Journal of Economic Integration
24(2), June 2009; 294-320

Real Convergence in the New Member States:
Myth or Reality?

Andrea Ingianni
Kingston University

Vaclav Zd’arek
University of Economics in Prague

Abstract

The paper analyses the process of real convergence of the New Member States
of the European Union. Its importance is underlined in connection with a
successful catching-up and a special attention is paid to the countries involved in
the fifth European enlargement, with the exception of Cyprus and Malta. We note
that, over the last decade, these economies experienced robust economic growth,
which had a stronger impact on the convergence process within the EUS group
than to EU1S5. Our assumptions are investigated empirically by a comparison of
beta and sigma-convergence analysis with time-series based stationarity and
cointegration tests.
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1. Introduction

The fifth and sixth' enlargements of the European Union (EU) — in 2004 and
2007 — are still relatively recent. Nevertheless, many of the new EU states are
currently in a situation where a plan for introducing the single currency is in place
and a preliminary date for joining the Euro area has been set. A decision on
whether or not to join will be required in a few years time. In this context, it is
interesting to consider whether the membership of the EU and in particular of the
Euro area, will produce a certain level of convergence among the new member
states.” An analysis of the development of nominal and real convergence including
a comparison of the economies involved in the process is therefore highly relevant
and necessary.

Several new approaches to explaining the phenomena observed in reality have
been presented over the last two decades. Modern concepts of the endogenous
growth theory have been developed to reflect a range of previously neglected
factors, such as education, institutional quality, etc. Due to these dissimilarities, one
permanent steady state cannot exist in otherwise identical economies. In particular,
these models can be used to explain theoretically the development of faster
growing economies when a broad gap in economic levels is observed empirically.

Some countries grow faster than others in spite of achieving a higher output,
while others may continue to lag behind. There have been a number of studies
examining real convergence in both developed and developing countries. In
particular, we identify three main strands in the recent literature focusing on real
convergence in Central and Eastern European economies.

The first strand works with long-term GDP series employing either standard
measures of sigma and beta convergence — e.g. Matkowski and Prochniak (2007a)
— or the time-series approach — e.g. Christopoulos and Leon-Ledesma (2007) or
Bruggemann and Trenkler (2007).* Such studies utilise data for the post-war period

'Estonia, Lithuania, Latvia, Czech Republic, Slovakia, Hungary, Poland, Slovenia, Malta, Cyprus (5th)
and Romania, Bulgaria (6th).

’In our paper we discuss eight new EU member states (EUS) excluding the Mediterranean countries.
Cyprus and Malta are somewhat different both in terms of economic indicators (structural characteristic
of their economies) and past political experiences. The newcomers Bulgaria and Romania are not
included into our analysis due to datasets problems.

3Slovenia has already adopted the common currency and it is the 13" member of the Euro area (twelve
member states prior to 2007). Cyprus and Malta joined in 2008 and Slovakia adopted the Euro in
January 2009 (16" member).

“Other studies focus on real convergence understood as changes of total factor productivity; see e.g.
Kutan and Yigit (2007).
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or longer.

The second stream takes a broader prospective conditioning convergence to
several economic indicators — such as industrial production in Kutan and Yigit
(2004) or Kocenda (2001) — and usually employs time series analysis.®

The third group of studies specifically looks at eastern European countries in the
post-liberalization period. Dobrinsky (2003) and Matkowski and Prochniak (2004)
focus on the new member states of the European Union while Kocenda ef al.
(2006) on the EUS8 against the core or periphery of the EU. A comprehensive
review is available in Kocenda et al. (2006) or Matkowski and Prochniak (2007a).

A. What Do We Know about Convergence in the EU8?

The conclusions reached by different authors within the three groups identified
above are mixed. Matkowski and Prochniak (2004) found a relatively fast
convergence process in the EU8 countries during the period 1993—2004 and for the
sub-periods 1993—1998 and 1998-2004 with a speed of convergence varying
within the narrow band 1.7%-2.7%. For the EU8 and EU15 regions, the band is
found to be even narrower at 2.2%-2.5%. A potential problem may be the
inclusion of the early years of the transition (1993—-1994) which may bias the
results mentioned above, in particular reducing the speed of convergence.

Kocenda et al. (2006) focused on real and nominal convergence in EUS8 in
relation to the average GDP per capita in the core (Austria, Belgium, France,
Germany and the Netherlands) and periphery of EU (Greece, Portugal and Spain).
They used quarterly GDP both in national currency and in Euros (1996-2005). The
best performance in terms of speed of convergence is associated with the Baltic
States which however does not appear strong enough to shrink the GDP gap in
Euro terms.

