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Real Convergence of EU Economies:
Do Structural Breaks Matter?*

Petar SORI(™

Abstract

This study examines the real GDP convergence ofEbhber States. It adds
to the abundance of conditional convergence stuolestilizing a unit root test
with up to two structural breaks, finding that ttrésis has not stopped the long-
run convergence within the EU. Differing from semiktudies, we discriminate
between up and down breaks in the convergence sspead apply the non-
parametric Wilcoxon signed-rank test to identifyiables that are coincidental
with these shifts. Convergence accelerations aggagiterized by nominal ex-
change rate and unit labour cost changes, whilevdlmwvns are followed by
investment shocks. The importance of external tragerticularly emphasized
during convergence accelerations. Several diffeneriustness checks leave
these findings quite intact.
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Introduction

The issue of regional and national output convargehas been one of the
focal points of macroeconomic research in receatsydts relevance is particu-
larly pronounced within the supranational politiGald economic associations
such as the European Union (EU). Namely, reduaingme and output dispari-
ties has been the key EU policy goal ever sincedsption. The EU authorities
have embedded the objective of reducing disparitiesinequality in all of the
essential EU documents, from the Treaty of Rom&9iH7 to the receriEurope
2020 Strategya novel strategic agenda for the period of 202020. With time,

* Petar SORI, University of Zagreb, Faculty of Economics and iBass, Trg J. F. Kenne-
dyja 6, Zagreb, Croatia; e-mail: psoric@efzg.hr

! This work has been fully supported by the Crozieience Foundation under the project No. 3858.

Acknowledgment: | thank the reviewer for valuable comments whieleéhconsiderably raised
the overall quality of the paper.



692

the EU has designed specific instruments for prorgotonvergence, competi-
tiveness, well-being and reducing socio-econonspatities between EU regions.
To reach these goals, the EU has set up the CaohPsiicy investment frame-

work, ensuring EUR 351.8 billion (roughly a third the EU budget) for the

period 2014 — 2020.

It is therefore no surprise that the issue of eatin convergence within the
EU has drawn a lot of academic attention and satadla vast body of empirical
literature. The observed variety of studies casdmgregated into three methodo-
logical strands. The first, oldest and most poplitarature branch builds upon
the so-calleds-convergence concept (Baumol, 1986; Barro and Sdlartin,
1992; Workie, 2003; 2004), postulating a negatiwgralation between a coun-
try’s initial real per capita output and its avezagjowth raté. The f-convergence
approach, as initially introduced by Baumol (19963es cross-section regres-
sions to test the predictions of the Solow (195&)atassical growth model. In
particular, this approach examines how a partica@ntry’s average growth
rate commoves with its initial output. This clagsonvergence testing has been
very popular in the literature (see Barro and $alrtin, 1992, for an influen-
tial early effort, among many others; or Crespor€sia, Ritzberger-Grinwald
and Silgoner, 2008; and Cavenaile and Dubois, 20t B more recent examina-
tion). However, serious doubts have been raiseditalte validity. First, it
is derived on the basis of the neoclassical grawtldel, but it fails to test the
validity of the neoclassical model in comparisonatty competing theoretical
specification (see Bernard and Durlauf, 1996, orl&d and Quah, 1999, for
a discussion). Second, some authors have emphakiaeiconvergence con-
centrates solely on the behaviour of a ‘represemefaeconomy. In the set of
examined economies, there might be one (or mor@se/ltonvergence process
follows a vastly different law of motion than théhers. Consequently, Quah
(1993Db) finds that a negative correlation betwdenaverage growth and initial
output does not necessarily imply a decrease inctbss-sectional variance
(completely contradicting the convergence hypo#)edihe third vital criticism
came from Islam (1995), who gave preference to Ipastemation (not to cross-
sectional regressions) in order to account fomatdid number of observations
(make use of both the cross-section and time difmB))sresolve endogeneity
issues and the omitted variable bias.

These three main criticisms have resulted in desesf methodological
improvements. Concerning the groundless insistingtlee behaviour of the
‘representative’ economy, researchers have chatigedocus to unit root and

2 Barro and Sala-i-Martin (1992) also introduce tldian of o-convergence, referring to the
reduction of output dispersion across cross-seaiitits over time. That notion is, however, be-
yond the scope of this paper and will not be areadyizere.
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co-integration analysis, which enable the exanmimatf each economy indivi-
dually (Ingnianni and &arek, 2009). On the other hand, Evans and Karras
(1996), Kutan and Yigit (2005) and Reza and ZaB@G08) use panel unit root
tests to account for small sample problems.

To examine the intra-distributional dynamics (st the behaviour of a ‘re-
presentative’ economy, others have turned to thehasstic kernel and Markov
chain methodology (Quah, 1993a, b; and Geppert3teghan, 2008, among
others). This approach is also not free of disaygdrd=or example, Bickenbach
and Bode (2003) criticize the over-restrictive asgtion that the data generating
process is time-invariant and that it satisfies Merkov property. Bickenbach
and Bode (2003) even empirically test the Markasperty for the income dis-
tribution of 48 USA states over the period of ascmas 70 years via a chi-
square test. Their results firmly disapprove thekdea property.

