceȱinȱincomeȱgrowthȱratesȱmotivatedȱtheȱimplementationȱ

ofȱthoseȱpoliciesȱaimedȱtoȱpromoteȱcohesion.ȱȱ

Boldrinȱ andȱ Canovaȱ (2001)ȱ suggestȱ thatȱ EUȱ regionalȱ andȱ structuralȱ policiesȱ

haveȱmostlyȱ redistributedȱ incomeȱ andȱ haveȱ hadȱ littleȱ effectȱ inȱ fosteringȱ economicȱ

growthȱandȱtheȱdesiredȱconvergenceȱofȱincomeȱlevelsȱacrossȱcountries.ȱȱ Thisȱ

divergenceȱ viewȱ standsȱ atȱ oddsȱwithȱ theȱ neoclassicalȱ growthȱ theoryȱ (Solow,ȱ 1956;ȱ

Mankiwȱetȱal.,ȱ1992).ȱAccordingȱtoȱthisȱtheory,ȱtheȱgrowthȱrateȱofȱcapitalȱperȱworkerȱofȱ

countriesȱwithȱ aȱ lowerȱ initialȱ capitalȱ endowmentȱ tendsȱ toȱ beȱ greaterȱ thanȱ countriesȱ

withȱanȱinitialȱhigherȱcapitalȱstock.ȱThus,ȱcountriesȱwithȱdifferentȱinitialȱcapitalȱstocksȱ

tendȱtoȱconvergeȱinȱtermsȱofȱincomeȱperȱworker,ȱoverȱtime.ȱThisȱhypothesisȱisȱknownȱ

asȱabsoluteȱconvergence.ȱTheȱempiricalȱevidenceȱonȱtheȱabsoluteȱconvergenceȱhypothesisȱ

isȱmixed.ȱBaumolȱ(1986)ȱandȱtheȱWorldȱBankȱ(1993),ȱamongstȱothers,ȱpointȱtoȱtheȱfactȱ

thatȱ thisȱprocessȱ isȱhardlyȱ observedȱ inȱpractice.ȱ Inȱ contrast,ȱBarroȱ andȱ SalaȬiȬMartinȱ

(1991)ȱ concludedȱ inȱ favourȱ ofȱ absoluteȱ butȱ slowȱ convergenceȱ inȱ Europe.ȱ Thereȱ isȱ

generallyȱ moreȱ evidenceȱ inȱ favourȱ ofȱ theȱ convergenceȱ hypothesisȱ whenȱ countryȱ
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heterogeneityȱisȱtakenȱintoȱaccountȱand,ȱinȱparticular,ȱwhenȱtheȱassumptionȱofȱsimilarȱ

parametersȱbetweenȱ countriesȱ isȱ relaxed,ȱ implyingȱdifferentȱ steadyȱ statesȱ (Barroȱandȱ

SalaȬiȬMartin,ȱ1995).ȱOnlyȱafterȱcontrollingȱ forȱdifferentȱeconomicȱconditions,ȱcanȱoneȱ

observeȱ theȱ negativeȱ relationshipȱ betweenȱ initialȱ incomeȱ perȱworkerȱ andȱ economicȱ

growth.ȱThisȱhypothesisȱisȱknownȱasȱconditionalȱconvergence.ȱ

TheȱconsensusȱatȱtheȱintroductionȱofȱtheȱeuroȱwasȱthatȱtheȱinternalȱEUȱmarketȱ

withȱfreeȱmobilityȱofȱgoods,ȱcapital,ȱandȱlabourȱwouldȱensureȱsustainableȱgrowthȱandȱ

economicȱ convergenceȱ inȱ theȱ euroȱ area,ȱ evenȱ thoughȱ crossȬcountryȱ structuralȱ

differencesȱprevailedȱatȱtheȱbeginning.ȱThisȱviewȱalsoȱsuggestedȱthatȱunderȱeconomicȱ

andȱmonetaryȱ integration,ȱ theȱ preconditionsȱ forȱ theȱ convergenceȱ theoriesȱ areȱmoreȱ

likelyȱtoȱbeȱmet.ȱAȱnumberȱofȱstudiesȱhaveȱanalysedȱtheȱexistenceȱofȱconvergenceȱinȱtheȱ

EUȱandȱtheȱeuroȱzone.ȱTheȱresultsȱtoȱdateȱareȱfarȱfromȱconclusive.ȱDeȱlaȱFuenteȱ(2003)ȱ

findsȱonlyȱmildȱevidenceȱinȱfavourȱofȱconvergence,ȱdueȱtoȱtheȱdifferentȱlabourȱmarketȱ

institutionsȱ andȱ investmentȱ ratios,ȱwhereasȱ SalinasȬJiménezȱ etȱ al.ȱ (2006)ȱ findȱ someȱ

evidenceȱ inȱ favourȱ ofȱ convergenceȱ trends,ȱ dueȱ toȱ humanȱ andȱ physicalȱ capitalȱ

accumulation.ȱInȱaȱrecentȱcontribution,ȱCrespoȬCuaresmaȱetȱal.ȱ(2008)ȱpointȱtoȱtheȱfactȱ

thatȱbeingȱaȱEUȱmemberȱstateȱincreasesȱintegrationȱandȱhasȱpositiveȱandȱlastingȱeffectsȱ

onȱeconomicȱconvergence.ȱ

ȱ AsȱtheȱnewȱandȱfutureȱEUȱmembersȱareȱmuchȱpoorerȱthanȱtheȱoldȱmembers,ȱtheȱ

prospectȱ ofȱ furtherȱ enlargementȱ ofȱ theȱ EUȱmayȱ jeopardiseȱ theȱ achievementȱ ofȱ realȱ

convergence.ȱ Itȱ isȱ alsoȱworthȱmentioningȱ thatȱ theȱprocessȱofȱ convergenceȱofȱEasternȱ

Europeanȱ countriesȱwithȱWesternȱEuropeanȱ countriesȱhasȱ specialȱ featuresȱwhichȱareȱ

differentȱ fromȱ otherȱ processȱ ofȱ economicȱ andȱ politicalȱ integration:ȱ First,ȱ allȱ Easternȱ
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Europeanȱcountriesȱhaveȱbeenȱinȱtransitionȱfromȱplannedȱtoȱmarketȱeconomies,ȱatȱtheȱ

sameȱ timeȱ asȱ anȱ intenseȱprocessȱ ofȱ integrationȱwithȱ theȱwest;ȱ second,ȱ thisȱ groupȱ ofȱ

countriesȱbelongȱ toȱ theȱcommonȱEuropeanȱmarketȱand,ȱaccordingȱ toȱ theȱneoclassicalȱ

modelȱofȱeconomicȱgrowth,ȱtheȱprocessȱofȱeconomicȱintegrationȱmayȱhaveȱacceleratedȱ

realȱconvergenceȱwithȱtheȱwest.ȱThisȱisȱdueȱtoȱtheȱeliminationȱofȱbarriersȱtoȱtheȱmobilityȱ

ofȱproductionȱ factors.ȱTheȱ latterȱ elimination,ȱ arguably,ȱwouldȱhelpȱ toȱ equaliseȱ thoseȱ

productionȱfactors�ȱproductivities.ȱȱ

OneȱofȱtheȱconsequencesȱofȱtheȱprocessȱofȱeconomicȱintegrationȱisȱthatȱEasternȱ

Europeanȱ countriesȱ haveȱ adoptedȱ theȱ EUȱ standardsȱ inȱ termsȱ ofȱ economicȱ policies,ȱ

institutionsȱandȱeconomicȱgovernance.ȱForȱinstance,ȱtheseȱcountriesȱhaveȱhadȱtoȱadoptȱ

multilateralȱ agreements,ȱ suchȱ asȱ Stabilityȱ andȱ Growthȱ Pact,ȱ whichȱ establishesȱ aȱ

numberȱ ofȱ fiscalȱ policyȱ rules.ȱ Thus,ȱ PadoaȬShioppaȱ (2003)ȱ highlightsȱ theȱ factȱ thatȱ