Kutan and Yigit (2004) tested real and monetary stochastic convergence for
selected transition countries over the period 1993-2000. They used industrial
production (monthly time series) as a proxy of real convergence in order to capture
both potential supply and demand shocks. These authors make reference to EUS
and the Baltic States, EU6 countries and Bulgaria and Romania. Their findings
confirmed the existence of real convergence in/with the EU6 and the Baltic States.
Our research differs in the choice of target countries, sample size and time-series

>This type of analysis is subject to a large number of problems due to estimates of GDP prior to the First
World War; for a discussion see e.g. IMF (2007).
Some authors also focus on nominal convergence in the light of the Euro adoption.
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tests for convergence.

Kocenda (2001) has a very similar approach including real and nominal
convergence, industrial production and monthly time series covering the period
1991-1998. The conclusion is in favour of a strong decline in output during the first
part of the sample and then surprisingly high growth rates in the second. We suspect
this behaviour to be biased by the inclusion of the beginning of the transformation
process (early 90s).

Dobrinsky (2003) studied real and nominal convergence and the linkages
between them. Real convergence is measured in GDP per capita (PPP) with the
help of growth accounting (Solow residual), for the period 1990-2003. The major
conclusion of the paper is that the robust real convergence in CEE and CIS
countries is supported by strong growth in total factor productivity.

Finally, Christopoulos and Leon-Ledesma (2007) or Bruggemann and Trenkler
(2007) both use a time series methodology which is quite close to ours’ and we
reserve to discuss them more in depth in Section I'V.

B. Organisation of the Paper

The contributions of this article in respect to existing research are several.

Firstly we use a larger sample than the majority of existing research focusing on
the post liberalization period and we develop a simple panel specification to
increase the reliability of the beta convergence estimate.

Secondly, we use data sets expressed either in PPS or 2000 constant prices.
Common PPP alternatives suffer from bias due to prices calculated from large and
heterogeneous groups of poor countries. 2000 constant prices are superior to 1995
constant prices mainly because of methodological changes initiated by Eurostat.

Finally, we use time-series analysis to look at the long run perspective. Here we
implement a non linear alternative to commonly used unit-root tests and consider
smooth structural changes and asymmetric adjustments. We also discuss the role of
the latter in small samples.

In general, the process of real convergence is an important issue and the authors'
impression is it needs a strong research effort, especially since there are many
methodological and empirical problems connected with growth analysis in general
and the new EU member states in particular. However, it is likely that significant
changes cannot be expected within just a few years. The economic output of the

Christopoulos and Leon-Ledesma (2007) however is not specifically oriented to the EUS.
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EUS8 will continue to grow in the near future but possibly at a slower pace when
the new member states will eventually approach the average level of the European
Union. Meanwhile they are likely to grow at a higher rate than the EU average in
order to reduce their gap vis-a-vis the old member states and this process can be
accompanied by fundamental structural changes with important economic
implications.

The rest of the paper tries to find some empirical support to these predictions
and it is organised as follows. Section II discusses the dataset used in the empirical
analysis. In Section III we deal with the estimation of fand o-convergence in a
simple panel data setting. Section V approaches convergence in the time-series
prospective using unit root tests and cointegration. The last section summarises our
main results and concludes.

II. Data

The questionable quality of the data for transition countries is, in general, well
known. The problem is even bigger when considering the former centrally planned
economies of Central and Eastern Europe. Redrawing national borders in this part
of the continent after the start of economic and political transformation, has
aggravated this kind of problems. The few available estimates for former centrally
planned economies can form the basis for longer-term comparative studies — see
UNECE (2000). However, their analytical power with respect to the analysis of
current events is limited by both the changes in national borders and the
methodological deficiencies in the data. For this reason, comparisons are very
problematic.?

Transition countries, as opposed to developed economies, have undergone a
radical economic change from a centrally planned to a market-based economy
which was accompanied by a large decline of output throughout the region. Some
studies show that the economic decline (measured in real GDP), which is usually
associated with this period, may have been overestimated.’

Another significant problem is expressing GDP in the appropriate currency.
Where possible, we adjust for purchasing power parity and distinguish between the
PPS unit and PPP of the currency (for example the US dollar) published by the

8For additional explanations and estimates of long-term developments, see e.g. Dobrinsky et al. (2006).
9See for example, Dobozi and Pohl (1995).
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OECD (the USA are the country of reference) or the World Bank. The purchasing
power standard (PPS) is an artificial unit created by Eurostat according to the
average price level across the EU states. The best solution would be to calculate
GDP growth rates in constant PPS but this data are not published by Eurostat.

Furthermore, the only data easily accessible are in annual frequencies, which we
do not judge adequate for the time-series techniques described later in Section V.

In these circumstances we used quarterly per capita GDP in Euros both for
individual new EU Member states and for the EU15 aggregate (chain-linked 2000
constant prices)'’. Population growth rates are based on the Annex of ECFIN
(2006) and Eurostat New Cronos database. Our data covers the 12 years period
1995-2006. The aggregation methodology follows internal Eurostat procedures,
with the exception of the EU8 average which we constructed as weighted average
of the country’s GDP in Euro valued at PPS due to the non-existence of official
figures. Weights are calculated dividing individual countries' GDP in PPS by the
total EU8 GDP in PPS.