To summarize, there is no consensus in the literakegarding the ‘optimal’
methodological route to measuring convergence. Bpphoach has its own flaws.
This study tackles the issue of real GDP convergemsong EU Member States
by building upon the unit root testing procedunet, we make a serious effort to
circumvent its most criticized flaw. Namely, a tdtattention has been drawn in
the literature to the low power of univariate lin@ait root tests such as the Aug-
mented Dickey Fuller (ADF) test (see Reza and Zak088, for a discussion).
Some researchers have responded to this criticismpplying panel unit root
tests (Kutan and Yigit, 2005, or Reza and Zahr@8P0However, the panel unit
root tests employed in these studies are stilalinand fail to account for possi-
ble structural breaks in the observed series. Hginnmind the evident trend
breaks in the dataset examined here (see Appenttix details), resorting to
linear panel unit root tests to increase the lowgyoof univariate specifications
would be of little use. To counteract that, thigdst utilizes the ‘Residual aug-
mented least squares-Lagrange Multiplier (RALS-LMpit root test with
allowance for two endogenously determined struttbraaks (Lee, Strazicich
and Meng, 2012; Meng, Lee and Payne, 2017). Apanh fpaying attention to
the noticeable trend break(s) in the data seites tést has one more advantage
that is important. Conventional nonlinear unit reedts assume a particular non-
linear function to account for breaks or smootmgition mechanisms, but they
still preserve the assumption of error term nortyaliee, Meng and Lee (2011)
find that these tests suffer from a significanslo$ power in case of non-normal
errors. The approach applied in this paper allawsbn-normality and actually
gains power in case of non-normal errors. To thst bkthe authors’ knowledge,
this paper is both the first that examines incomvergence by a unit root test
with trend breaks, and the first one to allow fooeterm non-normality.
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Another reason for the growing interest on ecoicoronvergence within the
EU is the recent European sovereign debt crisidciwinaised questions of
whether several Member States (Portugal, Irelatady,|Greece, and Spain —
PIIGS in particular) were able to refinance thewgrnment debt, bail out their
over-indebted banks and bring their economies loacthe growth track. Since
the existing studies of economic convergence withenEU uniformly focus on
the period before the Great Recession of 2008s iessential to provide
a contribution in that sense and examine whetleectisis has affected the con-
vergence process in any mani@his study aims to fulfill that goal.

As a third empirical contribution to the literatythis paper utilizes the meth-
odology of Jones and Olken (2008) to discriminatvieen up and down breaks
in the data (implying intensifying and weakeningtbé catching-up process).
The authors then examine a wide set of macroecanemiables to inspect
which of them coincide with upward and which witbmchward episodes. That
way the authors add some understanding to the ogewee puzzle and reveal
some of the macro factors which are strongly ielated to the catching up pro-
cess of EU Member states. Finally, as it focuseasomuch as 27 individual EU
economies, this is (along with Cavenaile and Dyb2@d1) the most extensive
convergence study of this sort.

The obtained results demonstrate strong evidehcenalitional convergence,
once the trend breaks in the examined GDP dispaftie accounted for.

This paper is organized as follows. Section 1refgebrief literature review,
focusing on the most influential empirical stud@soutput catching-up within
the EU. Section 2 explains the contribution of nieevly developed LM unit root
test with structural breaks, particularly in thentaxt of output convergence in
EU Member States. Section 3 presents the obtaingarieal results and the
relevant determinants ofp anddown,trend breaks in the examined catching-up
process. The final section concludes the paperprodoses some promising
extensions of the analysed model.

1. Output Convergence in the European Union

This study focuses on real output convergence7oER Member States.
Hitherto, authors have approached this topic maiglycross section and panel
regressions, or univariate and panel unit rootste&mong the receng-con-
vergence studies for the EU; it is worthwhile meniing the study by Crespo

3 The recent crisis is also an additional reasoraliowing the error term non-normality. Em-
pirical studies often recognize economic crisidhes source of outliers and extreme data points,
which might induce non-normal error distributions.



695

Cuaresma, Ritzberger-Grinwald and Silgoner (200Bgy analyse the EU-15
yearly real GDP per capita, spanning from 19609881 They find a significant
negative S-coefficient in several panel model specificatiopspviding strong
evidence in favour of the convergence hypothesisan attempt to shed some
light on the determinants of GDP convergence, tlibas find that (apart from
macroeconomic fundamentals), the duration of EU begship plays a vital role
in enhancing growth. Crespo Cuaresma, Ritzbergégm@ald and Silgoner
(2008) extend the model even further by a panestiold technique, revealing
that economies with a lower initial level of devaieent comparatively benefit
more from EU accession than the rich countrieshWhat in mind, it would be
interesting to observe whether the New Member S{@N&1S) have gained more
(in the context of GDP convergence to the EU awréigm the EU accession
than have the Old Member States (OMS). This stuig @0 provide an answer
to that questiof.

Cavenaile and Dubois (2011) also stydgonvergence of the EU-27 coun-
tries, and similarly obtain a significant negatognvergence coefficient. In addi-
tion, they find a considerably different convergemate between 15 OMS coun-
tries and the 10 NMS from Central and Eastern Ef@EE). These findings
largely corroborate the conclusions of Crespo (Brage Ritzberger-Griinwald
and Silgoner (2008).

The most influential study within the unit rootpmpach to convergence is
done by Kutan and Yigit (2005). They examine (irgka) the industrial produc-
tion index as a proxy of overall activity and applybattery of panel unit root
tests to question the convergence of 10 NMS witiamds to Germany and
Greece. Although the results are somewhat sensditiee utilized methodology,
strong convergence is found with respect to bo#mdhmark’ countries. Reza
and Zahra (2008) perform a rather similar studpl@iing three different panel
unit root tests to examine the persistence of Gidpadities in 10 EU NMS. The
obtained unit root test results go in line with #tsolute convergence hypothesis.

Brada, Kutan and Zhou (2005) put a twist on tlassit unit root approach to
convergence, using rolling co-integration as ancetr of catching up between
two groups of countries (4 OMS and 5 NMS) with extpto Germany and
France as core EU economies. The authors findréahtconvergence (in terms

41t should be noted that regional income converges@ topic beyond the scope of this paper.
See, for instance, Magrini (1999) or Magrini (2064 contributions of that kind. Although it is
quite plausible to assume that regional and naticoravergence analysis might not lead to similar
results (as empirically confirmed by Otoui and mjt2015), we opt for the latter approach for
purely technical reasons. Namely, it is only thecrodevel framework that enables us to perform
an analysis in the vein of Jones and Olken (2008)identify the macroeconomic variables that
are relevant for explaining the up and down bréakke convergence process. These variables are
unfortunately not published at the regional level.