EasternȱEuropeanȱcountriesȱhaveȱhadȱtoȱkeepȱtwoȱprocessȱofȱconvergence;ȱrealȱincomeȱ

andȱstructuralȱconvergence.ȱTheseȱprocessesȱareȱofȱcourseȱrelated.ȱ

ȱAdditionally,ȱbyȱmeansȱofȱparticipatingȱ inȱ theȱprocessȱofȱEuropeanȱeconomicȱ

integration,ȱ thisȱgroupȱofȱcountries,ȱsoonerȱorȱ later,ȱwillȱ joinȱ theȱeuroȱzone,ȱonceȱ theȱ

Maastrichtȱcriteriaȱareȱfulfilledȱ(ECB,ȱ2003).ȱThisȱsituationȱ implies,ȱthen,ȱthatȱnotȱonlyȱ

theȱcountriesȱinvolvedȱwillȱhaveȱtoȱfaceȱtheȱprocessȱofȱrealȱconvergence,ȱbutȱalsoȱthoseȱ

countriesȱwhichȱareȱEUȱmemberȱstates,ȱwillȱhaveȱtoȱfulfilȱnominalȱconvergence.ȱLeinȱetȱ

al.ȱ (2008)ȱ haveȱ analysedȱ whetherȱ realȱ convergenceȱ hasȱ beenȱ drivingȱ nominalȱ

convergenceȱinȱtheȱnewȱEUȱMemberȱStates.ȱTheseȱauthorsȱconcludedȱthatȱopennessȱhasȱ

hadȱaȱnegativeȱimpactȱandȱproductivityȱaȱpositiveȱoneȱonȱpriceȱlevelȱconvergenceȱwithȱ

respectȱtoȱtheȱEuroȱarea.ȱ
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ȱ Inȱ thisȱpaperȱweȱanalyseȱ theȱprocessȱofȱrealȱeconomicȱconvergenceȱ inȱEurope,ȱ

focusingȱonȱtheȱrealȱeconomy,ȱusingȱasȱaȱproxyȱtheȱgrossȱdomesticȱproductȱperȱworker.ȱ

Inȱ contrastȱ toȱ Leinȱ etȱ al.ȱ (2008)ȱ theȱ aimȱ isȱ toȱ testȱ whetherȱ thereȱ hasȱ beenȱ clubȱ

convergence.ȱThatȱis,ȱourȱprimaryȱquestionȱis:ȱareȱEUȱcountriesȱconvergingȱtoȱaȱsingleȱ

steadyȱ stateȱ orȱ areȱ theyȱ clusteringȱ aroundȱ differentȱ states?ȱ Theȱ possibilityȱ ofȱ clubȱ

convergenceȱwithinȱtheȱEUȱmayȱraiseȱissuesȱinȱtermsȱofȱdifferencesȱinȱcompetitiveness,ȱ

linkedȱtoȱtheȱlackȱofȱstructuralȱreforms,ȱwhichȱmayȱyieldȱsignificantȱinstabilitiesȱwithinȱ

theȱEU.ȱTheseȱinstabilitiesȱmayȱalsoȱaffectȱtheȱstabilityȱofȱtheȱeuroȱcurrency,ȱasȱweȱhaveȱ

seenȱinȱtheȱ2008Ȭ2011ȱfinancialȱandȱsovereignȱdebtȱcrisis.ȱ

Theȱ remainderȱofȱ theȱpaperȱ isȱorganisedȱasȱ follows;ȱ theȱnextȱ sectionȱpresentsȱ

theȱ clusterȱmethodologyȱ proposedȱ byȱ Phillipsȱ andȱ Sulȱ (2007,ȱ 2009)ȱ toȱ testȱ forȱ clubȱ

convergenceȱ withinȱ theȱ EUȬ14.ȱ Sectionȱ 3ȱ discussesȱ theȱ empiricalȱ results.ȱ Theȱ lastȱ

sectionȱconcludes.ȱ

ȱ

2. Methodology:ȱconvergenceȱandȱclusterȱtestsȱ

Theȱ hypothesisȱ ofȱ conditionalȱ convergenceȱ impliesȱ thatȱ realȱ convergenceȱ

dependsȱuponȱ theȱeconomicȱ conditionsȱofȱ theȱcountry,ȱbutȱ itȱdoesȱnotȱdependȱuponȱ

initialȱ incomeȱperȱworker.ȱNevertheless,ȱ theȱ initialȱ incomeȱperȱworkerȱmayȱhaveȱ anȱ

effectȱ onȱ theȱ country�sȱ economicȱ growthȱpath.ȱThus,ȱ regardlessȱ ofȱ theȱ factȱ thatȱ twoȱ

countriesȱ mightȱ shareȱ similarȱ evolutionsȱ ofȱ fundamentalȱ variablesȱ andȱ longȱ termȱ

growthȱrate,ȱtheyȱmayȱnotȱconvergeȱtoȱtheȱsameȱsteadyȱstateȱifȱtheyȱdoȱnotȱhaveȱsimilarȱ

initialȱincomesȱperȱworker.ȱThisȱisȱknownȱasȱtheȱclubȱconvergenceȱhypothesis.ȱAccordingȱ
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toȱtheȱlatter,ȱifȱtwoȱcountriesȱstartȱtheȱprocessȱofȱeconomicȱconvergenceȱwithȱdifferentȱ

incomesȱ perȱworker,ȱ theyȱwillȱ hitȱ differentȱ steadyȱ states.ȱ Inȱ orderȱwords,ȱ givenȱ aȱ

thresholdȱ ofȱ incomeȱ perȱ worker,ȱ countriesȱ withȱ anȱ incomeȱ perȱ workerȱ belowȱ theȱ

thresholdȱwillȱ convergenceȱ toȱ aȱ differentȱ steadyȱ stateȱ thanȱ thoseȱ countriesȱwithȱ anȱ

incomeȱ perȱ workerȱ aboveȱ theȱ threshold.ȱ Thisȱ hypothesis,ȱ then,ȱ impliesȱ thatȱ thoseȱ

countriesȱwithȱ lowerȱ incomeȱ perȱworkerȱwillȱ formȱ aȱ clubȱwithȱ aȱ lowerȱ longȱ termȱ

incomeȱperȱcapitaȱthanȱthoseȱcountriesȱwithȱhigherȱinitialȱincomeȱperȱworker.ȱȱ

Thisȱdoesȱnotȱcontradictȱtheȱfactȱthatȱcountriesȱwithȱdifferentȱinitialȱincomeȱperȱ

workerȱ mayȱ convergeȱ toȱ theȱ sameȱ steadyȱ stateȱ asȱ richerȱ countries,ȱ ifȱ theȱ formerȱ

countriesȱgetȱ involvedȱ inȱstructuralȱ reforms.ȱ Inȱ theȱcaseȱofȱ theȱEU,ȱclubȱconvergenceȱ

refersȱ toȱ theȱ possibilityȱ thatȱ Southernȱ andȱ Easternȱ Europeanȱ countriesȱ mayȱ haveȱ

