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Introduction

Ever since the Sala-i-Martin’s and Barro’s and Mangt al.’s well recog-
nized studies (see e.g. Barro & Sala-i-Martin, 198003; Mankiwet al,
1992), the issue of income-level convergence hamdauge popularity in
the literature. The two most common concepts ofveoyence were pro-
posed:3 convergence (when less developed countries graterfahan
more developed ones) amdconvergence (when income differences be-
tween economies decrease over time). A number dhods have been
developed which enable for empirical verificatiohether the process of
convergence is actually taking place, starting wiith cross-section based
Barro regression as the most popular techniqueettegttles for the verifica-
tion of thep convergence hypothesis.

However, parallel to the classical definitions andthods of analysis,
the concept of stochastic convergence has beeretiwdly and empirical-
ly developed in the literature. With the graduavelepment of panel data
based stationarity tests, the range of tools availbor empirical analysis
has rapidly increased. and there are currently nomsetools that allow to
verify empirically the existence of so called stastic convergence. Its
idea, dating from the early nineties and descritdlgt in such papers as
Bernard & Durlauf (1995), is to define convergemeethe basis of time
series rather than — as in the case of the mostigaddpconvergence — cross
section, though recently both concepts have beeousty developed due
to the popularity of panel data studies. Contraryhe3-convergence-type
thinking, in which it is the current situation atiee recent influence of the
lagged GDP on current growth, in the case of s&tahaonvergence it is
the expected value of future differences betweenGBP levels in differ-
ent countries that are taken into account. In #eeavhen there is stochas-
tic convergence, the basic concept is to expectiffierence between the
level of development to be zero in the infinitedimorizon.

All the concepts of convergence are interrelatenlvéler, they should
be tested separately and treated as complemetitugr than substitutive.
Since they require different estimation methods, résults need not be the
same. For example, as Bernard & Durlauf (1996)ciau, time series tests
are based on a stricter notion of convergence tharcross-section tests;
hence, under certain assumptions, the cross-set#&ia can spuriously
reject a no-convergence hypothesis while time-seests do not.

Our analysis covers the 28 European Union coun{fi&#?8) and the
1994-2013 period. We examine the stochastic convergehttee individu-
al countries toward the EU28 average per capita &€& as well as be-
tween the pairs of the individual countries (byraxkang 378 pairs).
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A new element of our analysis is the extensiorhef ¢lassical concept
of stochastic convergence. The stochastic conveegemplying that GDP
differences against the group average or betweennttvidual countries
diminish over time, is called the absolute stodbhasinvergence. However,
as in the case of tlfeconvergence, we extend this approach for condition
convergence because there are many factors of miomgpowth and it is
difficult to assume that all the countries tendtibe same steady state.
Namely, we adjust the GDP time series by elimirgathe impact of select-
ed economic growth determinants to account forfaleethat the countries
are not homogenous in terms of economic growthofacfThe analysis of
stochastic convergence on the adjusted-GDP timessir the core of the
concept of stochastic conditional convergence. ABdts are used to test
for stationarity of the series of differences betwe¢he GDP of a consid-
ered country and mean GDP of the considered gréumuntries (as in
Bernard & Durlauf, 1995), however, ADF tests argoalised in the Pe-
saran’s (2007) procedure of testing stationaritthefseries of GDP gaps in
each possible pair of countries from the considgredp. The GDP series
might, though, not converge due to serious divergiands caused by dif-
ferent values of GDP growth factors in differentiosies. That is why we
follow by checking the existence of conditionalc$tastic convergence by
first estimating a panel-data-baspdconvergence equation. We use the
estimates of parameters on the growth factorsitoire@te their influence
from the GDP growths of different countries anddal by reconstructing
the GDP level series, applying tleteris paribusrule with regard to the
considered growth factors. We then repeat the abegeribed procedures
of Bernard & Durlauf and Pesaran with the seriemfivhich the influence
of the growth factors has been eliminated.

There are a lot of empirical studies on cross srati3 ando conver-
gence. Abretet al (2005) found an enormous number of 1650 empirical
articles on convergence. MatkowsHi al. (2013) present a wide review of
empirical studies on convergence for the EU coestriThe studies in
which stochastic convergence is analyzed appesuifieguently in the lit-
erature, although they are by no means scarce.

