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Abstract. The aim of this paper is using cluster analysis to show changes in the clusters 
composition of 27 EU countries during the current economic crisis. The authors use the char-
acteristics of labor market as an input into cluster analysis. The situation on the labor market is 
one of the most discussed sections of countries’ economies. The authors discuss the impact of 
the current economic crisis on the structure of labor market and the composition of the group 
of countries before (2008) and during (2012) the crisis. The authors use the method of cluster 
analysis to generate the group of countries. They have chosen the following indicators of labor 
market: unemployment of different year old groups, unemployment of gender groups and the 
rate of participation of these groups. 
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Introduction

In this paper, the authors use the method of cluster analysis to describe a group 
of countries by characteristics of labor market before and during the current economic 
crisis. year 2008 represents the situation before the crisis and year 2012 describes the 
situation during the current crisis. The economic crisis affected the Member States of 
the European Union in different ways. There are countries with a high rate of unemploy-
ment in all groups of population, and the dynamics of increase in unemployment is very 
fast. This is especially obvious in countries in Southern Europe. however, there are also 
countries, which are doing well, e.g., germany, the Netherlands and Nordic countries. 
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The authors have chosen indicators of labor market, such as unemployment of dif-
ferent year old groups of citizens, unemployment of gender groups and the rate of par-
ticipation of these groups of employers.

The aim of the paper is to describe the condition of labor market in the years 2008 
and 2012 and then to discuss the impact of the economic crisis on labor market in the 
Member States of the European Union actual to the enlargement in 2007. Croatia, as a 
new member of the European Union since 2013, was not included into the analysis. 

The paper consists of 5 main sections. In the first section, a short introduction of 
the labor market issues is presented. The following section describes the methods, which 
were used in the analysis and the next section describes chosen variables, which were 
used in the cluster analysis. The fourth section contains clusters of countries during the 
previously mentioned two years. The last section describes the situation in the European 
Union as a whole. 

1. Theoretical framework

The labor market has been a frequently cited theme not only during the last years. 
Labor income, expressed as real wages multiplied by the time spent at work, contributes 
to household consumption. The labor income enters the household consumption con-
straint. The higher labor income, the higher consumption is.

during the last few years, the European Union has been facing a serious problem 
of unemployment. The unemployment can be divided into involuntary, frictional and 
voluntary (see Wickens, M., 2012): 

• Involuntary unemployment: a group of people, who are willing to work at the 
going wage, but the job is not available. Involuntary unemployment is tempo-
rary and disappears in the period of booms. On the other hand, it increases in 
the period of recession. 

• frictional unemployment. This type of unemployment is rather permanent and 
is associated with the flow of workers between jobs. 

• Voluntary unemployment. These unemployed people are not seeking to get a 
job, and thus, do not provide workforce. It can be said that they are out of the 
labor market. 

The fluctuation in unemployment is narrowly associated with the output. The num-
ber of unemployed people increases in the days of recession. The European Union is fac-
ing the economic crisis, and thus, there is a higher unemployment rate. The current rate 
of unemployment is, thus, associated with the lack of vacancies, and thus, we talk about 
involuntary unemployment. 

The structure of labor market can be described by many variables. The authors have 
chosen a rate of unemployment, a rate of participation, long term unemployment, the 
percentage of part-time job and the percentage of older employed people. 

Individual countries in the European Union have been affected differently by 
the current crisis. Countries from the Southern Europe, such as Spain, Portugal and 
greece, have been facing this problem the most. On the other hand, there are coun-
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tries, such as germany, the Netherlands and Nordic countries, which are relatively in a 
good condition (see Masso, J.; Krillo, K., 2011; Sher, V., 2009 and Scarpetta, S.; Sonnet, 
A.; Manfredi, T., 2010).   

The authors have used the method of cluster analysis to distinguish groups of coun-
tries before and during the economic crisis. 

2. Methodology

The cluster analysis is a very popular multidimensional statistical method, which 
fundamental claim is classification (observation) of objects into groups (clusters). These 
objects are characterized by many variables (properties). The main requirement is as 
higher as possible a similarity of objects into one cluster in comparison with other dif-
ferent clusters. In other words, differences between objects in different clusters should be 
greater. for clustering, the authors have used various methods, as well as various rates 
of distances. The process of clustering can separate the object by different ways accord-
ing to the used method and specifications. That is the reason why the results of analysis 
(creating groups of similar objects) should be validated by the success, which means 
comparing it with other methods. The process of validation of clustering procedure is 
called validity assessment and criteria of validating are called validity measures. besides 
the choice of the most suitable method of clustering, it is quite common to specify the 
optimal number of clusters, among which objects will be divided. Unambiguous demar-
cation of the fact which of existing coefficients should be used in specific situation or 
under specific conditions has not been described in literature. The authors of coefficients 
have solved the problem of evaluating from a different perspective and using a different 
instrument. That is the reason why the comparison is not possible in many cases. but it 
can be said that evaluating results with usage of more than one coefficient together can be 
considered a right way (with reference on many authors of coefficient, see, for example, 
halkidi, M.; batistakis, y.; Vazirgiannis, M., 2001). In some cases, it is necessary to evalu-
ate the clustering results simultaneously with several factors.