III. Convergence by Catching-up

A. Beta Convergence

With reference to the neoclassical Solow (1956) or Cass (1965) growth models
and in the context of absolute convergence, beta convergence is understood as a
long run phenomenon in the course of which poor economies tend to grow at
higher rate than rich ones. For a single or an aggregated set of countries the idea of
beta convergence can be expressed in the form of (1) and requires < 0:

T“ln@—j = a+ Bin(yy) (1)

where the left hand side of equation (1) shows the average growth of log output
between the period =0 and 7 = T. If we call S the speed of convergence towards
the steady state (i.e. the gap reduction against the steady state of a given economy
during one year):

""We used 2000 constant prices, even though we are conscious of the potential bias generated by the use
of onstant prices in transition countries. This is also the reason why we did not use GDP per capita 1995
current prices. The best choice would have been the chain-linked time series with prices of the previous
year, which however are not available for most of the EU8 countries. For a discussion of price bias in
case of transition countries, see e.g. Filer and Hanousek (2004).
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b= =7 2)

For example, supposing the parameter £ is equal to 2.5, the economy in question
will surpasses 2.5% of the distance between the actual and steady state every year.
Using OLS, we estimate a simple panel approximation of equation (1) derived from
Young et al. (2007), with reference to a group of countries i = /,2,....,N sharing the
same steady state — i.e.

Tlln@ﬂ) = a+ fIn(v, )+ &0, and &g n; ~ N, o).
0,

Our target is only to slightly improve the quality of the statistics given the small
sample size; any disaggregated analysis is performed using time-series in section V.

The results are shown in Table 1 (GDP expressed in Euros) and Figure 1
illustrates. GDP per capita series for all the EUS are plotted in the Appendix — see
Figure Al.

Table 1 shows that the rate of convergence was relatively low for GDP per
capita in Euros but in line with other studies.! This is probably caused by the unit
of account: the process of real convergence is affected not only by differences in
output (increase of value added and structural changes), but also by the
appreciation of domestic currencies.'?

Another indicator often used to measure beta convergence is GDP per capita in

Figure 1. Growth and Initial log GDP p.c.
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Table 1. Beta Convergence

i B Adj. R’ B Conv.
113982_(2688)6 (8:(1)2(5)) (_0%001559% 14.13 1.74% yes
s oo oos WS 0 e
1139[;;%—(5(1))3)6 (8(5);(9)2) (70%0059472) 37.49 7.63% yes
e s e

Notes: Observations: 88 (N=8, 7=11) or 253 (N=23, T=11), own calcualtions. S.E. In parentheses.

PPS for which we obtain dissimilar results (see Table 1). The relatively high speed
of convergence is influenced by the fact that the indicator is expressed in terms of
current PPS. This is de facto equivalent to prices of the current year, incorporating
changes in price structures and in the composition and terms of trade. According to
our results, it will still take more than a few decades to reduce the gap between the
most successful EUS countries and the the EU1S5 income levels.

Table 1 also shows an estimate of the convergence process between EUS countries
and EU15 countries inside EU23 (two regions — a simple analogy to the core —
periphery approach). Our estimates of the speed of convergence are quite low,
compared to Matkowski and Prochniak (2007a) (approximately one half times). It is
however difficult to compare the results due to the different sample size (1993-2004),
estimation strategy (standard OLS) and values at PPP of Matkowski and Préchniak
(2007a). Finally we note how the same authors estimate beta convergence in two
separate sub-samples, de facto assuming a structural break in 1998. Rather than
fixing it a priori, we prefer to consider it endogenous and eventually estimate it from
the data. We approach the problem formally in Section V.

B. Sigma Convergence

Since the first part of our analysis corroborated the existence of beta-
convergence among EU8 countries, another interesting question seems to be
whether the income dispersion among these countries has also diminished. This
question can be answered with the help of sigma convergence. If the less

The speed of convergence is considerably reduced when compared to standard OLS estimations-see
Matkowski and Prochniak (2007a).

"’The indicator valued at Euros takes into account not only the real development (changes in constant
prices), but also the appreciation of domestic currencies against the Euro.
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developed countries among EUS tend to grow at higher rates (e.g. the Baltic States)
than the more developed (e.g. the countries of the Visegrad group), the intuitive
implication is that income dispersion among these countries needs to decline over
time. As a rough and preliminary measure of this behaviour, we test the existence
of a significant linear trend in the standard deviation of log GDP per capita — i.e.

0',2 = at+tptt+eg, p<O.

