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Introduction

Divergences in in‡ation rates could lead to imbalances in real interest rates, since the policy rate is the
same for all the euro area countries.1 These disparities among the member states’in‡ation rates could
be exacerbated further by circular patterns. For instance, when a country’s economic activity is relatively
weak then low in‡ation rates are observed and thus real interest rates increase, which in turn contribute
towards in‡ation divergence. There is an argument which supports the claim that in‡ation di¤erentials
within euro-area countries increased in magnitude since the start of the third Stage of the Economic and
Monetary Union (EMU) in 1999. The implication of that (if true) could lead to di¢ culties not only in the
…eld of the common currency but also in the production of the proper and harmonious macroeconomic
policies for the individual countries. Moreover, diversi…cations among the Eurozone countries may occur
due to the Balassa-Samuelson e¤ect (Balassa, 1964; Samuelson, 1964), which states that dissimilarities
exist among the countries’relative productivity of tradable and and non-tradable sectors.
Since 1999 (with the implementation of Stage three of EMU), the elimination of the national stabilizers
made euro-area economies vulnerable to economic shocks. Hence among others, relative prices and
wage ‡exibility became extremely important factors in order to sustain the balance among the euro-area
countries. In‡ation di¤erentials could be a part of this adjustment procedure and not the obstacle to
economic policy (ECB, 2003). Thus, it is not surprising that in‡ation convergence within the Eurozone
countries has attracted a great deal of attention over the last twenty years, and that quite a few studies
have addressed this issue.
In this paper we analyze the process of in‡ation convergence among the EMU countries by considering
the stationarity properties of in‡ation di¤erentials. Contrary to the studies examined so far (with a few
notable exceptions, see for example, Busetti et al., 2007 and Lopez and Papell, 2012), we investigate
whether the introduction of the euro currency has made any di¤erence in this process. We use twelve
EMU countries and taking advantage of the third stage of EMU mentioned before we split the sample
into two parts. The …rst subsample consists of the period before the introduction of the common currency
(that is 1980-1997) and the second subsample commences after the birth of the common currency, namely
1998-2013.
We consider whether in‡ation rates in the EMU countries converge using four testing procedures:
Some recently developed panel unit root tests, pairwise unit root/stationarity tests on bilateral in‡ation
di¤erentials, a clustering algorithm to identify stability sub-groups using multivariate stationary tests,
and a Bayesian pairwise convergence framework. These procedures allow us to consider whether the
in‡ation convergence process di¤ers for the early accession countries and the late accession ones. Our
analysis will attempt to answer three distinct questions regarding the dynamics of national in‡ation rates
in the euro-area. The …rst two are whether convergence actually occurred by 1997 as required by the
Maastricht criteria for joining the EMU, and did the Exchange Rate Mechanism (ERM) support the
stability process? And the third, if yes, was in‡ation convergence among the Member States sustained
during the post-euro period?
We use the four alternative methodologies to address all three issues. Firstly, we employ some recently
developed panel unit root tests, among others the ones proposed by Karavias and Tzavalis (2014, 2015).
Since due to globalization there is high dependence among economies, we also investigate the stationarity
properties using the testing procedure, which takes into account cross-sectional dependence (CSD)-see
also Arestis et al., 2014.
Secondly, we utilize univariate unit root and stationarity tests. We test the hypothesis of absolute
convergence, that is, whether or not in‡ation di¤erentials were converging to zero, …rst by the launch
of the common monetary policy (pre-euro period) and, second, whether they tended to drift away from
zero in subsequent periods (post-1997 period). As pointed out by Busetti et al. (2007) for detecting
absolute convergence, it is appropriate to run unit root and stationarity tests without intercept terms,
otherwise their lower power might provide spurious evidence for the no convergence hypothesis in the
case of unit root tests and for stability in the case of stationarity tests. We also investigate whether or
not the in‡ation rates of the twelve EMU countries were converging relatively by applying univariate unit
root and stationarity tests, which take into account breaks.
1 As pointed out by Busetti et al. (2007) di¤erences in real interest rates are e¤ective on private consumption and might
be relevant for investment expenditure depending on the degree of market integration.
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A middle way between the panel and univariate unit root/stationarity methodologies could help us
reveal the degree of heterogeneity among the European countries. Thus, thirdly, following Busetti et al.
(2007) we employ an algorithm developed by Hobjin and Franses (2000) in the context of multivariate
stationarity tests, which allows us to identify separate clusters of countries or convergence clubs for the
pre-1998 and post-euro periods in terms of either absolute or relative convergence. Fourthly, we also
consider an alternative approach for robustness purposes. In particular, we employ the methodology of
Arakelian and Moschos (2008) for testing pairwise relative convergence in the presence of transitional
dynamics, which is a ‡exible approach as it allows the parameters (both in the mean and the variance)
of the underlying process to change over time.
Finally, in the spirit of Conrad and Karanasos (2015a), we show that in time series models with
in-mean e¤ects, and in the presence of structural breaks (either in the mean or in the variance) time
varying persistence will be transmitted from the conditional variance to the conditional mean. Conrad
and Karanasos (2015b) demonstrate that in the presence of volatility spillovers, if this transmission
mechanism is ignored, unit root tests will fail to indicate a unit root (and hence, in the case of in‡ation
di¤erentials falsely reject the null hypothesis of divergence). Preliminary simulation results in Canepa
and Karanasos (2015) indicate that the additional presence of transitional dynamics will increase the
severity of the aforementioned problem, in other words it will exacerbate the size distortion of the unit
root tests.
The results of the panel unit root tests show that, for both the pre-1998 and post-euro periods, the
stationarity hypothesis seems to hold even when CSD is accounted for. This means that some di¤erentials
are stationary and therefore there might be clubs of countries which have been in the process of converging
absolutely or relatively. The results of the univariate unit root/stationarity tests for both periods show
that all in‡ation rates, that is, not only the in‡ation rates of the countries that joined the ERM from the
beginning but those that joined at a later stage (Spain, Portugal and Greece) as well, displayed strong
relative convergence (and for the post-1997 period absolute as well) with each other. However, for the
pre-euro period, regarding absolute stability, the stationarity tests provide weak overall evidence and the
unit root tests provide moderate evidence for the pairwise contrasts that include one early and one late
accession country.2
Having obtained mixed evidence in favor of convergence using the univariate testing procedure, next,
by employing the clustering algorithm we are able to identify separate stability clubs. For example,
as regards absolute convergence, for the pre-euro period we statistically detect three separate ‘early
accession’ sub-groups made up of: i) France and Germany, ii) Finland and The Netherlands, and iii)
Austria, Belgium and Luxembourg. For the post-1997 period there is a high degree of absolute stability
among the in‡ation rates of i) Germany, Austria, Belgium and Luxembourg, and ii) France and Finland,
all of which are early accession countries. As regards relative stability the sub-group of Austria, Belgium
and Luxembourg is detected in both periods, while for the post-euro period The Netherlands forms a
cluster with Germany and Finland. For the rest of the countries/cases we …nd evidence of divergent
behavior. In general, the evidence produced by the Bayesian framework points in the same direction as
the one of the clustering algorithm. Speci…cally, the decline in the mean is achieved in …ve out of the six
pairs (for both the pre-1998 and post-euro periods) of the Austria, Belgium, Luxemburg sub-group, and
for all three pairs (for the post-1997 period) of the Germany, The Netherlands and Finland cluster.
The remainder of the paper is organized as follows. Section 2 reviews the previous literature on
the topic. Sections 3 and 4 describe the panel econometric methodology and the data, respectively. In
the next Section we report the empirical results and discuss them within the concept of whether or not
ERM promoted the convergence process between Eurozone in‡ation rates even before 1997 (as claimed
by the European Commission, 2014), and of whether or not these in‡ation rates remained stable after
the implementation of the common currency. The last Section summarizes and concludes.
2 This

result might be due to either non stationary behaviour or to di¤erent underlying means.
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Literature Review

