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Vadims Sarajevs

Convergence of European transition economies and the EU:
What do the data show

Abstract

This is an empirical study of the real income convergence among the fifteen
European Union members and the eleven transition economies of Central and
Eastern Europe. Debates and research on EU enlargement tends to concentrate on
normative issues, so empirical studies constitute a small share of published work
on the subject. This empirical investigation relies on available data on transition,
and employs several econometric techniques including graphic analysis, classical
cross-section regression and dynamic panel data estimations. Most estimation
methods find positive convergence, but estimated rates of convergence vary con-
siderably.

JEL Classification: C80, O57
Key words: convergence, enlargement, and dynamic panel
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Siirtymatalouksien ja EU-maiden [&hentyminen:
Mit& tiedot paljastavat?

Tyossd tutkitaan Keski- ja Itd-Euroopan 11 siirtymétalotalouden ja Euroopan
unionin 15 jisenmaan reaalisten tulojen ldhentymistd. Euroopan unionin laajen-
tumisesta kaytdva julkinen keskustelu sekd tutkimus keskittyvit yleensd norma-
titvisiin kysymyksiin, ja siten empiiriset tutkimukset muodostavat vain pienen
osan tutkimustyotd. Tédssd empiirisessd tutkimuksessa kidytetddn siirtymétalous-
maista saatavia tietoja, joita analysoidaan kédyttden monia ekonometrisia mene-
telmid, kuten graafista analyysid, klassista poikkileikkaus-regressiomallia sekd
dynaamisia paneeliestimointimenetelmid. Useiden estimointimenetelmien avulla
saadut tulokset osoittavat, ettd tulot ldhentyvit, mutta estimoidut ldhentymis-

vauhdit vaihtelevat huomattavasti.

JEL luokittelu: C80, O57

Asiasanat: ldhentyminen, laajentuminen, dynaaminen paneelimalli
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1 Introduction

This paper addresses the issue of real income convergence between the EU and
eleven transition economies of Central and Eastern Europe. With the exception
of Albania, all these countries are accession candidates. Convergence is seen as a
catching-up process, whereby these poorer economies strive for higher growth
rates than their richer EU neighbours.

The lack of empirical research on convergence in transition economies is un-
fortunate for two reasons. First, the prospects of candidate countries’ accession to
the EU raises questions of convergence with the EU. Indeed, the European
Commission, when assessing enlargement challenges, specifically targeted the
issue of the low per-capita incomes of applicants.' Second, there are major policy
considerations in choosing between real and nominal convergence. Transition
countries that pursue rapid disinflation programs with tight fiscal and monetary
polices risk impairing real per capita GDP growth and their progress in structural
reforms.

Most accession candidates expect to join the EU soon (some as early as
2004), yet no specific economic conditions have been defined for the EU en-
largement process. The “Copenhagen criteria™ set out at the European Council’s
meeting in Copenhagen in June 1993 give three rather broad conditions.

e Stable institutions guaranteeing democracy, the rule of law, human rights and
respect for the protection of minorities;

e A functioning market economy and capacity to cope with competitive pres-
sures and market forces within the EU; and

e An ability to take on the obligations of membership, including adherence to
the aims of political, economic and monetary union.’

While these conditions lack quantitative economic targets, the last condition
clearly implies that accession countries should be able to join Economic and
Monetary Union (EMU). Most applicant states, however, see accession as full
participation in all EU initiatives, including the euro. Therefore, from an eco-
nomic perspective, all of these countries must apply considerable effort to satisfy
the Maastricht convergence criteria as prerequisites to joining the euro area.>*

' See Impact Study - Agenda 2000: Section 2.2 Problem Areas and Risks.

* See European Council (1993).

* Temprano-Arroyo and Feldman (1999) provide an excellent overview of normative and insti-
tutional matters relevant for the EMU and EU accession.

* The Maastricht convergence criteria are the following (from Temprano-Arroyo and Feldman
1999, Notes to Table 3, p. 788): 1) annual consumer price inflation must not be exceed that of
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In light of future costs and benefits and the optimality of EU enlargement, it
is arguable that real convergence or divergence is what matters. The greater the
degree of real convergence, the smoother the future functioning of the enlarged
EU. When less money is needed in the form of subsidies from the rich to the
poor, more money will be available for structural adjustments to help harmonisa-
tion of business cycles. Leaving aside the constructed indices for the quality of
living, the ultimate benchmark for measuring convergence is the convergence in
levels of real per capita income, real per capita GDP. Many researchers’ observe
that countries can meet the Maastricht convergence criteria at the expense of real
convergence and progress in restructuring. The often-quoted example is the
trade-off between the tight fiscal and monetary policies for rapid disinflation and
the pace of real GDP growth, i.e. real per capita income convergence. Squeezing
public finances into the Maastricht convergence mould can also adversely affect
restructuring in areas that require considerable investment expenditures such as
institutional reform, environmental protection and infrastructure. Hence, overly
rapid nominal convergence to the Maastricht criteria may actually delay EU ac-
cession prospects.

There are bi-directional links between the nominal and real sides of the econ-
omy in the presence of imperfect markets and nominal rigidities, and both types
of factors undoubtedly feature prominently in transition. Conventional economic
wisdom, however, posits that development in the real sector is what creates the
sustainable basis for nominal convergence. Therefore, the study of real conver-
gence should be at least as important as the studies devoted to nominal conver-
gence and institutional and legal reforms.

As a caveat, there is an obvious explanation for the lack of empirical research
on real convergence in transition. Until recently, available time-series for transi-
tion countries were simply too short for anything more than simple descriptive
comparisons. Even now, we found only a handful of studies related to conver-
gence and transition. Two important studies of convergence between the EU and
European transition economies are presented by Andreff (1998) and by Fisher,
Sahay, and Vegh (1998a and b). Andreftf (1998) studies nominal and real conver-

the three best-performing members by more than 1.5%; 2) long-term interest rate on govern-
ment securities (bonds with 10-year maturity) must be no more than 2% higher compared to
those in three member states with the lowest inflation; 3) the government deficit should not ex-
ceed 3% of gross domestic product (GDP) and public debt should not exceed 60% of GDP; 4)
exchange rate should be kept within the normal fluctuation bands for at least two years. For the
new Exchange Rate Mechanism (ERM II) the standard fluctuation bands are +15% vis-a-vis the
euro. While these criteria are clearer than the Copenhagen criteria, Andreff (1998, pp. 117-119)
notes that most of these criteria do not have the same meaning for transition economies as for
developed market economies. Moreover, the EU has stated that the Maastricht criteria are not
criteria for EU membership.