More generally, when the variance tends to decline over time, a group of
countries (e.g. EU8 or EU23) sigma-converge. Formally:

2 2
O-t+n<o-t (3)

where n>0, £ = 1,2,....,T, n =1,2,.....N number of countries in the aggregate. o is
the variance of log GDP for the aggregate at time ¢, calculated as:
o, = N2 [In(y; ) -5,]" and 7, = N2 In(y, ).

We used GDP per capita in Euros and our results for the first approach are
summarized in Table 2.

We note that, in contrast to our results for beta convergence, the simple
specification adopted to model sigma-convergence, is possibly insufficient for
reliable conclusions in the sample under investigation. In this context, we propose
Table 2 and Figure 2 as exploratory investigation of a behaviour that will be more
formally investigated later in the paper. This informal evidence suggests the
possibility of sigma-convergence within the EU8 group. Income dispersion among
EUS8 countries was decreasing over the full period, with the only exception of a

Table 2. Sigma Convergence

a B R’ o-convergence

EU23 (eur) 03654 0.0003 - 53 -
1995-2006 (0.0021) (0.0003) '

EUS (eur) 0.4018 ~0.0103

1995-2006 (0.0047) (0.0006) 96.37 yes
EU23 (pps) 0.2329 0.0024

1995-2006 (0.0059) (0.0008) 48.08 no

EUS (pps) 03267 00125

1995-2006 (0.0045) (0.0006) o771 yes

Source: Eurostat (2007) National Accounts, own calculations. Observations: 12. Note: S.E. in
parentheses.
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Figure 2. Standard Deviation in the EU8 and EU23
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few years at the end of the 90s. These results are compatible with Matkowski and
Prochniak (2007b) who confirmed the existence of both types of convergence in
the EUS countries using different data sources (Groningen Database, UNECE
Database or IMF Database with GDP in PPP USD). Figure 2 and Table 2 also
show how, within the enlarged EU23 group, the same conclusion does not apply.
Here we note some degree of divergence which we will investigate on an
individual countries basis in the next section. The second part of our analysis is
based on GDP per capita at PPS and confirms the results already discussed for the
series expressed in Euros. Additionally, we note that in the case of EUS, the
positive conclusion for convergence can not be reached if the GDP per capita
series are not linearised.

C. Comparison

Sections III.A and III.B show that the EU8 countries have experienced some
convergence in terms of both beta and sigma measures. It is well known that beta
convergence is a necessary but not sufficient condition for sigma convergence —
see i.e. Young et al. (2007). This fact is clearly reflected in our regressions, where
beta- and sigma-convergence both hold for EUS8 but the second is not confirmed in
EU23. This is not entirely surprising considering that the EU23 consists of a set of
countries at different stages of economic development with different levels of per
capita income. The more disparate range of external shocks experienced by the
larger group of countries may produce sigma-divergence even when there is
sufficient catching-up between EU8 and EU15 to support the evidence of beta-
convergence.

A discussion of this possibility alongside the role of PPP vs. PPS and
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aggregation issues can be found in Bonn et al. (2006) while Matkowski and
Préchniak (2007a) consider the same topic for different time periods.

IV. The Time-series Approach

With the aim of addressing the well known Quah (1993) and Bernard and Durlaf
(1995), Bernard and Durlauf (1996) criticism to the Barro and Sala-Martin (1992)
framework, in this section we attempt to analyse the convergence hypothesis under
the time series perspective. For this purpose and in the hope of improving the
significance of our statistics, we increase the data frequency to quarterly
observations making reference to Eurostat GDP, million of Euros, at fixed 2000
prices and exchange rates. Equivalent series in PPS are not available from Eurostat.
We maintain the 1995-2006 sample for a total of 48 observations. The per capita
series are derived assuming equal weights for every quarter in the same year for
the population series and seasonal components are removed before testing. Linear
and non-linear alternatives are considered in sections IV.A and IV.B respectively.

A. Linear Stochastic Convergence

A way of defining convergence proposed by Carlino and Mills (1993) is
examining the presence of a unit root in the log per capita income of one country
relative to that of a second reference country or an economic area as a whole. We
refer to this notion as time-series convergence. Bernard and Durlauf (1995),
Bernard and Durlauf (1996) also proposed definitions of convergence from long-
run forecasts.

For example, for each country i, the logarithm of the ratio of per capita income
relative to the average of all countries in the same area can be defined as:

Gy, = In| —2 | i=1,2,.,N )
’ N
i=1)i,

where y;, is the per capita income for country i and N is the number of countries of
interest. A failure to reject the null hypothesis of a unit root in G;, indicates
evidence against income convergence. In this case, following a shock to relative
income in country / there is no tendency for per capita income to return to the
average; thus implying that income diverges over time. On the contrary, the
rejection of a unit root supports the alternative hypothesis that shocks to relative
income are temporary, implying that incomes converge.
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Generalizing equation (4), GDP per capita in country i diverges from country j
when the difference:

& = 1n(yi,t)_(1n)(yj,t) (5)

is non stationary or has zero mean.