sluggishȱeconomicȱgrowth,ȱdiminishingȱtheirȱpossibilitiesȱofȱcatchingȱupȱwithȱtheȱrestȱ

ofȱtheȱcountries,ȱtheȱlatterȱachievingȱaȱhigherȱsteadyȱstate.ȱ

ȱ Theȱ timeȱ seriesȱ approachȱ toȱ convergenceȱ studyȱ canȱ beȱ foundȱ inȱ theȱ seminalȱ

papersȱ byȱ Carlinoȱ andȱ Millsȱ (1993)ȱ andȱ Bernardȱ andȱ Durlaufȱ (1995,ȱ 1996).ȱ Theseȱ

authorsȱ haveȱ developedȱ theȱ conceptȱ ofȱ stochasticȱ convergence,ȱ basedȱ uponȱ theȱ

stationarityȱ propertiesȱ ofȱ theȱ variablesȱ underȱ analysis.ȱ Thus,ȱ twoȱ nonȬstationaryȱ

variablesȱ convergeȱ ifȱ thereȱ isȱ aȱ cointegratingȱ relationshipȱ betweenȱ them.ȱ Inȱ otherȱ

words,ȱtwoȱnonȬstationaryȱseriesȱconvergenceȱifȱtheyȱshareȱtheȱsameȱstochasticȱtrend.ȱȱ

ȱ Thisȱdefinitionȱofȱconvergenceȱcanȱbeȱempiricallyȱtestedȱbyȱmeansȱofȱtimeȱseriesȱ

econometricȱtechniques.ȱHowever,ȱasȱpointedȱoutȱbyȱPhillipsȱandȱSulȱ(2009),ȱtraditionalȱ

convergenceȱ testsȱareȱ inadequateȱwhenȱ technologyȱ isȱheterogeneousȱacrossȱcountriesȱ

andȱ theȱ speedȱ ofȱ convergenceȱ isȱ timeȬvarying.ȱ Toȱ accountȱ forȱ temporalȱ transitionalȱ
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heterogeneity,ȱPhillipsȱandȱSulȱ(2007,ȱ2009)ȱ introducedȱcrossȬsectionalȱandȱtimeȱseriesȱ

heterogeneityȱ inȱtheȱparametersȱofȱaȱneoclassicalȱgrowthȱmodel.ȱTheȱstartingȱpointȱofȱ

theȱtestȱisȱaȱsimpleȱfactorȱmodel:ȱ

ȱ X it   it  it ȱȱ ȱ (1)ȱ

whereȱ i ȱmeasuresȱtheȱidiosyncraticȱdistanceȱbetweenȱsomeȱcommonȱfactorȱt ȱandȱtheȱ

systematicȱ partȱ ofȱ X it .ȱ Thisȱ modelȱ seeksȱ toȱ captureȱ theȱ evolutionȱ onȱ theȱ countryȱ

specificȱ X it ȱinȱ relationȱ toȱt ȱbyȱmeansȱ ofȱ itsȱ twoȱ idiosyncraticȱ elements,ȱ thatȱ is,ȱ theȱ

systematicȱ elementȱ i ȱandȱ theȱ errorȱ it .ȱ Phillipsȱ andȱ Sulȱ (2007)ȱmodifiedȱ thisȱ initialȱ

modelȱbyȱallowingȱ theȱ systematicȱ idiosyncraticȱelementȱ toȱevolveȱoverȱ time,ȱ therebyȱ

accommodatingȱheterogeneousȱagentȱbehaviourȱandȱevolutionȱwithinȱ thatȱbehaviourȱ

byȱmeansȱofȱaȱtimeȬvaryingȱfactorȬloadingȱcoefficient,ȱ it .ȱFurthermore,ȱtheyȱallowȱ it ȱ

toȱ haveȱ aȱ randomȱ component,ȱ whichȱ absorbsȱ  it ȱinȱ (1)ȱ andȱ allowsȱ forȱ possibleȱ

convergenceȱbehaviourȱ inȱ it ȱoverȱ timeȱ inȱrelationȱ toȱ theȱcommonȱ factorȱt .ȱTheȱnewȱ

modelȱhasȱtheȱfollowingȱtimeȱvaryingȱrepresentation:ȱ

X it  itt ȱ ȱ ȱ ȱȱȱȱȱȱȱȱȱȱȱ(2)ȱ

ȱTheȱ timeȱvaryingȱ representationȱ inȱ (2)ȱcanȱbeȱusedȱ toȱ separateȱcommonȱ fromȱ

idiosyncraticȱcomponentsȱinȱtheȱtraditionalȱdecompositionȱofȱpanelȱdata:ȱ

X it  git  ait ȱȱȱȱȱȱȱȱȱȱȱȱȱȱȱȱȱȱȱȱȱȱȱȱȱȱȱȱȱȱȱȱȱȱȱȱȱȱȱ(3)ȱ

whereȱ git ȱembodiesȱ systematicȱ components,ȱ includingȱ permanentȱ componentsȱ thatȱ

giveȱ riseȱ toȱ crossȱ sectionȱ dependence,ȱ andȱ ait ȱrepresentsȱ transitoryȱ component.ȱ Theȱ

transformationȱofȱ(3)ȱtoȱtheȱformȱofȱ(2)ȱisȱgivenȱby:ȱ

X it 
git  ait

t









t   itt ȱȱȱȱȱȱȱȱȱȱȱȱȱȱȱȱȱȱ(4)ȱ
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forȱallȱiȱandȱt.ȱInȱthisȱway,ȱ X it ȱisȱdecomposedȱinȱaȱsingleȱcommonȱcomponentȱt ȱandȱaȱ

idiosyncraticȱoneȱ it ,ȱbothȱofȱwhichȱareȱtimeȬvarying.ȱȱȱ

Theȱ simpleȱ econometricȱ representationȱ inȱ (2)ȱ canȱ beȱ usedȱ toȱ analyzeȱ growthȱ

convergenceȱ byȱ testingȱ whetherȱ theȱ factorȱ loadingsȱ  it ȱconverge.ȱ Phillipsȱ andȱ Sulȱ

(2009)ȱproposedȱaȱmodificationȱofȱtheȱneoclassicalȱgrowthȱmodelȱsoȱthatȱtechnologicalȱ

growthȱratesȱdifferȱacrossȱandȱoverȱtimeȱandȱareȱendogenouslyȱdetermined.ȱToȱaccountȱ

forȱ temporalȱandȱ transitionalȱheterogeneity,ȱPhillipsȱandȱSulȱ (2009)ȱ introducedȱ timeȬ

heterogeneousȱtechnologyȱbyȱallowingȱtechnologicalȱprogress,ȱ Ait ,ȱtoȱfollowȱaȱpathȱofȱ

theȱ formȱ Ait  Ai0 exp(x itt) .ȱ Underȱ thisȱ heterogeneousȱ technologyȱ theȱ individualȱ

transitionȱpathȱofȱlogȱperȱcapitaȱrealȱincome,ȱ logyit ,ȱevolvesȱas:ȱ

logyit  log ˜ y i
*  logAi0  log ˜ y i0  log ˜ y i

* e it t  xit ȱȱȱȱȱȱȱȱ(5)ȱ

whereȱ log ˜ y i0ȱandȱ log ˜ y i
* ȱdenoteȱinitialȱandȱsteadyȬstateȱlevelsȱofȱeffectiveȱlogȱperȱcapitaȱ