> Temprano-Arroyo and Feldman (1999, pp: 750-751, 769-771) and Andreff (1998, pp. 117-
118, 124-125, 132).

Bank of Finland, Institute for Economies in Transition 8
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gence combining a simple descriptive approach and a classical approach to con-
vergence a /a Barro and Sala-i-Martin. His data set comprised annual observa-
tions from 1990 to 1996. He found positive evidence of sigma-convergence and
absolute beta-convergence for real incomes during 1992-1996. The times neces-
sary to reduce the income gap by half (7;,) and by 90% were 9.8 years and 30
years, respectively. In their study of income gaps dynamics, Fisher, Sahay and
Vegh (1998a and b) performed a speculative exercise for conditional beta-
convergence that found it might take from 20 to 45 years for best and worst per-
formers to reach the current average per capita income level of the OECD/EU.

Two studies apply advanced econometric techniques. Brada and Kutan
(2001) use cointegration tests on monthly data to study the convergence of
money supply dynamics between transition economies and that of the EU ap-
proximated by Germany. They find mixed evidence with positive results for the
Czech Republic, Estonia, Slovakia and Slovenia. Kocenda (1999) studies con-
vergence among transition countries using monthly time-series on industrial out-
put, money aggregate (M1) and inflation from 1991 to 1998. He also applies
panel unit-root test as an econometric tool. His study finds limited evidence of
convergence for some groups of countries, i.e. the Czech Republic, Poland and
Hungary converge in the growth of industrial output, while the Baltic states ex-
hibit inflation convergence.® However, the use of high-frequency, noisy, monthly
data together with not robust, low-power techniques such as cointegration and
unit-root tests in assessment of an intrinsically long-term phenomenon like con-
vergence does not seem fully appropriate.

By no means the study of real convergence is constrained to the study of real
income convergence. In a recent work by Fidrmuc (2001) the convergence prob-
lem is approached from the point of view of business cycle convergence. Using
six years of observations from 1993 to 1999, he concludes that although the time
series are too short for a definite answer the business cycles in Hungary, Slove-
nia, and, to a lesser extent, Poland are strongly correlated with the business cycle
in Germany.

This paper aims to contribute to the study of convergence among EU and
transition economies by studying real income convergence as opposed to nomi-
nal convergence studied by Koc¢enda (1999) and Brada and Kutan (2001). Sec-
ond, the annual time series used are longer than those of Andreff (1998). Third,
convergence is studied both among the EU and the candidates and within transi-
tion country groups. Finally, a full range of statistical and econometric tech-
niques is employed from graphic analysis, nonparametric tests, and cross-section
regression to dynamic panel data estimations. Since the overwhelming majority

% Similar findings are reported by Richards and Tersman (1996).
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of methods detect the positive convergence in the sample this finding should be
quite robust.

The remainder of the paper is organised so that the second section provides
definitions of convergence and describes data and the methodology of our em-
pirical estimations. Next, we present our empirical findings and compare them
with results of other research on convergence. Finally, we offer a summary and
concluding remarks.

2 Convergence: Definitions, Data, Methodology

The subject of convergence is intrinsically related to the theory of growth. Its
roots can be traced already in the 18" century treatises of Adam Smith on the
wealth of nations. However, considerable empirical research on convergence or
cross-country growth has appeared prominently only in 1980s and 1990s when
large data sets of macroeconomic time-series were compiled for large groups of
countries, first, by Maddison (1982) and then by Summers and Heston (1988).
Many prominent researchers have contributed to this field since. In particular, we
have the contributions of Barro (1991, 1997), Barro and Sala-i-Martin (1991,
1992), Sala-i-Martin (1996, 1997), Mankiw, Romer, and Weil (1992) and
Mankiw (1995).”

2.1 Definitions

Here, we employ standard definitions of beta- and sigma-convergence as sug-
gested by Sala-i-Martin (1996). We observe absolute [-convergence when “poor
economies tend to grow faster than the rich ones.” This definition assumes that
all economies converge to the same steady-state level of per capita GDP. Let y;,
is country i’s real GDP per capita, then the annualised growth rate of GDP be-
tween dates t and t+T can be defined as

— yi +T 1
. = 10 ol - —
7/1,[,[+T g( A’[j T .

The concept of absolute p-convergence in regression terms is given by

7 Jones and Manuelli (1997) provide a concise survey of theoretical developments in the field of
endogenous growth theory. de la Fuente (1997, 1998, and 2000) and Quah (1999) have com-
piled recent surveys of growth and convergence.

Bank of Finland, Institute for Economies in Transition 10
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Equation 1 Absolute -convergence

Vigsr =4~ b- log(yi,t) + &t

where b > () means that there is convergence in the data set. The failure of many
empirical studies to find absolute [-convergence leads, through the works of
Barro and Sala-i-Martin (1992), and Mankiw, Romer, and Weil (1992) to a con-
cept of conditional p-convergence whereby “the growth rate of an economy will
be positively related to the distance that separates it from its own steady state.”
This concept reflects the fact that neither Solow’s (1956) neoclassical growth
model nor its optimal savings versions by Cass (1965) and Koopmans (1965)
imply convergence to the same steady state of per capita income. If economies
have different technological and preference parameters, then nothing prevents
them from converging to different steady states. Therefore, to investigate for the
possibility of conditional [-convergence, one needs to include regression vari-
ables that determine the steady state:

Equation 2 Conditional [-convergence

Vigier = A~ b- log(yi,t) + l//Xi,t + Eiiar,

where X, is a vector of variables that hold constant the steady state of the econ-
omy i, and, as before, b > 0 means that the data set exhibits conditional p-
convergence.