Quite a few studies have addressed the issue of in‡ation convergence within the Eurozone countries.
Some studies, including Engel and Rogers (2004), Busetti et al. (2007), and Rogers (2007) concluded
that in‡ation rates among euro-area countries converged in the mid-1990s. In contrast, some studies,
including Engel and Rogers (2004), Rogers (2007) and Fritsche and Kuzin (2011), agreed that in the
post-1997 period there is a weakening of in‡ation convergence among the euro-area countries (see Lopez
and Papell, 2012).
De Grauwe (1996a) stressed that convergence of in‡ation rates between countries participating in
the European Monetary System (EMS) occurred even before the Maastricht Treaty of 1992 and that
the claims of the treaty for further in‡ation convergence in the following years were very strict and
narrow (a point that would be di¢ cult to be achieved by some countries). In another study, DeGrauwe
(1996b) argued that in‡ation di¤erentials continued to decrease after the signing of the Maastricht Treaty.
However, he concluded by suggesting that EMU should focus its e¤orts on the e¢ ciency of the monetary
institutions and not on convergence criteria.
Koµcenda et al. (1997) based their research on two pillars. The …rst one attempted to ascertain if there
is any convergence between in‡ation rates among the European Union (EU) countries and the second
if the ERM promoted such a convergence process. To answer these fundamental questions, Koµcenda et
al. (1997) employed quarterly data for a group of EU and non-EU countries under the panel unit root
econometric framework. The empirical results promoted the idea that in‡ation convergence among the
EU countries did indeed exist. Moreover, countries that belonged to the narrow ERM group appeared to
have greater convergence properties than those that were not a member.
Busetti et al. (2007), by applying univariate and multivariate unit root and stationarity tests on
monthly in‡ation data for the period 1980-2004, tried to shed light on the in‡ation convergence issue
among the EMU countries. By splitting their sample into two periods, the one before (1980-1997) and
the other after (1998-2004) the implementation of the common currency, they attempted to …nd out
…rstly, whether or not the in‡ation rates of the Eurozone countries converged by 1997, and secondly
if stability among the member countries in‡ation rates was achieved during the post-euro period (such
questions are going to be answered in this paper as well). Their empirical evidence suggested that ERM
did indeed contribute towards convergence between in‡ation rates in the pre-1998 period. However, there
was some kind of a divergent pattern after 1997. In particular, they distinguished three convergence clubs
quantitatively: a low in‡ation sub-group with Germany, France, Belgium, Austria, Finland; a medium
club with Italy, The Netherlands and Luxembourg; and a high in‡ation sub-group with Spain, Portugal,
Greece and Ireland. For the rest of the pairwise contrasts/countries they …nd evidence of divergent
behavior.
Cavallero (2011) studied the in‡ation convergence properties for twelve EU countries, covering a
period from 1979 to 2006, by applying the distribution dynamics econometric approach. The baseline
results reported that convergence took place but with not the same pace over time. Similarly, Estrada et
al. (2013) argued in favor of in‡ation convergence among Eurozone countries covering a period from 1985
to 2012. However, their results question the contribution of the EMU in that direction (of convergence)
and the boost that it o¤ered.
Lopez and Papell (2012) proposed a new procedure that increases the power of panel unit root tests
when used to study group-wise convergence. For the EU11 and EU10 group of countries (which include
the twelve countries under investigation in the present paper-see the next Section- excluding Greece and
Ireland respectively) they found the strongest degree of in‡ation convergence for the entire period studied
(1979-2010). However, their results for the EU12 group showed a weaker degree of in‡ation convergence,
even weaker after the …nancial crisis of 2007-2008.
Lastly, Arestis et al. (2014) examined whether or not countries with di¤erent monetary policies
(i.e. in‡ation and non-in‡ation-targeting) experienced in‡ation convergence. Using quarterly data from
1990 to 2011 for eleven in‡ation and eleven non-in‡ation targeting countries (the majority of the latter
were EMU member states) and employing the unit root techniques developed by Pesaran (2007a) (such
techniques are going to be implemented in this paper as well) they showed that convergence in in‡ation
rates occurred in both groups regardless of their monetary policy orientation.
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Panel Testing

To test whether in‡ation convergence has taken place between two countries we need to test whether the
series of in‡ation di¤erentials are stationary or not. Denote xit the in‡ation of country i at time j: Then
in‡ation convergence has occurred when the series
yti;j = xit

xjt ;

i; j = 1; :::; n; i 6= j

is stationary. To test for convergence in all the in‡ation di¤erentials, [the total number is de…ned to be
N = n(n 1)=2]; we need to test whether all are stationary. This can be done by either panel unit root
tests or by panel stationarity tests. For the yti;j series we assume the typical structure of an AR(1) model:
yti;j = a + (

1)yti;j 1 + "i;j
t :

where a is a parameter denoting the mean of yti;j ; captures the rate of convergence, with divergence
occurring when = 1; and "i;j
t is the innovation process. There are two types of convergence that may
have occurred; absolute convergence which implies that < 1 and a = 0 or, in other words, that the
stationary di¤erence of the two in‡ation rates is on average 0. The other one is relative convergence,
which implies that < 1 and a 6= 0. This more realistic mode occurs when the di¤erence between the
two in‡ation rates is stationary but on average not zero. This can happen because of increasing costs of
convergence or because of barriers to absolute convergence due to country heterogeneity.
In this paper we focus on in‡ation convergence among the twelve (that is, n = 12 and N = 66)
countries of the EMU. The …rst hypothesis of interest is whether there has been absolute convergence in
all the countries or not. Denote yd;t the di¤erential d at time t where d = 1; :::; N; then all series together
can be written in panel data form as
yd;t = ad + (

1)yd;t

d

1

+ "d;t ;

d = 1; :::; N

where ad are the individual intercepts. Absolute convergence occurs when d < 1 and ad = 0 for all
di¤erentials and relative convergence when d < 1 for all di¤erentials and ad 6= 0 for some of them. To
test these hypotheses we employ a battery of panel unit root and stationarity tests.
Particular emphasis will be placed on the panel unit root test of Karavias and Tzavalis (2015). To test
whether the di¤erentials are integrated of order one or stationary, we need to take into account some data
characteristics. First, structural changes might have occurred which have changed the means or linear
trends of the series (but not their order of integration). Some suspicious events that may have resulted in
these types of breaks include the German reuni…cation in 1989 and the European Union Treaty in 1993.
Second, shocks to in‡ation may last more than one quarter, meaning that the errors are serially correlated,
something typical in time series data. Finally, there might be systematic factors between the di¤erences in
in‡ation, such as shock contagion between neighbouring countries where a neighborhood may be described
either by a geographical or an economic measure of distance. To address these issues we employ the very
general panel unit root test of Karavias and Tzavalis (2015), which allows for multiple structural breaks,
serial correlation and CSD. The test has some further very attractive robustness properties that suit our
analysis: a) the dates of the breaks can be unknown, b) the CSD structure need not be decided by the
researcher and c) the time dimension is not assumed in…nite, which improves the small sample properties
of the test.
Speci…cally, the model considered is
y

=

SX
b +1

(j)

eT

a(j) + ; and

j=1

= '

1

+ u,

where Sb is the number of breaks in the individual e¤ects ad , and y; ; and u are N T 1 vectors of
(j)
the data and the error terms d;t and ud;t : a(j) is the N 1 vector of broken individual e¤ects, ad ; i.e.
(1)
(2)
for Sb = 1; a are the individual e¤ects before the break and a are the individual e¤ects after the
(j)
break. The break is common to all units but its magnitude may be di¤erent. eT is a T 1 vector whose
5

(j)

elements are de…ned as follows: eT t = 1 if j 1 < t
j and 0 otherwise, where j is the date of a
break and 0 = 1 while Sb +1 = T: With we will denote dependence on the date of the break. The
within groups estimator which is employed is given by '
^ ( ) = (y 0 1 Q( ) y 1 ) 1 (y 0 1 Q( ) y) where Q( ) is
the within groups transformation matrix which purges the broken individual e¤ects. Unfortunately, this
estimator is shown to be inconsistent, i.e.:
p lim '
^(

)

N

b(
d(

1

)

= 0;

)

where b( ) =d( ) is the bias of the estimator, which is a function of the number and position of breaks, the
form of serial correlation and the type of spatial dependence. Karavias and Tzavalis suggest estimating
this inconsistency and subtracting it from '
^ ( ) : This can be done in a simple linear way utilizing a
non-parametric error component variance estimator, which is able to reproduce the time and spatial
characteristics of the error terms. The corresponding Z ( ) statistic is based on a doubly modi…ed estimator
(DME) given by
d
( )
^
1 ! N (0; 1)
Z ( ) V ( ) 1=2 d^( ) '
DM E

for the case of known break dates and by
min Z (

d

1 ;:::; Sb )

!