For instance, Bernard & Durlauf (1995) reject tivesence of stochas-
tic convergence in the whole group of the 15 OEQDntries over the
1900-1987 period, but find substantial evidence for camrtrends (small-
er samples of European countries did not conveeifedr). Pesaran (2007)
examines both the output and growth stochastic exgance among the
world countries from 1951 to 2000 (the number airtdes for some sub-
periods exceeds 100) concluding that there is ripublconvergence and
the findings of convergence clubs in the literatoright be spurious, but
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there is significant evidence of growth converger@ier studies in which
stochastic convergence (in a different operatiéorath) was tested with the
use of time-series techniques for various groupsoohtries include: Cu-
flado & Pérez de Gracia (2006) for African countri€sristopoulos &

Ledn-Ledesma (2008) for the OECD countries; Cungziill) for the

OPEC countries; Evans & Kim (2011) for the Asiamumies. Stochastic
convergence was also examined in the regional xbhye Kane (2001) for
the U.S. regions; Lau (2010) for Chinese regioms} be Pen (2011) for
European regions. However, we have not seen ititénature the study in
which the stochastic convergence for the whole Egi28p was examined
in the way adopted here.

The paper is composed of four sections. The netiosediscusses the
research methodology by presenting the concepbsdlate and condition-
al stochastic convergence. The further sectionrdescand discusses the
results. The last section concludes the paper.

Method of the Research

Let InGDP;, represent the logarithm of the GDP of couritriyn period
(year)t. We can then state that countiiesdj converge stochasticalljf

limy o (INGDP; ¢4, — INGDP; 4 |I;) = 0, (1)

where I; represents the set of information available atetimand the
InGDP;, throughout the paper is the natural logarithmhafith country’s
GDP per capita (at purchasing power parity at @md/S$) in yeat. The
econometric way to see and test for the above i®tice that for the for-
mula (1) to be fulfilled, a co-integrating vectd, [-1] is required for the
seriesinGDP;; and InGDP;,. Suppose we are testing for convergence in
the bivariate case of countrieandj. That requires computing the gap se-
ries

dGDP,j; = InGDP, — InGDP;, )

! This definition is quite strict — Bernard & Durfa(i995), among others, also define a
more liberal concept of common trend in bivariatenuiltivariate output, whose special case
is the exact stochastic convergence. That requireglacing formula (1) with
limy o, (INGDP ¢ 11 — YINGDP; 11 |1;) = 0.



On the Use of Panel Stationarity Tests in..81

and testing for the stationarity of tHéDP;; series. Usually a variation of
the ADF test would be used here, though Pesarad7j{28mong others
discusses also the KPSS-type tests as the powkDeftests is questiona-
ble especially in the case of short series.

Should a group of — potentially — converging comstrinclude more
than two of them, two main options are availablgai& following Bernard
& Durlauf (1995) and most other research, one e fior convergence
replacing the series of gaps between two countugsut (2) with the series
of gap between th&nGDP;, and its mean in a group of considered coun-
tries:

dGDPL"t == lnGDPL',t - lnGDPt, (3)

while the definition of stochastic convergence Wbuld now be replaced
with

limy 0 (INGDP; ¢, — INGDP,y i |1,) = 0. (4)

Pesaran (2007), however, points out the weaknessalf a procedure
and suggests a modified approach for the multiter@ase. Its core in
a group ofN countries is to check for stationarity of gap eerilefined as
(2) for every possible pair of countries, that s &ll the N(N-1)/2 non-
redundant cases. With the support of simulatiodiesy Pesaran argues for
the efficiency of such a procedure and points bat if we apply the ADF-
type tests of stationarity and assume certain lef/significancex, then if
there is no convergence in the considered growprdfection rate of the
null hypothesis shall asymptotically tendato

In this paper, we analyze the convergence of teemof the 28 EU
countries. The annual series of data start in Z8#finish in 2013. Both
the convergence to mean (as in (4X,...,28) and pairwise convergence
(asin (1),i,j=1,...,28) are analyzed. An ADF test is used witlingle lag
in each of the equations (we check that it is sigfit to eliminate the — in
most cases slight — autocorrelatiord6DP;; . anddGDP; . respectively).

