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Abstract. We use a Self-organization Map algorithm (SOM) to investigate the changes
in the level of EU capital markets’ integration before and after the recent financial and sov-
ereign debt inter-twinned crises, based on data on capital market features for all 27 EU
countries, collected from various databases, such as ECB, EUROSTAT, OECD and WFE. A
number of indicators that reflect the level of capital market development and its level of
openness is taken into account for each country, on an annual basis, in order to have a
proper view on capital markets’ features both from the perspective of market performance
and market development. We find that the European capital markets form a rather hetero-
geneous structure, with a number of stable clusters that move towards more homogeneity —
formed of mature capital markets in the EU, and with other smaller clusters, which typically
include the emerging markets in the EU, which seem to be less integrated with the other EU
capital markets.
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1. Introduction

In the aftermath of the financial crisis that emerged in 2007 and of the sovereign debt crisis
that erupted in 2010, a valid concern of policymakers in Europe should refer to the impact of
these crises on the level of capital markets, given the benefits of a high level of integration
for capital market development, particularly for the likely candidate countries for Euro adop-
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tion. The aim of our paper resides in investigating the evolution of capital market integration
in the European Union after 2000, with a special apprehension on the changes that the recent
financial crises might have induced.

The measurement of financial integration has been performed in the past by using various
instruments, which can be divided in three broad categories, following Baele et al. (2004):
price-based measures, news-based measures and quantity-based measures. Price-based
measures take into account the discrepancies between prices or asset returns due to assets’
geographical location, which may be considered as a direct test on the law of one price that
should prevail in the case of total financial integration. The literature based on this research
direction used asset pricing models to explore potential differences in systematic risk factors
or other asset attributes [see the studies of Bekaert and Harvey (1995), Chen and Knez
(1995), Hardouvelis et al. (1999) and Dewachter and Smedts (2007)]. The European Central
Bank also uses an indicator based on prices, the cross-sectional dispersion of interest rates
spread, to measure financial integration in the euro-area (see the European Central Bank
“Financial Integration in Europe” report, published annually). The news-based measures are
used with the goal of differentiating the effect of new information arrival from other frictions
that may exist in markets. If markets are financially integrated at the global level, then news
in the form of economic information of domestic or regional nature should have no signifi-
cant impact on prices, while information of global nature should be relevant important for
assets’ prices. In this framework, the level of systematic risk should be the same across as-
sets and countries if financial integration is complete; if not, financial integration is not com-
plete and local information influences assets’ prices and returns. The favourite methodologi-
cal tools employed to test financial integration level based on this type of measures are vec-
tor auto-regression models (VAR), Granger causality tests and cointegration, able to better
model market co-movements than the traditional correlation tool, but with rather mixed
results [see the research of Jeon and Chiang (1991), Chan et al. (1992), Arshanapalli and
Doukas (1993) and, more recently, Chen et al. (2002]. The quantity-based measures investi-
gate the effects of frictions faced by demand for and supply of investment opportunities,
using statistics on the ease of market access across countries, for example from the perspec-
tive of cross-border lending or listings. A favourite tool in this category have been statistics
on international holdings of institutional investors, aimed at uncovering the level of home-
bias in their portfolios — since total financial integration assumes that portfolios are fully
internationally diversified, the higher the degree of home-bias, the lower the level of integra-
tion is [see, for example, the studies of Pastor (2000), De Santis and Gerard (2006), Baele et
al. (2007) and Sercu and Vanpee (2007), among others].

The EU has been the subject of study of numerous works in financial integration, given its
standing as the best framework for economic integration at the global level. It is widely be-
lieved that the introduction of the common currency is the underlying cause of increased
financial integration, due to the elimination of currency risk. Yang et al. (2003) show that the
emergence of EMU improved integration among member states, while other large EU finan-
cial markets such as the UK remained rather isolated. The same result is validated by
Hardouvelis et al. (2006), which prove that stock markets in the Eurozone converged due to
the alignment of interest rate differentials and inflation differentials to the best performing
states, Germany in particular. At the same time, Abad et al. (2009) found out that Eurozone
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countries are more vulnerable to EMU risk factors than to world risk factors, while the situa-
tion for countries outside the eurozone is reversed. More recent studies confirm that currency
stability is an important driver of financial integration. For example, Boubakri & Guillaumin
(2011) analyze the level of integration of countries from Central and Eastern Europe (CEE),
and they conclude that their integration with Eurozone countries has occurred more slowly,
but also that a lower currency risk premium was able to improve the degree of financial
integration. Furthermore, they show that although the EU is far from having a homogenous
financial market, the integration process is improving. The recent financial crisis and the
subsequent sovereign crisis which affected the European markets raised concerns about the
efficiency of the EMU and the process of financial integration in Europe. The differences in
domestic risk factors, such as market liquidity and default risk, proved that euro markets are
not perfect substitutes and have different reactions to crisis emergence (Abad et al. (2009)).
Although the current crisis has proven that an increased integration among financial markets
enhances the spillover effects of a domestic shock to other countries, the asymmetries be-
tween European markets imply that the macroeconomic environment of these countries
played a dominant role in the effects of this shock (Lane (2012)).