1 ;:::; Sb

minN (0; )
1 ;:::; Sb

( )
for the case of unknown dates. d^( ) = (1=N ) y 1 Q( ) y 1 and V ( ) is the variance of d^( ) '
^ DM E : The
limiting distribution of min 1 ;:::; Sb Z ( 1 ;:::; Sb ) can be described as the minimum of a …xed number of
correlated normal variables with correlation matrix : Because this matrix cannot always be consistently
estimated the paper proposes the application of the bootstrap.
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Data

In this paper we study the level of convergence of in‡ation rates among the countries of the EMU covering
a period from 1980 to 2013. The main data source is Datastream. The data we employ consist of quarterly
and monthly log-di¤erences of the Consumer Price Index (CPI), log(CP It =CP It 1 ), for each individual
country.3 Busetti et al. (2007) distinguish the group of countries into two categories, low in‡ation
countries (i.e., Germany, France, and Austria) and high in‡ation ones (i.e., Spain, Portugal, and Greece).
Further, we divide the countries into two alternative categories, that is the early accession countries (i.e.,
Germany, France, The Netherlands, and Italy) and the late accession ones: Spain, Portugal and Greece
(see Tables 1 and 2 below).
Table 1. Adoption of ERM
Year of adoption

1979 (Early Accession)
1995; 1996
1989; 1992; 1998 (Late Accession)

Countries
Belgium, France, Germany, Ireland, Italy,
Luxembourg and The Netherlands
Austria and Finland, respectively
Greece, Portugal and Spain respectively

Notes: Austria and Finland are included in the early accession category,
see Busetti et al. (2007) for more information and Table 2 below.

Table 2. Classi…cation of European countries
Category 1-ERM
Early accession
Category 2-ERM
Late accession
3 The

Austria, Belgium, Finland
France, Germany, Ireland
Italy, Luxembourg, The Netherlands
Greece, Spain, Portugal

results from the monthly data set are not reported since they are very similar to those from the quarterly data.
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Under the Maastricht Treaty of 1992 among others the EU began the journey towards economic
and monetary union. In particular, this policy consisted of three stages. The …rst stage liberalised the
movement of capital (starting date January 1, 1990), the second stage (January 1, 1994) provided the
principles for convergence between the Member States’economic policies and the …nal one pre-established
a deadline (January 1, 1999) by which the creation of a single currency and the foundation of an ECB
should be initiated. Taking advantage of the third stage mentioned before we split the sample into two
parts. The …rst sub-sample consists of the period before the birth of the common currency, that is
1980Q1-1997Q4 and the second sub-sample commences after the launch of the euro currency, namely
1998Q1-2013Q4 (see Figures B1 and B2 in the aditional Appendix):
Before analysing our results we would expect that the in‡ation convergence between the countries
that adopted the ERM from the beginning would be stronger. From the graphs in Figure B1 we can
notice that the di¤erential between countries’in‡ation rates and their average diminishes through time as
we approach the introduction of the common currency. The latter holds especially for the countries that
belong to the core of the ERM (countries that adopted it from the beginning), i.e., Germany, France,
Italy (see Table 1 above). In addition, the case of Austria and Finland follows the same pattern. In
particular, the gap between in‡ation rate and the euro-area average is becoming shorter and shorter
especially after their accession to the ERM (Austria, 1995 Finland, 1996). As far as Spain and Portugal
is concerned it is clear from the graphs that the rates of in‡ation were starting to de-escalate after 1989
and 1992 (dates of incorporation in the ERM). Only in the case of Greece does the di¤erential between
its in‡ation rate and the average not seem to decline dramatically. However, in total we could say that
the implementation of the ERM led European in‡ation rates to lower levels and possibly (at least for
some sub-groups of countries) to convergence, see Figure B1. Finally, a point worth mentioning is that
the countries in category 1 report in‡ation rates that are below the euro-area average (the descriptive
statistics are presented in Tables B1 and B2 in the additional Appendix).
We will consider the stationarity properties of in‡ation di¤erentials between countries and interpret
the presence of stationarity as evidence of convergence. A similar strategy was followed by Busetti et
al. (2007) and Arestis et al. (2014). We would like to address three di¤erent questions regarding the
in‡ation convergence behavior of the euro-area countries. The …rst two are, did the convergence occur
by 1997 as required by the Maastricht criteria for joining the EMU? and if yes, did the ERM (see Table 1
above for more details) support the convergence process? The third one is did the Member States sustain
convergence during the post-euro era?

5
5.1

Empirical Results
Panel Tests

In this Section, we wish to test for joint stationarity of all in‡ation di¤erentials. The reason for this is
that it might be the case that a single or multiple time series may not be powerful enough to reject the
null hypothesis (see Sections 5.2-5.4 below). We conduct both panel unit root and stationarity tests.
For the unit root tests, the null hypothesis of divergence is H0 : = 1; i.e, all di¤erentials are unit root
processes against either H1a : i = < 1 for all i or H1b : i < 1 for all i; depending on the type of the
test used. Here we employ a variety of tests whose properties are summarized in the following table. The
tests below are the panel unit root tests of: Im et al. (2003), or IPS, Levin et al (2002), or LLC, Harris
and Tzavalis (1999), or HT, Breitung and Das (2005), or BD, Pesaran (2004, 2007b), or CADF, Karavias
and Tzavalis (2014, 2015), or KT14 and KT15 respectively.
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Table 3. Panel Unit Root/Stationarity Tests.
Test
Alternative Asymptotics
CSD Breaks
IPS
H1b
T; N ! 1; seq.
No
No
LLC
H1a
N=T ! 0
No
No
HT
H1a
T f ixed
No
No
BD
H1a
T; N ! 1; seq.
Yes
No
CADF H1b
T; N ! 1; joint Yes
No
KT14
H1a
T …xed
No
Yes
KT15
H1a
T …xed
Yes
Yes
Notes: T and N denote the sample size and the number of countries
respectively. CSD means cross sectional dependence.

First, we test for the null hypothesis of a unit root using the panel unit root tests with no constant.
The results are reported in Panels A of Tables 4 and 5 (for more details see Tables A1 and A2 in the
additional Appendix). For this case we can see that all tests reject the null hypothesis at 1% level. This
means that some di¤erentials are stationary and therefore there might be clubs of countries which have
been in the process of converging absolutely. This result holds …rmly for both the pre-1998 and post-euro
periods.
When testing for the null hypothesis of unit root/stationarity using panel unit root/stationarity (i.e.,
the KPSS) tests with constant but with no breaks the results (not reported) are mixed. One reason for
why this is the case could be structural breaks in the intercepts of the series. This means that there is
stationarity but the level of this stable relationship changed at one or more points in time. However,
when we apply the KT14 and KT15 tests for various break speci…cations we …nd evidence of stationarity
for both pre-euro and post-1997 periods (see Panels B in Tables 4 and 5 respectively). We favor the
results of the KT15 test, which are more general and, for the pre-1998 period, we …nd that there might
be one or two breaks late in the sample. For the post-euro period we detect one or two breaks sometime
in the middle of the sample.
Table 4. Panel unit root tests-Pre Euro Period
Statistic

Panel A
BD
BD CSD
LLC
HT
CADF

Panel B
KT14(1)
KT15(1) CSD
KT15(2) CSD

Signi…cance
Level

Breakpoint 1

Breakpoint 2

Panel Unit Root Tests (No Constant)
12:55
1%
2:74
1%
13:07
1%
18:68
1%
3:56
1%
Panel Unit Root Tests with Breaks
151:63
1%
1997:01
110:79
1%
1994:02
113:76
5%
1994:03
1995:03

Table 5. Panel unit root tests-Post Euro Period
Statistic

Panel A
BD
LLC
HT
CADF

Panel B
KT14(1)
KT15(1) CSD
KT15(2) CSD

Signi…cance
Level

Breakpoint 1

Breakpoint 2

Panel Unit Root Tests (No Constant)
16:35
1%
17:31
1%
54:19
1%
4:31
1%
Panel Unit Root Tests with Breaks
241:48
1%
2013:01
47:08
1%
2005:02
56:35
1%
2005:02
2008:01
8

Since due to globalization there is high dependence among economies, we also investigate the stationarity properties using the testing procedure, which takes into account CSD (see also Arestis et al.,
2014). As shown in Tables 4 and 5, for both periods and all tests under investigation [BD CSD, CADF,
KT15 (1) or (2) CSD] the results suggest that the stationarity hypothesis seems to hold when CSD is
accounted for. In other words, the application of cross-sectional panel unit root testing procedures leads
to the same conclusions as before. The null hypothesis of a unit root is rejected both in the pre-euro and
the post-1997 periods.