In the analyses of th@ convergence it is common to consider two types
of it: the absolute and the conditional convergende suggest a similar
approach in the field of stochastic convergencer@hs a possibility that
the series ofnGDP of certain country would not be converging due to

2 In the case of common trends instead of the sitmthastic convergence, the test of
trend-stationarity would be used instead and théntegrating vector would need to be

[11'y]'
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reasons other than autonomous. Namely: the flowhgkical as well as
human capital and technical thought would makeitverge if it were not
for the values of certain growth factors. As anrepke, let us suppose that
the government of the country does everything itld¢dn order to convert
it in an autarchy, which naturally also limits thew of technical thought.
Let us further suppose that the government consamps$ excessively
high. It might be that unless these two factorsvelb down the conver-
gence process, the country would be heading towhedsest of the consid-
ered group, but as the two abovementioned growttors play a highly
negative role, the convergence of the pure seffida@P would not be
observed. In order to overcome this issue, we me@malyzing the con-
vergence of the series of adjusta@DP. The proper correction that should
be applied consists in eliminating the influencetl@ (non-homogeneous
across countries) growth factors that distort #wees. The procedure that
we suggest is the following.

As the first step, we estimate a Barro-type modebEDP convergence
as in Prochniak & Witkowski (2013). The functiorfatm of the estimated
model is

AlnGDPlt - a’i + ﬂolnGDPi’t_l + xl‘ltﬁ + Sit, (5)

whereg; is the individual effect of-th country,B, is the -convergence
parametery;; is the vector of the growth factors whffeis the vector that
covers their influence on the GDP growth and final, represents the
error term. The model itself is estimated and ssEctional data are used,
while a minor transformation is applied in the casepanel-data-based
analysis (Préchniak & Witkowski, 2014).

In this paper, the convergence of the EU28 grougoissidered in the
1994-2013 period. We thus have a panel with annual easens and the
Blundell and Bond’s system GMM estimator is usedufBell & Bond,
1998). Given the economic sense and data availglite following varia-
bles are considered as economic growth determinants
- log of lagged GDP per capita (at purchasing povagity at constant

US$);

— investment (% of GDP) v,

— general government consumption expenditure (% dP{sEyov_cons
— openness rate ((exports + imports)/GDRpen

— current account balance (% of GDPjab;

- inflation (annual %) -nfl;

- log of fertility rate (births per woman)fert;

— population growth (annual %)pep_gr,
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— population ages 15-64 (% of totalpep_15 64
- log of life expectancy at birth (years)ife;
- log of population, total pop.

The last two variabledife andpop) are further eliminated in the step-
wise regression procedure and they are not includtte final model.

The aim of this study is not to explain fully theusces of economic
growth. Instead, the aim is to include in the GDBwgh regression the
factors that from the theoretical and empiricalnpaif view are the most
important determinants of both the pace of econogrmwth and the
steady-states to which the individual countriestareling. The choice of
control variables is based on our earlier studref oonvergence and eco-
nomic growth determinants. The set of variablesuithes typical and sig-
nificant factors of economic growth, but of cours® all the possible time
series. The variables that represent populatioacisp- mainly responsible
for human capital —fért, pop_gr, pop_15_64life, pop) are treated as ex-
ogenous, while all the remaining are allowed tcebhdogeneous, which is
based on the economic knowledge and/or intuitiothis manner: the vari-
ables assumed to be exogeneous are not likely tependent on the eco-
nomic growth in short time horizon themselves, whie why we do not
decrease efficiency of the estimator by allowingjitendogeneity.

Once the model (5) is estimated, the estimAtase known. Now in the
second step, the vector &finGDP;; for eachi=1,... N can be modified so
as to constitute

AInGDP,, = AInGDP;, — (x}, — X" B, (6)

where thex , represent average values of all the consideredthréactors
throughout the sample in periad

In the third step, the modifiethGDP series are created for each of the
considered countries. In each of the cases, théfisdderies is defined as