In order to create clusters of objects (27 countries of the EU), the authors have used 
two-steps cluster analysis (see Řezanková, h.; húsek, d.; Snášel, V., 2009). This method 
uses the Euclid’s degree or likelihood rate. The method is consisted with two phases (see 
Řezanková, h.; húsek, d.; Snášel, V., 2009). The objects have been clustered into smaller 
clusters in the first phases. Incremental clustering has been used here. The objects have 
been included into one of the existing clusters or the new cluster has been created. In 
this phase, it is referred to the so-called CF-tree, where each leaf contains final smaller 
clusters. Each input into the node (the base of the tree view) is determined by a Cf- char-
acteristic, which contains numbers of clusters. Each object of a particular input is char-
acterized by the Cf- characteristic and the object is placed most akin to the leaf node and 
consequently to the most similar input into this leaf. The Cf-characteristic is recalculated 
after inclusion of objects into the input. In the second phase, all created smaller clusters 
are included into a predetermined number of clusters. The number of smaller clusters is 
much lower than the number of original objects and that is why hierarchical clustering, 
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for example, can be used. The same rate of dissimilarity is used in both phases. SPSS sys-
tem uses likelihood rate (see Řezanková, h.; húsek, d.; Snášel, V., 2009).

Coefficients for choice of numbers of clusters

In order to set the optimal number of clusters, many procedures have been used. 
These procedures were based on knowledge of economic theory, suitable criteria and 
dendrogram. The process of clustering of countries into similar groups has been done 
using the statistical software IbM SPSS version 20, SySTAT and STATISTICA.

Davies-Bouldin index DB is a rate, where values depend on the chosen method of 
clustering (see davies, d. L.; bouldin, d. W., 1979). In order to set the davies-bouldin 
index, it is needed to define the so-called dispersal of h-th cluster Sh. The dispersal can be 
expressed by the equation:

S
D

nh

i h
x C

h

i h= ∈
∑ 2 ( , )x x

, (1)

where: 
nh is a number of objects in h-th cluster; and
D i h
2 ( , )x x  is a distance of i-th object from centroid h-th cluster;

and where holds

Sh ≥ 0,  (2)
Sh = 0 , if the objects in the cluster are characterized by identical properties. (3)

The distance between clusters is defined by its distances from its centroid measured 
by the Minkovski distance: 

D Dhh h h´ ´( , )= x x , (4)

D Dhg h g= ( , )x x , (5)

where xh  is the centroid of h-th cluster, xh´ is the centroid of h́ -th cluster, and xg is the 
centroid of g-th cluster.

The rate of similarity between h-th and h́ -th clusters is Ahh́  and is based on dispersal 
of h-th and h́ -th cluster. Moreover, the following assumptions must hold (see davies, d. 
L.; bouldin, d. W., 1979):

1. Ahh´ ≥ 0,  (6)

2. A Ahh h h´ ´= ,  (7)

3. Ahh´ = 0, pokud S Sh h= ´, (8)

4. A Ahh hg´ > , pokud S Sh g′ =  a D Dhh hg´ < , (9)

5. A Ahh hg´ > , pokud S Sh g′ >  a D Dhh hg´ = , (10)
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where Sh, Sh´, Sg are dispersal h-th, h´-th and g-th clusters, Dhh´, Dhg are distances between 
separate clusters defined by (4) and (5).

The rate of similarity Ahh´ between h-th and h´-th clusters can be expressed by the 
following formula if assumptions (6) to (10) hold

A S S
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h h
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´

´

´
=

+ . (11)

The maximum rate of similarity between clusters h a h´ is Ah, that is,

A Ah h h h hh=
≠

max
, ´ ´. (12)

The final davies-bouldin index is counted as an arithmetical Ah by the following 
formula:
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The best composition of objects into different clusters is when the value of the 
davies-bouldin index is minimal. Low values of this index means that the clusters are 
well separable. 

The optimal number of clusters is the value of k* with minimal value of the davies-
bouldin index in the framework of predetermined maximal number of clusters, that is,

I k I k
k nDB DB( *) min ( )=

≤ ≤ −2 1
. (14)

CHF index (also, a pseudo f index) was designed by Calinski and habarasz (see 
Calinski, T.; harabasz, J., 1974). The Chf index is defined as the share of the average 
value of inter-cluster and the average value of intra-cluster variability, by the following 
formula: 
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where:
SSb is a square sum between clusters (characteristics of the inter-cluster variability), 
SSW is a square sum inside clusters (characteristics of the intra-cluster variability),
SST is a total square sum (characteristics of total variability).
In the case of a separate square, we can say that:
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SS SS SSB T W= − , (18)

where:
k is a number of clusters,
m is a number of variables, characterized by objects,
n is a number of objects.
The Chf index is used for setting the optimal number of clusters k*, that is,

I k I k
k nCHF CHF( *) max ( )=

≤ ≤ −2 1
. (19)

RMSSTD index (the root-mean-square standard deviation index) measures homo-
geneity of new clusters and is based only on the intra-cluster variability (see halkidi, M.; 
batistakis, y.; Vazirgiannis, M., 2001). It can be also used to set the optimal number of 
clusters.