If the concept of stationarity is seen under the unit root perspective, the problem
can be summarized as follows. When the process g, = pg,_, + & which is
equivalent to (p—1 = «):

Ag, = ag,_,+¢g (6)

has a unit root (p = 1, @ = 0) it is a non-stationary random walk and it should be
interpreted in the sense of output divergence between two selected countries i and
J. A unit root can be either pure or stochastic with different implications in terms of
convergence (see section [V.B).

We start our application by testing the existence of a pure unit root using the
standard Dickey and Fuller (1979) test with three alternative specifications: a
simple model as in (6) and two alternative models with a constant and a trend.

0
Agt = agi- + 7/+ zq= lﬂqut—q + &
Ag, = ag, +y+St+3l B Ag ,t e

with selected lag-length (in the example ).

Overall our results seem to suggest a weak evidence of convergence in the
Carlino and Mills (1993) sense (stationary difference series with zero mean).
However, the estimation of the coefficients in the test equations is affected by a
variety of factors, different from country to country. These range from insignificant
coefficients and poor fit to some degree of serial correlation in the disturbances.
Augmenting the specification for an appropriate number of lags helps in some
cases. In others, residual seasonal components influence the quality of the analysis.

Among the three specification used, we indicated the most reliable in statistical
terms. Clearly, the definition of convergence varies according to the specification
used (i.e. level or trend stationarity). The general conclusion against it however,
makes the distinction irrelevant in this particular example. We also note the
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Table 3. Stationary Tests (with EU15)

None It v ee cz sk pl hu sl
t-stat -328 -6.60 -393 -150 -2.59 -253  -3.49 -4.09
stationary? yes yes yes no yes no yes yes
Constant It v’ ee ez’ sk pl hu sl
t-stat 006 234 0.25 079 085 -131 0.82 -0.17
stationary? no no no no no no no no
Const. + trend It Iv ee” cz sk” pI”" hu” sI”
t-stat -1.88  -033 222  -0.58 -029 445 417 -2.77
stationary? no no no no no yes yes no

Source: Eurostat (2007) National Accounts (T=48), own calcualtions. Note: critical values in Dickey and
Fuller (1979).

empirical results at this stage are quite far from our beta-convergence estimates in
Section III.A. This is not totally unexpected, given the theoretical difference
between the two approaches. Carlino and Mills (1993) see them as two separate
conditions for convergence. If we can prove the first'®, we still struggle on the
second.

In search of a more reliable time-series test for the convergence hypothesis, we
follow Bernard and Durlaf (1995) and Daly and Li (2005) with elements from
Johansen (1995) and use the concept of cointegration looking for the number of
stationary linear combinations generated by two individually I(1) series. When a
unique relation is identified between two countries, we conclude for convergence.
Bruggemann and Trenkler (2004) used a similar procedure with some differences.

Similarly, they expressed the Bernard and Durlaf (1995) definition in terms of
the properties of the cointegrating vector and used Johansen (1991) to test for it.
However, they restricted the analysis to three accession countries and focused on
industrial production rather than GDP per capita. Germany is used as a proxy for
EU1S5, instead of an average/aggregate series. In a later paper, Bruggemann and
Trenkler (2007) shift the research objective to GDP per capita and catching up.
Instead of using recursive cointegration tests based on Johansen (1991), they rely
on Lee and Strazicich (2003). We start from the first methodology which we apply
to GDP per capita series of all EU8 countries.

The Johansen (1991) cointegration test is used as follows. Consider the
(unrestricted) VAR process of order p, expressed in differences as:

13See Section I1LA.
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-1
Ay, =1y, , +pZ Ay, i+ Bx, t¢g
i=1

where 4; is the generic coefficient of the lagged variable y,; used for computing
I = i 4, and ;7 — iAi_I. Additionally, y, is a vector of level non
stati(;r_lgrly series sucflialls Yawn = iuye oyad and yp ~ 0~y ~I(1),
X4 = [X1, %, ..., X,4] 18 a vector of deterministic components (regressors) and &;
the innovation (disturbances) vector. In our empirical exercise, y/; 5 represents the
vector of the log GDP per capita of the economies under investigation (individual
EUS or EU15).

According to the Engle and Granger (1987)'s representation theorem, if the
matrix [ has reduced rank (7< k), then there must exist an « and £ of dimensions
(kx7) such as their rank is equal to T, the product ¢f8’=/7 and, most importantly in

our perspective, 8y, ~ 1(0). Formally:

r(l) = r<k= aa(er)aﬂ(kx‘r)|r(a) =r(B)=tAll=aff Afy, ~ 1(0)

In the Johansen (1991) formulation, S is the matrix of cointegrating vectors, &
the adjustment factors, and 7 the number of cointegrating relations.