1EDP InGDP;; t=1 ;
P =\ 1nGDP,,_, + AnGDP, t=2,...,T. (7)
Naturally, should a group of countries be homogeredn the sense of
the values of growth factors across countuwgsin each of the periods
t=1,...,T, the properties of thénGDP;; would be the same as of the
InGDP;;.. However, they are obviously not, thus while theaute stochas-
tic convergence (1) or (4) might not take place, télative convergence,
defined as
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limy e (INGDP, ¢ — INGDP, ¢4 |I;) = 0 (8)

if Bernard and Durlauf’s type of procedure is apglor as

limy ey (InGDP, 11 — INGDPy|l; ) = 0 (9)

if Pesaran’s type approach is applied might occur.
As a last step we apply the same ADF test witmglasilag in order to
test for stationarity of the series of

dGDP;y = InGDP;; — InGDP, (10)
in the Bernard and Durlauf’s type of approach or
dGDP;;, = InGDP;; — InGDP;,, (11)

in the Pesaran’s type of approach. Rejecting tHe hwpothesis of non-
stationarity of the series (10) or (11) would sugginat the considered
economies converge stochastically in the conditisense, while the
stronger case of rejection the non-stationarityotiyesis of (2) or (3) would
suggest the existence of absolute stochastic cgemee. The empirical
results of the above described procedures are @ivitie next section.

Results

The results of testing the stochastic absolute em@@nce hypothesis are
presented in Tables 1 and 2. Table 1 refers ta@dhneergence toward the
EU28 average per capita income level while Tabtererns the pair-wise
catching-up process.

Table 1. Results of stochastic absolute convergence tovwer&EU28 income level

Converging countries p-value
Cyprus 0.1

The table includes only the countries that exhibitenvergence, i.e those for which GDP devia-
tions against the EU28 average were stationary. fd3Fwith a single lag and a constant is used.

Source: own calculations.
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It turns out that the studied countries did noeadw in general — very
strong stochastic convergence tendencies. Taltewssthat Cyprus is the
only country that converged toward the EU28 avelageme level. For
the other 27 countries, the null hypothesis indtationarity test could not
be rejected at the 10% significance level. In theecof Cyprus, the null
hypothesis was rejected, meaning that the devetbiCyprus’s GDP from
the average EU28 per capita income are stationagning the existence of
convergence.

The confirmation of stochastic absolute convergdac&yprus is very
difficult to be unambiguously explained. To soméeex, it may result from
the fact that Cyprus is a small island countryeltenomy is influenced by
a lot of external factors and it exhibits stochastinvergence towards the
average GDP per capita in the EU28 group. Howewneralso cannot ex-
clude that this is a spurious result — the more¢hsd some other similar
countries, like Malta, did not exhibit this typeadnvergence.

These findings shed new light on the catching-upc@ss of the EU
countries, and should be treated as complementattyet other studies on
convergence, based on different concepts and methiddmely, while
most cross-sectional studies prando convergence confirm the existence
of the catching-up process inside the enlarged fi&ao Union, in the case
of stochastic convergence the results are leseeidhis difference con-
stitutes the value added of this analysis and eaexplained as follows.

First, the lack of stochastic convergence toward EtU28 average in-
come may result from the fact that the EU group'srage GDP is created
by a number of countries which are homogenous énldhg-run perspec-
tive, but in the short run they may reveal difféareconomic growth paths.
Hence, due to a differentiated influence of EU meralon the current pace
of economic growth of the whole group, the aver@@¥ per capita for the
whole group does not match well that for the indiisl countries.

Second, it is also likely that the stronger catghip tendencies would
be observed towards only Western Europe ratherttt@EU28 as a whole.
This hypothesis would require testing the EU15 gagita income level or
the weighted average EU28 per capita GDP as tleeerafe point (in the
latter case, the impact of the CEE countries oratlezage would be much
smaller and in the case of some small CEE countridike the Baltics,
Cyprus or Malta — even negligible).

Third, the lack of stochastic convergence may tdsoim the fact that
the individual countries tend toward the best pengrs (like Luxembourg)
or the biggest economies (like Germany, Franc&iirand not toward the
EU28 average. To verify this hypothesis, the pagewconvergence should
be tested, which will be done in the next stephefanalysis.
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Fourth, it is likely that the lack of stochasticneergence results from
the fact that the convergence is analyzed in abséodums (on the basis of
non-adjusted GDP per capita time series). In cefittamay be expected
that the catching-up process occurs conditionalty wiegard to different
steady-states to which the individual countriestaraling. This view will
be assessed in the next steps, when the condistoaiastic convergence
is examined.