realȱincomeȱandȱit ȱisȱaȱtimeȬvaryingȱspeedȱofȱadjustment.ȱ

ȱEquationȱ(5)ȱcanȱbeȱexpressedȱinȱtheȱformȱ(2):ȱ

logyit  log ˜ y i
*  logAi0  log ˜ y i0  log ˜ y i

* e it t  xit  ait  xit itt ȱȱȱȱȱȱȱȱȱ(6)ȱ

whereȱ x it ȱisȱpresumedȱtoȱhaveȱsomeȱelementsȱthatȱareȱcommonȱacrossȱcountriesȱsoȱthatȱ

countriesȱ shareȱ aȱ commonȱ growthȱ component,ȱ t .ȱ Thisȱ commonȱ componentȱ canȱ

representȱ commonlyȱavailableȱworldȱ technologyȱ suchȱasȱ theȱ industrialȱandȱ scientificȱ

revolutionsȱ andȱ internetȱ technology.ȱ Thus,ȱ theȱ dynamicȱ factorȱ formulationȱ  itt ȱ

involvesȱ theȱ growthȱ componentȱ t ȱthatȱ isȱ commonȱ acrossȱ countriesȱ andȱ individualȱ

transitionȱ factorsȱ it ȱwhichȱmeasuresȱ theȱ transitionȱpathȱofȱanȱeconomyȱ toȱaȱcommonȱ

steadyȬstateȱ growthȱ pathȱ determinedȱ byȱ t .ȱ Duringȱ transition,ȱ  it ȱdependsȱ onȱ theȱ

speedȱofȱ convergenceȱparameterȱit ,ȱ theȱ rateȱofȱ technologicalȱprogressȱparameterȱ x it ȱ
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andȱtheȱinitialȱtechnicalȱendowmentȱandȱsteadyȱstateȱlevelsȱthroughȱtheȱparameterȱ ait ȱ

(PhillipsȱandȱSul,ȱ2009,ȱp.ȱ1158).ȱ

Phillipsȱ andȱ Sulȱ (2007)ȱproposedȱmodellingȱ theȱ transitionȱ elementsȱ it ȱbyȱ theȱ

constructionȱofȱaȱrelativeȱmeasureȱofȱtheȱtransitionȱcoefficients:ȱȱ

hit 
X it

1

N
X it

i1

N




 it

1

N
 it

i1

N


ȱ ȱ ȱ (7)ȱ

Thisȱmeasuresȱ theȱ loadingȱ coefficientȱ it ȱinȱ relationȱ toȱ theȱ panel.ȱ Theȱ variableȱ hit ȱisȱ

calledȱ theȱ relativeȱ transitionȱ path,ȱ andȱ tracesȱ outȱ anȱ individualȱ trajectoryȱ forȱ eachȱ iȱ

relativeȱ toȱ theȱ panelȱ average.ȱ So,ȱ hit measuresȱ regionȱ i�sȱ relativeȱdepartureȱ fromȱ theȱ

commonȱ steadyȬstateȱ growthȱ pathȱ t .ȱWhenȱ thereȱ isȱ aȱ commonȱ limitingȱ transitionȱ

behaviourȱacrossȱregions,ȱweȱhaveȱ hit  ht ȱacrossȱi,ȱandȱwhenȱthereȱisȱultimateȱgrowthȱ

convergenceȱthenȱ hit 1ȱforȱallȱiȱasȱ t  .ȱ

Next,ȱ Phillipsȱ andȱ Sulȱ (2007)ȱ constructȱ theȱ crossȬsectionalȱ meanȱ squareȱ

transitionȱdifferentialȱH1 Ht where:ȱ

Ht 
1

N
ˆ h it 1 2

i1

N

 ȱȱȱȱȱȱȱȱȱȱȱȱȱȱȱȱȱȱȱȱȱȱȱȱȱȱȱȱȱȱ(8)ȱ

andȱmeasuresȱtheȱdistanceȱofȱtheȱpanelȱfromȱtheȱcommonȱlimit.ȱȱ

Toȱformulateȱaȱnullȱhypothesisȱofȱgrowthȱconvergence,ȱtheȱauthorsȱproposedȱaȱ

semiparametricȱmodelȱforȱtheȱtimeȬvaryingȱbehaviourȱofȱ it ȱasȱfollows:ȱ

 it   i  iit L(t)1t  ȱ ȱ ȱȱȱȱȱȱȱȱȱȱȱȱȱȱȱȱ(9)ȱ

whereȱ i ȱisȱfixed,ȱ i  0,ȱȱit ȱisȱi.i.dȱ(0,1)ȱacrossȱiȱbutȱweaklyȱdependentȱonȱt1,ȱandȱL(t)ȱ

isȱaȱslowlyȱvaryingȱ functionȱ forȱwhichȱL(t)ȱ tendsȱ toȱ infinityȱasȱ tȱalsoȱgoesȱ toȱ infinity.ȱ

                                                            
1 Theseȱconditionsȱimplyȱthatȱtheȱstochasticȱcomponentȱdeclinesȱasymptoticallyȱsoȱthatȱtheȱ
trendȱvanishesȱandȱeachȱcoefficientȱconvergesȱtoȱ i . 
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FollowingȱPhillipsȱandȱSulȱ(2007)ȱtheȱL(t)ȱfunctionȱisȱassumedȱtoȱbeȱlogȱt.ȱit ȱintroducesȱ

timeȬvaryingȱandȱregionȬspecificȱcomponentsȱ toȱ theȱmodel.ȱTheȱsizeȱofȱ ȱdeterminesȱ

theȱ behaviourȱ (convergenceȱ orȱ divergence)ȱ ofȱ  it .ȱ Thisȱ formulationȱ ensuresȱ

convergenceȱofȱtheȱparameterȱofȱ interestȱforȱallȱ  0,ȱwhichȱ isȱtheȱnullȱhypothesisȱofȱ

interestȱ sinceȱ it   iȱasȱ t  .ȱ Furthermore,ȱ ifȱ thisȱ hypothesisȱ holdsȱ andȱ i   j ȱforȱ

i  j ,ȱ theȱ specificationȱ inȱ (9)ȱ stillȱ allowsȱ forȱ transitionalȱ periodsȱ inȱwhichȱ it   jt ,ȱ

therebyȱ incorporatingȱ theȱ interestingȱpossibilityȱofȱ transitionalȱheterogeneityȱorȱevenȱ

transitionalȱ divergenceȱ acrossȱ i.ȱ Thus,ȱ theȱ nullȱ hypothesisȱ ofȱ convergenceȱ canȱ beȱ

writtenȱas:ȱ

H0 : it   and  0ȱ ȱ ȱȱȱȱȱȱȱȱȱȱȱȱȱȱ(10)ȱ

andȱtheȱalternative:ȱ

HA : it   for all i with   0ȱ ȱ ȱȱȱ(11)ȱ

orȱ

 itAH : ȱȱȱȱȱȱȱȱȱȱȱȱȱȱȱȱȱȱȱȱȱȱȱȱȱȱȱȱȱȱȱȱȱȱȱȱȱȱȱȱȱȱȱȱȱȱȱȱȱȱȱ(12)ȱ

Theȱalternativeȱhypothesisȱincludesȱdivergence,ȱasȱinȱ(11)ȱandȱ(12),ȱbutȱcanȱalsoȱ

considerȱ clubȱ convergence.ȱ Forȱ example,ȱ ifȱ thereȱ areȱ twoȱ convergentȱ clubs,ȱ theȱ

