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Abstract
This paper explores the improvement of convergence dynamics regarding exports and imports by
considering a three-stage convergence methodology based on beta and Euclidean distance techniques.
We use annual date for 33 European countries covering the period 2010–2019. We managed to decrease
the aforementioned asymmetries by intelligently eliminating the country that prevents the trade
convergence. Our results provide evidence of convergence pattern regarding exports and imports after
excluding Luxembourg from the sample.

JEL: C33; E62; H20.

1. Introduction
The issue of convergence of per capita income has been debated extensively by economists since the
seminal works of Baumol [9], Barro & Sala-i-Martin [8] and Mankiw et al. [36] on examining the predictions
of the Solow model ([51]). These studies were based on the Solow-Swan growth model. Solow [51] and
Swan [53] introduced the convergence hypothesis as part of the neoclassical growth models. These
models proposed that the initial per capita income is poor countries must show negative linkage to
growth in per capita income for both rich as well as the poor countries. Nevertheless, there have been few
studies on trade convergence in the EU, an interesting issue in the theory of economic integration and
macroeconomic harmonization.

In the relative economics literature, there are ongoing debates as to whether trade integration
accompanies highly correlated business cycles. As concerns the linkages between trade and business
cycle correlation, Krugman [34] and Eichengreen [22] have provided evidence of a negative association
between more intense ties and business cycle synchronization. Kalemli-Ozcan et al. [31]-[32] found
analogous result and they argued that due to economic integration, the increased opportunities for
income diversification may lead to higher specialized production and thus higher business cycle
asymmetry. Kose & Yi [33], using a basic business-cycle model have also suggested the existence of a
negative linkage between larger trade flows and cross-country symmetry of macroeconomic variability,
while Imbs [27] reported results indicating there is not a significant association between increased trade
and business-cycle synchronization because trade integration affects national economies through
several channels. However, some other authors have provided different results by focusing on
international spillover effects. More specifically, in the seminal study by Frankel & Rose [23], the
development of international trade was found to have a strong positive link with synchronization of
cyclical fluctuations. In addition, De Haan et al. [20], Bordo & Hebling [16], Inklaar et al. [28], Zervoyianni et
al. [57], Anastasiou [3], Zavou et al. [55] and Calderon et al. [17] and [18] reached analogous conclusions.

Furthermore, Ben-David [9] and Sachs et al. [44] stressed that open economies experienced unconditional
convergence. Sarkar [46] using panel data for 51 countries for the period 1981–2002, reported results
indicating a positive linkage between openness and growth under the assumption of highly trade
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dependent countries. The Sarkar [46] finding was confirmed by the study of Billmeier & Nannicini [13]
after controlling for endogeneity. Bernhofen [12] concluded that there was a strong relationship between
convergence of economics and trade development. However, to the best of our knowledge, only one study
([29]) has tried to provide evidence on the association between the role of trade (both intra-EU and EU
versus the world) and government expenditures with the per capita income convergence in the EU during
the period 1995–2017. Their results implied that there is a strong positive link between trade openness
and government expenditures with per capita income convergence in the EU.

None of these studies, to the best of our knowledge, has concentrated on the convergence in the trade
volumes in European countries. Only Radimersky & Hajko [41] employed beta convergence in the export
volumes for only SITC 6 and 7 trade categories and they concluded that the speed of unconditional
convergence of the export volume per capita were about 0.05–0.06.

This paper explores for the first time how we can improve the convergence in exports and imports
volumes in European environment (EU28 member states, 4 EU candidate countries and Switzerland) by
considering a three-stage procedure. Initially, we employ absolute beta convergence for both trade
volumes and then one solution to improve the convergence, could be to intelligently identify the countries
that negatively contribute to the convergence, eliminate them from the equation and rerun the procedure.
More specifically, the countries that are the most different from the others could be probably eliminated,
so the convergence not only will be prevented but will be further improved. Then, in order to achieve the
above, we consider the Euclidean distance approach. Thus, the purpose of this paper is twofold. First, it
attempts to add to the existing literature by examining the exports and imports annual data for the
presence of convergence in the European environment for the period 2010–2019. Second, we propose a
new three-stage convergence procedure by considering beta convergence and Euclidean approach in
order to improve the trade convergence in Europe.

The rest of the paper is organized as follows. Section 2 describes the literature on association between
trade, growth and business cycle synchronization, In Section 3, we proceed to describe the new procedure
applied. Section 4 reports and discusses the results of the econometric approaches and Section 5
contains concluding comments.