The results of pair-wise stochastic absolute cayemee are reported in
Table 2. Table 2 lists the pairs of countries fdichk the stochastic conver-
gence has been confirmed. The results are symmee@ning that if coun-
try A is converging towards country B, country Balso converging toward
country A. The results of pair-wise convergencedneet be similar to
those towards the EU28 as already described; h@nseyorth to analyze
both of them.

Table 2. Results of pair-wise stochastic absolute convergenc

No. Country Countrieswith which a given country
isconverging
1 Austria Germany, Ireland, Malta
2 Belgium Ireland
3 Bulgaria Estonia, Latvia, Lithuania, Poland, Slagak
4 Croatia Germany, Hungary, Slovenia
5 Cyprus -
6 Czech Republic -
7 Denmark Ireland
8 Estonia Bulgaria
9 Finland France, Germany, Ireland
10 France Finland, Ireland, Spain, UK
11 Germany Austria, Croatia, Finland, Ireland, MaSayeden
12 Greece -
13 Hungary Croatia, Ireland
Austria, Belgium, Denmark, Finland, France, Germa-
14 Ireland ny, Hungary, ltaly, Luxembourg, Malta, Netherlands,
Portugal, Spain, Sweden, UK
15 ltaly Ireland
16 Latvia Bulgaria
17 Lithuania Bulgaria
18 Luxembourg Ireland
19 Malta Austria, Germany, Ireland
20 Netherlands Ireland
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Table 2 continued

No. Country Countrieswith which a given country
isconverging
21 Poland Bulgaria
22 Portugal Ireland
23 Romania -
24 Slovakia Bulgaria
25 Slovenia Croatia
26 Spain France, Ireland
27 Sweden Germany, Ireland
28 UK France, Ireland

p-value of 0.1 is assumed in stationarity tests. AB§t with a single lag and a constant is
used.

Source: own calculations.

In the studied group of countries, the pair-wisewergence, like the
convergence toward the EU28, is not very strorgeei Only 8.2% of the
total number of pairs of countries turned out tcstagistically significant at
the 10% significance level (see: Table 6). Basetherresults, it is possible
to identify pairs of countries for which we candiarguments that the re-
sults are not spurious. Nevertheless, one shoulidenthat the share of
rejected null hypotheses in the ADF tests is lotian the assumed signifi-
cance level, which might also mean that the atthnesults lay within the
frame of test error and despite their economicibEngterpretation, they
actually are econometrically spurious. The mostartgnt findings from
the analysis of Table 2 — which should still beetakvith some caution
— are the following.

The best performer in terms of the stochastic albsatonvergence is
Ireland. This country exhibited stochastic convaoge with 13 Western
European countries (Austria, Belgium, Denmark, &iol, France, Germa-
ny, Italy, Luxembourg, Netherlands, Portugal, Sp&iweden, and UK) and
two new EU members (Hungary and Malta). The faat the Irish econo-
my catches up with Western Europe is logical. hidlaas strong trade and
capital links with Western Europe and this is ohé&e sources stimulating
convergence tendencies of the Irish economy towlaedother Western
European countries.

Some neighboring countries with close economicslialso confirm the
existence of stochastic convergence. This referisoth Western Europe
and the new EU member states. As regards the WieBtaopean coun-
tries, convergence has been evidenced in the ¢asestria and Germany
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(two neighboring countries with the same languagkdose links), France
and Spain as well as France and UK (Spain and \@Kkher two neighbors
of Francé) and UK and Ireland (countries closely linked wathong histor-
ical, political, and economic ties). As for the CE&untries for which the
convergence can be economically justified, we qamwrate Croatia and
Slovenia (two former Yugoslav-republics) and — tesser extent — Croatia
and Hungary (due to a common border).

Looking at the results of the absolute stochagtitvergence some ques-
tions arise. Firstly, why Cyprus is the only coyritrat exhibited stochastic
convergence toward the EU28 average per capitanedevel? Secondly,
why the pair-wise convergence was not evidencethén case of some
countries which should catch up due to evidenbhisl, cultural, political,
institutional, and economic relationships (like tbeech Republic and Slo-
vakia, the Baltic states, Spain and Portugal, e Sbandinavian countries)?