alternativeȱis:ȱ

HA : it 
1 and  0,if iG1

2 and  0,if iG2



 ȱ ȱȱȱȱȱ(13)ȱ

whereȱGȱstandȱforȱaȱspecificȱclub.ȱ
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PhillipsȱandȱSulȱ(2007)ȱshowȱthatȱtheseȱhypothesesȱcanȱbeȱstatisticallyȱtestedȱbyȱ

meansȱofȱtheȱfollowingȱ�logȱt�ȱregressionȱmodel:ȱȱ

log(H1 Ht ) 2log(log(t))  ab logt  ut ȱȱȱȱȱȱ(14)ȱ

forȱt=[rT],ȱ[rT]+1,�,ȱTȱwithȱsomeȱrȱ>ȱ0.ȱPhillipsȱandȱSulȱ(2007)ȱsuggestȱr=0.3ȱbasedȱonȱ

theirȱsimulationȱexperiments.ȱ

Theȱkeyȱparameterȱofȱtheȱconvergenceȱtest,ȱb,ȱisȱrelatedȱwithȱ .ȱIndeed,ȱPhillipsȱ

andȱSulȱ(2007)ȱshowedȱthatȱtheȱfittedȱvalueȱofȱlogȱtȱisȱ ˆ b  2 ˆ ȱwhereȱ ˆ ȱisȱtheȱestimatedȱ

valueȱofȱ ȱunderȱtheȱnull.ȱInȱthisȱmethod,ȱrejectionȱofȱtheȱnullȱforȱtheȱwholeȱpanelȱdoesȱ

notȱ implyȱ thatȱ thereȱ isȱ notȱ convergence,ȱ sinceȱ itȱ isȱ possibleȱ toȱ test,ȱ byȱmeansȱ ofȱ anȱ

algorithm,ȱwhetherȱthereȱareȱclubs/clustersȱofȱconvergence.ȱHence,ȱitȱisȱpossibleȱtoȱtestȱ

theȱ hypothesisȱ ofȱ convergenceȱ forȱ differentȱ groupȱ ofȱ countries,ȱ andȱ identifyȱ

commonalitiesȱwithinȱaȱpanelȱofȱcountries.ȱȱ

Theȱregressionȱ testȱofȱconvergenceȱ inȱ (14)ȱ isȱmadeȱupȱofȱ threeȱstagesȱ (Phillipsȱ

andȱ Sul,ȱ 2007,ȱp.1788).ȱ Inȱ theȱ firstȱ step,ȱ theȱ crossȬsectionalȱvarianceȱ (H1 Ht )ȱ ratioȱ isȱ

constructed,ȱandȱthenȱinȱtheȱsecondȱstepȱtheȱconventionalȱrobustȱ t ȱstatistic,ȱ t ˆ b 
,ȱforȱtheȱ

coefficientȱ ˆ b ȱisȱcomputedȱusingȱ(14).ȱFinally,ȱ inȱtheȱthirdȱstep,ȱanȱautocorrelationȱandȱ

heteroskedasticityȱ robustȱ oneȬsideȱ tȱ testȱ ofȱ theȱ inequalityȱ nullȱ hypothesisȱ   0 ȱisȱ

appliedȱusingȱ theȱestimatedȱcoefficientȱ ˆ b ȱandȱHACȱstandardȱerrors.ȱAtȱ theȱ5ȱpercentȱ

level,ȱ theȱ nullȱ hypothesisȱ ofȱ convergenceȱ isȱ rejectedȱ ifȱ theȱ statisticȱ hasȱ aȱ valueȱ

belowȱȬ1.65.ȱ

However,ȱtheȱnovelȱaspectȱofȱthisȱapproachȱisȱthatȱconvergenceȱpatternsȱwithinȱ

groupsȱ canȱ beȱ examinedȱ usingȱ theȱ logȱ tȱ regressions,ȱ i.e.ȱ theȱ existenceȱ ofȱ clubȱ

convergenceȱandȱthenȱclustering.ȱThisȱfactȱisȱparticularlyȱrelevantȱsinceȱtheȱrejectionȱofȱ
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theȱnullȱofȱconvergenceȱdoesȱnotȱnecessarilyȱimplyȱdivergence,ȱsinceȱdifferentȱscenariosȱ

canȱbeȱmet,ȱsuchȱasȱseparateȱpointsȱofȱequilibriumȱorȱsteadyȬstateȱgrowthȱpaths,ȱasȱwellȱ

asȱconvergenceȱclustersȱandȱdivergentȱregionsȱinȱtheȱfullȱpanel.ȱ

Theȱ convergenceȱ approachȱ byȱ Phillipsȱ andȱ Sulȱ (2007)ȱ hasȱ aȱ numberȱ ofȱ clearȱ

advantages.ȱ First,ȱ itȱ isȱ aȱ testȱ forȱ relativeȱ convergenceȱ asȱ itȱmeasuresȱ convergenceȱ toȱ

someȱcrossȬsectionalȱaverageȱ inȱcontrastȱtoȱtheȱconceptȱofȱ levelȱconvergenceȱanalyzedȱ

byȱBernardȱandȱDurlaufȱ(1996).ȱSecond,ȱthisȱapproachȱoutperformsȱtheȱstandardȱpanelȱ

unitȱrootȱtestsȱsinceȱinȱtheȱlatterȱcaseȱ X it  X jt ȱmayȱretainȱnonstationaryȱcharacteristicsȱ

evenȱthoughȱtheȱconvergenceȱconditionȱholds,ȱi.e.ȱpanelȱunitȱrootȱtestȱmayȱclassifyȱtheȱ

differenceȱ betweenȱ graduallyȱ convergingȱ seriesȱ asȱ nonȬstationary.ȱ Asȱ aȱ furtherȱ

problem,ȱaȱmixtureȱofȱstationaryȱandȱnonȬstationaryȱseriesȱ inȱ theȱpanelȱmayȱbiasȱ ȱ theȱ

results.ȱMoreover,ȱ testȱ resultsȱ areȱ sometimesȱnotȱparticularlyȱ robust.ȱ Inȱ contrast,ȱ theȱ

PhillipsȱandȱSulȱ(2007)ȱtestȱdoesȱnotȱdependȱonȱparticularȱassumptionȱconcerningȱtrendȱ

stationarityȱorȱstochasticȱnonstationarityȱofȱtheȱvariablesȱtoȱbeȱtested.ȱ

ȱ

3. Empiricalȱresultsȱ

ȱInȱ thisȱ paperȱweȱ analyseȱ theȱ convergenceȱ ofȱGDPȱ PPPȱ adjustedȱ inȱ 1990ȱUSȱ

dollarsȱperȱworkerȱconvergenceȱinȱtheȱfollowingȱcountries;ȱAustria,ȱBelgium,ȱBulgaria,ȱ

Czechȱ Republic,ȱ Denmark,ȱ Estonia,ȱ Finland,ȱ France,ȱ Germany,ȱ Greece,ȱ Hungary,ȱ

Ireland,ȱItaly,ȱLatvia,ȱLithuania,ȱHolland,ȱPoland,ȱPortugal,ȱRomania,ȱSlovakȱRepublic,ȱ

Spain,ȱSwedenȱandȱ theȱUnitedȱKingdom.ȱWeȱuseȱannualȱdataȱ fromȱ1980ȱ toȱ2009ȱ forȱ

WesternȱEuropeȱandȱfromȱ1990ȱtoȱ2009ȱforȱEasternȱEurope.ȱDataȱcomeȱfromȱtheȱWorldȱ