The next concept to be defined is g-convergence. While f-convergence re-
flects the movement of individual countries within a group, the concept of o-
convergence describes the evolution of income distribution of the entire group.
Let g, be the time t standard deviation of log of real per capita GDP, then “a
group of economies are converging in the sense of ¢ if the dispersion of their real

per capita GDP levels tends to decrease over time. That is, if 6,7 < a,”.9

2.2 Data

Our data set comprises statistics on per capita GDP measured in the US dollars
(USD) for fifteen current members of the EU and eleven transition economies in
Central and Eastern Europe. All observations are at the annual frequency cover-

¥ Sala-i-Martin 1996, p. 1027.
? Sala-i-Martin 1996, p. 1020.
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ing 1991 to 1999. Additionally, for all countries, we have time series on con-
sumer price inflation, broad-money-to-GDP ratio, and depreciation of the real
effective exchange rate.'” These time series are used to hold constant the steady
state of the economy with the following justification. First, we need to acknowl-
edge the fact that these were the only time series available in full for the sample.
Second, due to the short size of the sample — only nine years, many traditional
variables assumed important for the long-term growth (a number of decades) do
not seem relevant for our study.!" For example, rates of secondary school enrol-
ment would not show any variation over the sample as in the socialist past chil-
dren had to go to school. As acknowledged by many transition economy re-
searchers, the problem has never been a deficit of human capital, but the fact that
the market economy demands different skills. Another variable, life expectancy,
is too long-term in nature for our 9-year sample to have any impact. Finally, data
on investment, foreign and domestic, although valuable and informative, start for
most transition countries only in the latter half of the present sample. Where ear-
lier data is available, it is not comparable to that of the EU due to different ac-
counting practices.

Domestic inflation and broad-money-to-GDP ratio are used to control for
domestic developments that may impact on the steady state level of per capita
income. Both reflect the dynamics of macroeconomic stabilisation and develop-
ment of the financial sector.'” The depreciation of the real effective exchange rate
was chosen as a summary indicator that captures the developments in the foreign
sector, changes in productivity and competitiveness.

The eleven transition economies (TE-11) from Central and Eastern Europe
are Albania, Bulgaria, Czech Republic, Estonia, Hungary, Latvia, Lithuania, Po-
land, Romania, Slovak Republic and Slovenia. They are then differentiated into
five subgroups, which at least partly reflect geographical proximity, common
trade and historical links. The TE-8 subgroup comprises all the countries above
except Balkan countries, Albania, Bulgaria, and Romania. TE-5 comprises all
the countries except Balkan and Baltic states, Estonia, Latvia and Lithuania. The
five remaining countries, Czech Republic, Hungary, Poland, Slovak Republic,
and Slovenia are founding members of CEFTA, Central European Free Trade
Agreement, signed in March 1993 in recognition of their high level of mutual
trade flows. Sometimes we refer to this group as the “leaders.” TE-3Balkans
comprises Albania, Bulgaria, and Romania. TE-3Baltics comprises Estonia, Lat-

' Data on GDP and inflation is from IMF. Data on broad money aggregates are from IMF and
OECD. Data on real effective exchange rate are from the Bank for International Settlements for
transition economies and from the IMF for EU members.

! Sala-i-Martin (1997) counts up to 60 variables, which appeared significant in studies on eco-
nomic growth.

12 Berthelemy and Varoudakis (1996) provide relevant discussion.
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via, and Lithuania. TE-3 includes the three transition countries with the largest
GDP: Czech Republic, Hungary and Poland.

Before turning to the methodological aspects of our empirical study, we for-
mulate its research agenda as three questions.

e Can one detect real income convergence between the EU and European tran-
sition economies?

e (Can one detect the real income convergence among European transition
economies?

e Do income dynamics become more similar, i.e. 6-convergence?

Given the mixed results of previous studies, the research on convergence and
transition economies is still very much at the fact-finding stage.

2.3 Methodology

Panel data (time-series on a cross-section of countries) on convergence is the
most precious commodity in that kind of research. Therefore, one should be care-
ful not to ignore potentially useful information. In our investigation of the data,
we pass through three stages of increasing sophistication of applied econometric
technique. As a preliminary comment, we note that many studies on convergence
are based on averaged macroeconomic data, usually 5-year averages. Barro
(1995, pp. 15-16) argues even for larger time spans as “relationships at the an-
nual frequency would likely be dominated by mistiming and, hence, effectively
by measurement error.” It should be said at the onset that however reasonable,
this approach is impossible to carry out in the research on transition due to data
limitations. One thus needs to be extremely cautious in interpreting results.

We commence from Simple Descriptive Analysis and graphic representation
of the data, which succinctly summarise major features and trends. We calculate
mean income time series for every group and then plot mean income dynamics,
as measured by the difference between the EU mean income and that of the cor-
responding TE group, Y(EU) — Y(TE group), t=1991..1999. We repeat the
analysis for median income, a more robust measure of the central tendency of the
data. Since the classical definition of convergence given by Equation 1 to Equa-
tion 2 refers to the log of real per capita GDP we applied the log transformation
from beginning, and hence all the plots are for log of mean income. Then, fol-
lowing Andreff’s (1998, p. 113) analysis of o-convergence, we calculate the co-
efficient of variation defined as the ratio of the standard deviation to the mean
values of income in the group and plot it over time. We repeat the analysis using

13 BOFIT Discussion Papers 13/2001
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the robust form of the coefficient of variation: interquartile range over median.
The interquartile range (IQR) is formed by subtracting the 25th percentile of the
data from the 75th percentile of the data. The IQR is a robust estimate of the
spread of the data (with respect to outliers) since changes in the upper and lower
25% of the data do not affect it.