To address these questions, it is worth to exteadanalysis for condi-
tional convergence. The lack of convergence in semgent cases may be
caused by the fact that Tables 1 and 2 refer toatismlute catching-up
process. Cross-sectional studies rronvergence indicate that absolute
convergence does not show the full picture of endogrowth paths of the
examined countries. The main argument is that thumtcies tend to differ-
ent steady-states because the process of econoowthgis multidimen-
sional and there are numerous factors affectingateeof economic growth
that need not be equally distributed among the idensd countries. It is
thus worth to verify the idea of conditional stosti@ convergence, which
is our new concept of the analysis.

In the case of stochastic conditional convergemee adjust the GDP
time series for each country from the impact of ¢gineen country’s eco-
nomic growth determinants. The adjustment is madenlg on the empiri-
cal model of economic growth. Initially, as desedbin the previous sec-
tion, 10 variables were considered as economic thyraleterminants (and
the initial GDP per capita level being thé"Mariable). On the basis of the
stepwise regression, two variables (life expectaanog the number of
population) were eliminated due to statisticalgngficance. As a result, the
final model of economic growth encompasses 9 egtay variables (in-
cluding initial GDP).

Table 3 shows the estimation results of the finaldei of economic
growth, which is used to adjust GDP per capita tdmges for the analysis
of conditional stochastic convergence. The modetmgiin Table 3 is esti-

3 The UK is treated as the northern neighbor dua twmmon maritime border with
France.
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mated with the use of the Blundell and Bond (1998)M system estima-
tor with the volume of GDP per capita in the cutrpariod being the ex-
plained variable. It should be emphasized, thabalgh the functional form
of the model includes the current GDP (and notliange) as the depend-
ent variable and the lagged (initial) GDP as tragependent variable, it is
equivalent in its functional form to the typicalt@eonvergence “Barro
regression” (Barro and Sala-i-Martin, 1990) as ioded (5) and the trans-
formation is due to the required instrumentalizatio the panel data ver-
sion of the model (see Préchniak and Witkowski 20414 for details)
while the convergence parameter can be attaindtleaparameter on the
lagged (initial) GDP per capita decreased by one.

Table 3. The model of economic growth used to adjust GDRviraates for the
stochastic conditional convergence

Explanatory variable Coefficient t-statistics p-value
Initial GDP per capita 0.9732 288.94 0.000
Inv 0.0060 21.83 0.000
gov_cons —0.0012 -2.90 0.004
Open 0.0001 5.18 0.000
Cab 0.0017 6.41 0.000
Infl —0.0001 -5.19 0.000
Fert —0.0308 -2.89 0.004
pop_gr —0.0065 -5.25 0.000
pop_15_64 —0.0037 —4.44 0.000
Constant 0.4315 7.18 0.000

Dependent variable: GDP per capita in the curramtod. Estimator: Blundell and Bond
GMM system estimator.

Source: own calculations.

This model is generally correct from the econormd atatistical point
of view. All the variables are statistically sigondnt (-values less than
0.01). The coefficient standing on initial inconsdess than 1, meaning that
in the standard untransformed economic growth maakkl the change in
output as the dependent variable, the coefficiarnhitial income would be
less than zero. Hence, the model confirms the engst of cross-sectional
conditional3 convergence (i.e. a negative relationship betwheninitial
income level and the subsequent growth rate). tmegs, trade openness
and current account balance are the variablethag a positive impact on
GDP growth while inflation, government consumptigopulation growth



90 Mariusz Prochniak, Bartosz Witkowski

and fertility rate have a negative impact on thaatgics of output. These
results are in line with the theoretical structuraddel. In the case of the
share of population aging 15-64, the estimatedficomfit is negative and
this outcome has weaker economic background.

The results of testing the conditional stochasticvergence hypothesis,
based on the adjusted GDP figures, are presentédhbles 4 and 5. Their
structure is the same as that of Tables 1 and 2.

Table 4 shows the results of conditional stochasiitvergence toward
the EU28 average per capita income level. Nowctrevergence has been
evidenced for more countries than in the case sblake convergence. In
conditional terms, four countries were catchingstgchastically: Croatia,
Cyprus, Germany, and Ireland. As it can be se¢er, aftroducing adjusted
GDP time series, the number of converging couninesased. Among the
countries that caught up, we can distinguish magesipheral small econ-
omies, namely Croatia, Cyprus, and Ireland. To semtent, this can be
explained by the fact that small countries tendhéomore open and more
dependent on other economies, and it is for thesree#o bridge the gap
toward the average income of a given internatiamghnization. This is
only our presumption, because the group of conmgrgountries also in-
cludes Germany, i.e. the biggest EU economy. Irtrast) the Germany’s
catching-up process may result from the fact that higgest economies
determine the reference point to which the whotaugris tending and that
is why they are also converging to this point.

