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Abstract
In this paper we look at similarity and convergence between the EU

and four of the so-called ”accession countries” of Central and Eastern
Europe in terms of trade patterns. We analyse the trade patterns
of the Central and Eastern European countries by comparing them
to those of the current members of the EU. In particular, this paper
focuses on countries’ specialization as suppliers for the EU market.

We evaluate the appropriateness of different classes of similarity
indices, using rank correlation index and two distance metrics, the
Euclidean index and the Bray-Curtis index.

We examine the evolution of similarity along time - from 1989 to
2000 - considering both self-similarity (how the export structure of a
EU member-to-be has changed with respect to the beginning of the
transition process) and EU-similarity (if and how the export structure
of a EU member-to-be has changed with respect to the EU export
structure). Finally, we examine how the process of integration with
the EU and its reflection in the increased relevance of processed trade
influenced the CEECs’ current pattern of specialization.
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NON TECHNICAL SUMMARY

European integration, which started over 40 years ago, is widely believed
to be one of the most remarkably successful examples of regional integration.
In spite of periods of slowdown and obstacles, economic integration in Europe
has proceeded rather smoothly over the years, and there is a large consensus
that benefits have outweighed costs in this process. Integration has also
occurred apparently without creating significant adjustment costs for old
members or newcomers. An explanation often acknowledged for the ease of
European integration in the past is that there was little trade diversion and
that the countries involved displayed many similarities. This meant that a
large increase in intra-industry trade (IIT) occurred, whose distributional
consequences are usually considered more benign than those associated with
increased inter-industry trade.

Will it be the same in the new phase of European enlargement to include
the Central and Eastern European Countries (CEECs)? The European Com-
mission is closing accession negotiation with Poland, Czech Republic, Hun-
gary, Slovenia, Slovakia, Estonia, Latvia, Lithuania, Malta and Cyprus, and
officially declared that all these countries could be ready for joining the Eu-
ropean Union (EU) by 2004. This ”readiness” comes as a consequence of
a long process during which the economies of the candidate countries had
to become ”functioning market economies” and show ”the capacity to cope
with competitive pressure and market forces within the Union”, as stated
by the so-called Copenhagen criteria defining the membership conditions.
The conditions for accession to the EU, requiring that applicants reach an
economic, political and institutional situation comparable to the one of the
EU members, is precisely motivated by the assumption that convergence will
ease integration. In this paper we look at this issue by considering a specific
manifestation of a ”market economy”, that is its trade pattern. We analyze
the trade patterns of the Central and Eastern European countries applying
for membership to the European Union by comparing them to those of the
current members of the EU. In particular, this paper focuses on countries’
specialization as suppliers for the EU market. The analysis compares the
structure of exports directed to the European Union market from EU mem-
bers and members-to-be.

Since there is neither an obvious measure of similarity, nor an acquainted
methodology in terms of the indicator to use in order to compare trade
patterns, in the paper we evaluate the appropriateness of different classes of
indices. We analyze the similarity in export structure using the (plain and
rank) correlation index and two distance metrics, the Euclidean index and
the Bray-Curtis index, this latter metric - broadly used in geostatistics and
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in biometrics has never been applied to trade issues.
We examine the evolution of similarity along time - from 1989 to 2000 -

considering both self-similarity (how the export structure of a EU member-
to-be has changed with respect to the beginning of the transition process)
and EU-similarity (if and how the export structure of a EU member-to-be
has changed with respect to the EU export structure). For all four countries
examined, the trade structure changed significantly, especially in comparison
to what happened to the EU, that displays a much higher stability of its
export structure in the same period. These changes brought Poland and
Hungary much closer to the EU, while Romania started to display a little
convergence only in recent years, and Bulgaria instead has been diverging.

Finally, we examine how the process of integration with the EU influenced
the CEECs’ current pattern of specialization. These same countries signed
agreements with the EU nearly ten years ago, liberalizing to a large extent
their bilateral trade flows, receiving a large amount of foreign direct invest-
ments from EU members, and integrating their industries with the Western
European ones through different forms of delocalization of production. We
tackle this issue emphasizing the relevance of temporary trade flows related
to the international fragmentation of production of EU members in the evo-
lution of similarity and in the convergence in specialization, showing how
processed trade is relevant in determining the structure of exports of both
EU-converging and EU-diverging transition countries.

This analysis of the process of integration and the increasing relevance
of processed trade in import-export flows between the CEECs and the EU
influenced the level of similarity and convergence in trade patters is pertinent
in assessing the impact of the future EU enlargement, which should bring the
European integration process to completeness.
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1 Introduction.

The process of European integration is on the eve of one of the most im-
portant events in its nearly half-century-long history, the enlargement to ten
new members, eight of which from Central and Eastern Europe.1 The Eu-
ropean Union (EU) is not new to changes: in spite of periods of slowdown
and obstacles, economic integration in Europe has already proceeded through
four enlargements, and the scope of policies and aims of its members were
ambitiously extended over the years. The general consensus is that the EU is
a remarkably successful example of regional integration, where benefits have
outweighed costs for all participants. Such outcome was possible also because
integration has occurred apparently without creating significant adjustment
costs for old members or newcomers.

Will it be the same in the new phase of European enlargement to in-
clude the Central and Eastern European countries (CEECs)? The question
is pertinent not only because this is the largest enlargement for the EU in
terms of number of new members and increase in population, but especially
because of the large gap existing between the economic situation of the cur-
rent and future members. Most of the applicants are countries in transition
building up their economic systems and institutions after a long period of
central planning and isolation from the rest of the world, and during the past
decade they had to deeply re-shape their economies. In these countries, the
process of industrial restructuring and institution building were very much
influenced by the prospective entrance into the EU (Kaminski, 2001; Nuti,
2001). Negotiations for accession of the CEECs to the EU were guided by
the so-called Copenhagen criteria, requiring that candidates reach an eco-
nomic, political and institutional situation comparable to the one of the EU
members before joining the Union. In particular, the candidate countries had
to become “functioning market economies” and show “the capacity to cope
with the competitive pressure and market forces within the Union”(European
Council, 1993). Such requirement is motivated by the assumption that con-
vergence between old and new members will ease the integration process and
will minimize the risks of weakening the “common market” conception.