As it may be observed in previous studies, opinions regarding the integration of financial
markets in the EU are far from being homogenous. The selection of countries and of the
possible impact factors, as well as the methodologies used, plays a significant role in the
research output. Our research proposes a new approach, based on neural networks method-
ology, which has the capability of offering more insight into the level of homogeneity and
heterogeneity of capital markets in the European Union, as a manner of interpreting integra-
tion. The paper is organized as follows: Section 2 describes the data and the research meth-
odology; Section 3 presents the main results and Section 4 concludes.

2. Data and research methodology

The data set used in our research addresses the 27 countries that are EU members, as our
objective resides in analysing the capital market behaviour of countries that belong to a re-
gion where the same rules and development policies are applied. The capital markets of
these countries are characterised by two types of indicators: performance indicators and
market structure indicators, which reflect both the investors’ perception echoed in stock
prices and the reforms that each country promoted over the years in terms of capital market
development. Overall, a number of eight indicators have been used, with an annual frequen-
cy, covering the 2000-2011 timeframe. Data sources are Bloomberg (for performance indi-
cators) and World Bank (for market structure indicators).

In order to build the performance indicators we have used the main stock market indices for
each country, with a daily frequency, and we have calculated the following attributes, based
on return distributions for each year: (1) Mean to Standard deviation (Mean/SD); this meas-
ure is preferred to each of its components due to the lack of homogeneity of EU capital mar-
kets; (2) Skewness (Skew); and (3) Excess Kurtosis (Kurt). For what concerns the market
performance indicators, we have selected a number of five market attributes, depending
strongly on data availability, as follows: (1) the number of listed domestic companies
(LISTCO), which includes all local companies listed on each stock market until the end of
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the year; (2) the stock market capitalization as percentage of country’s GDP (MKCAP%);
(3) the stock market capitalization in US dollars (MKCAP); (4) the total value of stocks
traded as percentage of country’s GDP (VSTTR%) — this is a complementary indicator to
the ratio of stock market capitalization to GDP, as it shows whether the capital market size is
justified by the transactions’ value; and (5) the turnover ratio of stocks traded in percentages
(TURNRAT), calculated as the ration between the total value of transactions in a year and
the average of market capitalisation over the same period.

The research methodology proposed in our research is based on a Self-organizing Map
(SOM) algorithm proposed by Kohonen (2011), which belongs to a class of neural networks
trained to organize data so that unknown patterns may be discovered, thus leading to results
that cannot be attained by more traditional clustering methods such as Statistical Cluster
Analysis (SCA) and Principal Components Analysis (PCA). Although useful for data classi-
fication, SCA and PCA are deficient for the uncovering of potential non-linear links between
data series, but SOM is a method that is able to overcome these deficiencies. SOM is a type
of neural network that uses an unsupervised training algorithm that organises results in a
topological representation of the underlying data. The neural network rearranges a set of
input vectors for each case (in our framework, each country) on a bi-dimensional grid, and
countries are grouped around a number of nodes or neurons. Each neuron has a specific
topological position, given by particular dimensions. There are two layers of information
processing within the SOM: the entry layer, which includes the elements in the input vectors,
and the output layer, where the processing units are connected to the entry layer. SOM is
different compared to other neural networks because it does not contain any hidden layer of
neurons. Each unit (country) on the topological map is characterised by an n-dimensional
vector (where n is the number of variables), and a synaptic weight corresponds to each di-
mension. Briefly, when an input vector is presented to the network, the distances between
the new vector and the output units are calculated, based on Euclidian distances, which we
have considered as appropriated given the continuous nature of our data. Thus, the steps that
lead to data training are as follows: (1) the grid dimensions (height and width) are estab-
lished, and their multiplication will give the maximum number of neurons in the grid; (2)
randomly, the algorithm selects a vector from the input data and presents it to the created
network; (3) each of the neurons is examined in order to calculate which of them has a close
weight to the input vector, and the most fit alternative bears the name of “winning neuron”;
(4) the neighbourhood radius of the winning neuron — the similar neurons to the input vec-
tors, but with a lower level of similarity compared to the winning neuron — is calculated; (5)
the weight of each neuron found in the vicinity of the winning neuron is adjusted so that is
resembles the input vector; the closer this neuron is to the winning neuron, the higher the
changes in its weight; (6) starting with the second step, the process becomes iterative, for all
the input vectors (in our case, for the vector represented by each of the 27 countries), until
each vector is associated to a winning neuron. One of the difficulties in applying the SOM
algorithm comes from the fact that the user needs to decide a priori the number of processing
units in the output layer, based in the shape and size of the desired topological map, which
implies a “trial and error” approach aimed at ascertaining the grid’s height and width and,
implicitly, the number of neurons.
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Before the application of SOM we have standardized all variables, using their average and
standard deviation across countries, for each year. This is a necessary step, given the fact that
there is a distinct possibility that variables that have high values for some indicators to im-
pact to a large extent the clustering process, compared to the remaining values, thus leading
to an erroneous placement of countries in clusters.