To test the significance of group factor and to carry out multiple pair-wise
comparisons of groups, we employ Friedman’s non-parametric test,”> which is
similar to two-way analysis of variance. However, unlike two-way analysis of
variance, Friedman’s test does not treat the two factors symmetrically and does
not test for interaction. Instead, it is a test for whether the columns (groups) are
different after adjusting for possible row (time dimension) differences. The test is
based on an analysis of variance using the ranks of the data across categories of
the row factor. The major advantage of Friedman’s test, as with most non-
parametric tests, is the fact that it does not make any assumptions (say, normal-
ity) about the distribution from which the sample was drawn, and the test is ro-
bust in this sense. This advantage, however, comes at the price of lower power to
distinguish among the groups that are different by a small margin.

The whole approach bears the same hallmark of a trade-off between robust-
ness and precision of conclusions as the Friedman’s test. It is robust with respect
to many assumptions required by classical and advanced econometric techniques,
but what looks one way on the plot may prove to be different when tested for-
mally.

At the second level of analysis, we employ the “Classical Approach to Con-
vergence” in the spirit of Barro and Sala-i-Martin as exposed in Sala-i-Martin
(1996), i.e. we apply a cross-section regression to our panel data as described by
Equation 1 to Equation 2. This is the basic formalisation of the first approach
with the graphic representation of the data. It gives a quantitative assessment of
convergence phenomenon and its significance. To calculate the annualised
growth rate of GDP, we always use 1999 as the end year and years from 1991 to
1995 consecutively as the start date (¥ 0). We employ different starting dates to
see their effect on convergence. In Andreff’s study,'* the sample from 1990 to
1996 showed no absolute convergence for transition economies and the EU while
the sample 1992-1996 delivered the positive results. This is partly explained by
the fact that in the beginning of 1990s most of transition economies suffered a
dramatic fall in GDP and a prolonged structural/ transformational recession.

The advantage of simple cross-section tests over time-series ones for conver-
gence was emphasised recently by Bernard and Durlauf (1996, p. 171). They ar-
gued that cross-sectional tests are more suitable for data that is derived from

1 See Hollander and Wolfe (1999, pp. 270-284) for fuller treatment.
41998, p. 131.
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economies, which are far from their steady states, and we assume it is true for the
data from transition. The cross-sectional tests study the cross-sectional correla-
tion between the initial income levels and subsequent growth rates for a group of
countries. The time-series-based tests study the long-run dynamics of differences
in per capita income among countries. Here convergence implies the cointegra-
tion between output levels of any two economies in the group. As advocated by
Bernard and Durlauf,” the two approaches assume very different characteristics
for the data under investigation. Under the cross-section approach, the data are
considered to be “in transition towards a limiting distribution and convergence is
interpreted as meaning that initial output differences dissipate over a fixed time
period.” In the time-series approach the data are considered to be “generated by
economies near their limiting distributions and convergence is interpreted to
mean that initial conditions have no (statistically significant) effect on the ex-
pected value of output differences.” Hence, we do not to test for stationarity and
cointegration of our output time series here. Moreover, these time-series are too
short for such tests to be conclusive.

Finally, at the third stage of our analysis we employ Dynamic Panel Data
Analysis, and turn to the most recent econometric tools for estimation of dynamic
panel data (DPD) sets. These tools make the full use of the time dimension of the
data set, therefore, expanding a simple cross-section by an extra dimension, time,
to a panel. It is a middle ground between pure cross-section and time-series tests.
We apply a first-order autoregressive fixed-effect dynamic panel model to study
convergence in our sample.

Equation 3 First-order autoregressive fixed-effect dynamic panel model
Vit :a.yi,t—l +ﬂ'xit T U +e,

The choice of one lag only for the dependent variable (real per capita GDP) is
dictated by the small sample size limitation. Although dynamic panels are not
new,'® their acceptance for econometric analysis of macroeconomic time-series
data took until the mid-1990s.'” The present research uses this techniques for re-
search on transition economies convergence with the EU. Two recent applica-
tions of this approach to growth and convergence are presented in Knight er a/
(1993) and Islam (1995). Their major argument for panel approach as opposed to

31996, p. 171.

' See Hsiao, 1982.

17 Several other books deserve mention. Baltagi (1995) provides an advanced treatment of dy-
namic panel data estimations with lots of references. Matyas and Sevestre (eds.) (1995) show
many applications, as does the recent book edited by Krishnakumar and Ronchetti (2000).
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the cross-section approach is that it allows for important country-specific effects.
As Islam notes, “The country-specific aspect of the aggregate production func-
tion that is ignored in single cross-section regression, is correlated with the in-
cluded explanatory variables, and this creates omitted variable bias. The panel
data framework makes it possible to correct this bias.”'® He argues further that it
is not feasible to remedy this problem of the single cross-section approach with
instrumental variable estimation. Such an instrument may correlate with the ex-
planatory variables but not with country-specific technology effects such as pro-
duction technology, resource endowment, climate and preferences.

The panel approach finds faster rates of conditional convergence compared
with the single cross-section approach. Statistically, this is due to a bias from cor-
rection for omitted variables. From the growth theory and conditional conver-
gence perspective, it means that steady-state income levels depend on country-
specific technology effects in a significant way. Therefore, these country-specific
technology effects must be considered. As emphasised by Islam (1995) and many
other researchers, the faster rate of convergence is good news. Unfortunately,
here we are looking at conditional convergence. That is, groups of countries and
separate countries are converging fast to their respective steady states of income
level, and nothing, of course, can guarantee that it is a good steady state. There-
fore, there is a room for activism on the government side to adopt policies that
can improve the steady state level: investment to infrastructure, R&D sector,
education. For many transition countries, it also means institutional reform and
fighting corruption.

Two problems with this approach deserve a brief mention. First, is the issue
of specifying fixed and random effects. The second is the performance of various
dynamic panel estimators in small samples. With respect to specification choice,
we note Islam’s observation that country-specific effects are correlated with the
explanatory variables, and hence, random effects specification is unsuitable. In
line with the arguments of Hsiao'’ and Baltagi® the choice of fixed effects option
is more appropriate when the research focuses on a specific set of N countries,
which are not drawn randomly from a large population, and the outcomes of the
study are viewed as conditional on this set of countries. This situation precisely
reflects our convergence study where the choice of country matters for answers
we search for. This choice was confirmed during estimations with Hausman’s
test always favouring the fixed effects specification.