1The European Council in December 2002 successfully closed the accession negotiations
with the Czech Republic, Hungary, Poland, Slovakia, Slovenia, Estonia, Latvia, Lithua-
nia, Malta and Cyprus. All these countries will become members of the EU in May 2004.
Bulgaria and Romania are also candidates to EU membership, but for these two countries
the date of entrance into the EU has not been established yet. The approach and negoti-
ation process lasted many years: most of these countries signed agreements with the EU
liberalizing to a large extent their bilateral trade flows back in the early 1990s, and in the
same period they applied for membership to the EU.
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In this paper we look closely at one specific aspect of such convergence,
that is the evolution of the trade patterns of Central and Eastern European
countries applying for membership to the EU, comparing them to those of
the current members of the EU. The aim of the paper is threefold: first of all,
we discuss how to measure convergence in trade structures to find a reliable
indicator of similarity among countries; secondly, we assess whether such
convergence was achieved by the CEECs; and finally, we examine how the
process of integration with the EU influenced the CEECs’ convergence and
current pattern of specialization. We tackle this issue emphasizing the rele-
vance of temporary trade flows and trade in intermediate goods related to the
international fragmentation of production of EU members in the evolution
of similarity and in the convergence in specialization.

The analysis of trade structures is relevant for many reasons: economic
integration between the EU and the CEECs started first of all through trade,
and liberalization of trade flows already had some time to display its effects.
Therefore, trade patterns are a good starting point to observe whether the
differences between EU members and the CEECs are narrowing. Further-
more, as long as trade flows attest the comparative advantage of countries,
they can provide useful indications on whether these countries can cope with
“the competitive pressure and market forces within the Union”, and about
the future division of labour in the EU. An evaluation of the similarities be-
tween the pattern of specialization of the CEECs and the EU is therefore
useful to assess the impact of the future enlargement.

Since there is neither an obvious measure of similarity nor an acquainted
methodology in terms of the indicator to use in order to compare trade pat-
terns (Clark and van Wincoop, 2000), in the paper we evaluate the appro-
priateness of different classes of indices. We analyze the similarity in export
structure using plain and rank correlation indices - the class of indices more
frequently used in the comparison of trade structures (Brülhart, 2000) - and
two distance metrics, the Euclidean index and the Bray-Curtis index, this
latter metric - broadly used in geostatistics and in biometrics has never been
applied to trade issues.

We examine the evolution of similarity along time - from 1989 to 2000 –
considering both self-similarity (how the export structure of a EU member-
to-be has changed with respect to the beginning of the transition process)
and EU-similarity (if and how the export structure of a EU member-to-be
has changed with respect to the EU export structure).

The analysis of similarity indices shows that for the four countries ex-
amined the export structure changed remarkably, and not only in the early
phases of transition. The direction of such changes, albeit displaying a dif-
ferent dynamic if using different indices, is generally toward the EU export
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structure for Poland, Hungary and Romania, with different intensities, but
not for Bulgaria.

2 The role of convergence in trade patterns

The main assumption behind the analysis of convergence in trade patterns
presented here is that similarity in production and trade structures among
countries will ease the integration process. Depending upon the initial as-
sumptions, according to some theoretical models, countries will trade more
between them and obtain higher gains from trade if they are different (in
terms of factor endowments in the Heckscher-Ohlin tradition or in terms of
technology in Ricardian models), while according to other models (enhancing
imperfect competition and intra-industry trade) trade will occur especially
among similar countries. In spite of these different approaches, it is generally
agreed that adjustment costs are smaller when integration occurs between
countries that are relatively alike.

There are also macroeconomic considerations suggesting that when inte-
gration goes far beyond trade (like in the case of the EU), convergence in
production and trade structure help in smoothing the integration process.
The more similar countries are, the more likely they will be exposed to com-
mon shocks (Brülhart, 2000) and greater similarity in production structures
is likely to increase business cycle correlations (Krugman, 1993; Clark and
van Wincoop, 2000; Imbs, 2001). This will mean that common macroeco-
nomic and industrial policies will be more effective the larger is the similarity
among country members. Furthermore, the issue of similarity in trade and
production structures is very important in the prospective of the CEECs join-
ing the European Monetary Union. To constitute an optimal currency area,
countries should be exposed to similar shocks, and their pattern of growth
should require similar monetary policies (Babetskin et al., 2002). Therefore,
even if this is not required by the Maastricht or Copenhagen criteria, some
real convergence also in terms of production structure appears desirable.

Similarity played a positive role in the past phases of European integra-
tion. This meant that a large increase in intra-industry trade (IIT) occurred,2

whose distributional consequences are usually considered to be more benign

2Krugman (1981) has a model in which the amount of intra-industry trade between two
countries depends on similarities in relative factor endowments, and he shows that more
trade of this kind implies fewer redistributive problems for the economies involved. Menon
and Dixon (1997) argue too that the adjustment costs associated with trade liberalization
depend on the extent of intra-industry trade, and they suggest a measure of changes in
trade flows that can be used to assess the extent of adjustment costs.
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than those associated with increased inter-industry trade (Neven, 1995). On
the other hand, a sufficient degree of closeness was indispensable to define
common policies in many areas.

In this case, the change in specialization due to trade was small and
the shift of factors of production among industries has also been of minor
relevance, generating modest adjustments.

Another reason to believe that similar countries integrate more easily is
that they are more likely to lie in the same diversification cone, and this
allows at least the theoretical possibility to achieve factor price equalization
through trade (Deardorff, 1994). Even if not all the assumptions leading to
factor price equalization are maintained, trade can bring about convergence
in factor prices.3 This possibility is very important in view of the next
enlargement. Convergence in factor prices implies that incentives to factor
mobility will be reduced. In the European context, this would attenuate
concerns about the potential migration flows expected from the CEECs to
the EU, one of the main issues under discussion in the enlargement process.