Our study observes the countries’ position in clusters for the entire period (2000-2011), but
also for two sub-periods — before the emergence of the financial crisis (2000-2007) and dur-
ing the crisis (2008-2011). Thus we hope to uncover the specific effect that the financial
crises might have generated in terms of financial integration for the EU member countries’
capital markets. All analysis has been undertaken by using Statistica, the Data Mining mod-
ule.

3. Results

The use of SOM results in placing each country on a topological map, depending on its posi-
tion around the winning network neuron, according to the previously described algorithm.
Countries’ allocation is based on the lowest values of Euclidian distances between each
country’s input vector and the neuron’s weight vectors, distances being represented by the
activation indicator (in the following pages used as “Activation”, based on the results gener-
ated by the algorithm application). After going through the “trial and error” process, we have
settled a 2x2 grid dimension (height and width), thus creating at most 4 neurons. When the
grid dimensions are increased winning neurons are not created for any of the input vectors,
thus leading us to decide on an optimal number of 4 neurons, described by the combinations
between the two dimensions as following: neuron 1 (1,1), neuron 2 (1,2), neuron 3 (2,1) and
neuron 4 (2,2). Table 1 presents the number of winning positions of each neuron, for each
year, the two sub-periods and the entire period in our analysis.

We may observe that the majority of countries entered neuron 1 (1,1) until 2005, while at the
end of the period, in 2011, neuron 4 (2,2) was winning twelve times, an reversed situation
compared to 2000. This may indicate that many of the countries whose input vector corre-
sponded to the weight of neuron 1 (1,1), at the end of the period they have “migrated” to-
wards neuron 4 (2,2). This is also demonstrated by the analysis over the two sub-periods. In
2000-2007, neuron 1 is the most frequent winner (12), while during 2008-2011 the most
frequent winner is neuron 4 (11 times). Still, when the entire period is taken into account,
neuron 1 groups the majority of countries. The least frequent winner is neuron 3, in almost
every year, including a maximum number of 8 countries in 2002, 2003 and 2006.

Table 1. SOM: Frequency of countries’ positioning in the neurons

Year Frequency Year Frequency
1(11) 1212 | 3(21) | 422 1(11) 1212 | 3(21) [ 4(22)

2000 14 5 3 5 2008 10 7 5 5
2001 12 7 3 5 2009 8 11 6 2
2002 10 7 8 2 2010 10 4 6 7
2003 10 3 8 6 2011 4 8 3 12
2004 10 7 4 6 2000-2007 12 5 6 4
2005 9 8 1 9 2008-2011 9 6 1 11
2006 8 4 8 7 2000-2011 11 7 3 6
2007 6 8 5 8

Source: Authors’ calculations
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In what follows we discuss the structure of each neuron for the overall period and the two
sub-periods, as well as countries’ transitions among neurons from the first to the second sub-
period. The results obtained after training data were represented graphically, on topological
maps, having as coordinates the neuron number (neuron ID) and the Euclidian distance that
allowed the neuron to become a winner (activation). Table 2 presents the synthetic results, as
values in the table indicate the neuron identification number (from 1 to 4).