696

of real per capita GDP) is in total much weakenttfae monetary convergence
(in terms of monetary aggregates and inflation) réionportant, the real catch-
ing-up process is barely existing in the NMS (bwith respect to Germany and
France). This quite heavily contradicts the préngitonclusions in other similar
studies. The inconsistency can perhaps be explayeifferent methodological

approaches, raising doubt on the robustness datiteéned results.

Ingnianni and Zarek (2009) provide perhaps the most methodoldgical
meticulous study of EU economies’ real convergemtey focus on eight NMS
from the fifth EU Enlargement, and their convergemdth respect to the core
EU-15 countries. The authors utilize the crossisegt-convergence approach,
two different univariate unit root tests and ccegriation tests. The obtained
results show evidence of relatively strgfigonvergence, while the ADF testing
procedure point to rather diverse conclusions (deipg on the observed model
specification). The Johansen co-integration teamiglso provides strong evi-
dence of convergence, just as the stochastic amiittest results.

2. Data and Methodology

Adding to the existing literature, the authorstlok paper follow the route
proposed by Meng, Payne and Lee (2013) in a sirsilady of energy consump-
tion convergence. Therefore, output convergendested by calculating the loga-
rithmic ratio of each Member States’ real GDP faguita to the average of the same
variable across all the examined EU countriesdoheanalysed time period):

Y, =In(GDR / averageGD® (1)

Relation (1) implies that an equal percentage kslmall observed countries
would leave the logarithmic ratio unchanged. Ineottvords, a potentially ob-
served structural break in the examined ratio wasuletly be country-specific. If
the examined ratio for a particular country is istary, a conclusion can be
drawn that the country of interest does not divdrge the average EU GDP per
capita time path. This paper focuses on 27 indalidl Member StatesThe
analysed variables are of monthly frequencies,ioétafrom Eurostat. The rati-
os obtained through equation (1) are seasonallystatj using the ARIMA X12
method and then graphically depicted in AppendixThAe examined dataset
essentially covers the period 2002 Q1 — 2016 Qo €auntries differ in terms
of sample ends. The data for Greece ends in 2014vGQie the Irish series ends
in 2015 Q4. It is easily observable that the ratibmost examined countries are

® Romania is excluded from the analysis due to tlevaitability of real GDP per capita data.
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subject to up to two structural breaks. The reggolbal financial crisis is the
central cause of the majority of identified breasven that, standard (linear)
unit root tests (such as the ADF test) should tendnder-reject the null hypo-
thesis and produce biased results due to theiilityaio account for the evident
break(s) in the examined series. To overcome ttodtigm, this paper applies the
relatively new RALS-LM unit root tests with allowea for two endogenously
determined structural breaks (Lee, Strazicich amhd/ 2012; Meng, Lee and
Payne, 2017). RATS software is used for estimatimposes.

The hereby-utilized unit root test with up to tatouctural breaks is based on
the following unobserved component representation:

Y, =0Z+e 2

where
y, — the time series at hand,

Z, — a set of regressors, and the error term follawsutoregressive process of first
order (§ = fig, +4,).

Allowing for multiple structural breaks, lef; be the time period of each
particular break. Then lef, include the following exogenous variables:

z=1t O, .., O, DT, .., DL] )
wheret is the trend term, while the break dummy variatdes D, =1 for
t>T, +1, i=1...,R (level breaks), and zero otherwise; abd, =t-T, for

t=T; +1, i =1...,R, and zero otherwise (trend breaks).

Lee, Strazicich and Meng (2012) impose the ragiricf =1 and start the
testing procedure from the following equation:

Ay, = 9AZ + 4)
where 0=[4,, J,, Jy, d,], i=1...,R. Then the de-trended serie§ J is
added to the equation:

By, =ODZ +4S,+ ¢ (5)
where § is:
§S=¥%-V -2 (6)
J is the estimated coefficient from equation (4)d ap = yl—Zlé. The unit
root existence is thus tested through the null bygsisp = 0.
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Lee, Strazicich and Meng (2012) prove that the rowt test statistic for this
model depends on the break(s) location. This isrméndous problem in empiri-
cal applications since it necessitates the calomaif novel critical values for
each combination of the identified breakpoints. Gwercome this issue, Lee,
Strazicich and Meng (2012) introduce a simple ti@mnsation:

T -
— for &
-I-BlS B-[
T S for T< € T,
S* = TBZ_TBl ' ? (7)
T -
for .< T
3 T

which removes the dependency on the nuisance pteninserting transfor-
mation (7) into equation (5) yields the followirgst equation:

By, =002, 448+ 4O + ®

wherek is the lag order (added in the vein of the ADR)teBhe unit root test
statistic (the-statistic for the unit root hypothesgs=0, denoted byz;,, ) does
not depend on the location of the breaks, but onlyheir numberR).