5.2
5.2.1

Univariate Tests
Pre-Euro Period

Although the whole panel of the series has the advantage of increased power, as a robustness check we
look into the time series properties of each di¤erential by performing the pairwise testing approach. That
is, we use univariate unit root and stationarity tests in order to investigate the behavior of European
countries’ in‡ation rates before the birth of the euro currency, 1980Q1-1997Q4. In particular, we will
apply unit root tests, namely, Augmented Dickey Fuller (ADF), Zivot-Andrews (ZA), and LumsdainePapell (LP) tests, and stationarity tests, namely KPSS tests.
ADF TESTS WITH NO INTERCEPT
Regarding the principal …ndings from the pairwise contrasts, for the pre-euro period we report our
results in Table 6 (and in more detail in Table A3 in the additional Appendix). 4 The pairwise constrasts
include the 9 countries in category 1: Germany (GE), France (FR), Italy (IT), The Netherlands (NE),
Austria (AU), Belgium (BE), Finland (FI), Luxembourg (LU), and Ireland (IR), and the three countries
in category 2: Spain (SP), Portugal (PT) and Greece (GR), see Table 2 above. Similarly to Busetti et
al. (2007) we ordered the countries based on their GDP weights in the euro-area. The analysis of the
results will group the in‡ation di¤erentials into three di¤erent groups. The …rst two consist of pairwise
contrasts including countries only from either category 1 or from category 2 (36 and 3 pairs respectively).
The third group incorporates in‡ation di¤erentials between one country from category 1 and one from
the second category (27 pairs). Thus in total we have 66 pairs.
By testing the time series properties of di¤erentials in each group, we are able to examine whether
there is in‡ation convergence within each of the three groups. In other words, apart from convergence
within each category (that is, N = 36 for group 1 and N = 3 for group 2), it is of interest to explore any
pattern of convergence considering both early and late accession countries as a single group, i.e. when
the countries are grouped together irrespective of when they adopt the ERM (that is, N = 27 for group
3).
For group 1 the null hypothesis (H0 : No absolute convergence) is rejected in 35 out of 36 cases, and
in all three cases for the narrower group 2. In other words, as far as the early accession countries are
concerned, under the null of unit root the percentage of rejection is 97% whereas for the late accession ones
it is 100%. These results provide clear evidence of in‡ation rates (absolute) convergence among either the
early or late accession countries. For the in‡ation di¤erentials of group 3, the …ndings are much weaker
concerning the support of the absolute convergence hypothesis. The percentage of rejections reaches only
37% as only 10 out of 27 pairwise di¤erentials are found to be stationary.
Our …ndings show that in the majority of the cases absolute convergence actually occurred by 1997
and that the ERM accelerated the convergence process between the countries that joined the mechanism
from the beginning despite the fact that countries that became part of the ERM at a later point su¤ered
from in‡ation rates which were higher than the average (see also Figure B1 for graphical representation
above and Table B1 in the additional Appendix). These results are in line with those in Busetti et al.
(2007).
4 The ADF tests with no intercept are displayed in the …rst three columns of Table A3 and are jointly labeled ADF no
intercept. The …rst column reports the in‡ation di¤erentials, the second the ADF statistic and the third one the power of
the rejection of the null hypothesis (using three alternative signi…cance levels: either 1% or 5% or 10%). Rejection of the
null indicates that the two in‡ation rates are in the process of converging.
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Table 6. Unit Root and Stationarity Tests. Pre-euro Period

Rejection Rates
Group 1 Group 2 Group 3
Panel A-Unit Root tests
ADF
Zivot-Andrews
Lumsdaine-Papell

97%
97%
86%

100%
100%
100%

37%
100%
93%

78%
0%
8%

100%
0%
0%

81%
0%
15%

Panel B-KPSS tests
KPSS-no intercept
KPSS-1 break
KPSS-2 breaks

Notes: Each entry in Panels A and B shows the percentage rate
of rejection of the null hypothesis at either 1% (in the case of
the KPSS tests) or 5% or 10% level of statistical signi…cance.