Turning to the choice and performance of various dynamic panel estimators
one should first note the large variety available. The most widely used include

¥ Islam, 1995, p. 1128.
¥ Hsaio, 1981, pp. 41-43.
%% Baltagi, 1995, p. 10.
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e Least Squares with Dummy Variables (LSDV);

e Instrumental Variable method by Anderson-Hsiao (AHL and AHD), where
lagged level or difference of the dependent variable can be used;

e (Generalized Method of Moments by Arellano and Bond (1991), one and two-
step, (GMM and GMM2);

e Two and Three Stage Least Squares (2SLS and 3SLS);

e Chamberlain’s Minimum Distance Estimator (MD);*' exact/unconditional
Maximum Likelihood Estimator (MLE) by Nerlove (2000);** and

e the Pooled Mean Group Estimator by Pesaran et al (1999).

Theoretically the estimators that make use of all available information (MD, ex-
act MLE, GMM2, 3SLS) are asymptotically the same and dominate simpler and
less efficient estimators (LSDV, AHL or AHD, one-step GMM, 2SLS). Unfortu-
nately, this information is of no use to a practitioner working with small samples.
While no consistent picture has emerged, there are a number of Monte Carlo
studies on the estimators’ performance in small samples.” The general view is
that simpler estimators such as LSDV or 2SLS should be preferred to more so-
phisticated ones such as GMM?2 or 3SLS in small samples of noisy data. Islam
remarks that more advanced estimators must use an optimal weighting matrix,
which in turn has to be estimated from data and thus adds extra noise to the esti-
mator.”* Another general point is that estimations vary widely depending on the
method. Finally, Monte Carlo studies specifically designed for growth data,
Summers-Heston data set, and/or on macroeconomic issue of convergence as by
Islam (1998), and Judson and Owen (1999), find that simple estimators such as
LSDV, AHD/AHL (and sometimes one-step GMM) perform best in terms of bias
and root mean square error (RMSE). Judson and Owen (1999) strongly recom-
mend the use of bias-corrected LSDV estimator version developed in Kiviet
(1995), Bun and Kiviet (1999) for small panels. In their study, bias-corrected
LSDV performed best in terms of bias and RMSE in small panels with a time
dimension of less than ten observations. The considerations above led us to the
following choice of dynamic panel data estimators: LSDV, 2SLS, AHD, and
one-step GMM. We report the results for all.

! Explained in Matyas and Sevestre (1995, Ch. 14).

*? Nerlove main argument is that estimation procedure matters a great deal in panel data econo-
metrics, and that higher values of convergence found, for example, by Islam (1995) are statisti-
cal artefacts due to incorrect specification and estimation of dynamic panel data models.

# See Kiviet (1995), Bun and Kiviet (1999), Islam (1998), and Judson and Owen (1999).

* Islam 1998, p. 15.
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3 Empirical Results

In this section we summarise our empirical findings and compare results of the
different levels of analysis. Accompanying graphics and tables are presented in
the Appendices.

3.1 Simple Descriptive Analysis

Descriptive graphic analysis is presented on Figure 1 to Figure 4. Figure 1 and
Figure 2 show income dynamics as measured by the difference between the EU
income and that of the corresponding TE group, Y(EU) — Y(TE group),
t=1991..1999. First, we draw the evolution for mean income differences, and
then for median income differences. These first two figures represent the concept
of absolute [-convergence. First, we examine the “leaders,” the TE-5 and TE-3
subgroups. Both subgroups behave similarly. They start converging with the EU
early in 1992 and around 1998, the slow-but-steady convergence ceases. In 1999,
they start to show the signs of divergence. The new trend reflects the impact of
the Asian and Russian crises on these transition economies. It reveals their high
vulnerability with respect to economic developments outside the European Eco-
nomic Area. Three other subgroups: TE-11, TE-8, and TE-3Baltics, display the
same pattern except for the later start of convergence (1994). Finally, the Balkan
country subgroup, which has the greatest income gap with the EU, displays fast
convergence from 1992 to 1995, and even faster divergence from 1995 to 1998.
The use of median instead of mean does not alter the picture significantly, though
few remarks are necessary. First, the Balkan country subgroup divergence since
1995 is particularly strong. Second, TE-5 and TE-3 hardly show any convergence
at all now, i.e. their real income grows approximately at the same pace as that of
the EU. Third, the TE-8 subgroup representing all transition economies except
the Balkans shows steady convergence from 1992.

Figure 3 and Figure 4 deals with the concept of g-convergence between tran-
sition groups and the EU. As fS-convergence is a necessary, although not suffi-
cient, condition for o-convergence, the patterns are very similar to the ones ana-
lysed above.”> Country groups start converging at the same different dates, and
all are affected by the aftermaths of the Asian and Russian crises. The use of the
robust measure of the coefficient of variation (interquartile range over median)
for the analysis delivers the same picture, but emphasises very strong conver-
gence for TE-5.

* See Sala-i-Martin 1996, p. 1021.
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The results of non-parametric Friedman’s test for absolute p-convergence
and o-convergence are presented in Table 1 to Table4. Friedman’s test results
show that belonging to the group always matters, and pair-wise comparisons re-
veal this. These results complement the graphic analysis and show that with re-
spect to mean income level, the EU and the TE-8, TE-5, and TE-3 subgroups are
indistinguishable at the 95% confidence level. This is broadly in line with the
findings of the graphic analysis. When one uses median income, a more robust
measure of central tendency of data, the conclusions are that the EU and the TE-5
and TE-3 subgroups are indistinguishable at the 95% confidence level. Thus, the
use of the robust criterion makes stronger separation among transition econo-
mies. Only the richer transition economies of Central Europe seem to be steadily
converging with the EU.

Table 3 and Table 4 deal with g-convergence and deliver similar results to
graphic analysis. In particular, the dispersion of income decreases between the
EU and TE-8, TE-5, TE-3, TE-3Baltics and TE-3Balkans subgroups, but not
between the EU and the TE-11 subgroup. In Table 4 we employ the robust vari-
ant of the coefficient of variation — the ratio of the interquartile range to the me-
dian income. This has no effect on results.