Bank.ȱ
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Inȱ orderȱ toȱ analyseȱ ifȱ theȱ convergenceȱ processȱ ofȱ ourȱ poolȱ ofȱ countriesȱ isȱ

homogeneousȱor,ȱonȱ theȱcontrary,ȱ theȱcountriesȱ formȱclubsȱofȱconvergence,ȱweȱapplyȱ

theȱPhillipsȱandȱSulȱ(2007,ȱ2009)ȱmethodology.ȱAccordingȱtoȱthisȱmethodology,ȱgroupsȱ

ofȱcountriesȱmayȱconvergeȱtoȱaȱsteadyȱstateȱwhichȱisȱcommonȱtoȱallȱtheȱcountriesȱofȱtheȱ

groupȱ butȱ differentȱ toȱ otherȱ groupsȱ ofȱ countries.ȱ Asȱ previouslyȱ mentioned,ȱ thisȱ

approachȱ isȱbasedȱonȱaȱnonlinearȱandȱ timeȱvaryingȱ factorȱmodel,ȱwhichȱ incorporatesȱ

theȱ possibilityȱ ofȱ transitoryȱ heterogeneityȱ andȱ evenȱ transitoryȱ divergence.ȱ

Furthermore,ȱ theȱorderȱofȱ integrationȱofȱ theȱvariablesȱ isȱnotȱrelevantȱ inȱapplyingȱ thisȱ

methodology.ȱ Interestingly,ȱ thisȱmethodȱ alsoȱ allowsȱ usȱ toȱ distinguishȱ convergenceȱ

clubs.ȱ

Tableȱ1ȱshowsȱtheȱresultsȱofȱtheȱclusterȱanalysisȱforȱtheȱ24ȱtargetȱcountries,ȱforȱ

theȱsampleȱ1990Ȭ2009.ȱToȱobtainȱtheȱresultsȱweȱhaveȱfollowedȱPhillipsȱandȱSul�sȱ(2007)ȱ

algorithm.ȱThisȱimpliesȱfourȱsteps.ȱInȱtheȱfirstȱstepȱtheȱseriesȱinȱtheȱpanelȱareȱsortedȱoutȱ

accordingȱtoȱtheȱamountȱofȱtheȱlastȱthirdȱperiodȱincome.ȱ

Theȱsecondȱstepȱconsistsȱofȱselectingȱtheȱkȱhighestȱindividualsȱinȱtheȱpanelȱtoȱformȱtheȱ

subgroupȱGkȱforȱsomeȱ2ȱȱkȱ<ȱN.ȱTheȱ logȱtȱregressionȱ isȱrunȱandȱtheȱconvergenceȱtestȱ

statisticsȱtk=t(Gk)ȱcalculated.ȱTheȱcoreȱgroupȱsizeȱk*ȱisȱchosenȱaccordingȱtoȱtheȱcriterion:ȱ

k*  argmaxk tk subject to min tk  1.65ȱ

Inȱtheȱthirdȱstepȱtheȱdataȱisȱsievedȱforȱnewȱclubȱmembers.ȱThisȱimpliesȱtoȱaddȱ

oneȱcountryȱatȱaȱ timeȱ toȱcoreȱprimaryȱgroupȱwithȱk*ȱmembersȱandȱ runȱ theȱ logȱ tȬtestȱ

again.ȱ

ȱ
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Tableȱ1ȱ

Clusterȱanalysis.ȱSampleȱ1990Ȭ2009ȱ
ȱ

1stȱclubȱanalysisȱ
ȱ bȱcoefficientȱ tȱstatisticȱ

constantȱ Ȭ2.850ȱ Ȭ7.228ȱ
logȱtȱ 0.386ȱ 2.364ȱ

ȱ ȱ ȱ
Firstȱ cluster:ȱ Bulgaria,ȱ Estonia,ȱ Greece,ȱ Hungary,ȱ
Latvia,ȱ Lithuania,ȱ Poland,ȱ Romania,ȱ Slovakȱ Republicȱ
andȱSloveniaȱ
ȱ
Testȱ toȱ knowȱ whetherȱ theȱ restȱ ofȱ countriesȱ formȱ aȱ
cluster:ȱ
ȱ bȱcoefficientȱ tȱstatisticȱ

constantȱ 0.171ȱ 0.469ȱ
logȱtȱ Ȭ0.641ȱ Ȭ4.253ȱ

ȱ
Sinceȱtheȱȱtȱ<ȱȬ1.65ȱtheȱanalysisȱneedsȱtoȱbeȱrepeatedȱ
ȱ

2ndȱclubȱanalysisȱ
ȱ bȱcoefficientȱ tȱstatisticȱ

constantȱ Ȭ1.391ȱ Ȭ5.577ȱ
logȱtȱ 0.122ȱ 1.177ȱ

ȱ
Secondȱ cluster:ȱ Austria,ȱ Belgium,ȱ Czechȱ Republic,ȱ
Denmark,ȱ Finland,ȱ France,ȱ Germany,ȱ Italy,ȱ Ireland,ȱ
Holland,ȱ Portugal,ȱ Spain,ȱ Swedenȱ andȱ theȱ Unitedȱ
Kingdom.ȱ

ȱ

ȱTheȱnewȱcountryȱisȱincludedȱinȱtheȱconvergenceȱclubȱifȱtheȱassociatedȱtȬstatisticȱ

isȱgreaterȱthenȱtheȱcriterionȱc*.ȱFinally,ȱinȱtheȱfourthȱstepȱnewȱclusterȱareȱsearchedȱfor.ȱ

Aȱsecondȱgroupȱofȱcountriesȱisȱformedȱfromȱthoseȱforȱwhichȱtheȱsieveȱconditionȱfailedȱ

inȱstepȱ3.ȱTheȱlogȱtȬtestȱisȱrunȱtoȱseeȱifȱthisȱgroupȱsatisfiesȱtheȱconvergenceȱtest.ȱIfȱso,ȱitȱ

isȱpossibleȱtoȱconcludeȱthatȱthereȱareȱtwoȱconvergenceȱclubȱgroups.ȱIfȱnot,ȱstepsȱ1ȱtoȱ3ȱ

areȱrepeatedȱtoȱseeȱifȱtheȱsecondȱgroupȱcanȱitselfȱbeȱsubdividedȱinȱtoȱconvergenceȱclubs.ȱ

Ifȱ thereȱ isȱnoȱkȱ inȱ stepȱ2ȱ forȱwhichȱ tkȱ>ȱ Ȭ1.65,ȱ theȱ remainingȱcountriesȱhaveȱdivergentȱ

behaviour.ȱ
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ȱ Accordingȱtoȱtheȱresultsȱinȱtableȱ1,ȱweȱȱfindȱaȱfirstȱclusterȱconsistingȱofȱBulgaria,ȱ

Estonia,ȱGreece,ȱHungary,ȱLatvia,ȱLithuania,ȱPoland,ȱRomania,ȱ SlovakȱRepublicȱ andȱ

Slovenia.ȱThatȱ is,ȱ allȱEasternȱEuropeanȱ countriesȱplusȱGreece.ȱ Surprisingly,ȱGreece�sȱ

GDPȱ perȱ workerȱ convergesȱ withȱ Easternȱ Europeȱ ratherȱ thanȱ withȱ theȱ EUȬ14.ȱ Theȱ

secondȱ clusterȱ isȱ formedȱ byȱ theȱ Westernȱ economiesȱ minusȱ Greece.ȱ Theseȱ resultsȱ

highlightȱ that,ȱ duringȱ theȱ processȱ ofȱ economicȱ integration,ȱ countriesȱ fromȱ Easternȱ