Given the fact that we consider all possible di¤erentials, a potential problem that may be raised is
that of CSD (see Arestis et al., 2014). Such issues, however, can be circumvented by performing the CDS
test proposed by Pesaran (2007a). Therefore, for robustness test purposes we also use a pairwise testing
procedure developed by Pesaran, which takes into account all pairwise di¤erential combinations and the
existence of CSD- the so called cross sectional ADF tests or CADF, see also Arestis et al., 2014. The
results (not reported) are very similar to those of the ADF tests.
ZA TESTS WITH ONE BREAK
Table 6 also reports the baseline results when we use the ZA unit root tests, which allow for one break
in the intercept (for more details see the three columns jointly labeled ‘ZIVOT-ANDREWS’in Table A3
in the additional Appendix). The results for the …rst two groups are very similar to those from the ADF
unit root tests. Speci…cally, for the …rst group in 35 out of 36 cases or 97% of the pairwise contrasts, and
in all 3 cases for group 2, we face rejection of the null hypothesis at a very high statistical signi…cance
level (in the majority of the cases at 1%).
The breakpoint date for group 1, in 10 out of 36 cases, is either the second or the third quarter of 1983
(see the last column of the three ones jointly labeled ‘ZIVOT-ANDREWS’in Table A3 in the additional
Appendix). During that year unemployment rates continued to rise, reaching 18.5 million or nearly 11%
of the labor force a number more than triple the rate in 1973. European in‡ation rates started to slow
down and this was because of the rise in the commodity prices, with the exemption of oil, which fell by
15% in dollar terms from its 1982 level. However, despite the deceleration in in‡ation rates there appears
to have been disparity among the EU members. Countries belonging to the north had in‡ation rates
lower than the European average while the Mediterranean south experienced higher in‡ation rates than
average. Finally, an appreciation of the US dollar was another reason responsible for the slumberous
recovery of the European economy (see Ostry, 1983).
The results for group 3 are also in favor of relative convergence in all 27 cases and at a high statistical
signi…cance level (1% in most of the cases). The estimated breakpoint for group 3, in 13 out of 27
pairwise contrasts (and for the three cases of group 2), is either the …rst or third or fourth quarter
of 1985. During that year events of great importance took place, such as the signing of the Schengen
Agreement, the agreement between the Member States of European Communities concerning Spain and
Portugal’s accession into the European Community and …nally the adoption by the latter of the European
symbols such as the European Flag.5
In sum, within all three groups in‡ation seems to converge relatively.
5 Information regarding the history of the EU was obtained from the following link: http://europa.eu/about-eu/euhistory/index_en.htm.
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LP TESTS WITH TWO BREAKS
The third row of Panel A in Table 6 reports, for the …rst period of examination: 1980Q1-1997Q4, the
results for the LP unit root tests, which allow for two breaks in the intercept instead of one as is the case
of the ZA unit root tests (for more details see Columns 7-9 in Table A3 in the additional Appendix). In
order to interpret the results we use the same classi…cation as before, namely groups 1 and 2 consist of
in‡ation di¤erentials between countries that belong in the …rst category and between those of category 2,
respectively (i.e. GE-FR and SP-GR, respectively) and the third group incorporates pairwise contrasts
with one country from the …rst category and one from category 2, i.e. GE-SP. For all three groups,
with the exception of eight pairwise contrasts that include Ireland, the null hypothesis of no relative
convergence is rejected.
As far as the breakpoint estimation is concerned results from the LP tests (similarly to the ones from
the ZA tests) report that for the early accession countries the breaks occur more frequently (in 16 out of
36 cases, see Table A3 in the additional Appendix) during 1983, and in 22 out of 36 cases during 19931994. Following the rati…cation of the Treaty on European Union by several Member States’parliaments
in 1992, on the 29st of October 1993 the European Council agreed that the second stage of EMU would
come into force by January the 1st 1994. Three days later, on the 1st of November 1993 the Treaty on
European Union was launched and at the end of the same year representatives of the states attending
the Uruguay’s Round negotiations signed an agreement, namely the General Agreement on Tarifs and
Trades (GATT) in Switzerland marking a new chapter in the history of international trade. The new
year (1994) brought Greece at the helm of EU. Stage II of EMU commenced and the European Monetary
Institute (EMI) is established. The agreement establishing the European Economic Area (EEA) came
into act as well.
For the late accession countries the two more frequent structural breaks occur in 1985 and 1990 in 9
and 10 out of 30 cases, respectively. During 1985 legislative elections were held in Greece, strengthening
measures (towards the EMS) were undertaken by the Committee of Governors of the Central Banks, and
Spain and Portugal signed the accession treaties with EU.
After the fall of the Berlin Wall in 1989, a European Council was held in Dublin in Ireland on the 28th
of April 1990. The Council decided on a joint deal with the issue of the German reuni…cation and on the
Community’s relationships with the countries of the Former Eastern Bloc. A month later the agreement
establishing the European Bank for Reconstruction and Development (EBRD) was signed in Paris of
France. The main purpose of this agreement was to provide …nancial assistance to Central and Eastern
European countries. Two weeks later, on the 19th of June 1990, the Schengen Treaty, which eliminated
border controls among its Member States was signed by Belgium, The Netherlands, Luxembourg, France
and Germany. Finally, the …rst phase of the EMU commenced. Four Member States (namely Spain,
Portugal, Greece and Ireland) were given a special regime status.
To sum up, using three di¤erent unit root tests (namely, ADF, ZA and LP) we tried to capture
the European in‡ation rates behavior before the adoption of the euro currency, covering a period from
1980Q1 to 1997Q4. The results showed that the ERM accelerated the (absolute or relative) convergence
process, especially between the countries that joined the mechanism from the beginning, that is 1979.
However, there is moderate evidence of absolute convergence for the third group, which incorporates
in‡ation di¤erentials between one country from category 1 and one country from the second category.
For the late accession countries deviations from the ERM policies led to higher in‡ation rates, which were
above the average (see Table B2 in the additional Appendix).
KPSS TESTS
The results of the stationarity tests with either no intercept or with intercept (and with either one or
two breaks) on the pairwise contrasts are displayed in Panel B in Table 6 (for more details see Table A4
in the additional Appendix). As regards the KPSS tests with no intercept for group 1 the null hypothesis
of absolute stability is rejected at 1% signi…cance level in 28 cases out of 36, and in all three cases for
group 2 (alternatively 78% and 100% of the cases respectively). Similarly for group 3 the null hypothesis
is rejected at 1% signi…cance level in 22 out of 27 cases or 81% of the in‡ation di¤erentials. Thus in
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contrast with the ADF tests there is very weak evidence of absolute stability (in only 8 pairs of group 1
and 5 pairs of group 3). 6
As regards the KPSS tests with one break for all the three groups, the null hypothesis of relative
stability is not rejected in all cases (66) of the in‡ation di¤erentials. Table 6 also reports the results for
the KPSS test, which allows for two breaks in the intercept instead of one (for more details see columns 79 in Table A4 in the additional Appendix). For group 1 the null hypothesis is rejected (at 1% signi…cance
level) in only 3 out of 36 cases or 8% of the in‡ation di¤erentials. For groups 2 and 3, the rejection levels
were 0% and 15% (in 4 out of 27 cases) accordingly. In sum, there is strong evidence for relative stability
in the pre-euro period.
To conclude, using three di¤erent KPSS tests we tried to explore whether the in‡ation di¤erentials
were stable or not from 1980 to 1997. The results (from the KPSS test with no intercept) indicate weak
absolute stability, but those provided by the KPSS tests with one and two breaks suggest that there is
strong relative stability and, therefore concur with the ones from the ZA and LP tests (for the breakpoint
analysis see the additional Appendix).
5.2.2

Post-Euro Period

In this section we use stationarity tests in order to assess whether the behavior of European countries’
in‡ation rates was stable or not after the adoption of the common currency, 1998Q1-2013Q4, see Figure
B2. For convergence purposes we also run unit root tests without intercept (ADF tests) and with intercept
and either one or two breaks (ZA and LP tests, respectively). Results are reported in Table 7 below. In
other words, we consider the stationarity of each di¤erential through the use of unit root/stationarity
tests.
KPSS TESTS WITH NO INTERCEPT
The results of the stationarity tests with no intercept on the pairwise contrasts are displayed in the
…rst row of Panel A in Table 7 (for more details see columns 1-3 in Table A5 in the additional Appendix).
For groups 1 and 2 the null hypothesis (of stability) is rejected at 1% signi…cance level in only 4 out of
36 and in 1 out of the 3 cases respectively (alternatively 11% and 33% of the cases). Similarly for group
3 the null hypothesis is rejected at 1% signi…cance level in only 6 out of 27 cases or 22% of the in‡ation
di¤erentials. Therefore there is strong evidence of absolute stability.
Table 7. Unit Root and Stationarity Tests. Post-euro Period

Group 1
Panel A-KPSS Tests
KPSS-no intercept
KPSS-1 break
KPSS-2 breaks
Panel B-Unit Root Tests
ADF
Zivot Andrews
Lumsdaine Papell

Rejection Rates
Group 2
Group 3

11%
0%
0%

33%
0%
0%

22%
0%
0%

100%
100%
97%

100%
100%
100%

93%
96%
100%

Notes: Each entry in Panels A and B shows the percentage rate
of rejection of the null hypothesis at either 1% (in the case of
the KPSS tests) or 5% or 10% level of statistical signi…cance.

KPSS TESTS WITH ONE BREAK
The second row of Panel A in Table 7 reports, for the subsample: 1998Q1-2013Q4, the baseline
results when we allow for one break in the intercept (for more details see the three columns jointly
labeled ‘KPSS-ONE BREAK’in Table A5 in the additional Appendix). As shown in the …rst Panel of
6 This

might be because the European in‡ation rates were in the process of converging but they were not yet stable.
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Table 7 the percentage of rejections is 0% in all the three groups. That is, the null hypothesis of relative
stability is not rejected in all 66 cases.
The more frequent breakpoint for group 1 (in 8 out of 36 cases) occurred during 2008 (especially in the
…rst and second quarter). From late 2007 the global …nancial crisis began to appear. In the …rst quarter
of 2008 Ireland, Finland and Portugal showed signs of recession. It was not until a few months later that
the …nancial crisis erupted, a¤ecting the European economy and causing the European sovereign-debt
crisis of the following years.
Regarding the breakpoint estimates for groups 2 and 3 (for more details see columns 4-6 in Table A5
in the additional Appendix) these seem to appear (in 13 out of 30 cases) either in 2011 (the last three
quarters) or in 2012 (the …rst three quarters). During these years the European Parliament adopted a set
of measures to support the European economy (Euro Plus Pact), Greece endorsed a package of austerity
and structural reforms in an attempt to reduce the country’s growing debt and the European Stability
Mechanism inauguration was signed with an ability to lend up to 500 billion Euros to Eurozone countries
that were severely a¤ected by the crisis. In addition, in July and October of 2011 the EU approved a
solidarity package with Greece amounting to 109 billion Euros and Eurozone Leaders agreed on a strategy
plan to promote sustainable growth, …scal consolidation/tighter cooperation and assistance to countries
facing …nancial and other di¢ culties. To sum up, it was not until January of 2012 that the European
Council agreed on a tighter system of governance that would be able to supervise the member states
towards …scal discipline and apply sanctions when it is necessary. With the Greek issue still active, Euro
area ministers of …nance agreed on a second programme (on 21st of February 2012) in order to avoid
a Grexit from the Eurozone. As a response to the crisis, EU leaders promoted actions in June 2012 to
restore investors’con…dence in the European Economy by adopting the "Compact for Growth and Jobs".
KPSS TESTS WITH TWO BREAKS