The described unit root test is more powerful than standard ADF proce-
dure (Lee, Strazicich and Meng, 2012). Howevetthiir power improvement is
acquired by allowing for non-normal errors. Thiseipecially important in the
context of the recent crisis, causing considerabthkers in the data and deviations
from the presumed error term normality. To accdentthat, Meng, Lee and
Payne (2017) adopt the RALS method, as elaboratedddng and Lee (2012)
and Im, Lee and Tieslau (2014). They augment rege<8) by the ternw:

W =h(g)- K-"eD ©)
S A S L n
where K =?Zh(el) , D, =?Zh'(q) ,andh(&) captures the error term non-
t=1 t=1

-normality by the second and third moment &f h(“q):[“é Aé] . The test

equation then becomes:

by, = OBZ,+ 98, +Y dAS, + o (10)
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The conventional least squares estimation of aqu#t0) leads to increased
efficiency in case of non-normal errors. The enogiri-statistic for the null hypo-
thesisg =0 is denoted byry, o ,,,- The critical values are again not dependent

on the location of the breaks and are tabulatddeng, Lee and Payne (2017).
To summarize, the testing procedure is stepwis¢hé first step, the maxi-
mum break number is set B= 2 because Meng, Lee and Payne (2017) find
a significant loss of test power when allowing foore than two breaks. Break
locations are identified through theax F-test, each break’s significance is test-

ed by a standarngtest, and the optimal lag order is set simultasgouf the null
hypothesis of no trend brefais not rejected or if the null is rejected, bueaf
the break dummy variables is not significahe first step is reiterated using
R = 1. This step is repeated uriRi= 0 or all break dummy variables are signifi-
cant. The second step is twofold.Rf= 0, the no-break LM unit root test of
Schmidt and Phillips (1992) is applied.Rf= 1 orR = 2, the Amsler and Lee
(1995) and Lee and Strazicich (2003) LM test isliagp determining the break
location and significance as in the first step. Tihal, third step of the procedure
involves the RALS methodology and obtaining the, . ,,, test statistic. When
comparing the efficiency of the two-step LM testnigler and Lee, 1995; Lee
and Strazicich, 2003) and the three-step RALS-LM {®eng, Lee and Payne,
2017), one should inspect the relative ratio of ¢neor term variances from
equation (10) and (8):

2 (lf) (11)

3. Empirical Results

The starting point of the analysis is a standaldfAest, which strongly dis-
approves the convergence hypothesis by non-regettien null hypothesis for all
countries except Luxemboufddowever, linear unit root test specifications {suc

% Only trend breaks are considered here due todfitecteristics (see graphical presentations
in Appendix 1). This is also in line with previoampirical applications of this test (Meng, Payne
and Lee, 2013; Meng, Lee and Payne (2017).

" 10% significance level is applied, in accordandthweng, Payne and Lee (2013) and
Meng, Lee and Payne (2017). Following the sameaasitithe maximum examined lag ordeis
set to eight. The optimal lag length is chosenugloa general-to-specific modelling strategy.
Starting from an 8 lags specification, in eachaitien thet-statistic is examined for tHeth lag is
examined. If it is not significant at the 10% levide lag order is reduced by one. Finally, if the
highest lag was not found to be significant for &nthe model is estimated with zero lags.

8 The results are available upon request.
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as the ADF test) are strongly biased in the presenstructural breaks (Perron,
1989). With that in mind, it seems crucial to enyplloe RALS-LM unit root test
with up to two structural breaks. The obtained itesare shown in Table 1.

Table 1
RALS-LM Unit Root Test Results

Country Trats tm r's T, K
Austria —3.5448*** 0.9708 2010:01 - 7
Belgium -2.0183 NA NA NA NA
Bulgaria —10.5669*** 0.5116 2005:02 2009:02 8
Croatia —5.8312%** 0.7334 2004:03 2009:01 3
Cyprus —4.9930*** 0.8082 2010:02 2012:04 0
Czech Republic —6.01517*** 0.4424 2008:02 - 7
Denmark —4.5002** 0.9384 2006:01 2010:04 6
Estonia —4.8814** 0.7457 2007:03 2010:01 0
Finland —5.7564*** 0.7948 2008:03 2011:04 7
France —6.1415*** 0.9951 2008:02 2014:03 0
Germany —4.9496*** 0.8824 2007:01 2011:04 3
Greece —3.9955** 0.7896 2009:03 — 6
Hungary —6.1963*** 0.6529 2005:01 2008:01 8
Ireland —6.3145*** 0.7843 2006:04 2011:02 0
Italy —3.8609* 0.7296 2008:03 2014:02 3
Latvia -1.1098 NA NA NA NA
Lithuania —5.6993*** 0.7733 2008:03 2010:04 3
Luxembourg —5.7981*** 0.7732 2006:02 2007:03 0
Malta —5.2064*** 0.9801 2007:01 2010:03 2
Netherlands —5.8222*** 0.9988 2006:04 2014:03 3
Poland —5.8434*** 0.9590 2008:03 2013:03 0
Portugal —7.0225%** 0.6918 2007:04 2013:03 7
Slovakia —4.4372*** 0.8863 2009:04 - 3
Slovenia -3.4736* 0.8306 2008:02 - 7
Spain —3.7320** 0.5203 2008:02 2009:01 8
Sweden —4.1141* 0.6277 2009:04 2011:02 7
UK —4.4807** 0.9915 2005:03 2011:01 7

Note: *(**, ***) denote significance at the 10 (5, 1) %ignificance level; NA — Non Availablé;the Schmidt
and Phillips (1992)r test statistics is reported.

Source:Author’s calculation.

The two-step LM unit root test results are noutated here for two reasons.
First, the break locations obtained through the-step estimator are the same as
for the three-step RALS-LM test (since the firsotateps of the procedure are
exactly the same). Second, tf# column reveals that RALS methodology in-

creases efficiency in comparison to the two-stepteM in literally all examined
countries. The improvement varies from more thambtio (in the case of Czech
Republic) to only marginal (Netherlands).

Contradicting the ADF test results, Table 1 resestfong signs of real con-
vergence at conventional significance levels. Thiy wo countries for which
the null of non-stationarity (non-convergence) canoe rejected are Belgium
and Latvia. The finding of real convergence isiime lwith the conclusions of
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previous studies (Kutan and Yigit, 2005; Reza aatird, 2008; Ingnianni and
Zdarek, 2009). It seems that the crisis has noteshifhe integration process
towards divergence.