Summarising the present situation, one can observe a significant reduction in
income variability between the EU and transition economies. While this is possi-
bly due to intensified trade links and large integration efforts, it seems unlikely
that these forces could yet produce the same impact on income level conver-
gence. The TE-3Balkans subgroup is distinct from the rest. After a good start,
from 1995 there are diverging with the EU in terms of real income levels. Obvi-
ous candidates for explanations are the Balkan wars and the trade embargo im-
posed on Yugoslavia that affected adversely the whole region. In addition, their
economic reform policies were inconsistent and badly designed and imple-
mented, with inflation going out of control into hyperinflation in Bulgaria in
1996-1997. The Baltic country group, TE-3Baltics, despite the later start of tran-
sition seems to be catching up steadily with the “leaders™ and the EU.

Finally, we look at the dynamics of income distribution, o-convergence,
within separate groups of countries, but not with respect to the EU. This is an in-
teresting exercise because it may reveal the consistency of group definition. If
countries converge within the subgroup, then that subgroup’s overall behaviour is
more consistent. The subgroup is itself a representative entity for the analysis,
which thus reduces the dimensionality of the analysis. Similar analysis of -
convergence is unnecessary here, since f-convergence is mostly important with
respect to the EU. However, later in the Dynamic Panel Approach section we
present results on absolute [f-convergence for separate groups in Table 14 and
Table 15. The analysis that uses the robust measure of o-convergence is pre-
sented on Figure 6. The graphics expose three interesting facts. First, the conver-

19 BOFIT Discussion Papers 13/2001



Vadims Sarajevs

gence within the EU itself essentially stopped after 1995. This may complicate
the analysis of convergence by weakening the results for the mixtures of the EU
and separate groups of transition economies. Second, all subgroups, except TE-
11 and the Baltics, show some positive degree of convergence. The divergence
within transition economies as the whole, TE-11, may be explained by the in-
creasing income gap between the richer reformers and the Balkan countries with
the addition of possibly Lithuania. The last surprising trend revealed by the graph
is the divergence within such seemingly homogeneous in historical and geo-
graphical terms group as the Baltics, TE-3Baltics. Clearly, Estonia that has simi-
lar language and common border with the EU member, Finland, converges to the
EU significantly faster than two other group members, Latvia and Lithuania. If
the trend continues the Baltic subgroup will have to be split, with Estonia joining
the “leaders,” and to which it is already formally affiliated as a first-wave acces-
sion candidate.

3.2 Classical Approach to Convergence

We start with results for absolute p-convergence and then conditional p-
convergence. We present both tables with regression statistics on convergence
coefficient and summary tables, where we entered Yes/No for the fact of conver-
gence and Half-Time (7,,), i.e. time necessary to reduce income gap by half. All
calculations were performed with Stata 6 software.

Absolute f-convergence is both the strongest and most interesting concept
because it implies convergence to the same steady state. This is the situation
normally implied when officials talk about the long-term results of the EU en-
largement. Table 6 and Table 7 display the results. The findings are in line with
the earlier simple descriptive analysis. Not all transition economies (TE-11) are
converging with the EU. In particular, the results are negative for the Balkan
subgroup, TE-3Balkans. For the TE-8, TE-5, TE-3 and TE-3Baltics subgroups
the conclusions are positive, but the convergence is extremely slow with Half-
Time values ranging from 111 to 176 years. Nevertheless, the mere fact of find-
ing absolute [-convergence is remarkable, given that only eight years have
passed since the European Council meeting in Copenhagen that took decision on
enlargement, and on average only ten years since the beginning of transition.
With the rising volume of mutual trade, ongoing institutional reform and integra-
tion efforts, and expanding cultural links one can expect a significant increase in
the speed of convergence.

Results for conditional [-convergence are displayed in Table 8 and Table 9.
Here, Half-Time results range from 180 to 35 years. Clearly, the lower bound fell
some three-fold, implying much faster convergence rates in some cases. How-
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ever, one needs to remember here that countries are not necessarily converging to
the same steady states. In particular, in the light of the previous analysis it seems
that the Balkan countries are converging fast to their own steady state, which is
quite different from that of the EU and other transition economies.

Finally, it is interesting to compare our results with findings reported in the
literature for other economic groups estimated over much longer time span when
is available to us. Table 5 presents some of these results. As can be seen the
range of Half-Time values is large, from 69 years for regions of Italy to 22 years
for Japanese prefectures. This range overlaps our findings. In particular, all of
our values for the case of conditional p-convergence are within this range.

3.3 Dynamic Panel Data Study

Again we first report with results for absolute f-convergence and then for condi-
tional f-convergence, and present both tables with regression statistics on con-
vergence coefficient and summary tables: Table 10 to Table 13. As with many
studies cited before the rates of convergence are significantly higher when dy-
namics is taken into account. Another general observation is that even for the
same group results vary widely depending on the estimation method?*®.

Table 11 shows results for an absolute f-convergence. Most of the results are
unconvincingly small for Half-Time values, i.e. the convergence rate is too high.
However, if one chooses the three-year value as a conservative estimate for Half-
Time convergence, it means around ten years for convergence to 90% of the EU
average, and this estimate already does not look improbable. Another interesting
observation is that in the case of the dynamic panel approach, even the Balkan
country group shows positive convergence with the EU for some estimation
methods, namely, 2SLS and one-step GMM.

Results for conditional [-convergence are displayed in Table 12 and Table
13. They share similar features with the results for absolute p-convergence. They
range from very slow convergence for the EU and TE-11 group (47 to over 70
years for Half-Time values) to acceptable Half-Time values for other subgroups
(32 years for the EU and TE-8, 5 to 3 years for other subgroups).