Table 4. Results of stochastic conditional convergence tdwhe EU28 income
level

Converging countries p-value
Croatia 0.01
Cyprus 0.1
Germany 0.1
Ireland 0.05

The table includes only the countries that exhébitenditional convergence, i.e. those for
which adjusted GDP deviations against the EU28amemwere stationary. ADF test with
a single lag and a constant is used.

Source: own calculations.
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Table 5. Results of pair-wise stochastic conditional coneexge

No. Country Countriestoward which a given country
isconverging
1 Austria Croatia, Finland, Ireland, Sweden, UK
2 Belgium Croatia, Finland, Ireland, Netherlands, iBpdK
3 Bulgaria Estonia, Latvia, Lithuania, Poland, Slagak
4 Croatia Austria, Belgium, Germany, Hungary, Luxenntgp
5 Cyprus -
6 Czech Republic Ireland
7 Denmark Ireland
8 Estonia Bulgaria
9 Finland Austria, Belgium, Germany, Ireland, Luxemimp
10 France Ireland
11 Germany Croatia, Finland, Ireland, Malta, Sweden
12 Greece -
13 Hungary Croatia, Ireland
Austria, Belgium, Czech Republic, Denmark, Finland,
14 Ireland France, Germany, Hungary, Italy,_ Luxembourg, Mal-
ta, Netherlands, Portugal, Slovenia, Spain, Sweden,
UK
15 ltaly Ireland
16 Latvia Bulgaria
17 Lithuania Bulgaria
18 Luxembourg Croatia, Finland, Ireland
19 Malta Germany, Ireland
20 Netherlands Belgium, Ireland
21 Poland Bulgaria
22 Portugal Ireland
23 Romania -
24 Slovakia Bulgaria
25 Slovenia Ireland
26 Spain Belgium, Ireland
27 Sweden Austria, Germany, Ireland
28 UK Austria, Belgium, Ireland

Notes as in Table 2.

Source: own calculations.

Table 5 indicates that the pair-wise conditionakkastic convergence
inside the studied group is stronger than the absalonvergence. At the
10% significance level, 10.1% of all the pairs ofiotries caught up while
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in the case of absolute convergence this share st©8.2% (see: Table b).
The country that exhibited the strongest pair-wés@vergence is again
Ireland. The Ireland’s per capita GDP caught ughwhiat of the 17 coun-
tries, two more than in the case of absolute cajerase: 13 Western Euro-
pean economies (Austria, Belgium, Denmark, Finldfidnce, Germany,

Italy, Luxembourg, Netherlands, Portugal, Spaine&en, and the UK) and
4 new EU member states (the Czech Republic, Hungéadta, and Slove-

nia).

Among the Western European countries, numerousetgimg partners
were recorded also by Germany (Austria, Croatialafid, Ireland, Malta,
Sweden) and France (Finland, Ireland, Spain, UKdtn@&ny and France
are the two largest EU economies (according t@2€1et total GDP at both
current exchange rates and purchasing power ®ritteis thus likely that
these countries reveal a large impact on econoroiety paths of the other
EU members and that is why they have relatively yrm@mverging neigh-
bors. As regards the new EU member states, theefiggumber of con-
verging partners had some peripheral economieselyaBulgaria (5 coun-
tries), Croatia, and Malta (both 3 countries).

Just like in the case of absolute convergences, dso possible to find
some pairs of countries exhibiting conditional batg up where the con-
vergence has strong historical, political, and eosic background. This
refers to Austria and Germany, Croatia and SlovelRiance and Spain,
France and UK, as well as Ireland and UK. Howeseme other theoreti-
cally evident cases (like the Baltics or the Scaadian countries) have not
been converging in pairs.