3 Changes in CEECs’ exports pattern

3.1 The initial re-orientation of trade structures

The analysis of the CEECs’ trade pattern and volumes originated in the past
decade a large body of literature4. The observation of a group of countries
moving almost at once from a situation of no participation to international
market exchanges to openness and integration raised the interest of many
international trade economists. Much of the early writings circulating right
after the fall of the COMECON system of exchange among these countries
emphasized the sharp geographical re-orientation of trade flows and the large
trade potential existing between the CEECs and the rest of Europe (Wang
and Winters, 1994). Those changes were indeed attained: nowadays nearly
two thirds of the CEECs trade takes place with members of the EU and
volumes of trade increased at a fast rate, so that the CEECs are today the
second trade partner of the EU after the U.S.

More uncertainty characterized the predictions of the CEECs’ pattern of
specialization. In the early phases of transition it seemed evident that it was

3Indeed, the CEECs experienced a rapid increase in their absolute and relative wages
during the 1990s. In the same years, the importance of the EU increased as a trade
partner.

4For an extensive and recent report on the evolution of industrial and trade specializa-
tion in the CEECs see Landesmann (2003).
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difficult to infer the CEECs’ comparative advantages from the actual trade
flows, as the turbulence of the economy at the time was too strong. The
comparative advantage of the CEECs could be deduced from their factor
endowments, but a correct assessment of these endowments was not easy, as
the capital stock of the CEECs was very obsolete, and the actual productivity
of the labour force was difficult to measure. Still, most studies agreed that
the CEECs’ factor endowment was different from the one of countries with
similar income levels in that they were much more endowed with human
capital and skilled labour (Halpern, 1995).

This endowment was not fully reflected in their trade flows.5 By the mid-
1990s the CEECs appeared specialized in labour-intensive industries and
in resource-intensive sectors (Landesmann, 1996; Freudenberg and Lemoine,
1999). But even if by this time most countries had achieved a good degree
of macroeconomic stabilization, market functioning was not fully achieved,
and their related pattern of trade did not look established yet. At least
two observations hinted to changes to be expected. Since the beginning of
transition with the process of privatization of the domestic industries, the
CEECs were host of a large foreign direct investment inflow. Furthermore,
delocalization of production phases from EU firms to the CEECs through
outward processing trade affected these countries trade patterns (Baldone
et al., 2001, 2002; Kaminski, 2001). Possibly also as a result of these phe-
nomena, the share of intra-industry trade in the CEECs’ trade with the EU
was higher than what is normally observed for countries with similar income
gaps (Atutupane et al., 1997).

From those early analyses of the CEECs’ specialization some worries arose
about an increase in competition for the EU members with lower labor costs
and specialized in traditional industries (Neven, 1995). But the evolution of
the CEECs specialization indicates that those worries were rarely justified.
In what follows we show that the CEECs specialization changed remarkably
and not necessarily in the expected direction.

3.2 Our data

Our analysis focuses on the changes occurred in the exports of Poland, Hun-
gary, Romania and Bulgaria towards EU 15 member States, between 1989
and 2000. We consider both total exports, that include temporary EU ex-
ports and re-imports of goods temporarily exported, and final exports at a
2 digits sectoral level of the Combined Nomenclature, that includes the 97
sectors, listed in figure 2. The flows considered are in value terms (thousands

5For a discussion of this point see Tajoli (1998).
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of euros) and come from the Comext Eurostat Database, containing custom
trade data collected by EU national statistical institutes.6

[Figure 1 about here]

In figure 1 we summarize - from top-left to bottom-right panel - the
dynamics of Poland, Hungary, Romania, and Bulgaria total and final exports
towards the EU’s 15 members, taken as an aggregate. Total exports are
represented by the vertical lines surmounted by the crossed squares, while
the dotted line correspond to the evolution of final exports. In all cases the
exports flows are measured relative to 1992 value of national exports towards
the EU.7

Figure 1 shows eloquently that each of the four export pattern is a case
on its own. In the case of Poland, from 1989 to 2000, the value of total
exports flows jumped from a little bit more than 0.5 to a triple value relative
to 1992. The positively sloped path shows a discontinuity in 1995-1996,
but is nonetheless fairly stable. An estimate of the dynamics of total exports
towards EU can be easily obtained through a simple linear regression of total
exports on a linear time trend. Table 2 shows the estimated coefficients of
the time trend,8 the significance and the fit of the regressions in the four
cases under scrutiny. The first estimates are for Poland: the trend coefficient

6In the original coding of the Comext Eurostat Database, (1) is normal or final trade
flow: mainly goods exported definitively and released into free circulation, either directly
or via a customs warehouse. (3) is the trade flow which has undergone outward process-
ing (’tariff’ or ’textiles’ variant); outward processing makes it possible to export goods
temporarily for processing and to import the compensating products with a full or partial
exemption from duties and levies. The ’textiles’ variant (7), introduced in 1995, concerns
only certain textile products or clothing, whereas the ’tariff’ alternative is applicable to
all other products. (5) and (6) is the movement of goods for inward processing, includ-
ing imports for inward processing and exports which have undergone inward processing
(according to the suspension and the drawback system). Inward processing makes it pos-
sible to import goods temporarily so that they can be processed (assembled, transformed,
repaired) and the resulting products exported, while benefiting from an exemption from
duties, levies and/or checks carried out under the trade policy normally applicable to im-
ported goods. (4) is Total imports, and includes the sum of (1), (3), (5), (6), and (7).
Inward and outward processing procedures are independent of the nature of the transac-
tion concerned (purchase/sale, processing under-contract, etc.). In fact, part of the flow of
goods for processing, in the economic sense of the term, is included under normal imports
and exports.