As can be seen from Table 1, a total of 45 brémkdserved in the dataset.
In accordance with the methodology of Jones an&®(2008), this study dis-
criminates betweeunp anddownbreaks, depending on whether the average GDP
disparity (defined by relation (1)) in the regin@léwing the break is larger or
smaller than the average GDP ratio prior to thakr&ollowing this approach,
a total of 25up breaks and 2@down breaks are found. Shaded cells in Table 1
indicateup breaks, non-shaded cells pointtmvnbreaks.

Several macroeconomic variables are examined & determinants of
up anddownbreaks. The variables of interest can be sumnségdollows. The
group of fundamental macroeconomic aggregatesdeclteal GDP per capita,
government expenditures, household expenditures,gaoss fixed capital for-
mation. The next group of determinants compriseifpr trade variables: ex-
ports, imports, exports plus imports, and net etgpaand terms of trade. The
group of monetary variables include GDP deflatod #me indices of nominal
and real effective exchange rates. Lastly, uniblatcost index (as an indicator
of a country’ price competitiveness) and the Ecoicddentiment Indicator (ESI)
(quantifying the prevailing psychological sentiménthe national economy) are
examined. A description of the examined datasetasented in Appendix B.

The estimation strategy entails the following stephe breaks identified in
Table 1 are imposed on each of these variablezaéh particular country. Sub-
sequently, the average values of break determirametsalculated before and
after the break occurrence. That way, for eachefl4 analysed macro determi-
nants, 25 mean values before and 25 mean vall@siptreaks are obtained. In
the same way, 20 averages before and dftem breaks are gatherédlo in-
spect whether the mean values of the examined mvaciables are equal across
the breaks, we employ the non-parametric Wilcoxgnesi-rank test instead of
the standard t-test. This strategy is pursued [echsolves two problems of the
t-test. First, it successfully deals with non-nolitgaof the data. Second, the
convergence determinants at hand are mutually deper(both time-wise and
cross-sectionally, due to the fact that the EU &Stathare a common market).
The Wilcoxon signed-rank test is a non-parametgcsion of the dependent
samples t-test, so it also resolves the dependssae. This approach does not
allow for specific causal interpretations, but nglidentifies relevant variables
whose changes coincide with breaks in the convesgprocess.

® ESI comprises 23 down breaks and 19 down breakstaluhe fact that Ireland does not
publish adequate ESI data, and Croatia has initititecpublication in as late as 2008:05, which
annulled theup break in 2004:03.
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The obtained results are summarized in Table 2.resented mean differ-
ences quantify the discrepancies between the aweralges of the examined
variables after the break (upward or downward) laefdre the break.

Table 2

Determinants of Up and Down Breaks
Variable UP BREAKS DOWN BREAKS

Mean difference | p-value| Obs. Mean difference p-vak Obs.

GDP per capita 393.5796 0.000p 25 —-110.555 0.2180 0 2
Government
expenditures -0.1077 0.6377 25 0.5879 0.0522 20
Household
expenditures -0.0775 0.6964 25 —0.1987 0.6813 20
Gross fixed
capital formation —1.2765 0.0230 25 —2.9827 0.0003 20
Exports 11.0911 0.000Q 25 3.7240 0.0009 20
Imports 7.9863 0.0002 25 2.3340 0.018f 20
Exports + imports 19.0774 0.0000 25 6.0579 0.0017 0 2
Exports — imports 3.1048 0.00138 25 1.3901 0.0569 20
Terms of trade 0.0051 0.903% 25 —0.0014 0.7938 20
GDP deflator 13,6422 0.000d 25 8.3887 0.0001 20
NEER 2.7702 0.0370 25 0.9014 0.1918 2
REER 3.0908 0.1658 25 —1.3836 0.085p 20
Unit labour cost 7.1633 0.000(¢ 25 0.8962 0.1790 20
ESI -1.8512 0.6051 23 —3.0333 0.295¢4 19

Note: NEER — Nominal effective exchange rate; REER - Rffactive exchange rate.
Source:Author’s calculation.

Table 2 reveals several interesting asymmetrieal BDP per capita is sig-
nificantly different only acrosep breaks. This means that there is a considerable
difference between the speed of convergence of aimh poor countries (on
average). Path dependency seems to matter a leker@oent and household
expenditures do not seems to possess any valugblenation in that context,
disapproving the classic Keynesian view that thgregate demand is the main
driving force of the economy. However, gross fixegbital formation is signifi-
cantly lower in the periods after thdewnbreaks. This can be traced back to the
argument of Barry (2003), who states that the Eemopintegration process
(financial integration in particular) is stimulagirinvestments in the peripheral
countries. A sharp investments decline has occurrdite recent crisis, coincid-
ing with an obvious slowdown of the convergencecpss.

External trade variables (apart from the termgradie) appears to be highly
significant, in line with the arguments of Slaught#997). Looking at the ob-
served positive mean differences of those varialitiés clear that EU Member
States benefit from the EU common market, so thdetrvolumes (no matter
how they are measured) exhibit continuous grow#tgardless of the nature
of the identified breaksup or down). However, the external trade effects are
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always considerably stronger for the up breaks fbarhe down breaks. This
once again firmly corroborates the strong link bedw external trade and eco-
nomic convergence (Ben-David, 1993).

Moreover, the effect of external variables sholdd put in relation to the
significance of both exchange rate variables (NEBR REER)Up breaks are
characterized by appreciation pressures, whileofgposite movement is present
for down breaks. Another important aspect of the resutisnfiTable 2 is that
a certain part of significant coincidental variagbkre internal and under direct
influence of the economic policyholders. For insgrunit labour cost turns out
significant only for thaup breaks. In a sense, this contradicts the Kaldd©38)
paradox. Recent studies have also made an effodrtoborate the link between
unit labour cost and growth for EU countries (Felgnd Kumar, 2011). However,
when put in the comparative context of real congpog, it seems that price
competitiveness indeed does matter. A similar amich can also be drawn
from the significance of exchange rate variables.