Finally, a robustness analysis to check how thaltesire affected by
introducing different significance levels can befpened. Table 6 shows
the share of converging pairs of countries forttiree significance levels:
p = 0.01, 0.05, and 0.10, while the last figure besn adopted in the main
analysis in Tables 2 and 5. Thegsealues refer to the stationarity tests
where the null hypothesis assumes that both timiessare non-stationary,
that is they are not converging. Hence, the coriiom of convergence
requires the rejection of the null hypothesis. Tower thep-value, the
lower number of rejected null hypotheses, and tveet number of con-
firmed pairs of converging countries. Indeed, untiher basicp-value of
0.10, 8-10% of total examined pairs of countriekilgited stochastic con-
vergence. At th@-value of 0.05, the share of converging countrés fto

4 Theoretically, the pairs showing absolute convecgeshould also reveal conditional
convergence. However, when examining empirical fiatséhe real economies such a situa-
tion need not hold due to, inter alia, the naturé assumptions of quantitative methods in
macroeconomic modelling.
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6-7%, while atp = 0.01 it falls to 4-5%. That means that in mosses,
except the low 0.01 significance level, the rateejdction in the tests does
not differ much from the assumed level of significa. Following the ra-
tionale of Pesaran (2007), such a result in asytigptmnditions would
suggest no converging tendencies. The number ef pieniods in the sam-
ple is quite far from the number that would allos/ta treat the conditions
as asymptotic, nevertheless, all in all we shodlchiaa failure to find any
well palpable converging tendencies.

Table 6. Robustness tests: the share of converging paiceowftries at different
significance levels

-value Pair-wise absolute Pair -wise conditional
P stochastic convergence  stochastic conver gence

0.01 4.5% 5.0%

0.05 6.3% 7.1%

0.10 8.2% 10.1%

The total number of different pairs is (28x28 —/28) 378. ADF test with a single lag and
a constant is used.

Source: own calculations.

Summing up, our analysis shows that the processochastic conver-
gence in the EU countries is not as widespreati@sross-sectional stud-
ies onp or o convergence indicate. Even if we extend the arsatgsexam-
ine conditional stochastic convergence (the origapgproach proposed by
the authors of this study), the number of conveyginonomies or pairs of
countries rises but not as much as it could be @gdefrom the cross-
sectional studies. These results also confirm hleeretical Bernard’'s and
Durlauf's (1996) view that time series tests arsdobon a stricter notion of
convergence than cross-section tests.

This analysis gives new insights into the natureecbnomic growth
paths of the examined countries. The results ibelitaat our concept of
conditional stochastic convergence is a good itteshows a broader pic-
ture of economic growth tendencies than the absaanvergence hypoth-
esis and it has been worth to examine it. Howether methods of analyz-
ing conditional stochastic convergence requirehterttheoretical develop-
ments and empirical applications to check the rivtass of the results.
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Conclusions

The study examines the concept of stochastic cgemee in the EU28
countries over the 1994-2013 period. The stocha&stivergence means
that the expected value of future differences betwdne GDP per capita
levels in different countries is zero in the infeitime horizon. In the paper,
the convergence of individual countries’ GDP papitzatoward the EU28
average per capita income level and the pair-wise@&rgence between the
GDP of individual countries are both analyzed. didiion to the standard
Bernard’'s & Durlauf's (1995) and Pesaran’s (200f)raach, we introduce
our own concept of conditional stochastic convecgewhich is based on
adjusted GDP per capita series to account for mheact of the other
growth factors on GDP. To test for stationaritytleé series of differences
between the GDP of a considered country and meaR @&Dthe whole
group as well as differences of the GDP of the ¢eontries, ADF tests are
used.

The analysis shows that the process of stochasticergence in the EU
countries is not as widespread as the cross-setstundies o8 or o con-
vergence indicate. Even if we extend the analysiexamine conditional
stochastic convergence, the number of convergimmaies toward the
EU28 group’s mean GDP rises from 1 to 4 and theesbé converging
pairs of countries rises from 8.2% to 10.1%; tkistill not as much as it
could be expected from the cross-sectional studies.

It should be noticed that the empirical conclusiamghis type of re-
search rely strongly on the validity of the tested: It thus seems natural to
consider, as an extension, the use of differens tefsstationarity — or di-
rectly the tests of co-integration — in the progedénother problem is the
introduction of structural breaks which could beseived, for example, at
the time of the recent financial crisis. Finallyyen the conclusion of very
doubtful convergence processes throughout EU, lplgssome conver-
gence clubs should be considered. We leave theeaissues for future
research.
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