To find the r(/7) = 7 (the number of cointegrating relations), first Johansen
(1991) imposes the appropriate assumptions on the trend. In the specific case we
are interested in no trend or intercept to match the definition of convergence we
proposed in previous sections:

Iy, +Bx,= of’y,_,.

If we assume no additional exogenous variables (Bx, = 0, V¢), we can simply
write:

Iy, = affy,_;.

Afterwards, we can use sequentially the Johansen (1991) trace statistic,'* in the
range of 1=0,1,.....k-1, trying for every step to reject the null (Hy):

Hy:r(1h) =7, H:r(1l) =k

(Ho:/7has reduced rank, H;:/7has full rank) until failure. Critical values are non
standard and have been obtained through Montecarlo simulations by Osterwald-

1See op. cit. for a full discussion.
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Lenum (1992). Since we are using the cointegration test mainly as an alternative to
the ADF, it is worth noting that a condition of conflicting results with individual
unit roots is usually to be attributed either to low power or misspecification. The
first is more frequent in presence of small sample sizes. Johansen (2002)
introduced a correction factor for these particular cases.

We apply the test pairwise to the log of individual EU8 and EU15 GDP per
capita we reach the results summarized in Table 4. Now we seem able to confirm
the convergence hypothesis, although a number of limitations make the tests not
very powerful. We find quite strong (1 percent significance) evidence of one
cointegrating relation between the majority of series concluding for a unique trend
in the long run.

This conclusion, paired with the beta-convergence evidence from Section III.A
adds some preliminary support in favour of stochastic convergence in the Carlino
and Mills (1993) sense for the EU enlargement case.

B. Non-linear Stochastic Convergence

At least three considerations motivate us to abandon the linear specification we
used in various forms in Section IV.A. Firstly, the linear ADF tests posed several
difficulties and demonstrated to have poor performance in our particular case.
Other than the problems already mentioned in Section IV.A, the feeling is a linear

Table 4. Cointegration Tests

It I\ ee cz
Note 20.5383 34.5469 23.4548 35.4818
Atmost 1 0.13187 0.89765 0.1613 0.90621
Reject: Hy None 1% 1% 1% 1%
Reject: Hy AT1 N.R. N.R. N.R. N.R.
N. coint. rel.s 1 1 1 1
sk pl sl hu
Note 22.1195 19.2495 34.939 33.1737
Atmost 1 0.28573 0.13980 0.01077 0.23426
Reject: Hy None 1% 1% 1% 1%
Reject: Hy AT1 N.R. N.R. N.R. N.R.
N. coint. rel.s 1 1 1 1
Critical Values 5% 1%
None 12.53 16.31
AT1 3.84 6.51

Source: Eurostat (2007) National Accounts, own calculations. (T=48). Note: N.R. not rejected.
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specification is not enough to capture the asymmetries and time-varying
adjustments in some countries (especially Slovakia and the Czech Republic).

Secondly Carlino and Mills (1993) relaxed the strength of the time-series
convergence hypothesis introducing the concept of trend stationarity paired with
positive beta-convergence. An alternative generalization is to see the problem in
terms of stochastic unit roots instead of fixed unit root, maintaining the link with
beta convergence at the same time. This would introduce a definition of stochastic
convergence related to stochastic unit roots.

Finally, there is positive evidence in the literature that a great number of existing
studies — almost half according to Leybourne et al. (1996) — failed to reject the null
of a unit root mainly because of an inappropriate linear specification.

Following Granger and Swanson (1997), we reformulate the unit-root problem
in Section IV.A starting from the STUR process:

g =ag 1teg (7

where g, is now a stationary series such as a, ~iid(1, wz) and & ~ iid(0, 02).
When g, = 1, V¢ the STUR exhibits a pure unit-root ( a, collapsing to p=1,
o= 0). Whilst the existence of a pure unit-root is usually tested through standard or
augmented Dickey and Fuller (1979) test as in section IV.A, for the stochastic
variant Leybourne ef al. (1996) developed an ad-hoc LM test and simulated the
following test statistic based on (7), augmented for ¢ lags :

SR YN 10 IS ¥ -y
kAT

assuming the residual component is estimated as:

Zr =

5 = Ax,—a— -2 PuAx,.,
and:
N _ T A _ T N A
o =T 12t=1gtz, K=T 12t=1(<«;",—02).
The null hypothesis is set to the pure unit-root'”
Hy:w' =0,H, :w’ >0

against a more general STUR process. Granger and Swanson (1997) suggest the
opposite would be more effective but the cost is a far more complex simulation of
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the test statistic, which is understandably avoided by Leybourne et al. (1996).

The procedure we use here is similar to Yau and Hung (2007) but applied to the
EU enlargement case. When the null is rejected in favour of a stochastic unit root
(STUR), the GDP per capita of the individual new member converges to the EU15
aggregate. The table below 5 illustrates our results.