Table 7 also reports the results for the KPSS tests, which allow for two breaks in the intercept instead
of one (for more details see Columns 7-9 in Table A3 in the additional Appendix). The application of
the KPSS testing procedure with two breaks leads to the same conclusions as with the KPSS test, which
allows for only one break. That is, for all the three groups, the null hypothesis is not rejected (at 1%
signi…cance level) in all 66 cases. Thus, as in the KPSS tests with one break, there is very strong evidence
of relative stability.
For group 1 the majority of the …rst breakpoint estimates (in 8 out of 36 cases) occurred during
the period 2000-2002. In particular, after three years of benign macroeconomic environment (1996 to
1999), in‡ation rates began to rise in 2000 as a result of the higher oil and commodity prices (EC, 2000).
Following the Council’s meeting in late 2000 in Nice, an amendment to the Treaty on European Union
was introduced in February 2001 by establishing the European Community (the well known Treaty of
Nice). Later the same year (in December) the Eurozone citizens could buy euro coins and from the 28th
of February 2002 euro was the only currency among the twelve member countries (the dual circulation
period came to an end). The majority of the second breaks (in 21 out of 36 cases) occurred in 2006
(housing bubble in United States, which triggered the subprime mortgage crisis of 2007-2009) and in the
years 2010 and 2011 (European sovereign debt crisis).
The results for groups 2 and 3 (see Table A3 in the additional Appendix) suggest that the majority
of the cases (in 8 out of 36 cases) for the …rst break took place during the period 2001-20047 and for
the second break (in 23 out of 30 cases) in either 2008 or 2010 or 2011, re‡ecting the beginning of the
…nancial crisis and the European sovereign-debt crisis.
To conclude, using three di¤erent KPSS tests, we tried to explore whether the in‡ation di¤erentials
were stable after the adoption of the common currency in 1998. The KPSS tests with no intercept in the
post-1997 period reject the null hypothesis much less frequently than those in the pre-euro period. Thus
we provide strong evidence of absolute stability. When we employ the KPSS test with either one or two
breaks all European in‡ation rates appear to move relatively harmoniously after the introduction of the
euro. Thus the in‡ation di¤erentials are characterized by relative stability since the null hypothesis is
7 On May the 1 st 2004 the biggest enlargement in the history of Europe took place with the accession of 10 new countries,
namely Cyprus, the Czech Republic, Estonia, Hungary, Latvia, Lithuania, Malta, Poland, the Slovak Republic and Slovenia.
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not rejected in all 66 cases. In other words, there is strong evidence that the European in‡ation rates
remained relatively stable after the adoption of the common currency for all the three groups despite the
recent …nancial crisis of 2008/2009.
ADF, ZA and LP TESTS
The unit root tests on the pairwise contrasts with either no intercept or with intercept (with one or two
breaks) are displayed in Panel B in Table 7 (for more details see Table A6 in the additional Appendix).
Using the ADF tests with no intercept, for the …rst two groups (which consist of pairwise contrasts
including countries only from either category 1 or category 2, respectively) the null hypothesis is rejected
in all 39 (36+3) cases, that is the empirical evidence establishes that the in‡ation di¤erentials have
remained (absolutely) converged among the two subsets of the European countries: the early accession
countries and those of the late joiners category. The third group incorporates pairwise contrasts that
involve one country from the …rst category and one from the second category (see Table 2 above).
This group seems to have been a¤ected positively by the new currency since the (absolute) convergence
percentage rate increases to 93% (28 out of 30 pairwise contrasts) from 37% in the pre-euro period.
Panel B in Table 7 also addresses the results from using the ZA unit root tests on the pairwise
contrasts and allowing only for 1 break in the intercept for the subsample: 1998Q1-2013Q4. For this test
the results from the three groups in all 66 cases but one strongly reject the null hypothesis of no relative
convergence (in the majority of the cases at 1% signi…cance level). Finally, Panel B of Table 7 summarizes
the results of the LP unit root tests on pairwise contrasts, allowing for two breaks in the intercept. For
the early accession countries (group 1) the rejection rates reached 97% of the cases (in comparison with
86% for the pre-euro period), that is 35 out of 36 cases, whereas for the pairwise contrasts of groups 2 and
3 the rejection of the null occurred in all cases (in comparison with the 93% for the pre-1998 period) of
the pairwise contrasts. The results are in line with the ones provided by the ZA test (for the breakpoint
analysis see the additional Appendix).
In sum, the unit root testing provides strong evidence of both absolute and relative convergence, and
thus con…rms the conclusion of the stationarity tests.

5.3

Clustering Algorithm

The considerable degree of heterogeneity among the European countries also hints at the fact that there
may be a middle way (between the panel and univariate methodologies), i.e. there are some clusters of
countries in which convergence has taken place within the cluster. An explicit algorithm which detects
sub-group formation has been proposed by Hobijn and Frances (2000), which uses multivariate sationarity
tests on in‡ation di¤erentials. Its core function is to start with all possible pairs of countries and test
their di¤erentials for stability. Suppose that two countries are found to form a cluster. Then all other
countries are tested for whether they belong to that cluster or not by testing for joint stationarity of
all involved di¤erentials. If the evidence is in favor of stationarity the cluster grows, otherwise other
clusters are formed and it may be that some countries do not belong in any cluster. A great virtue of
the algorithm is that it is independent of the ordering of the countries in the clusters. Below we apply
the algorithm in terms of absolute and relative convergence/stability in both the pre-euro and post-1997
periods. The bandwith parameter of the algorithm is set to 0.05 as in Busetti et al. (2007).
As regards absolute convergence, for the pre-euro period we …nd three convergence groups, all of which
include early accession countries: a) Austria, Belgium and Luxembourg, b) Finland and The Netherlands
and c) France and Germany, while for the post-euro era we …nd two sub-groups: a) Austria, Belgium,
Luxembourg, Germany and b) Finland and France (see also Tables A8 in the additional Appendix). The
countries of the south such as Greece, Italy, Portugal and Spain do not belong in the above clusters but
are also heterogeneous enough not to form a cluster on their own.
When testing for relative convergence, for the pre-1998 period we …nd three convergence sub-groups:
a) Austria, Belgium and Luxembourg, b) Finland and Ireland and c) The Netherlands and Portugal, while
for the post-euro era we …nd two ‘early accession’sub-groups: a) Austria, Belgium and Luxembourg and
b) Finland, Germany and The Netherlands (see also Tables A9 in the additional Appendix).
In general the results from the clustering algorithm are consistent with the ones obtained from the
panel and univariate unit root/stationarity tests.
14

5.4

A Bayesian Approach

We additionally apply the methodology suggested by Arakelian and Moschos (2008) for modeling pairwise convergence in the presence of transitional dynamics, using a ‡exible approach, which allows the
parameters of the underlying process to change over time. According to them, in‡ation convergence
is achieved when the means and the variances of the in‡ation di¤erentials diminish in successive time
periods. If there are subperiods where the criteria do not hold, convergence is still achieved if the mean
and the variance have been diminished since the start of the period examined. A key ingredient of this
methodology is that the number of the subperiods is unknown. To implement the model a Markov chain
Monte Carlo (MCMC) algorithm is adopted. The process explored for the in‡ation di¤erentials is the
white noise with drift. We run the algorithm from 1980Q1:1997Q4 and from 1998Q1:2013Q4, allowing 10
breaks, whose distance is no less than 10 quarters. Starting with zero breaks and after a burn-in period
of 5,000 points we obtained the Markov chain output by collecting the next 10,000 points for the two
distinct processes. An ergodic estimate of the posterior model probabilities was obtained. Among the
models with a di¤erent number of thresholds, we chose the one with the highest posterior probability (for
more details, see Arakelian and Moschos, 2008).
Our results are reported in Table A9 in the additional Appendix. The top row shows the breakpoints
detected by the MCMC algorithm. The second and third rows show, for the various breakpoints, the
values of the drifts in the mean and the variance respectively. The vertical line separates the two subsamples. 18 out of 66 pairs showed no regime change. In the rest of the pairs there is at least a regime change.
According to the criterion of convergence, 39 pairs converged in the …rst subsample but only 10 pairs in
the second subsample. The decline of the mean is achieved in more pairs (2 more in the pre-1998 period
and 7 more in the post-euro period) but it was not accompanied by a volatility decline, breaking the
second rule of the convergence de…nition. In other words, relaxing the assumption of volatility decrease,
in the …rst and the second subsamples 41 and 17 pairs achieved convergence, respectively. During the
…rst subsample, nineteen pairs exhibited a regime change during 1988 and eleven pairs during 1989. From
1998 until the end of the period, twenty one pairs exhibited a regime change during 2005.
As regards relative convergence the results from the Bayesian approach are consistent with the ones
obtained from the clustering algorithm. That is, for the convergence club Austria-Belgium-Luxembourg,
in …ve out of the six pairs for the two subperiods the decline in the mean is achieved and in four it was
accompanied by a volatility decline. Regarding the Finland, Germany and The Netherlands sub-group for
the post-euro period, in all three pairs the decline in the mean is achieved and in two it was accompanied
by a volatility decline.