Concluding this section we present results for absolute [-convergence for
separate groups in Table 14 and Table 15. The analysis reveals that for the EU,

%6 Calculations for DPD section are performed using the most recent version, version 7, of Stata software
package. The arrival of this new version relieved us from writing our own programme code for DPD es-
timations, and this, of course, should mean easier reproducibility of the research. We believe that previous
absence of DPD estimation tools from widely used standard software packages was the major deterrent to
the wide applications of DPD approach.
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two methods (LSDV and 2SLS) out of four failed to find positive absolute (-
convergence. If this is not a statistical artefact, it poses yet one more complica-
tion for the convergence study. If there is no clear convergence within the EU,
then it is more difficult to detect the convergence of transition economies to the
EU. Another finding is more controversial. We detect positive absolute (-
convergence for the Baltics, while in our Simple Descriptive Analysis section
(see Figure 6) found that the Baltic subgroup is diverging in terms of o-
convergence. Here, we think the DPD results are unconvincing and possibly sta-
tistical artefacts.

Finally, for comparison we present some typical findings in the literature in
Table 16. Depending on the estimation method and country subgroup, the range
for Half-Time values is 3.5 to 16 years. This includes some of our results, but
overlapping is more erratic than in classical study.

4  Conclusions

Conclusions are the riskiest and the most difficult exercise in research on con-
vergence in transition. As to the query posed by the title of the paper, we con-
clude that o- and B-convergence are present in the sample. A host of statistical
and econometric techniques were employed here, ranging from graphic analysis,
non-parametric tests and cross-section regression to dynamic panel data estima-
tions. The finding of positive convergence is robust for most methods. This result
is very important for the prospects of EU enlargement as it invalidates the argu-
ment that enlargement process should be halted because there is no convergence
between the EU and the candidates.

To paraphrase Shakespeare’s Hamlet, “Speed, that is the question!” The
range of values for the time necessary to reduce the income gap by half is
stretching well over the century depending on the method used for estimation.
Two cures may be prescribed. The first stems from the hypothesis that a short
and noisy data sample is the major hurdle to this study. Hence, bearing in mind
Barro’s suggestion of using five-, or better, ten-year averages of macroeconomic
time series for estimations, one simple solution is to wait ten or more years until
the required time series have accumulated. A more practical approach is of a
technical nature. It is tailored to this particular sample Monte-Carlo investigation
of the performance of the DPD estimators and their comparison with the classical
approach. It may shed more light on estimators’ performance and, hopefully, re-
duce the range of obtained values to an acceptable width.

The second, supplementary part of the research was devoted to the behaviour
of income in the separate groups. Two important findings are that the Baltic sub-
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group is diverging in the sense of a-convergence (i.e. income distribution), and
the EU shows few signs of 6- and B-convergence, especially after 1995. The lat-
ter finding necessarily complicates the study of convergence to the EU as its be-
haviour changes after 1995.

Generally, the lack of conclusive evidence from the data on the rate of catch-
up makes it advisable for transition countries to opt for growth-enhancing poli-
cies rather than concentrate their efforts on nominal convergence with Maastricht
criteria.

As to some possible future extensions of this research, one can suggest a
complementary study of factors behind the recent growth performance in transi-
tion economies. It might determine the sustainability of the recent positive
growth in most transition economies. This will help to answer the major conver-
gence question as to how long it will take for transition countries to close the in-
come gap with the EU. Since the size and the quality of the present data sample
is the major hurdle, we should turn to indirect evidence on possible developments
between the EU and accession candidates. First, one can resort to a number of
case studies related to the accession experiences of countries such as Greece,
Spain and Portugal. These countries started with large income disparities with the
EU average. The study of what have happened to them before and after accession
may shed light on what may happen to present candidates. Second, one can look
at the historical data covering the common experience of the European countries
during let say 1900-1940. During this period many of the candidates were inde-
pendent countries with market economies. The study of their convergence expe-
rience then may provide clues as to what might happen in the future.
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Appendices: Graphs and Tables

Descriptive graphic analysis
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Figure 1. Mean Income Dynamics, Balkans — on the right scale
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Figure 5. Coefficient of Variation, Robust Measure: Interquartile Range over Median.
Sigma-convergence within separate groups, not with the EU.
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Friedman's test results

Low p-value of test statistics means that the null hypothesis that some groups are
different cannot be rejected. When lower and upper 95% confidence interval val-
ues have different sign, two groups are not distinguishable. The following de-
scriptor table provides the correspondence between groups’ names and groups’
numbering.

Group Name Group Number
EU-15 1
TE-11 2
TE-8 3
TE-5 4
TE-3 5
TE-3Baltics 6
TE-3Balkans 7
Friedman's Test p-value 8.8E-10
Multiple comparison test of means (one row for each
pair of groups)
Group|Group|CI-95%(L) |Difference in Means|CI-95%(U)
1 2| 1.108689 4.111111| 7.113533
1 3/-0.002422 3| 6.002422
1 4|-2.002422 1| 4.002422
1 5/-1.002422 2| 5.002422
1 6| 1.886467 4.888889| 7.891311
1 7| 2.997578 6| 9.002422
2 3/-4.113533 -1.111111| 1.891311
2 4|-6.113533 -3.111111|-0.108689
2 5/-5.113533 -2.111111| 0.891311
2 6|-2.224644 0.777778 3.7802
2 7|-1.113533 1.888889| 4.891311
3 4|-5.002422 -2| 1.002422
3 5/-4.002422 -1] 2.002422
3 6/-1.113533 1.888889| 4.891311
3 7|-0.002422 3| 6.002422
4 5/-2.002422 11 4.002422
4 6| 0.886467 3.888889| 6.891311
4 7| 1.997578 5| 8.002422
5 6/-0.113533 2.888889| 5.891311
5 7| 0.997578 4| 7.002422
6 7/-1.891311 1.111111| 4.113533

Table 1. Friedman'’s test results for mean income
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Friedman's Test p-value 7.72E-10

Multiple comparison test of means (one row for each
pair of groups)