7The choice of the base year is irrelevant for the shape of the four series in figure 1. The
choice is therefore only suggestive: 1992 is significant year in terms of trade reorientation
as the former USSR no longer exists.

8The estimated intercepts are not included in table 2 since were in all cases non signif-
icant.
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is positive and highly significant - indicating an annual increase in Polish
exports to the EU of 22% - and the adjusted R-squared statistic is 0.9383.

Table 1: Total Exports regressions on a time trend.

Estimate Std. Error t value Pr(>|t|) Adjusted-R2

(Poland) 0.9383
time trend 0.2241 0.0173 12.98 0.0000
(Hungary) 0.8664
time trend 0.4186 0.0492 8.50 0.0000
(Romania) 0.7864
time trend 0.3541 0.0550 6.44 0.0001
(Bulgaria) 0.9442
time trend 0.2403 0.0176 13.68 0.0000

The case of Hungary is even more remarkable, the value of total exports
more than quintupled from 1992 to 2000. The path was almost flat until 1993,
but from 1994 onward the trend becomes positively sloped. The results of
the linear regression of total exports on a linear time trend indicate an highly
significant average increase in Hungarian exports to the EU of 42%, but an
adjusted R-squared statistic of 0.8664 is a sign that the linear functional form
is probably not the most appropriate choice.

The bottom-left panel of figure 1 shows that the value of total Romanian
exports to the EU followed a J-shaped path. It decreased from 1989 to
1992 and increased the following years, reaching at the edge of the period
considered a level five times higher than in 1992. The 0.7864 adjusted R-
square indicates that the linear time trend is partially misrepresenting the
true dynamics of Romanian exports. The positive coefficient of the regression
is still highly significant and shows an annual increase of Romanian exports
of 34%.

The 0.9442 adjusted R-square square resulting from estimates for Bulgaria
indicates that the true dynamics of Bulgarian total exports is well represented
by a linear time trend, in spite of 1996’s drop. The coefficient of the regression
is positive and highly significant and shows an annual increase of Bulgarian
exports of 24%.

Considering separately exports of final goods and re-exports after pro-
cessing, more differences emerge among countries. Polish final exports follow
a path that is very similar to the one of total exports, and the same is true
for Hungary. Re-export flows were almost irrelevant in 1989 and reached a
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maximum relevance in 1996, slowly decreasing until 2000.9 Instead, the role
of processed trade in Romania is and remains substantial along the second
half of the 1990s, as shown in figure 1. In Bulgaria processed trade becomes
gradually substantial along the second half of the 1990s, as shown in the
bottom-right panel of the same figure. For all four countries, the estimated
coefficients of a time trend over final exports only are smaller than the coeffi-
cients for total trade, indicating that final trade alone grew at a slower pace
than trade inclusive of processing traffic. The difference in the two coeffi-
cients for each country is statistically significant in all cases, and it is quite
large for Romania and Bulgaria.

The changes occurred along the 1990s to CEECS’ total exports to the
EU are the result of complex sectoral dynamics with common elements and
peculiarities that deserve some inspection.

[Figure 2 about here]

Figure 2 presents the pattern of exports toward the EU market of Poland,
Hungary, Romania and Bulgaria, comparing shares of exports in 97 sectors
in the year 1989 and in the year 2000. For all four countries, the export
shares appear fairly uniformly distributed among sectors, most of which con-
tribute to total exports with a small share, below 0.5%, and with at most
one sector with a share over 10%. Back in 1989, only a handful of sectors
were comparatively more important for all the countries examined: these
are fuels, iron, and apparel. Poland, Hungary, and to some extent Bulgaria
displayed a specialization in machinery and electrical machinery as well, and
Poland and Romania in the furniture sector. Autovehicles’ export in Poland
were moderately relevant already back in 1989. All countries exported agri-
cultural products to the EU. The share of some of these sectors remained
relevant along the transition, while some other sectors dramatically reduced
their share in total exports.

In the year 2000, as shown in the picture, the export share remained
stable in nearly half of the sectors, and visible changes appear only in few
sectors, that seem to drive most of the observed modification in the export
structure. The concentration of change in a few industries is a common
feature to all countries, but the affected industries and also the direction of

9A large part of the decrease in the flows of processed re-exports is due to statistical
reasons. In fact, after 1996, when trade in most sectors between the EU and the CEECs
was liberalized, the EU firms processing goods in the CEECs did not bother anymore to
register their exports as temporary, not receiving after that year an advantage in terms
of waived duties. Therefore after 1996 much of the processing trade is not statistically
recorded and it adds up to the normal trade flows.
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change are different between countries. For instance, the agricultural shares
and machinery and electrical machinery industry’s shares over total exports
has changed significantly in all four countries in the past decade, but while
the share of machinery in Hungarian and Polish exports toward the EU
doubled (or more), the same share actually declined for Bulgaria. The share
of apparel exports - another relevant sector in terms of changes - declined in
Poland and in Hungary, while it increased in Romania and in Bulgaria. The
share of exports in auto vehicles and parts of them increased dramatically in
Poland and Hungary, but it remained negligible in Romania and Bulgaria.
Overall, even this first visual image conveys the impression that the CEECs’
export structure changed far more that of the EU, and that these changes
were fairly selective.

Some relevant changes depicted in figure 2 have a strong connection to
the development of temporary trade flows related to the international frag-
mentation of production of EU members. In figure 3 we show for the same
group of countries each sector’s share over exports of processed goods.

[Figure 3 about here]

Here the changes in shares over the observation period are even more
localized, as processing trade does not interest many sectors. Between 1989
and 2000 the flow of processed trade vanished in some sectors, such plas-
tics, glues and organic chemicals in Poland, aluminum, plastics and organic
chemicals in Hungary. The case of furniture and aluminum in Romania is
even more dramatic, as is the case of organic chemicals, fuels and vegetable
preparations in Bulgaria.