Europeȱhaveȱconvergeȱtoȱtheirȱownȱsteadyȱstate,ȱwhichȱisȱdifferentȱfromȱthatȱofȱtheȱrestȱ

ofȱ theȱEU.ȱTheseȱresultsȱgiveȱsupportȱ toȱ theȱ ideaȱ that,ȱdespiteȱnotableȱ improvements,ȱ

gapsȱ inȱ termsȱ ofȱ incomeȱ perȱworkerȱ relativeȱ toȱ theȱ euroȱ areaȱ remainȱ largeȱ inȱ theȱ

EasternȱEuropeanȱ countriesȱ (Borys,ȱ etȱ al.,ȱ2008).ȱThisȱ suggestsȱ thatȱ theȱ challengesȱofȱ

realȱconvergenceȱwillȱremainȱrelevantȱforȱtheseȱcountriesȱevenȱinȱtheȱmediumȱandȱlongȱ

term.ȱ

ȱ PhillipsȱandȱSul�sȱ (2007)ȱprocedure,ȱallowsȱusȱaȱfirstȱclassificationȱofȱcountriesȱ

withȱmoreȱhomogenousȱfeaturesȱinȱtermsȱconvergence.ȱThisȱdoesȱnotȱpreventȱusȱfromȱ

findingȱsubclustersȱwithinȱclusters,ȱ implyingȱdifferentȱsteadyȱstateȱwithinȱgroups.ȱToȱ

doȱ this,ȱweȱ divideȱ theȱ panelȱ inȱ twoȱ groupsȱ ofȱ countries.ȱ Theȱ firstȱ oneȱ consistsȱ ofȱ

EasternȱEuropeanȱcountries,ȱandȱtheȱsecondȱconsistsȱofȱtheȱremainder.ȱDespiteȱtheȱfactȱ

thatȱGreeceȱ appearsȱ inȱ theȱEasternȱEuropeanȱ countriesȱ inȱ theȱpreviousȱ analysis,ȱweȱ

haveȱ includeȱthisȱcountriesȱ inȱtheȱWesternȱgroupȱsinceȱ itȱ isȱnotȱaȱtransitionȱeconomy,ȱ

andȱweȱareȱinterestedȱinȱanalysingȱitsȱbehaviourȱinȱrelationȱwithȱtheȱrestȱofȱtheȱmemberȱ

states,ȱ andȱ withȱ thoseȱ withȱ whomȱ sharesȱ theȱ euro.ȱ Also,ȱ weȱ haveȱ leftȱ theȱ Czechȱ

RepublicȱinȱtheȱEasternȱEuropeanȱgroupȱofȱcountries,ȱgivenȱthatȱGDPȱperȱworkerȱdataȱ

isȱnotȱavailableȱbeforeȱ1980.ȱ
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Tableȱ2ȱ

Clusterȱanalysis.ȱSampleȱ1980Ȭ2009ȱ
ȱ

1stȱclubȱanalysisȱ
ȱ bȱcoefficientȱ tȱstatisticȱ

constantȱ Ȭ4.236ȱ Ȭ8.111ȱ
logȱtȱ 0.578ȱ 3.136ȱ

ȱ ȱ ȱ
1stȱ cluster:ȱFinland,ȱ Ireland,ȱ Italy,ȱPortugal,ȱSpainȱandȱ
Swedenȱȱ
ȱ
Testȱforȱtheȱremainderȱcountriesȱformingȱaȱclub:ȱ
ȱ bȱcoefficientȱ tȱstatisticȱ

constantȱ 0.102ȱ 0.702ȱ
logȱtȱ Ȭ0.748ȱ Ȭ14.553ȱ

ȱ
Sinceȱtȱ<ȱȬ1.65ȱtheȱprocessȱneedsȱtoȱbeȱrepeatedȱ
ȱ

2ndȱclubȱanalysisȱ
ȱ bȱcoefficientȱ tȱstatisticȱ

constantȱ Ȭ3.324ȱ Ȭ3.530ȱ
logȱtȱ 0.694ȱ 2.088ȱ

ȱ
2ndȱ cluster:ȱ Austria,ȱ Belgium,ȱ Denmark,ȱ France,ȱ
Germany,ȱHollandȱandȱtheȱUnitedȱKingdomȱ

ȱȱ

ȱ Tableȱ2ȱdisplaysȱ theȱresultsȱofȱ theȱEUȬ14ȱclusterȱanalysis.ȱTheȱsampleȱ isȱ1980Ȭ

2009.ȱFromȱtheseȱresultsȱitȱisȱpossibleȱtoȱhighlightȱthatȱthereȱisȱevidenceȱofȱtwoȱgroups.ȱ

However,ȱtheȱresultsȱdoȱnotȱpinpointȱtheȱtraditionalȱdivisionȱintoȱNorthernȱEuropeȱandȱ

SouthernȱEurope.ȱAlthoughȱ theȱ firstȱclusterȱ includesȱSouthernȱEuropeanȱcountries,ȱ itȱ

alsoȱ includesȱNorthernȱ countriesȱ suchȱ asȱ Finlandȱ andȱ Sweden.ȱ Theȱ secondȱ clusterȱ

consistsȱofȱGermany,ȱFranceȱandȱtheȱUnitedȱKingdom,ȱalongȱwithȱthoseȱcountriesȱwithȱ

strongȱlinksȱwithȱGermany.ȱInȱaddition,ȱbelongingȱtoȱtheȱeuroȱzoneȱdoesȱnotȱdetermineȱ

theȱclusterȱandȱconvergenceȱtoȱaȱcommonȱsteadyȱstate.ȱForȱinstance,ȱSwedenȱbelongsȱtoȱ

theȱfirstȱcluster,ȱandȱDenmarkȱalongȱwithȱtheȱUnitedȱKingdom,ȱbelongȱtoȱtheȱsecond.ȱ

Rather,ȱ theseȱ clustersȱ seemȱ toȱbeȱ relatedȱwithȱ theȱdivergenceȱ inȱ competitivenessȱhasȱ
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suggestedȱbyȱDeȱGrauweȱ(2008).ȱAccordingȱtoȱthisȱauthorȱsomeȱcountriesȱasȱPortugal,ȱ

SpainȱandȱItalyȱamongstȱothersȱhaveȱsufferedȱanȱimportantȱlossȱofȱpriceȱcompetivenessȱ

whichȱmayȱbeȱlinkedȱtoȱdifferentȱnationalȱpolicies.ȱFinally,ȱGreeceȱisȱnotȱinȱeitherȱofȱtheȱ

twoȱclustersȱandȱthereforeȱfollowsȱaȱdivergenceȱpath.ȱ

Tableȱ3ȱ showsȱ theȱ resultsȱofȱ theȱ clusterȱanalysisȱ forȱEasternȱEuropeȱ forȱ1990Ȭ

2009.ȱ Hereȱ weȱ alsoȱ findȱ twoȱ clusters.ȱ Theȱ firstȱ oneȱ consistsȱ ofȱ Bulgaria,ȱ Latvia,ȱ

Lithuania,ȱ Poland,ȱ Romaniaȱ andȱ Hungary.ȱ Inȱ theȱ secondȱ oneȱ weȱ findȱ theȱ Czechȱ