More generally, a log difference GDP per capita of two countries starting at
different levels showing a STUR, is interpreted as a signal of for converge. Taking
into account potential non-linear dynamics seems to suggest positive evidence of
convergence between EE, SL, HU and EU15. Moreover we are able to confirm
beta convergence in the countries where we reject the null of a pure unit-root. For
these, we can conclude, similarly to Carlino and Mills (1993), for stochastic
convergence.

C. Structural Changes and Asymmetric Adjustments

Since Perron (1989) it is clear that performing a unit-root test in the presence of
a structural change can lead to non-rejection of the null when in fact it is not true.
This section explores a set of potential solutions to the problem.

The existing literature on structural breaks offers a wide range of choices, among
those we are looking for the possibility of allowing an unknown break date.
Traditionally the Zivot and Andrews (1992), Perron (1997) tests are used under this
circumstances or the iterative equivalent of Chow (1960) proposed by Andrews
(1993) and Andrews and Ploberger (1994) and their extensions to the multi-break
scenario (see Bai and Perron, 1998 or Bai and Perron, 2003 etc.). In the
convergence literature, the Lee and Strazicich (2003) two-breaks LM test has been
used by Bruggemann and Trenkler (2007) and Cunado and Perez de Garcia (2006)

Table 5. Leybourne Tests for a Stochastic Unit Root

It v ee cz

Z-stat -0.021092 0.025811 0.224499" 0.011203
STUR? no no yes no
sk pl sl hu

Z-stat 0.113485 0.011203 0.25118 0.287285
STUR? no no yes yes

Source: Eurostat (2007) National Accounts, own calculations. (T=48). Note: Leybourne et al. (1996), 5%
critical values: 0.215.

SWhen w® = 0, o, ~iid(0, 1) is equivalent to p=1 ie. a non stationary random walk in the model

).
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on a selected group of new member states.

Recently Christopoulos and Leon-Ledesma (2007) proposed a three steps
procedure to test for a unit root in presence of multiple “smooth” unknown breaks.
These are modelled in the form of a Fourier expansion according to:

. (2 7kt 2 ikt
Y, = 6yt I sm(LT) + 0, COS(LT) +v, ®)

where £ is an estimated constant used to control the number of frequencies of the
trigonometric function.
A preliminary stationarity test is performed on estimated residuals from (8):

Av, = av,_ | +20_ | BAV, +u, )

setting the null hypothesis to Hy:a = 0,H;:a#0 and simulating the limiting
distribution of the test (labelled as FADF) with reference to the standard t-statistic .

The authors also suggest to model the residual (9) as a non-linear LTAR process
and use the appropriate inf-¢; 7,4z statistic proposed by Park and Shintani (2005) to
test for a unit-root. Although we see the opportunity of using a logistic transition
function to measure the speed of mean reversion in relation to the current distance
from steady state,'® we also acknowledge the contribution of Choi and Moh
(2007). In a comprehensive assessment of the power properties of 16 nonlinear
tests for unit-roots — including Park and Shintani (2005) inf-7, 74z — they conclude
that in small samples (T = 50) the ADF test is comparable or outperforms all its
competitors regardless of the true data generating process. We take this
consideration as an indication not to expect significantly different conclusions on
the existence of a unit-root, assuming a linear behaviour when the residuals are in

Table 6. Estimated £ — SSRs.

k\ Country cz ee hu It v pl sk sl
1 0.04" 0.93" 0.15° 0.65" 0.85" 0.18" 0.19°  0.12
2 0.12 1.83 0.36 1.15 1.68 0.23 0.23 0.19
3 0.12 1.91 0.40 1.28 1.79 0.28 0.25 0.22
4 0.12 2.04 0.42 1.37 1.89 0.29 0.27 0.23
5 0.12 2.11 0.42 1.37 1.93 0.29 0.27 0.23

Note: * indicates minimum SSR.

16See Section IV.B.
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fact non-linear.

If the disturbances are found to be stationary'’ Christopoulos and Leon-Ledesma
(2007) suggest to apply the F-statistic proposed by Becker et al. (2006) to test the
presence of an unknown break. This conclusion is achieved imposing the
trigonometric term in (8) equal to zero under the null. The break is set to the
alternative hypothesis i.e.:

Hy:0,=06,=0,H,;:6, 200U 6, %0

The introduction of a trigonometric trend has the further advantage of correcting
for potential cyclical components in the data. Since we are using higher frequencies
in the time-series in comparison to beta-convergence, Christopoulos and Leon-
Ledesma (2007) is particularly appealing to us.

The frequency £ is estimated in the range k£ = 1,2,......,5 with reference to model
(8) and the value returning the lower SSR is chosen: k = argkg[nn(SSRk) with
SSR, = Z 2(v ). Not surprisingly the optimal frequency in the given set proved
to be the unity (see Table 6).