In the year 2000, processing trade is concentrated in the apparel sector
(both knitted and unknitted), especially in Romania and in Bulgaria, and
to a lesser extent in Poland and Hungary. Relevant shares appear also in
the footwear industry, in machinery and electrical machinery, especially in
the Hungarian case. Interestingly, the industries more affected by processing
trade are the same in which relevant movements appeared in figure 2.

3.3 Tukey’s boxplots

A useful tool for distilling and summarizing the information contained in
figure 2, allowing for a broader analysis of the changes occurring along the
years, is Tukey’s boxplot. The horizontal segment that divides each box con-
tained in the four panels of figure 4 is the the median of sectoral total exports
shares’ distribution, for every year considered, and indicates the location of
the distribution. The upper and lower ends of the box are the upper and the
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lower quartile, and the vertical size of the box is therefore the interquartile
range and is a measure of the spread of the distribution. If the interquartile
range is small the distribution is highly concentrated around the median; if
the interquartile range is large the distribution is less concentrated and the
middle sectoral shares spread out far from the median. The relative distances
of the upper and the lower quartile from the median indicate the shape of the
distribution. If one distance is much bigger than the other, the distribution
is skewed. The dashed whiskers encode the adjacent values; the upper adja-
cent value - identified by the the horizontal spike - is the largest observation
that is less than or equal to the upper quartile plus 5 times the interquartile
range; the lower adjacent value - not perceivable in figure 4 - is the smallest
observation that is greater than or equal to the lower quartile minus 5 times
the interquartile range. The observations outside the adjacent values are
plotted individually and provide information of the presence of outliers and
on the characteristics of the tails of the distribution.

[Figure 4 about here]

The existence of different characteristics in the trade patterns of the four
CEECs examined is confirmed by the observation of figure 4. In all countries
the distribution tends to become more concentrated over time, as shown by
the reduction in the vertical size of the boxes. At the same time, the relevance
of the outliers increased over time. For Poland, the median share of sectors’
export is stable over time, and quite small, but there is a relevant number
of industries with high shares of exports that tend to stretch the right tail
of the distribution after 1995. In 2000 in Poland there are six sectors out
of 97 accounting for nearly half of total exports. Hungary presents a similar
situation, with an extension of the right tail of the distribution over time. In
Hungary, five sectors stand out as outliers in 2000, and one single sector -
the machinery sector – is contributing for nearly 30% of total exports. The
outstanding relevance of a few industries in Polish and Hungarian exports
and the growing weight of such outliers seems to indicate that for these
two countries the observed movement in their pattern of trade is driven by
changes occurred in a specific group of sectors.

In the case of Romania, the role of outliers is reduced over time until 1997,
but it increases again in the last years. In Romania, in 1989 one industry (fu-
els) was accountable for more than 40% of the exports of this country toward
the EU, while in the year 2000 the first three sectors - apparel, footwear, and
electrical machinery – made up a similar share. Bulgaria displays the least
dispersed distribution of exports over sectors, and it shows an increase in
concentration around the median, with the smallest number of outliers.
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4 Similarity in trade structures

The visual inspection of figures 2 and 4 gives the impression of relevant
changes in the sectoral composition of export structure of Poland, Hungary,
Romania, and Bulgaria. On the contrary, the EU seems quite persistent in
its export structure. In the next sections we will quantify mobility and per-
sistence with the help of similarity matrices. We will calculate self-similarity
matrices in order to measure the distance of each one of the members-to-
be to the beginning of the transition process. More over, we will calculate
EU-similarity matrices measuring the distance between each member-to-be
export structure and the one of the EU as a whole.

4.1 Distance metrics and similarity matrices

The traditional measure of the degree of association between two variables is
Pearson’s coefficient of correlation, which captures the strength of the linear
association between the two variables taking the mean as the positional index
of the two distributions. Since we have shown that the distribution of CEECs
exports to the EU is markedly skewed to the right (even after the eventual
log-trasformation of the data), so that the mean overestimates the location
of the distribution, the coefficient of correlation is not the most appropriate
index to use in measuring the similarity of CEECs sectoral exports structure
to the one of the EU.

In order to bypass the problem posed by the comparison of asymmetric
distributions, we use a correlation coefficient based on ranks. Spearman’s ρ
is defined as follows:

ρjk = 1− 6
∑

i(rij − rik)
2

N(N2 − 1)
, (1)

where j and k are two countries (i.e. Poland and the EU), i is a specific
sector, and N is the total number of sectors. rij is the rank assigned to
sector i in country j in a specific year t ∈ [1989, 2000].

We also use ρ rank correlation to calculate autocorrelation matrices for
each country, measuring the rank correlation between sectoral exports of
the same country given a time lag. In this case j 6= k in terms of year
considered, and the N × N autocorrelation matrix contains the N2 couples
of rank correlations (but only N × (N − 1)/2 pieces of information) between
two specific years ts.

A different and preferable alternative to the use of the rank correlation
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is to measure similarity in terms of distance.10 This is why we also use two
among the many measures of distance widely used in geostatistics and in
biostatistics (Legendre and Legendre, 1998).

All metrics used as a measure of distance must share the same properties,
so that we can say that an index d is a metric if:

1. j = k, then djk = 0

2. j 6= k, then djk > 0

3. djk = dkj

4. djw + dwk ≥ djk

where property (1) states that the minimum distance should be 0; property
(2) says that distance should be a positive real number; property (3) assumes
that symmetry is respected; and property (4) states triangular inequality (not
respected in cases of semi-metrics).

Among the many candidates for which the above properties are respected,
the most common metric measure is the Euclidean distance. It is com-
puted applying Pythagora’s formula to country-points positioned in a N-
dimensional space called a metric or Euclidean space. The Euclidean distance
between two countries j and k identified by N sectors is:

djk =

√∑
i

(xij − xik)2. (2)

However, the Euclidean distance, used as a measure of similarity11 -
among countries (EU-similarity) or the same country in different points in
time (self-similarity) - on the basis of sectors relative weight, may lead to
the double-zeros paradox of two countries without any sectors in common
being at a smaller distance than another pair of countries characterized by
the same structure of sectoral exports.