ESI seems to be non-significant for both typebrefks. This (surprisingly)
contradicts both the theoretical framework of betanal economics (Kindle-
berger and Aliber, 2011) and the empirical literatyGarner, 1991). Garner
finds that the consumers’ psychological sentimena isignificant predictor of
households’ expenditures in extreme events sutheaBersian Gulf War reces-
sion in the USA. He also emphasizes a sharp angpenteddown break as
necessary precondition for a psychologically drivegession. In that sense, it
would be expected that ESI shifts are firmly redate down breaks. The found
investments downfall in the presencedufwn breaks probably points to some
kind of a psychological effect in the sense of @alf1991). However, ESI seems
not to be able to capture that effect accordin@lge should certainly raise the
guestion of how much these results are robust ¢octivice of convergence
benchmark. With that in mind, we perform four diffet robustness checks.

The first one is performed by excluding Luxembofram the analysis, since
that is the only EU economy for which the ADF tesstults firmly rejected non-
stationarity of GDP disparity (disapproving the eergence hypothesis). The
following two robustness checks are performed fdy @MS and NMS groups
of countries (separately). Lastlye augment the analysis by inspecting the con-
vergence of individual Member States relative txdmbourg as the most de-
veloped EU country (in terms of real GDP per cgpifdne purpose of the last
robustness check is inspect not the convergenatvwelto the average develop-
ment level (as in the previously developed modebls)the convergence relative to
the benchmark (Luxembourg, being the most develapetry in the sample).
The results of these four robustness checks (bethesults of unit root tests and
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of break determinants analysis) are presented peAgix C. The results obtained
in Tables 1 and 2 are to an extremely large exdembborated through the four
alternative model specifications. Regarding the -camvergence hypothesis
(non-stationarity of GDP disparities tested by R&LS-LM test), Table 1 re-

jects it only in the case of Belgium and Latvia. &h_uxembourg is removed
from the sample, these two countries are joined\bstria, Italy, Slovakia and

Spain. When only the OMS are observed; DenmarkuBal and the UK stand

out as the diverging countries. In the NMS grougtvla diverges again. Lastly,
when Luxembourg is treated as the benchmark relatvwhich we measure
convergence; France, Greece and ltaly fail to skigwificant convergence. It is
therefore obvious that (with minor differenceshe tesults of alternative models),
there are only minor signs of divergence within Bié national economies. The
recent crisis obviously did not considerably deiitabthe long-term economic

convergence process in the EU.

Regarding the determinants @b anddown breaks, all the above discussed
results of Table 2 seem to stand unaltered. Orheofrare exceptions in that
sense is that negative ESI shocks are found taicirwith down breaks in the
Luxembourg benchmarking model. This is a findingttivas theoretically ex-
pected, but other hereby estimated models hawedftil find evidence of it.

Conclusion

This paper tests the conditional real convergdmgeothesis via unit root
testing. It differs from previous studies of thmrtsby including the post-2008
period in the analysis. This has directly condiéidrthe utilized methodology.
Having in mind the evident structural breaks in @i@P disparities of individual
EU members, the authors were compelled to empRHALS-LM unit root test
with allowance for two endogenously determined citmal breaks. That way,
this paper ensures more power to the unit rootitesbmparison to the other-
wise employed linear test specifications. The oiatdiresults indicate strong
support of real convergence among EU countriespitteshe sharp economic
downfall in the recent recession.

An additional contribution of this paper is themdification of relevant mac-
roeconomic variables, which appear to be coincalesith up anddownbreaks
in the convergence process. The results approtleaklevance of external trade
variables in explaining structural breaks. Downwlrelaks are followed by sig-
nificant declines in investments, while the growttunit labour cost coincide with
upward breaks. Effective exchange rate exhibitseapgation withinup breaks,
and depreciation falownbreaks.
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Future studies should certainly include the dgw@lent of a panel unit root
test with the allowance of several structural bsedkis way a more powerful
test could be established both in terms of aggmegabe cross-section and time
dimensions of the dataset (panel specification)l, ianterms of accounting for
the evident structural breaks (which conventiorsadgd unit root tests neglect).
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Appendices

Appendix A

Graphical Presentations of GDP Disparities
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Appendix A

Graphical Presentations of GDP Disparities (continad)
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A

ppendix A

Graphical Presentations of GDP Disparities (continad)
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Appendix A

Graphical Presentations of GDP Disparities (continad)
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Appendix B
Data Description

Variable

Description

Source

GDP per capita

In Euros

Government expenditures
Household expenditures
Gross fixed capital formation
Exports

Imports

Exports + imports

Exports — imports

GDP shares

Terms of trade

Ratio of a country’s exports prices to
imports prices

GDP deflator

Index (2005 = 100)

NEER

(2005 =100, 42 trading partners includeqg
increase = currency appreciation

REER

(2005 = 100, 42 trading partners includeg
increase = currency appreciation

Unit labour cost

Index (2010 = 100)

Eurostat

ESI

See European Commission (2016) for

methodological details

European Commission

Note: All variables are seasonally adjusted using théM¥RX12 method.