2. Literature Review
Much of the literature examines the linkages between trade flows and business-cycle synchronization.
The results are mixed not only whether trade affects synchronization but also whether overall-bilateral
trade or intra-industry trade is the key factor influencing output co-movements.

Frankel & Rose [22] were the first authors that, using a sample of 27 industrial countries over the period
1959–1993, provided evidence showing tendencies between on the one hand co-movements of quarterly
real-GDP growth and unemployment and on the other hand, average bilateral trade flows. Also, they
reported results indicating that there was a strong positive impact of increased overall trade on
correlations of macroeconomic fluctuations. At the same time, Calderon et al. [16]-[17], De Haan et al. [19]
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and Bordo & Hebling [15], following the methodology of Frankel-Rose [22], confirmed the strong linkage
between trade intensity and business-cycle synchronization. More specifically, Calderon et al. [16] found a
significant positive tendency between trade and business-cycle correlations for OECD countries, while
Calderon et al. [17] provided evidence on the existence of a significant weaker association between trade
and output co-movements among 147 developing countries. At the same time, Zervoyianni & Anastasiou
[55], exploring the association between convergence of shocks and trade flows in EU27 environment,
provided evidence showing a positive link between overall trade and correlation of both demand and
supply shocks and furthermore, they concluded that the issue of European integration should lead to
more synchronized national business cycles.

In what follows, Cruben et al. (2002), using the Frankel-Rose approach, reported results indicating that the
variables employed by Frankel & Rose (1998) were inappropriate and they considered gravity variables
directly into the model. Also, decomposing the total trade-intensity into inter-industry and intra-industry
intensity, they provide evidence showing the existence of a positive association between trade linkages
and synchrony of business cycles, but their results implied the Frankel-Rose estimations were biased with
an upward trend. Moreover, Gruben et al. [24] have shed doubts on Krugman [33] specialization
hypothesis because they reported a non-negative tendency between greater inter-industry trade and
business-cycle correlations. Inklaar et al. [27], considering specialization, policy integration and bilateral
trade for a sample of 21 OECD countries, they reported results indicating a significant link between
bilateral trade and cross-country business-cycle co-movements, although the relationship was weaker
than in Frankel & Rose [22] and also policy integration had an effect on business-cycle correlations.

Furthermore, another strand of the literature examines the issue of income convergence which was based
on the neoclassical growth model as introduced by Solow [50] and Swan [52]. Their model was used for
many countries in several studies such as Barro & Sala-i-Martin [7], Sala-i-Martin [45], Quah [40], Bernard
& Durlauf [11], Rodrik [42]-[43] and the results provided evidence showing the prediction of income
convergence based on the Solow-Swan model. Barro & Sala-i-Martin [7] proposed beta convergence as a
possible type of convergence which examines the aspect of whether there is a negative tendency between
the growth rates of countries and the initial level of real income per capita. This means that countries
with low income real income per capita grows more rapidly than countries with high income per capita.

A number of other studies based on the EU environment have pointed that income convergence was a
preferable issue under EU integration. But although this is a crucial aspect for EU, the evidence is mixed in
the literature. As concerns the beta convergence approach, Jena & Barua [29] report that there is enough
evidence of the existence of convergence ([6]; [9]; [10]; [34]; [14]; [53]; [18]; [23]; [3]; [2]; [1]; [38]; [39] and
[40]), while other studies find either convergence or divergence ([37]; [21]; [48]) and some others provide
evidence of divergence ([6]; [26]; [49] and [50]).

As concerns the literature on the distance based outlier detection method, a seminal study of
Ramaswamy et al. [52] introduced a novel procedure for distance-based outliers that was focused on the
distance of a point from its kth nearest neighbor. More specifically, in order to rank the countries, they
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consider its distance from the kth nearest neighbor and form the top n points in this ranking to be outliers.
An analogous study is that of Angiulli & Pizzuti [5] which employed a new method of distance-based
outlier that computes for each point the weighted sum of the distances from its nearest neighbors. Thus,
the points with the largest values are characterized as outliers. These weights are measured by
considering the k nearest neighbors of each point efficiently based on the search space through the
Hilbert space filling curve.