Group|Group|CI-95%(L) |Difference in Means|CI-95%(U)
1 2| 1.083069 4.055556| 7.028043
1 3| 0.027513 3| 5.972487
1 4(-1.472487 1.5| 4.472487
1 5/-1.472487 1.5| 4.472487
1 6| 1.971957 4.944444| 7.916931
1 7| 3.027513 6| 8.972487
2 3/-4.028043 -1.055556| 1.916931
2 4/-5.528043 -2.555556| 0.416931
2 5/-5.528043 -2.555556| 0.416931
2 6|-2.083598 0.888889| 3.861376
2 71-1.028043 1.944444| 4916931
3 4|-4.472487 -1.5| 1.472487
3 5|-4.472487 -1.5| 1.472487
3 6/-1.028043 1.944444| 4.916931
3 7| 0.027513 3| 5.972487
4 5|-2.972487 0| 2.972487
4 6| 0.471957 3.444444| 6.416931
4 7| 1.527513 45| 7.472487
5 6| 0.471957 3.444444| 6.416931
5 7| 1.527513 45| 7.472487
6 7/-1.916931 1.055556| 4.028043

Table 2. Friedman'’s test results for median income
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Friedman's Test p-value 4.4E-09

Multiple comparison test of means (one row for each

pair of groups)

Group|Group|CI-95%(L) |Difference in Means|CI-95%(U)
1 2|-6.891311 -3.888889| -0.886467
1 3(-5.446867 -2.444444| 0.557978
1 4/-4.113533 -1.111111| 1.891311
1 5[-1.335755 1.666667| 4.669089
1 6|-1.446867 1.555556| 4.557978
1 7|-5.002422 -2| 1.002422
2 3/-1.557978 1.444444| 4446867
2 4|-0.224644 2777778 5.7802
2 5| 2.553133 5.555556| 8.557978
2 6| 2.442022 5.444444| 8.446867
2 7/-1.113533 1.888889| 4.891311
3 4/-1.669089 1.333333| 4.335755
3 5/ 1.108689 4111111 7.113533
3 6| 0.997578 4| 7.002422
3 7|-2.557978 0.444444| 3.446867
4 5(-0.224644 2777778 5.7802
4 6/-0.335755 2.666667| 5.669089
4 7/-3.891311 -0.888889| 2.113533
5 6/-3.113533 -0.111111| 2.891311
5 7/-6.669089 -3.666667| -0.664245
6 7/-6.557978 -3.555556| -0.553133

Table 3. Friedman’s test results for coefficient of variation (standard deviation/mean)
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Friedman's Test p-value 1.68E-08

Multiple comparison test of means (one row for each

pair of groups)

Group|Group|CI-95%(L) |Difference in Means|CI-95%(U)
1 2|-7.224644 -4.222222| -1.2198
1 3| -5.7802 -2.777778| 0.224644
1 4|-4.446867 -1.444444| 1.557978
1 5/-1.669089 1.333333| 4.335755
1 6|-2.224644 0.777778 3.7802
1 7|-5.224644 -2.222222 0.7802
2 3/-1.557978 1.444444| 4446867
2 4|-0.224644 2777778 5.7802
2 5| 2.5653133 5.555556| 8.557978
2 6| 1.997578 5| 8.002422
2 7|-1.002422 2| 5.002422
3 4|-1.669089 1.333333| 4.335755
3 5/ 1.108689 4.111111| 7.113533
3 6| 0.553133 3.555556| 6.557978
3 7|-2.446867 0.555556| 3.557978
4 5/-0.224644 2777778 5.7802
4 6| -0.7802 2.222222| 5.224644
4 7| -3.7802 -0.777778| 2.224644
5 6|-3.557978 -0.555556| 2.446867
5 7|-6.557978 -3.555556|-0.553133
6 7|-6.002422 -3| 0.002422

Table 4. Friedman'’s test results for coefficient of variation (interquartile range/median)

Note to Table 4: This is robust form of the coefficient of variation. The inter-
quartile range (IQR) is formed by subtracting the 25th percentile of the data from
the 75th percentile of the data. The IQR is a robust estimate of the spread of the
data since changes in the upper and lower 25% of the data do not affect it.
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Data set Year |Absolute| T, |Condition |[T12| Panel, |Tip
al cond.
OECD 1960-90 | 0.014 | 50 0.029 | 24
USA, 48 states 1880- 0.021 | 33 0.017 | 41 0.022 32
1990

Japan, 47 prefec- | 1955-90 | 0.019 (36| 0.019 | 36 0.031 22
tures

Europe, 90 regions| 1950-90 | 0.015 | 46| 0.015 | 46 0.018 39

Germany, 11 re- 1950-90 | 0.014 | 50| 0.014 |50 0.016 43
gions

UK, 11 regions 1950-90 | 0.02 | 35 0.03 23 0.029 24

France, 21 regions | 1950-90 | 0.016 | 43 | 0.016 | 43 0.015 46

Italy, 20 regions 1950-90 | 0.01 | 69 0.01 69 0.016 43

Spain, 17 regions | 1955-87 | 0.021 | 33 | 0.023 | 30 0.019 36

Table 5. Typical Results for the Speed of Convergence

Note to Table 5: Coefficient values and Half-Time, reproduced and calculated
from Sala-i-Martin (1996, p. 1024). He uses a static panel with time effects and
the same coefficients for all sub-periods. Citing other studies he says that the
typical estimated speed of conditional convergence is around 2% per year, i.e.
Ty 1s 35 years.
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Convergence of European transition economies and the EU: What do the data show

Source Data sample Method Results for Ty,

Knight et al (1993, p.| 98 countries (22 | Camberlain’s 11 years
528, Table 1, use im- | OECD and 76 | Minimum

plied n to calculate T,,,) | Developing), Distance Esti-
1960-1985 mator (MD)

Islam (1995, pp. 1145-6, | OECD-22 and MD and LSDV | 14.7 and 7.7 for

Tables III and IV, use v | NONOIL-96 OECD

to calculate Ty),) 1960-1985 16 and 10 for
NONOIL

Nerlove (2000, p. 25, | OECD-22, LSDV 4.5 years

Table 3, use vy to calcu- | 1960.1985 Other methods | 3.5 to 10.5 years

late Tl/z)

Table 16 Typical Results for Dynamic Panel Data Estimations of Convergence
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