Source:Author’s calculation.
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Appendix C
Robustness Checks

C1.RALS-LM Unit Root Test Results (Luxembourg omitted)

Country Tras m o T, K
Austria —2.3293 NA NA NA NA
Belgium —2.286% NA NA NA NA
Bulgaria —10.8706*** 0.5047 2005:02 2009:02 8
Croatia —5.1384*** 0.9838 2004:03 2009:01 3
Cyprus —4.5227** 0.7754 2010:02 2012:04 0
Czech Republic —5.2789*** 0.8432 2008:02 - 0
Denmark —3.5518* NA NA NA NA
Estonia —4.9932** 0.7382 2007:03 2010:01 0
Finland —4.8532** 0.9175 2008:03 2011:04 6
France —6.6250*** 0.9140 2008:02 2014:03 0
Germany -3.9608* 0.9482 2007:01 2014:01 3
Greece —4.1260** 0.7572 2009:03 - 6
Hungary —4.9290*** 0.9372 2007:01 2008:01 4
Ireland —6.6139*** 0.7721 2006:04 2011:04 0
Italy -2.5227 NA NA NA NA
Latvia -1.1002 NA NA NA NA
Lithuania —5.2354%** 0.9268 2008:03 2010:04 3
Malta —5.6304*** 0.9542 2007:01 2010:04 2
Netherlands —6.7459*** 0.8952 2007:01 2014:03 7
Poland —6.9487*** 0.8462 2006:01 2008:04 7
Portugal —7.1454%* 0.6936 2008:02 2013:03 7
Slovakia —4.7204*** 0.7938 2009:04 - 3
Slovenia -1.5851 NA NA NA NA
Spain -1.819% NA NA NA NA
Sweden —4.4032** 0.7036 2009:04 2011:02 7
UK —5.1748*** 0.9420 2005:03 2009:01 7

Note: *(**, ***) denote significance at the 10% (5%, 1%]gnificance level® the Schmidt and Phillips (1992);
T -test statistics is reported.

Source:Author’s calculation.

C2. Determinants oflJp andDown Breaks (Luxembourg omitted)

Variable UP BREAKS DOWN BREAKS

Mean difference p-value | Obs. Mean difference| p-vak Obs.
GDP per capita 340.1273 0.0001 21 -50.2070 0.8261 4 1
Government
expenditures —0.0906 0.8757 21 0.6433 0.1240 14
Household
expenditures -1.7674 0.0005 21 1.3227 0.0355 14
Gross fixed capital
formation -1.0272 0.1060 21 —3.2089 0.0019 14
Exports 10.6921 0.0001 21 3.4952 0.01%7 14
Imports 7.6776 0.0013 21 2.0990 0.05585 14
Exports + imports 18.3697 0.0001 21 5.5942 0.0009 4 1
Exports — imports 3.0145 0.0057 21 1.3962 0.1578 14
Terms of trade 0.0090 0.5901 2] —0.0041 0.6378 14
GDP deflator 13.7639 0.0001 21 7.9206 0.0015 14
NEER 3.6251 0.1305 21 0.0331 0.0132 14
REER 3.8698 0.1305 21 —2.1374 0.0132 14
Unit labour cost 7.4687 0.0001 21 1.4095 0.0786 14
ESI -1.9142 0.6009 19 —2.2558 0.4216 13

Note:NEER — Nominal effective exchange rate; REER - B#ective exchange rate.
Source:Author’s calculation.
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C3. RALS-LM Unit Root Test Results (OMS)

Country Tracs bz Ts k
Austria —3.8851** 0.9838 2010:01 - 7
Belgium —4.8446** 0.8430 2007:04 2014:03 0
Cyprus —B.2777*** 0.9295 2009:03 2012:03 0
Denmark —2.7226 NA NA NA NA
Finland —5.0315%** 0.5287 2008:03 2009:02 7
France —5.5057*** 0.9458 2008:01 2014:03 0
Germany —4.7849** 0.9882 2005:03 2014:03 0
Greece —4.5845%* 0.6965 2009:03 - 6
Ireland —6.4729** 0.8609 2006:04 2010:03 0
Italy —4.8224%** 0.8404 2007:03 2014:03 0
Luxembourg —5.0810*** 0.9095 2005:01 2014:03 2
Malta —5.1724*** 0.9673 2007:01 2010:01 2
Netherlands —4.8408*** 0.9128 2014:03 - 0
Portugal —-2.2183 NA NA NA NA
Spain —4.2780* 0.9775 2008:02 2009:04 4
Sweden —5.3388** 0.6469 2008:01 - 7
UK —2.1272 NA NA NA NA

Note: *(**, ***) denote significance at the 10% (5%, 1%]gnificance level® the Schmidt and Phillips (1992);
T -test statistics is reported.

Source:Author’s calculation.

C4. Determinants oblp andDown Breaks (OMS)

Variable UP BREAKS DOWN BREAKS

Mean difference p-value | Obs.| Mean difference| p-vak Obs.
GDP per capita 696.0829 0.0033 11 —64.8138 0.6002 3 1
Government
expenditures 1.1644 0.0619 11 0.3285 0.2787 13
Household
expenditures -2.7611 0.0329 11 0.8625 0.2787 13
Gross fixed capital
formation —0.3946 0.8589 11 —3.3637 0.0019 13
Exports 9.6968 0.0262 11 6.0140 0.0107 13
Imports 8.0675 0.0329 11 4.2328 0.0464 13
Exports + imports 17.7642 0.0324 11 10.2468 0.0159 13
Exports — imports 1.6293 0.286(0 11 1.7812 0.0392 13
Terms of trade —0.0080 0.2137 1] —0.0078 0.3454 1B
GDP deflator 10.8994 0.0044 11 7.5035 0.001L9 13
NEER 1.8099 0.1549 11 0.8867 0.6002 13
REER —1.3004 0.5337 11 -1.2201 0.3109 13
Unit labour cost 2.8009 0.0128 11 1.3920 0.15p0 13
ESI -3.0241 0.4446 10 —0.1020 0.8139 12

Note:NEER — Nominal effective exchange rate; REER - B#ective exchange rate.
Source:Author’s calculation.
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C5. RALS-LM Unit Root Test Results (NMS)