3. Methodology
In this study we employ a three stage approach in order to improve the convergence in exports and
imports in Europe. Firstly, we follow the methodology of beta convergence which is related to neo-
classical growth theory (Solow, 1956). In accordance to that theory, the growth process helps economies
to a steady-state in a long run horizon and the growth rate is only affected by technological rates and
labor force growth. Under that approach, the growth rates of poor economies should be higher and their
incomes per capita should catch up with those of rich economies. More specifically, we employ absolute
beta convergence which means that all economies should converge towards the same steady-state as
concerns the output per capita and growth rate. Barro & Sala-i-Martin [8] and Mankiw et al. [36] have
developed an approach to test empirically and measure beta-convergence in several aspects. In order to
measure the convergence of exports and imports in Europe we applied absolute beta-convergence
methodology as depicted in the following forms:

1

2

Where Xi,t and Xi,t−1 are the volumes of exports in country i at time t and time t-1 respectively, Ii,t and Ii,t−1

are the volumes of imports in country i at time t and time t-1 respectively and ui,t and ei,t are the standard
error terms. In this way, the appropriate signs of a convergence process should be the significant and
negative β1 and β2 implying negative linkages between the growth rates (  and

) and the initial levels of exports and imports respectively (  and ).
Furthermore, the β1 and β2 estimators present the rates at which countries approach their steady-state
and thus the speed of convergence.

Secondly, in order to improve the convergence of exports and imports, one solution could be intelligently
identify the counties that negatively contributes to the convergence, eliminate them from the equation
and rerun the procedure. More specifically, the country or the countries that are the most different from
the others could be probably eliminated, so the convergence not only it will be not prevented but will be
further improved. The aforementioned solution implies the idea of ranking. To this end, we employed an

lnXi,t − lnXi,t−1 = α1 + β1lnXi,t−1 + ui,t

lnIi,t − lnIi,t−1 = α2 + β2lnIi,t−1 + ei,t

lnXi,t − lnXi,t−1

lnIi,t − lnIi,t−1 lnXi,t−1 lnIi,t−1
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unsupervised distance based outlier detection method in order to rank the countries. Each country is
represented using a feature vector of the measurements of all years. The detector, assigns for each
country a score that is related to the distance to its kth nearest neighbors. Two methods have been
considered in order to compute the score for each country. Either using the distance to the most distant
kth neighbor (L) or using the average of the distance of all k neighbors (A) of each country. Two of the
most important hyper-parameters in nearest neighbors based approaches are the number of neighbors
and the distance metric. We considered the Euclidean distance and we used several detectors using as
the number of nearest neighbors the value in and considering the L and M methods. The aforementioned
parameters resulted in ten different detectors. Each detector reported a score for each country. The ten
different scores for each country combined to a single score by using a simple average of the score of
each detector. After this procedure the countries was ranked using their score. The higher the score, the
more different is the country from the others. Therefore, the higher the score of a country, the more
probable is this country to contribute negatively to the convergence.

Finally, the proposed three-stage procedure, focused on the improvement of convergence, includes the
following steps:

1. Consider the absolute beta-convergence for European countries during the period 2000–2019 and
find the estimates for β1 and β2.

2. Follow the Euclidean distance and use several detectors using as the number of nearest neighbors
the value in and considering the L and M methods and find the countries that contribute negatively to
the convergence.

3. Exclude the country with the highest score and repeat Step 1, without including the countries found
by Step, 2 in order to determine the level of convergence improvement.

4. Results

4.1 Data
We consider data on volumes of exports and imports which are available from Eurostat. In order to
measure the trade share, we employ all world trade partners. The applied sample of 33 European
countries covers the years 2010–2019 in yearly frequency and the trade volumes are collected in euro
value of trade. Due to the fact that there are differentiated economy sizes, we have adjusted the exports
and imports volumes by the total population of a given country. Thus, the estimates depict the exports
and imports volumes per capita.

4.2 Empirical Results
At first stage, we examine whether there exists the absolute beta convergence across European
economies. For this purpose we estimate the regression results (1) and (2) by using panel regressions.

The estimate of regressions (1) and (2) are presented in Table 1. 
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Table 1
Estimated coefficients for absolute beta convergence

  Dependent: Growth rates of
Exports

  Dependent: Growth rates of
Imports

β1 -0.010***

(0.002)

β2 -0.004

(0.003)

Constant 0.153***

(0.023)

Constant 0.089***

(0.029)

No. of
observations

297 No. of
observations

297

R-squared (adj) 0.29 R-squared (adj) 0.27

Notes: Fixed-time effects are included in both specifications. Single, double and triple asterisks denote
statistical significance at the 10, 5 and 1 percent, respectively (white-heteroscedasticity-robust standard
errors in parenthesis)

The estimates for the exports support the hypothesis of absolute beta-convergence across European
member states. The β1 estimate is negative and statistically significant. In the same table, as concerns
the imports, we provide evidence that the hypothesis of absolute beta-convergence doesn’t exist. The β2

estimate although negative (-0.005), isn’t statistically significant.