Republic,ȱ Slovakȱ Republic,ȱ Sloveniaȱ andȱ Estonia.ȱ Itȱ seemsȱ that,ȱwithȱ thisȱ groupȱ ofȱ

countries,ȱ belongingȱ toȱ theȱ euroȱ zoneȱ determinesȱ theȱ clusters.ȱ Theȱ threeȱ countriesȱ

whichȱareȱpartȱofȱtheȱeuroȱzoneȱappearȱinȱtheȱsameȱcluster.ȱ

Tableȱ3ȱ

Clusterȱanalysis.ȱSampleȱ1990Ȭ2009ȱ
ȱ

1stȱclubȱanalysisȱ
ȱ bȱcoefficientȱ tȱstatisticȱ

constantȱ Ȭ1.159ȱ Ȭ5.262ȱ
logȱtȱ 0.076ȱ 0.860ȱ

ȱ ȱ ȱ
Firstȱ cluster:ȱ Bulgaria,ȱ Latvia,ȱ Lithuania,ȱ Poland,ȱ
RomaniaȱandȱHungaryȱȱ
ȱ
Testȱforȱtheȱremainderȱcountriesȱformingȱaȱclub:ȱ

ȱ
2ndȱclubȱanalysisȱ

ȱ bȱcoefficientȱ tȱstatisticȱ
constantȱ Ȭ7.797ȱ Ȭ3.695ȱ

logȱtȱ 1.873ȱ 2.198ȱ
ȱ
Sinceȱ tȱ >ȱ Ȭ1.65ȱ theȱ remainingȱ countriesȱ formȱ aȱ
convergenceȱclubȱ
2ndȱ cluster:ȱCzechȱRepublic,ȱEstonia,ȱ SlovakȱRepublicȱ
andȱSloveniaȱ

ȱ
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Figureȱ 1ȱpresentsȱ theȱ transitionȱ curvesȱ theȱ forȱ fourȱ clusters.2ȱTheseȱ transitionȱ curvesȱ

depictȱ theȱ transitionalȱ dynamicsȱ ofȱ eachȱ cluster.ȱ Underȱ theȱ assumptionȱ ofȱ overallȱ

convergenceȱforȱtheȱfullȱsampleȱofȱcountries,ȱtheȱrelativeȱtransitionȱparametersȱshouldȱ

convergeȱtoȱone.ȱInȱtheȱpresenceȱofȱclubȱconvergence,ȱtheȱrelativeȱtransitionȱparametersȱ

ofȱ eachȱ clubȱ convergeȱ toȱ differentȱ constants.ȱ Asȱ isȱ clear,ȱ theȱ fourȱ clusterȱ presentȱ

differentȱsteadyȱstatesȱ inȱtermsȱofȱperȱcapitaȱ income.ȱTheȱtransitionȱcurvesȱshowȱthat,ȱ

fromȱ midȬnineties,ȱ countriesȱ inȱ clusterȱ twoȱ haveȱ slowlyȱ convergedȱ toȱ theȱ clusterȱ

formedȱ byȱ Germany,ȱ Franceȱ andȱ theȱ Unitedȱ Kingdomȱ (interȱ alia).ȱ However,ȱ thisȱ

transitionȱwasȱbrokenȱinȱ2008ȱand,ȱasȱaȱconsequenceȱofȱtheȱfinancialȱturmoil,ȱEuropeanȱ

countriesȱ inȱ clusterȱ1ȱandȱ2ȱdiverge.ȱAsȱ regardsȱEasternȱ countriesȱ (clustersȱ3ȱandȱ4),ȱ

thereȱisȱnoȱevidenceȱofȱconvergenceȱwithinȱEUȬ14ȱcountries,ȱneitherȱwithinȱthem.ȱTheseȱ

resultsȱ haveȱ twoȱ importantȱ implications.ȱ First,ȱ convergenceȱwithinȱ EUȬ14ȱ isȱ overallȱ

modest.ȱThisȱlackȱofȱconvergenceȱmayȱreflectȱmacroeconomicȱimbalancesȱwithinȱtheseȱ

countriesȱthatȱmayȱpartlyȱexplainȱtheȱcurrentȱeuroȱcrisis.ȱSecond,ȱtheȱfactȱthatȱEasternȱ

Europeanȱ countriesȱ doȱ notȱ showȱ anyȱ signalȱ ofȱ convergenceȱ castsȱ doubtȱ onȱ theȱ

sustainabilityȱ ofȱ aȱ futureȱ enlargedȱ commonȱ currencyȱ areaȱ includingȱ lessȱ advancedȱ

economiesȱasȱwellȱasȱtheȱinabilityȱofȱMaastrichtȱcriteriaȱtoȱpromoteȱrealȱconvergence.ȱ

                                                            
2 Clusterȱ1ȱandȱclusterȱ2ȱcorrespondsȱrespectivelyȱtoȱclusterȱ1ȱandȱ2ȱinȱTableȱ2.ȱClusterȱ3ȱandȱ4ȱ
correspondsȱrespectivelyȱtoȱclusterȱ1ȱandȱ2ȱinȱTableȱ2. 
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ȱȱ

ȱ

Figureȱ1:ȱtransition curves for the clustersȱ

4. Conclusionsȱ

Inȱthisȱpaperȱweȱhaveȱanalysedȱtheȱhypothesisȱofȱincomeȱperȱcapitaȱconvergenceȱwithinȱ

theȱEU.ȱThisȱ analysisȱ isȱ ofȱ crucialȱ importance,ȱ sinceȱ theȱEUȱnowȱ consistsȱ ofȱ aȱ largeȱ

numberȱofȱcountriesȱwithȱdifferentȱlevelsȱofȱproductivityȱandȱeconomicȱgrowth.ȱ

Byȱmeansȱ ofȱ applyingȱ clubȱ convergenceȱ techniques,ȱ weȱ findȱ thatȱ thereȱ areȱ

strongȱ divergencesȱ inȱ termsȱ ofȱ incomeȱ perȱ capitaȱwithinȱ theȱ EU;ȱ first,ȱweȱ haveȱ theȱ

CentralȱandȱEasternȱEuropeanȱcountriesȱplusȱGreece,ȱformingȱaȱgroupȱofȱconvergence.ȱ

Interestingly,ȱGreeceȱappearsȱ toȱbehaveȱmoreȱsimilarlyȱ toȱ theȱeconomiesȱ inȱ transitionȱ

group.ȱSecond,ȱafterȱrepeatingȱ theȱanalysisȱ forȱwesternȱandȱeasternȱEUȱcountries,ȱweȱ

findȱ thatȱ thereȱ isȱneitherȱclearȱsubdivisionȱbetweenȱsouthernȱandȱnorthernȱcountries,ȱ

norȱbetweenȱeuroȱandȱnonȬeuroȱcountries.ȱInȱaddition,ȱGreeceȱappearsȱnotȱtoȱbelongȱtoȱ

eitherȱofȱtheȱclusters,ȱwithinȱtheȱwest.ȱFinally,ȱforȱEasternȱEuropeanȱcountries,ȱitȱseemsȱ

thatȱbelongingȱtoȱtheȱeuroȱzoneȱdeterminesȱtheȱclusterȱthatȱtheseȱcountriesȱbelongȱto.ȱItȱ
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seemsȱ thatȱ forȱ Easternȱ Europeanȱ countries,ȱ theȱ processȱ ofȱ transitionȱ toȱ marketȱ

economies,ȱ alongȱwithȱ theȱ desireȱ toȱ belongȱ toȱ theȱ EUȱ andȱ euroȱ zone,ȱ hasȱ hadȱ theȱ

anticipatedȱeffect.ȱ

ȱ OurȱresultsȱpointȱoutȱtheȱnecessityȱofȱdeepȱstructuralȱreformsȱwithinȱtheȱEU,ȱinȱ

orderȱtoȱincreaseȱtheȱlevelȱofȱconvergenceȱamongstȱitsȱMemberȱStates.ȱȱ

ȱ ȱ
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