In general, double-zeros lead to reduction in distances. In our case the
number of sectors with zero value is limited but not irrelevant so we double-
check the results of equation 2 in terms of self-similarity and EU-similarity
using a second metric based on the Manhattan distance:

10The rank correlation under emphasizes by construction the role of the mean, which is
precisely fine given the skewness of the data. This choice is however costly, since the rank
correlation gives on purpose no relevance to the sector’s relative weight, implying in our
case an excessive information loss.

11It is worthwhile noticing that since dissimilarity (distance) is equivalent to the additive
inverse of similarity (d = 1− s), using similarity (or closeness) instead of dissimilarity has
no qualitative effect on the analysis: it merely changes the sign of the coefficients.
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djk =
∑

i

|xij − xik|.

The Manhattan metric, city-block metric, or taxicab metric all refer to
the same distance measure. It refers to the fact, that for two sectors, the
distance between two countries (or the same country in different years) is
the distance on the abscissa plus the distance on the ordinate (much like the
orthogonal distances traveled by taxicabs in large towns, such New York).

In spite of its use in trade empirics (Krugman, 1991; Clark and van Win-
coop, 2000; Imbs, 2001), the Manhattan metric presents however the same
problem with double zeros as the Euclidean distance does. So we normalized
the Manhattan distance according to the Bray-Curtis formula:

djk =

∑
i |xij − xik|∑
i(xij + xik)

. (3)

The Bray-Curtis metric is not subject to the double-zeros paradox, it
lessen the effect of the largest differences, and is appropriate in presence of
skewed distributions. Therefore it has been selected as the preferred semi-
metric.

4.2 Self-similarity: Moving away from 1989’s exports
structure?

By looking at figures 5 through 8, describing the similarity of the CEECs
export structure along time to their initial exports using the correlation and
distance metrics presented in the previous section,12 it is possible to see
that many important changes occurred in the pattern of total exports of the
CEECs toward the EU market in the past decade. A large number of such
changes took place much after the starting phases of transition. In Poland,
the rank correlation ρ declines until 1992 to stabilize somewhat after that
year, indicating that the ranking of exporting sectors did not change much
in the second half of the 1990s, but the fall of the Pearson ’s correlation
coefficient after 1995 shows that export shares kept moving also in the most
recent years. In terms of this index, the Polish trade structure of 2000 is less
similar to the one of 1995 that this last was to the one of 1990. The distance
indices present a similar pattern, indicating that Poland kept moving away
from its initial specialization, and there is a remarkable distance also between
the current trade pattern and the one of 1995.

12The tables for all the indices reported in the figures appear in the autocorrelation
tables annex and are available upon request.
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[Figures 5 through 8 about here]

The change in the Hungarian pattern of trade is even sharper, even if
the ranking of exporting sectors here too seems to partially stabilize after
1993. By comparing figure 7 to figure 10, showing the dynamics of the EU
trade pattern, one can appreciate the extent of the changes that affected the
Hungarian exports. While the autocorrelation for the EU is never lower than
0.96, and the distance indices reach at most 0.06 and 0.12 respectively, for
Hungary the Pearson’s correlation between exports in the year 1989 and 2000
is only about 0.5 and the distance measures arrive to 0.33 and 0.53, much
higher than also in the Polish case.

Both for Hungary and Poland, the indices show that in the early years of
economic transition - between 1989 and 1993 – most of the exporting sectors
at the top ranks in 2000 appeared to be gradually relevant. After 1993, with
some temporarily reversals, the process of change continued to increase the
distance from the original trade pattern.

The transformation is quite different in the case of Romania and Bul-
garia. Over the entire time span, Romania changes more than Hungary and
Poland in terms of all indices, but most of the change is concentrated in the
early years and takes place before 1992. After this initial big jump, Roma-
nian exports show a modest dynamic. The country appears locked in the
specialization reached in the early 1990. Something similar occurs to Bul-
garia, which has changed especially at the beginning of transition and shows
a period of stability in the mid-1990, while some movement starts to appear
again in the last few years.

Summing up, at the end of the 1990s, the overall picture of the CEECs
specialization looks remarkably different from just five years earlier, but these
changes are far from being uniform across countries. As the transition pro-
cess went on, substantial diversity emerged among the CEECs, who display
different dynamics of overall changes, and different sectoral movements, as
discussed in section 3.2.13

Possibly, given that much of the change is concentrated in a few industries,
the dynamics of specialization could depend on which are the sectors driving
the change.14 While Romanian and Bulgarian exports are concentrated first
of all in traditional, labour-intensive industries (such as textiles, apparel
and footwear), Poland’s and Hungary’s exports grew in industries such as

13The tendency toward diverging specializations among the CEECs is pointed out also
in other studies. See for example Chiarlone (2002) and Landesmann and Stehrer (2002).

14Redding (2001) suggests that over medium time horizons (five years), changes that
are specific to individual industries explain most of the observed mobility in the patterns
of specialization of the OECD countries he examines.
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autovehicles and machinery (see figure 3), in spite of the very large initial gap
with the EU members in these sectors. In this catching-up process, foreign
capital and technological cooperation with EU firms played an important
role.

4.3 EU-similarity: CEECs’ exports convergence to EU’s
structure. One fits all?

In this section we examine whether the observed change in the CEECs export
structures brought these countries closer to the EU specialization. Here again
we prefer not to relay on a single similarity metric, but we compare different
indices. This comparison is presented in figures 10 through 13.