Table 2. SOM: ,,Winning neurons” for each country, 2000-2011

Country|2000]2001]2002] 2003] 2004 2005] 2006 | 2007 2008 ] 2009 ] 2010] 2011 2000-2007 | 2008-2011 | 2000-2011
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Source: Authors’ calculations
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We see that United Kingdom, Spain, Sweden, the Netherlands and Finland belong to the
same group, in their case the winning neuron being neuron 2, with some countries transiting
towards neuron 3, except for 2009 and 2010. France and Germany also join these countries,
although they are less homogeneous compared to the first group of countries. This may be
explained by the countries’ geographical proximity, but also by the diversity of economic
connexions between them, as well as by investors’ perceptions on the two countries’ similar
level of capital market development. Another homogeneous groups of countries is formed of
the Baltic countries (Latvia, Lithuania and Estonia), joined by Malta and a few CEE coun-
tries (Slovenia, Slovakia and Bulgaria), which suggests a cluster created due to capital mar-
kets’ resemblances, as well as a geographical-based financial integration. The winning neu-
ron for these countries was neuron 1. From the same geographical area comes Romania, also
placed in neuron 1 for both sub-periods, but the country’s position was rather changing over
the years, with many migrations between neurons.
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The vast majority of countries modify their position in time, which may be interpreted as a
sign that their capital markets develop in a rather similar manner. It is also interesting to note
that neuron 2 is populated, almost for the entire period, by the developed capital markets in
the EU: United Kingdom, Spain, Sweden, the Netherlands and Finland, and, beginning with
2001, France and Germany also join the neuron (they are closer to the Netherlands and Swe-
den). Also, Italy joins the same neuron, but only occasionally. This result proves that the
Euclidian distances that induce Spain’s and United Kingdom’s integration into this cluster
are higher compared to the remaining countries in the same neuron. Neuron 2 was populated
by other countries in 2003, 2006, 2009 and 2010, but the group preserved its structure and
countries were included in neuron 3. It is difficult to detect the same patters for the other
countries, as they are less homogeneous for what concerns their capital markets.

Figures 1 to 3 present countries’ positioning in clusters generated by the winning neuron in
the two sub-periods and the overall period. A number of observations are relevant, in our
opinion, regarding the 2000-2007 sub-period, based on Figure 1: (1) Five of the mature mar-
kets are grouped in neuron 1, as it happened in the majority of years taken separately, thus
confirming these countries’ high level of capital market integration; (2) Of these countries,
closer links seem to exist between Sweden, the Netherlands, Finland and Spain, while Unit-
ed Kingdom joins them at a higher Euclidian distance, a finding somehow justified by the
country’s biggest capital market in the EU; (3) France and Germany had a different evolu-
tion compared to the other mature markets in the EU, although the annual clustering showed
similar attributes to the Netherlands and Sweden; (4) Denmark, a developed country but with
a less mature capital market compared to France or Germany, belongs to the same cluster as
these two countries, that also includes Italy; (5) There is a strong link between Belgium’s
and Ireland’s capital markets, together with Portugal and Cyprus, while Greece and Luxem-
bourg are part of the same cluster but are less integrated with the previously mentioned coun-
tries; (6) Neuron 1 includes 12 countries and is the most frequent winning neuron — these 12
countries are highly integrated among themselves, particularly when we refer to Austria and
Poland, Hungary, the Czech Republic, Slovenia and Slovakia, and Latvia, Estonia, Bulgaria
and Lithuania, joined by Malta, at a relatively high distance; (7) Romania is the only country
that joins the group at a much higher distance, although it belongs to this last cluster, and one
may easily remark the difference between its capital market and the other capital markets in
CEE.

When we refer to the 2008-2011 sub-period, the graph in Figure 2 allows the following ob-
servations: (1) Mature markets remain in the same group, thus confirming their high level of
integration, even during more turbulent times; France and Germany have similar evolutions,
joining the cluster at near distances, while Finland left the cluster; United Kingdom and, to
some extent, Spain, join the neuron at a higher Euclidian distance; (2) The remaining coun-
tries are almost equally divided between neurons 1 and 4, as follows: we observe a pro-
nounced similarity between Latvia, Slovenia, Malta, Bulgaria, Cyprus, Estonia and Romania
(interesting, in turbulent times Romania becomes closer integrated with the other countries),
while Slovakia is more isolated in the region; there is the group of more developed markets,
but whose capital markets have smaller sizes — Austria, Belgium, Denmark and Finland — or
that have been more affected by the sovereign debt crisis — Ireland, Portugal, Italy and
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Greece -, joined by a number of CEE markets that are more developed compared to the re-
maining countries in the region — Poland, Hungary and Czech Republic; (3) Luxembourg is
an isolated country, its capital market attributes being different compared to the other; a pos-
sible explanation may reside from the fact that although the country is highly developed
from an economic and financial perspective, the indicators used in our study place it in the
region of less developed countries based on the country’s dimension.