At second step, Table 2 presents the results summarized by implementing the Euclidean distance
procedure in order to the country outliers be found and be excluded from the sample. More specifically,
Table 2 provides us the scores of each country and their rankings. Hence, it is worthwhile to mention that
the higher is the score of a country, the more probable is this country to contribute negatively to
convergence. Thus, it is clear that Luxembourg has the highest score and Ireland has the second highest
score for exports and imports. In addition, Figs. 1 and 2 present a graphical visualization of the indexes
not only for the whole period but also in time series analysis.  
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Table 2
Countries Ranking for Exports and Imports, aggregated in period

Exports Score Imports Score

Luxembourg 2.655207237 Luxembourg 2.628320845

Ireland 0.591879495 Ireland 0.562198707

Switzerland 0.391772972 Switzerland 0.349845819

Netherlands 0.208366831 Malta 0.215378858

Malta 0.194462965 Belgium 0.20718413

Belgium 0.169829441 Netherlands 0.201884774

Denmark 0.146720775 Denmark 0.154349661

Austria 0.118012793 Austria 0.129617551

Sweden 0.111465141 Sweden 0.108478945

Germany 0.072830261 Albania 0.069407074

Albania 0.066764534 Finland 0.068803086

Finland 0.05916047 Cyprus 0.067475016

Slovenia 0.055012084 Germany 0.060121284

Cyprus 0.054118668 Slovenia 0.054837403

Slovakia 0.04515765 Slovakia 0.051290494

Estonia 0.044431426 Estonia 0.050756347

Czechia 0.043922506 Turkey 0.049958513

Serbia 0.042459411 United Kingdom 0.047507727

Turkey 0.042408309 Serbia 0.046648924

Lithuania 0.041053676 Lithuania 0.046469878

United Kingdom 0.040325066 Czechia 0.046307397

Montenegro 0.039625241 France 0.044952729

Furthermore, at third step, we firstly exclude Luxembourg from the sample and we re-estimate equations
(1) and (2) in order to test whether there is an improvement of exports and imports beta convergences.
Regression results for the beta convergence of the European countries, except from Luxembourg, are
depicted in Table 3. The estimates in that table suggest that, as regarding exports, there is a substantial
improvement with respect to the results presented in Table 1. More specifically, although the β1 estimate
is still negative and strongly significant, there is an increase in the explanatory power of the repressor
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from 0.29 to 0.31. In a similar vein, as concerns imports, the estimates provide evidence showing high
improvement with respect to the results in Table 1. The exclusion of Luxembourg affects the estimate of
β2 because now instead of being negative, it is statistically significant (10%) and larger in magnitude
(from − 0.004 to -0.006). Thus, from this, there is evidence of a strong negative association between
levels of imports in previous period and growth rates of imports. So, the hypothesis of absolute beta
convergence in imports across European countries is clearly accepted.

Table 3
Estimated coefficients for absolute beta convergence without Luxembourg

  Dependent: Growth rates of
Exports

  Dependent: Growth rates of
Imports

β1 -0.012***

(0.003)

β2 -0.006*

(0.004)

Constant 0.170***

(0.026)

Constant 0.103***

(0.033)

No. of
observations

288 No. of
observations

288

R-squared (adj) 0.31 R-squared (adj) 0.29

Notes: Fixed-time effects are included in both specifications. Single, double and triple asterisks denote
statistical significance at the 10, 5 and 1 percent, respectively (white-heteroscedasticity-robust standard
errors in parenthesis).

5. Conclusions
During the past decades, there has been a growing body of literature examining beta convergence
hypothesis for several variables based on the neoclassical growth models as presented by Solow [51],
Sala-i-Martin [46] and Mankiw et al. [36]. Despite the extensive literature, no study has investigated the
improvement of beta convergence in exports and imports volumes.

This paper examines the issue of improvement of convergence across European countries, following a
three-step procedure. Based on absolute beta convergence and Euclidean distance approaches, we
provide evidence showing substantial improvements with respect to exports and imports of beta
convergence, after excluding Luxembourg from the initial sample of 33 European countries.
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Figure 1

Figures 1 and 2: Overall and timeless development of ranking indexes for exports