[Figures 10 through 13 about here]

In the case of Poland, all indices show convergence toward the EU, espe-
cially after 1994, as possibly speeding up in the last few years. More difficult
to interpret is the case of Hungary. In terms of correlation, Hungary ap-
proaches the EU and gets even closer than Poland. But if we look at the
distance indices, after a period of fast reduction in the distance from the EU,
from 1995 Hungary seems to diverge again. Through careful examination of
the data, one can see that this occurs because Hungary, in its specialization,
goes ”beyond convergence”. In fact, its main sectors of specialization (ma-
chinery and electrical machinery) are the same as for the EU and the general
structure of specialization is in line with the EU, as confirmed by the high
correlation. But the weight of these important sectors is much higher than
for the EU. The Euclidean and Bray-Curtis distance metrics pick up this
type of differences and indicate this strong specialization as an increase in
distance. The figure for Romania is quite unstable, and it is difficult to see
a tendency for the entire time span. But in the last three years Romania as
well shows some convergence toward the EU export structure. The tendency
for Bulgaria is instead unexpected. This country’s export structure has been
diverging from the one of the EU, and this tendency appears quite clearly
from all indices. Even in the last period there are no signs of a reversal in
this trend.

A summary of the dynamics of the CEECs’ specialization and their con-
vergence toward the EU export structure is presented in figures 14 and 15,
measuring on the horizontal axis respectively the yearly correlation or the
similarity of each country’s export structure with the EU, and on the vertical
axis each country autocorrelation or self-similarity, with respect to its own
initial export structure. Vertical movements show the extent of the changes
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in a country export structure, and rightward horizontal movements indicate
convergence toward the EU.

[Figures 14 and 15 about here]

Both figures show that the evolution of the candidates is remarkable and
quite differentiated. As expected, the CEECs changed their export structure
much more dramatically that the EU in the same period. But Hungarian
and Polish changes from one year to the next are continuous throughout the
decade, while Romania and Bulgaria show large jumps initially and smaller
changes in the more recent past. In terms of similarity to the EU, we have a
somewhat parallel behavior for Poland and Hungary, moving away from the
initial specialization toward the EU. Romania started to converge toward the
EU only in the last few years and to a very small extent, and Bulgaria, moving
leftward, displays a clear divergence, in spite of starting off as the most similar
(or next-to-most similar, depending on the metrics) country to the EU. This
pattern shows very little path dependence: the CEECs appearing closer to
the EU export structure are not the same at the beginning and at the end
of the observation period.

It is also interesting to compare the different indications given by the
metrics used. Even if the two pictures display a similar behaviour, the rank-
ing of the four countries is not the same either in terms of self-similarity
or similarity to the EU. Looking at figure 14 (using the correlation metric)
the country that changed the most its initial trade structure appears to be
Romania, while in figure 15 (using the Bray-Curtis metric) is Hungary. Both
metrics indicate that Poland has undergone fewer changes from the initial
structure than other countries. Interestingly, Poland is considered to be the
country that was fastest in stabilizing its macroeconomic fundamentals, but
most observers agree on the fact that in microeconomic terms Poland still has
a long way to go. Anyway, In the year 2000, Poland seems to have the most
similar structure to the EU, but only according to the Bray-Curtis metric.
Hungary is instead the country displaying the highest correlation to the EU
trade structure.

5 Integration, processed trade, and conver-

gence

Our next step is to test if the dynamics of sectoral distribution of total
exports of Poland, Hungary, Romania, and Bulgaria to the EU, and if EU-
similarity is related to the role acquired by processed trade in the 1990s.
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But this task is confounded by two fundamental issues. First, final trade
and processed trade are intercorrelated among themselves, and so it may be
difficult to ascribe causal mechanism even if it can be shown that the conver-
gence/divergence with respect to the European benchmark is correlated with
countries’ sectoral export distribution. Secondly, trade variables are highly
persistent, and so their influence is likely to be expressed only at particular
scales of reference. Furthermore, the likelihood that the sectors itself may
exhibit high autocorrelation in its distribution is not a extreme event, due
vertical and horizontal linkages.

In conventional statistical analyses, the former problem is addressed via
multivariate methods that allow one to attend the correlations among pre-
dictor variables; partial regression is a familiar solution to this problem.
But conventional parametric approaches are confounded by the second is-
sue, namely that autocorrelation in the variables violates the assumptions of
parametric analysis.

5.1 Mantel’s test

Mantel’s test (Legendre and Legendre, 1998) is an nonparametric approach
that overcomes some of the problems inherent in explaining the relationships
between total exports and processed trade. Mantel’s test is a regression in
which the variables are themselves distance or dissimilarity matrices sum-
marizing pairwise similarities among time periods. For example, instead of
”sector share xi in year t” the dependent variable is the ”similarity in share of
sector xi in year t and t+1.” Likewise, the predictor variable might be ”sim-
ilarity in processed trade shares” between time periods instead of ”processed
trade share” for a single period.

One advantage of Mantel’s test is that, because it proceeds from a dis-
tance or a similarity matrix, it can be applied to different kinds of variables
(categorical, rank, or interval-scale data) and all that matters is that an
appropriate distance metric be employed, such as one we used previously.
The Mantel statistic can be described as the evaluation of the significance
of a matrix correlation between two dissimilarity matrices. Since the signifi-
cance cannot be directly assessed, because there are N(N − 1)/2 entries for
just N observations, the test uses permutations of N rows and columns of
one dissimilarity matrix. The statistic can be evaluated either as a moment
correlation or as a rank correlation.15

Because the elements of a distance matrix are not independent, Mantel’s

15An alternative to the use of correlation coefficients is referring to the original Mantel’s
statistic, which is based on a simple cross-product term:
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test of significance is evaluated via permutation procedures. In this, the rows
and columns of one of the two distance matrices are randomly rearranged.
Mantel statistics are recomputed for these permuted matrices, and the dis-
tribution of values for the statistic is generated via an iterative procedure.16

5.2 Results

We applied a Mantel’s test to each one of the four countries considered in the
analysis, using distance matrices for total exports shares and for processed
export shares. The operative question is, ”Do changes in self-similarity in
processed trade tend to match changes in total export self-similarity?”

We used as alternative metric correlation matrices, Euclidean distance
matrices and Bray-Curtis matrices evaluated either as a Pearson’s correlation
or as a Spearman’s rank correlation, iterating the procedure of column-row
permutation 1000 times.