Country Z!I;ALS— LM pz TB k
Bulgaria —3.5326* 0.8078 2005:02 - 8
Croatia —5.4057*** 0.8316 2007:03 2009:03 0
Czech Republic —6.7597*** 0.5429 2006:02 2007:04 7
Estonia —4.0866* 0.9000 2007:03 2010:01 0
Hungary —5.4638*** 0.9161 2005:01 2007:04 8
Latvia -1.4969 NA NA NA NA
Lithuania —3.2489* 0.7294 2014:01 - 3
Poland —4.2909** 0.7768 2008:03 2009:02 1
Slovakia -3.6510** 0.7979 2007:03 - 4
Slovenia —4.9231** 0.9504 2007:01 2011:01 7

Note: *(**, ***) denote significance at the 10% (5%, 1%jgnificance level? the Schmidt and Phillips (1992);
T -test statistics is reported.

Source:Author’s calculation.

C6. Determinants otUp andDown Breaks (NMS)

Variable UP BREAKS DOWN BREAKS

Mean difference p-value| Obs.| Mean difference p-vak Obs.
GDP per capita 413.0613 0.0180 1 178.9618 0.0663 9
Government
expenditures —0.7895 0.1282 7 0.2978 0.6784 9
Household
expenditures -1.3193 0.0630 7 —0.5948 0.2604 9
Gross fixed capital
formation —0.7610 0.6121 7 —2.5787 0.0506 9
Exports 13.3442 0.0180Q 7 7.8024 0.0109 9
Imports 9.9134 0.0180 7 3.8126 0.0858 9
Exports + imports 23.2576 0.018p 7| 11.6147 0.0209 9
Exports — imports 3.4308 0.018p 7 3.9902 0.0q77 9
Terms of trade 0.0145 1.000p 7 0.0015 0.9528 9
GDP deflator 17.2668 0.018 7 13.4168 0.00[77 9
NEER 7.9032 0.0630 7 2.6953 0.2604 9
REER 9.5241 0.0630 7 4.6560 0.0506 9
Unit labour cost 13.2368 0.0180 7 4.7779 0.0382 9
ESI —0.6395 0.8658 7 —5.8058 0.2076 8

Note: NEER — Nominal effective exchange rate; REER - Rffactive exchange rate.
Source:Author’s calculation.



714

C7.RALS-LM Unit Root Test Results (Luxembourg as denark)

Country Tracs m ,bz Tg k
Austria —5.2972%* 0.9754 2007:02 2011:04 7
Belgium —7.0008*** 0.6739 2007:02 2011:04 7
Bulgaria —6.0904*** 0.6745 2006:01 2013:03 3
Croatia —6.4335%** 0.7240 2007:03 2009:01 2
Cyprus —4.8121%** 0.8096 2007:04 2009:01 0
Czech Republic -2.8201 NA NA NA NA
Denmark —3.923%* 0.9439 2011:03 - 0
Estonia —5.2542%** 0.6978 2006:02 2011:04 2
Finland —6.3782** 0.6614 2008:03 2011:04 6
France —2.1045 NA NA NA NA
Germany —4.1154%** 0.8223 2007:04 2011:04 3
Greece -1.0632 NA NA NA NA
Hungary —4.3771*%** 0.8797 2006:02 2007:04 0
Ireland —5.451 7% 0.9202 2006:04 2011:02 8
Italy —2.7388 NA NA NA NA
Latvia —6.3619%* 0.6584 2008:04 2011:04 7
Lithuania —6.1112%** 0.9673 2008:03 2013:03 8
Malta —4.3112%** 0.5861 2010:01 - 7
Netherlands —4.9590%** 0.8245 2007:02 2011:03 7
Poland —7.7098%** 0.6761 2007:04 2011:04 7
Portugal —8.8651*** 0.4676 2007:04 2011:04 7
Slovakia —6.2186*** 0.5739 2008:03 2011:02 6
Slovenia —6.2401*** 0.8090 2009:04 - 3
Spain —4.1751** 0.8348 2008:02 2009:01 0
Sweden —6.6750*** 0.9764 2007:01 2011:04 7
UK —4.6180** 0.9961 2005:03 2011:03 4

Note: *(**, ***) denote significance at the 10% (5%, 1%]gnificance level® the Schmidt and Phillips (1992);
T -test statistics is reported.

Source:Author’s calculation.

C8. Determinants olp andDown Breaks (Luxembourg as benchmark)

Variable UP BREAKS DOWN BREAKS

Mean difference p-value | Obs. Mean difference p-vae | Obs.
GDP per capita 325.3362 0.0000 29 —70.1222 04328 2 |1
Government
expenditures 0.0678 0.6266 29 0.9256 0.0229 12
Household
expenditures —-0.9495 0.0125 29 0.7932 0.0844 12
Gross fixed capital
formation —1.0258 0.1908 29 —3.7937 0.0037 12
Exports 8.4013 0.0000 29 4.5987 0.0060 12
Imports 6.0927 0.0000 29 2.3251 0.1579 1
Exports + imports 14.4940 0.000( 29 6.9238 0.0186 2 1
Exports — imports 2.3085 0.0034 29 2.2735 0.09p5 12
Terms of trade 0.0018 0.642( 29 —0.0047 0.43P8 12
GDP deflator 13.7094 0.0000 29 7.5397 0.00%22 12
NEER 2.6836 0.0225 29 0.0071 0.9375 1p
REER 2.5621 0.5235 29 -1.7184 0.3018 12
Unit labour cost 6.7151 0.0004 29 2.4769 0.0150 12
ESI —1.7040 0.3871 27 —4.4271 0.0619 ik

Note:NEER — Nominal effective exchange rate; REER - B#ective exchange rate.
Source:Author’s calculation.