5.5

Discussion

Table 8. Principal …ndings
Pre-euro
Absolute
Convergence

Post-euro

Relative
Convergence

Absolute
Convergence

Relative
Convergence

Panel A
Panel Tests
yes
Univariate Tests
yes/no
Bayesian Approach
NA0
Panel B (clustering algorithm)
Multivariate
yesx
Stationarity tests
(for som e sub-groups )
of group 1

yes
yes
yes/no4

yes
yes
NA0

yes
yes
no

yes

yesx

yes

(for som e sub-groups )

(for som e sub-groups )

(for som e sub-groups )

of grou p 1

of grou p 1

of grou p 1

Stationarity Tests: very weak evidence for all the three groups
Unit Root Tests: moderate evidence for group 3, around 40%
0
NA stands for Not Applicable

Notes:
4

Moderate evidence: 62% of the cases
Weak evidence: 29% of the cases

x

i.e. for 3(2) sub-groups, which for the pre(post)-euro period include 7(6) countries out of 9 from group 1.

In this Section we will further discuss and summarize our results. The empirical evidence from the
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panel unit root tests (with or without CSD) show that, for both the pre-1998 and the post-euro periods,
the stationarity hypothesis seems to hold. This means that some di¤erentials are stationary and therefore
there might be clubs of countries which have been in the process of converging absolutely or relatively
(see the …rst row of Panel A in Table 8).
The table above also shows that there is no evidence for overall absolute stability of in‡ation differentials in the pre-euro period (see the second row of Panel A). That is, for the pre-1998 period the
results from the univariate stationarity tests show that there is a divergent behavior (around a zero
mean) of the in‡ation rates. Similarly, for the same period the unit root tests provide only moderate
evidence of absolute convergence for the pairwise contrasts that include one early and one late accession
country. However, in‡ation rates appear to move (around a broken mean) homogeneously among the
twelve European countries. That is, overall the univariate tests are able to accept the relative convergence
hypothesis.
This mixed evidence in favor of in‡ation convergence/divergence, using univariate unit root and
stationarity tests, is in line with the results from the clustering algorithm. Overall, we …nd evidence of
divergent behavior (either relative or absolute) for both periods. However, we are able to statistically
detect separate clusters or convergence clubs, all of which include early accession countries. In particular,
as regards absolute convergence we detect three(two) sub-groups in the pre(post)-euro period. Seven
out of the nine early accession countries, that is Germany, France, Austria, Belgium, Luxembourg and
Finland are included in groups in both periods (see Panel B). As pointed out by Busetti et al. (2007)
the evidence for divergence is in the sense that countries belonging to di¤erent convergence clubs are
characterized by in‡ation dynamics stable within their group but statistically di¤erent from other groups,
where the di¤erence may be due to either non stationary behavior or to di¤erent underlying (and possible
broken) means (or both). When testing for relative convergence, in‡ation rates appear to move (around
a broken mean) homogeneously among two groups of low accession countries, namely Austria-BelgiumLuxembourg (for both periods), Finland-Ireland (for the pre-1998 period) and Finland-Germany-The
Netherlands (for the post-euro period). Thus, overall, there is an indication of divergence of in‡ation
rates in both subsamples. That is, it appears that in‡ation rates began to drift apart, and the in‡ation
di¤erentials began to display unit root behavior. The outcome from the pairwise convergence Bayesian
framework broadly con…rms our …ndings. That is, relaxing the assumption of volatility decrease in the …rst
and the second subsamples 41 (62%) and 17 (only 29%) pairs are converged, respectively (see the third
row of Panel A). Interestingly, for the main convergence sub-group Austria, Belgium and Luxembourg
-using the clustering algorithm this was a convergence (either relative or absolute) club in both periodsin …ve out of the six pairs for the two subperiods the decline in the mean is achieved and in four it was
accompanied by a volatility decline.

5.6

Transition Mechanism

Conrad and Karanasos (2015a) show that in time series models with in-mean e¤ects persistence will be
transmitted from the conditional variance to the conditional mean. Hence, by studying the conditional
mean independently one will obtain a biased estimate of the true degree of persistence. In addition,
if structural breaks are present as well and one ignores them then the aforementioned bias might be
exacerbated. They …rst consider the case when we are under the null hypothesis of a unit root. Conrad
and Karanasos (2015a) show that the size distortion of the unit root tests becomes stronger with the
in-mean parameter ( ) increasing. That is, although the process (i.e. the in‡ation di¤erential in our
case) is I(1), the Dickey-Fuller test will reject the null hypothesis in the presence of an in-mean e¤ect.
For a given value of and c (the ‘persistence’in the conditional variance, see below) the size distortion
will be the stronger the larger is (that is, the ARCH e¤ects; see Eq. 2 below).
Preliminary results in Canepa and Karanasos (2015) clearly suggest that the aforementioned size
distortion will be exacerbated if, in addition to in-mean e¤ects, structural breaks are present as well. In
particular, unit root tests will be further oversized for processes that allow for in-mean e¤ects in combination with structural breaks (either in the mean or the variance) and persistent conditional variances.
Hence, a non stationary process may easily be confused with a process that is integrated of order zero in
the level.
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Estimated Breaks
By applying the Bai and Perron (2003) breakpoint speci…cation technique in the data covering a
period from 1980:04 to 2013:04 for three in‡ation di¤erentials (GE-FR, FR-SP and GR-PT) we identify
…ve possible breakpoints for each of the pairwise contrasts (see Table 9 below). The results successfully captured events of great signi…cance, such as the talks about convergence issues in Luxembourg
(1980:01), the Franco-German pact on the progressive abolition of border checks in Germany (1984:03),
the strengthening of the EMS and the accession of Spain and Portugal in EU, as well as the adjustment
of the central rates by the Central Banks of the Member States (1985:03). In addition, the rati…cation of
the Treaty on European Union by many European countries directly after the signing of the Maastricht
Treaty (1992:04), the launch of the Schengen Agreement (1995:01) and the approval by the European
Council of suggestions promoting the smooth transition to the third stage of EMU (1997:02) are some of
the events that are linked to statistically signi…cant breaks.
Table 9. The break points (in‡ation di¤erentials)
Break
1
2
3
4
5

GE-FR

FR-SP

GR-PT

1984:03
1987:04
1990:04
1992:04
1993:01

1980:01
1985:03
1985:04
1995:01
2012:03

1980:02
1983:02
1983:03
1984:04
1997:02

Notes: The dates in bold indicate breakdates
for which, in Table 10 at least one dummy
variable is signi…cant, i.e., for the GE-FR for
the 1992:04 breakdate

4

is signi…cant.