In all cases, with notable differences, the operative question passed the
nonparametric test, meaning that changes in total exports occurred along
with the changes in processed trade. This suggest that processed trade is
crucial in explaining changes in the overall structure of exports of transition
countries. This is true not only for Poland and Hungary, whose trade struc-
tures are getting more similar to the EU, but also in the case of Romania (no
convergence toward the EU export structure) and even in the case of Bulgaria
(divergence from the EU export structure). Apparently, the phenomenon of
delocalization of production witnessed by the extent of processed trade, can
enhance complementarities among countries within the same industry (like
in the case of similar export structures) as well as complementing different
export structures through a market division of labour.

m =
T∑

i

T∑
ι

dx
itd

o
ιt. (4)

where in our case dx and do would have been variables (dx is total export share distance
and o is processed trade share distance) measured at time i and ι and T is the number
of elements in the distance matrices (T = t(t − 1)/2 for t time periods). Since we use
export shares, this standardization allows one to rescale the statistic to the range of a
conventional correlation coefficient bounded on [-1,1].

16The number of iterations varies in accordance to the significance of the test: 1000 for
α = 0.05, 5000 for α = 0.01, 10,000 for greater precision (Legendre and Legendre, 1998).
Moreover, the Mantel’s test is based on linear correlation and nonlinear relationships
between variables may be degraded or lost. Moreover, the test of time dependence is
averaged over all time periods and so the test cannot discover changes in the pattern of
correlation at different point in time.
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Table 2: Mantel’s test results.

Spearman correlation Pearson correlation
Bray-Curtis Euclidean Bray-Curtis Euclidean

Poland 0.908 0.7843 0.8971 0.772
(0.383) (0.351) (0.375) (0.367)

Hungary 0.9374 0.9398 0.9405 0.9333
(0.382) (0.357) (0.383) (0.432)

Romania 0.9303 0.8787 0.9407 0.9389
(0.542 ) (0.549) (0.581) (0.626)

Bulgaria 0.8556 0.6824 0.8815 0.7137
(0.502) (0.401) (0.470) (0.385)

Note: Empirical 99% upper confidence limits of m in parenthesis.

6 Conclusions

The analysis of the dynamics of the CEECs specialization and their conver-
gence toward the EU export structure shows that the process of re-shaping
the pattern of trade has been long, and it is still continuing. Another aspect
which is emerging is that the evolution of different candidates is dissimilar.
While we have a converging behavior for Poland and Hungary, moving away
from the initial specialization toward the EU, Romania started to converge
toward the EU only in the last few years and to a very small extent, and
Bulgaria displays a diverging trend. It seems therefore that two different
tendencies emerge, creating a ”convergence club” and a group of countries
that so far are not showing a clear and definitive sign of convergence towards
the EU trade structure.

This kind of result emerged also in other different works, but it is interest-
ing that our comparison, without making any assumption on the countries’
structural characteristics, indicates the countries displaying less convergence
are also the countries that were found not ready for accession, using quite
different criteria. This result gives support to the view of the evolution of
trade patterns being in line with the evolution of other economic indicators.

The issue of what caused the change in trade pattern is at this stage
still open. But our evidence shows that CEECs total exports toward the
EU are influenced by other forms of integration, such as fragmentation of
production. Processing trade can foster both convergence or divergence in
trade structures, according to the characteristics of the industries involved,
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and whether these are shrinking in the EU and being moved to other locations
or expanding.

Different indications on the speed and the degree of similarity in trade
patterns emerge using different indices, rising a methodological issue on how
to measure similarity. Our contribution shows that when changes occur in
sectors characterized by large export shares the traditional correlation anal-
ysis can lead to misleading conclusions, and some alternative metric - such
the Bray-Curtis distance - must be used. If EU-similarity in trade struc-
ture should be a criterion for readiness of a country to join an integrated
area, or an indicator of adjustments expected, how to measure similarity and
convergence is a point that needs to be explored further.
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Figure 1: CEECs Exports towards EU: Total and Final Exports
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Figure 2: Total Export Shares Dynamics 1989-2000
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Figure 3: Processed Export Shares Dynamics 1989-2000
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Figure 4: Tukey’s boxplots of CEECs Total Exports towards EU
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Figure 5: Poland - distance dynamics
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Figure 6: Hungary - distance dynamics

1990 1992 1994 1996 1998 2000

0.
5

0.
6

0.
7

0.
8

0.
9

1.
0

C
or

re
la

tio
ns

Pearson

Spearman

1990 1992 1994 1996 1998 2000

0.
00

0.
10

0.
20

0.
30

D
is

ta
nc

e 
−

 E
uc

lid
ea

n 
m

ea
su

re

1990 1992 1994 1996 1998 2000

0.
0

0.
1

0.
2

0.
3

0.
4

0.
5

Hungarian Total Export Shares

D
is

ta
nc

e 
−

 B
ra

y−
C

ur
tis

 m
ea

su
re

32



Figure 7: Romania - distance dynamics
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Figure 8: Bulgaria - distance dynamics
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Figure 9: EU - distance dynamics
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Figure 10: Poland EU - similarities
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Figure 11: Hungary EU - similarities
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Figure 12: Romania EU - similarities
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Figure 13: Bulgaria EU - similarities

1990 1992 1994 1996 1998 2000

0.
25

0.
30

0.
35

0.
40

0.
45

0.
50

C
or

re
la

tio
n

1990 1992 1994 1996 1998 2000

0.
20

0.
22

0.
24

0.
26

0.
28

0.
30

E
uc

lid
ea

n 
di

st
an

ce

1990 1992 1994 1996 1998 2000

0.
45

0.
50

0.
55

0.
60

Bulgaria EU−similarity

B
ra

y−
C

ur
tis

 d
is

ta
nc

e

39



Figure 14: Self and EU similarities
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Figure 15: Self and EU similarities
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