Figure 1. Topological map, 2000-2007
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Figure 2. Topological map, 2008-2011
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Figure 3 presents the topological map for the entire 2000-2011 period, and we may draw the
following conclusions based on it: (1) The most developed countries in the EU from an eco-
nomic point of view are also the ones with the most integrated capital markets: France, the
Netherlands, Sweden and Germany, joined by Finland and Spain at a relatively higher dis-
tance; (2) The United Kingdom belongs to the this group of integrated countries, but it
clusterises to a high distance, thus confirming that the particular features of the British capital
market, offered by its status of one of the world” major financial centres; (3) Italy, although
one of the first members of the EU and EMU, has a lower level of integration with these
markets, but is clusters with Denmark (a developed country from an economic perspective,
but with a smaller size of its capital market) and Hungary (one of the more developed coun-
tries from CEE); (4) Belgium belongs to the cluster that includes the most hurt countries by
the sovereign debt crisis — Ireland, Portugal, Greece and Cyprus -, while Luxembourg is
located in the same “winning neuron”, but the Euclidian distance is significantly higher (al-
most double); this result may indicate Luxembourg’s particular attributes: a country with a
sufficiently high level of development so as to be compared with the other countries from
Western Europe, but with a capital market that has a dimension that is closer to the less de-
veloped markets, possibly due to its smaller geographical territory; (5) CEE countries form a
distinct cluster, with closer links between Austria, Poland, Czech Republic and Slovenia, on
one hand (Austria and Poland seem to be the leading countries for the other two, but these
two markets are among the vest performing countries in the EU during the financial crisis),
and with higher distances from Latvia, Estonia, Lithuania and Malta, and even higher from
Bulgaria and Slovenia, on the other hand. In the graphical representation, Romania belongs
to this cluster, but it looks rather isolated, thus suggesting that its capital market needs to
“catch up” the other markets in the region in terms of development.

Figure 3. Topological map, 2000-2011
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It is interesting to examine each country’s position in neurons at the beginning and at the end
of the period, shown in Figure 4. We have marked the countries that preserve their positions
in the same neuron — a total of ten countries. Of these, half are developed markets, stable and
well integrated during the time frame of our analysis: the Netherlands, Sweden, Finland,
Spain and the United Kingdom. From CEE, Slovenia, Malta, Slovakia and Lithuania have
also preserved to a large extent their positions, but with fluctuations regarding the Euclidian
distance that includes them in the winning neuron 1. Cyprus also maintained its position in
neuron 4. Another notable observation is that most of the countries grouped in neuron 1 in
2000 transited towards neuron 4 in 2011 — many of them are the mature markets from CEE
(Austria, Poland, Czech Republic, Hungary and Poland), but also Estonia and Romania.
France, Germany, and also Italy moved from neuron 4 to neuron 2 in 2011, joining the de-
veloped markets in the EU.

Fig.4. Country transitions, 2000-2011
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4. Conclusions

Our research investigated the changes in the level of EU capital markets’ integration before
and after the recent financial and sovereign debt inter-twinned crises, based on data on capi-
tal market features for all 27 EU countries, and using a new approach, able to offer a new
insight into the process of financial integration in the region. The research methodology is
based on a Self-organizing Map (SOM) algorithm, which belongs to a class of neural net-
works trained to organize data so that unknown patterns may be discovered, thus leading to
results that cannot be attained by more traditional clustering methods such as Statistical
Cluster Analysis (SCA) and Principal Components Analysis (PCA).
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By applying hierarchical clustering an k-means algorithms, our results lead us towards con-
cluding that the European capital markets form a rather heterogeneous structure, with a
number of stable clusters that move towards more homogeneity — formed of mature capital
markets in the EU, and with other smaller clusters, which typically include the emerging
markets in the EU, which seem to be less integrated with the other EU capital markets.
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