Power ARCH-in-mean Models
In this Section, for the three in‡ation di¤erentials, we will estimate AR power ARCH models with
in-mean e¤ects (hereafter AR-PARCH-in-mean) and structural breaks (for applications of GARCH-inmean models to in‡ation see, among others, Baillie et al., 1996, Conrad and Karanasos, 2010, Conrad
and Karanasos 2015b and the references therein).
Let yt denote the in‡ation di¤erential at time t and de…ne its mean equation as:
yt = '0 +

5
X

'0 Dt +

=1

4
X

('l +

4
X

'l Dt )y t l +

t +"t ;

(1)

=1

l=1

where "t j t 1
N (0; 2t ) is the innovation, which is conditionally (as of time t 1) normally distributed
with zero mean and conditional variance 2t . The denotes the GARCH-in-mean parameter, that is it
captures the impact of the in‡ation di¤erential’s uncertainty on the in‡ation di¤erential. Dt are dummy
variables de…ned as 0 in the period before each break and 1 after the break. The breakpoints = 1; 2; ::; 5
are given in Table 9 above. In addition 2t is speci…ed as a PARCH(1; 1) process (a model developed by
Ding et al., 1993; see also Karanasos and Kim, 2006):

t

= ! + "t

1

+( +

5
X

Dt )

t 1;

(2)

=1

where and denote the ARCH and GARCH parameters, and is the power term. The ‘persistence’in
=2
the conditional variance, in the absence of breaks, is given by c = k + , where k = 2p ( +1
2 ) under
normality (see Karanasos and Kim, 2006).
Table 10 below reports the baseline results provided by the conditional maximum likelihood estimates
of the (P)ARCH(1,1) model,8 allowing the conditional means and variances to switch across the breakpoints [see Eq. (1) and (2) above] identi…ed by the Bai and Perron (2003) procedure. Moreover, the tests
8 In order to distinguish the general PARCH-in-mean model from a version in which
to two) we refer to the latter as (P)ARCH.
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is …xed (but not necessarily equal

for remaining serial correlation suggest that all the three models seem to be well-speci…ed since there is
no remaining autocorrelation in either the standardized residuals or squared standardized residuals at 5%
statistical signi…cance level. In the case of the two constants ( , !) the e¤ects of breaks are insigni…cant
in all the cases, with the exception of the conditional mean equation of FR-SP di¤erential, whereas for
the autoregressive coe¢ cients there seems to exist a statistically signi…cant impact of the breaks. In
particular, the parameters of the mean equation show time varying characteristics across either three (in
the case of GE-FR and GR-PT) or four (in the case of FR-SP) breaks. As far as the conditional variance
is concerned, the ARCH parameter ( ) shows no time varying behavior while for the GARCH parameter
only one break seems to impact each of the three in‡ation di¤erentials. The in-mean parameter is positive
and signi…cant in all cases. Finally, the power parameter is …xed, and for all three cases, equal to 1:2
(di¤erent from either zero or unity). Perhaps it is on the same level among the three in‡ation di¤erentials,
due to their common currency and the monetary integration.9
9 For the three examples, that is for the three estimated AR(4)-(P)ARCH(1,1)-in-mean-models with breaks both in the
mean and the variance, we also calculate the time varying estimated persistence of the in‡ation di¤erentials and compare
it with the one without breaks and in-mean e¤ects (results not reported).
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Table 10: The estimated (P)ARCH in-mean model for
Germany-France, France-Spain and Greece-Portugal in‡ation
di¤erentials, allowing for breaks in the conditional mean and variance.
Coe¢ cients

'0

GE-FR

0:88
( 4:37)

'40

FR-SP

GR-PT

Mean Equation
0:73

0:13

( 3:13)

( 0:35)

0:37

(3:40)

'50

0:30
( 4:43)

'1
'3

0:22
( 3:95)

0:11

0:17

( 1:87)

'4

0:59

'1l

0:42

'2l

0:36

(11:29)

( 2:87)

0:39

0:59

( 1:87)

(9:96)

(3:16)
l=1

(2:38)
l=4

0:82

2:55
( 3:44)

( 1:22)

l=1

l=1

'2l

0:92

(4:20)
l=2

'3l

2:44

0:92

(3:36)

(4:20)

l=1

'4l

l=1

0:03

0:84

( 0:34)

( 3:93)

l=1

1:21

(1:80)

!

0:14

(2:84)

0:36

(2:72)

0:33

(1:78)

1

l=1

0:79

0:05

(1:70)

(68:06)

Variance Equation
0:04

0:03

(1:44)

(1:36)

0:14

0:29

0:75

0:73

(2:16)

(9:54)

(16:92)

(58:00)

0:05

(1:22)
4

0:24
( 2:03)

5

LB(4)
M CL(4)

0:01

0:23
1:20
7:41

( 2:00)

(7:80)

1:20
4:53

1:20
12:73

[0:11]

[0:34]

4:16

7:39

[0:38]

[0:02]

2:50

[0:11]

[0:64]

Notes: Table 10 reports parameter estimates for the following model:

P5
P4
P4
(' +
yt = ' 0 +
=1 '0 Dt +
=1 'l Dt )y t l +
P5 l=1 l
Dt ) t 1
t = ! + "t 1 +( +
=1

t +"t

The number in parentheses represent t-statistics. LB and MCL denote
Ljung-Box and McLeod-Li tests for serial correlation of four lags on the
standardized and squared standardized residuals, respectively
(p-values reported in brackets).
; ; ;indicates signi…cance at
the 1%, 5%; 10% , level respectively.

The above analysis calls for some caution on the interpretation of the results (and henceforth on the
policy recommendations drawn from them) from the unit root and stationarity tests.
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6

Concluding remarks

This study has provided evidence about the behavior of European in‡ation rates covering a period from
1980 to 2013. By applying panel unit root tests we show that the stationarity hypothesis seems to hold,
before and after the birth of the common currency in 1997, even when CSD is accounted for. This means
that some di¤erentials are stationary and therefore there might be clubs of countries which have been in
the process of converging absolutely or relatively. For the pre-euro period, regarding absolute convergence,
the univariate stationarity tests provide weak overall evidence and the unit root tests provide moderate
evidence for the pairwise contrasts that include one early and one late accession country. However, in all
other cases they show that in‡ation rates displayed strong convergence with each other.
Next, having obtained mixed evidence in favor of convergence using the univariate unit root testing
procedures, we examined the possibility that stability had occurred only for some subset of the countries
by employing multivariate stationarity tests and the clustering algorithm for the identi…cation of stability
clubs. We found no evidence of overall stability-around either a zero mean or a broken mean-of in‡ation
di¤erentials. However, in‡ation rates appeared to move homogeneously among sub-groups of early accession countries. For the pre-euro period three absolute convergence clubs were identi…ed, all of which
included early accession countries: a sub-group with Germany and France, one with The Netherlands
and Finland, and a bigger sub-group with Austria, Belgium and Luxembourg. For the post-1997 period
Germany turned out to belong to a big sub-group together with Austria, Belgium and Luxembourg while
France clustered with Finland. For the rest of the countries/cases we …nd evidence of divergent behavior.
However, the analysis in Conrad and Karanasos (2015a) and Canepa and Karanasos (2015) about the
size distortion and low power of the unit root/stationarity tests in the presence of strong PARCH in-mean
e¤ects and of structural breaks, together with our evidence on such e¤ects (for at least a few in‡ation
di¤erentials), call for some caution on the interpretation of the results from the unit root/stationarity
testing procedures.
For the high in‡ation countries deviations from the ERM policies led to higher in‡ation rates that
were above the average. This can be easily seen from graphical representations in Figures 1-3. In
particular, Figure 3 displays quarter on quarter contour plots of in‡ation rates of European countries and
their average. The vertical axis reports the average European in‡ation rates and the horizontal one the
period that this research examines. The colours in each graph represent each European member’s level
of in‡ation rate. From these graphs we can notice that the more we move to the right of the horizontal
axis the blue colour becomes darker. This means that the di¤erential between the average European and
each country’s in‡ation rate is diminishing.
Finally, Figures B4.1 to B4.7 (in the additional Appendix) show the average in‡ation rates of each of
the twelve Eurozone countries distinguished into seven di¤erent periods and in particular the two periods
before the launch of the EMU (1980-1983, 1984-1989), the three EMU stages, the post enlargement period
(2004-2007) and the years covering the …nancial and EU sovereign-debt crisis (2008-2013). The …rst four
…gures clearly verify the downward trend of average in‡ation rates for all the countries, the bene…cial
impact of ERM and the faster pace of the early accession countries relatively to the late accession ones.
In contrast, with the launch of the third stage of EMU (Figure B.4.5), average in‡ation rates started
rising (with the exception of Germany, Greece and Italy) whereas the same pattern continued to occur
[with the exception of Italy (though the drop is very slight), Portugal, Spain and The Netherlands] during
the post enlargement period (Figure B.4.6). Finally, Figure B.4.7 reports the de‡ationary dynamics that
the …nancial crisis and the EU-sovereign debt crisis imposed on the Eurozone economies.
However, the impact of the recent …nancial and EU sovereign-debt crises on in‡ation di¤erentials
(this could be tested by employing sensitivity analysis), the role of the persistence of in‡ation pairwise
contrasts on the European economy and forecasting (of in‡ation di¤erentials), are issues we feel future
research should try to address.
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Figure 3. Quarter on quarter in‡ation rates for European countries and their average, 1980Q1-2013Q4 (contour
plots).
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