The FADEF statistic calculated on the residuals #, for k=1 and y, = g, is reported
in Table 7 whilst the Fourier series and the estimated disturbances are plotted in
Figure A2 in the Appendix.

The clear result is that all the v, series for every country under investigation are
non-stationary and following Choi and Moh (2007) we extend this conclusion to
the inf-¢ test. This not entirely surprisingly giving the dynamics of the series plotted
in Figure A2. We interpret the non-stationary residuals as evidence of no breaks in
our series for the given sample and we note they tend to be stationary around a

Table 7. FADF Tests

Country k FADF p Reject Hy?
ee 1 -1.08 3 no
Iv 1 -1.38 4 no
It 1 -0.23 6 no
hu 1 -1.23 4 no
pl 1 -0.37 4 no
sl 1 -0.92 0 no
cz 1 -1.73 0 no
sk 1 -0.39 4 no

Notes: Leon-Ledesma et al. (2007) 5% critical value: -3.92. p: number of lags (SIC).

If the opposite is true, Becker et al. (2006) has low power and should be avoided.
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(negative) linear trend as far as k—0 and 4<1. In the impossibility of running a
reliable F-test, we interpret this behaviour as an alternative to Becker ez al. (2006).
The lesson we learned from our results is that the Christopoulos and Leon-
Ledesma (2007) procedure has better performance in large samples with low
frequency data rather than small samples and higher frequencies where
seasonalities are removed a priori. We also use this finding as evidence against the
presence of cyclical components in our data.

D. Comparison

Table 8 summarises the results of the previous sections. In particular, it is
interesting to analyse the role of the STUR in our empirical exercise. A problem of
the standard ADF tests is to assume linearisation around the steady state, which
results in a constant speed of mean reversion. However it is a consequence of
Barro and Sala-i-Martin (1992) that the speed of convergence depends on the
distance from steady state and it is not necessarily fixed. In particular, assuming a
group of transition economy shared the same steady states with a group of
developed countries can be too restrictive. Christopoulos and Leon-Ledesma
(2007) allow for an asymmetric speed of adjustment using a LTAR model applied
to the estimated residuals from a Fourier series.

As explained above, we found that the procedure is not very effective in our
particular case and argue that it might be a general problem arising from working
in small samples. In order to partially offset these difficulties, we imposed a non-
linear variant of the linear ADF test which is independent on the existence of
breaks with some improvements on our initial results. Although this approach does
not give any indication on the speed of convergence per se it allows for some
deviations around the steady state.

A subjective judgment on convergence is attempted on the basis of the empirical
results obtained through the various tests applied to the Eurostat dataset. Where
possible the level of reliability of the conclusion is provided as an indication for the

Table 8. Time-series Convergence?

hu sl ee v It sk pl cz

ADF Y+ N N N N N Y+ N
STUR Y Y Y N N N N N
Cointegration Y Y Y Y Y Y Y Y
Overall Y Y- Y- N N N Y N

Note: Y (yes) is positive evidence of convergence. N (no) is no evidence of convergence.



314 Andrea Ingianni and Véclav Zd'arek

reader.

Quite differently from the aggregated beta-convergence analysis, we can now
see some degree of heterogeneity among the EU8 countries. The new results could
potentially be explained by the different theoretical foundation under the new
methodology, although differences among countries do not necessarily exclude an
aggregate behaviour like the one observed in Section III.A. The econometric
difficulties underlined in this section may also contribute to a less clear answer.

V. Conclusions

Some authors claim one of the main determinants of convergence is a process of
economic integration associated with the elimination of trade barriers, factors
movements, technology transfers etc. All these influences should stimulate growth
and give rise to narrow income disparities. However this is not a view fully
supported by the literature: new theories of economic growth warn that integration
could lead to the very opposite outcome — see e.g. Matkowski and Prochniak
(2004). Our empirical results reflect both sides of the debate. Beta analysis suggests
that overall there is a relatively strong convergence which is not confirm by sigma
between groups of countries (EU8 and EU15). Especially in the last few years EUS
countries made rapid progress both in narrowing gap and reducing income
divergence within the group but not necessarily against the EU15. Moreover,
giving credit to Bernard and Durlaf (1995) and Quah (1993) and looking at
country-specific dynamics, introduces the need of adopting a broader concept of
convergence leading to a less defined picture for the enlarged Europe. This
research should prove in a very peculiar setting that, regardless its determinants it is
difficult to find a strong empirical argument in support or against integration-lead
convergence. We observed some signs of this process taking place in the eight new
members of the EU and we provided an indication of their magnitude but we have
no strong evidence to conclude in one sense or the other. What seems to be reality
under one perspective, is very close to a myth under the other.
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Appendix

Figure A1l. GDP per capita Dynamics — EUS (Euros and PPS).
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Figure A2. Fourier Series and Estimated Residuals
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