The rMSSTd index is defined by the following formula: 

I k SS
m n kRMSSTD

W( )
( )

=
⋅ −

. (20)

Lower values of the rMSSTd index characterize a better distribution into clusters. 
higher values of this index indicate heterogeneous clusters. The optimal number of clus-
ters is a breaking point in a graphical expression. 

The first question in the analysis is to set the optimal number of clusters. The au-
thors have used many criteria to make this decision and have finally set 4 clusters, based 
on evaluating coefficients, namely the Chf coefficient, the rMSSTd coefficient and the 
davies-bouldin coefficient. These coefficients were set in the SySTAT system and their 
graphical representation is shown in the picture below (see figure 1).

Figure 1. Evaluating criteria for setting the optimal number of clusters








Source: Own calculation, SySTAT system

A detailed calculation of the evaluating coefficients has been done by gan, Ma and 
Wu (see gan, g.; Ma, Ch.; Wu, J., 2007).
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The two-step cluster analysis has been used to create the group of countries. More 
detailed issues of cluster analysis can be found in a textbook devoted to cluster analysis 
by Řezanková, húsek and Snášel (see Řezanková, h., húsek, d., Snášel, V., 2009). 

The calculation and the cluster evaluation have been done using the system IbM 
SPSS version 20. The model summary is presented in the picture below (see figure 2).

Figure 2. Model summary









Source: Own calculation

3. Chosen variables

The labor market offers many variables, which could be chosen to analyze the 
structure of the labor market. In this analysis, the authors have divided employees by 
gender and by group of age. These characteristics are supplemented by the rate of part-
time jobs on total jobs and by the share of 65-plus year old employees on total number 
of employees. 

The data needed for the analysis are available on the European statistics database 
EUrOSTAT. The authors have used the chosen data from Labor force Survey.

The rate of unemployment

The rate of unemployment is measured as a share of unemployed people in the eco-
nomically active population (see Spěváček, V.; Vintrová, r.; Zamrazilová, E.; Žďárek, V.; 
rojíček, M., 2010). The current economic crisis has negatively affected the labor market and 
the rate of unemployment has increased, especially in the Southern European countries. 

If we distinguish employees by gender, we can say that the rate of unemployment 
of women is almost always higher than in the case of men in 2008. but there are some 
exceptions, e.g., Lithuania, romania and the UK in 2008. The difference between these 
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two groups has been diminishing during the last four years. The rates of unemployment 
of men and women were almost the same in 2012. 

Very interesting characteristics were provided by the group of 20-24 year old popu-
lation. These people can be considered as absolvents, and thus, as newcomers to the labor 
market. Although this group is more threatened by the risk of unemployment, there are 
higher differences between countries. More developed countries have the labor market 
more open to the newcomers, such as germany, the Netherlands and Austria. On the 
other hand, there are countries with a higher rate of unemployment of young people, 
such as Spain, greece, Portugal, Ireland and Italy. The impact of the current economic 
crisis was considerable when the rate of unemployment increased to 22% in 2012 from 
12% in 2008 in EU-27. The worst situations were in greece and Spain, where the rate is 
53% and 49%, respectively. 

The topic of unemployment of different groups of employees has been discussed in 
many papers (see Azmat, g.; güell, M.; Manning, A., 2006; Elder, S., 2010; Kieselbach, T., 
2003).

The rate of participation 

The rate of participation is measured as a share of active people in total popula-
tion (see Spěváček, V.; Vintrová, r.; Zamrazilová, E.; Žďárek, V.; rojíček, M., 2010). This 
characteristic describes how many people work or are able to work; thus, this indicator 
eliminates retired people, young people and others, who cannot work. It is obvious that 
the higher rate, the better.

The difference between men and women is substantial here. It can be said, regard-
less the year of observation, that the rate of participation of men is always higher in 
comparison with the rate of women. however, this is not surprising. A similar situation 
can be seen in the group of young people, where the rate of participation is smaller in 
comparison with the whole labor market (see Aaronson, S.; fallick, b.; figura, A.; Pingle, 
J., et al., 2006; hotchkiss, J. L., 2009).

Long term unemployment

The unemployment, which lasts for longer than 12 months, is defined as a long-
term unemployment (see Spěváček, V.; Vintrová, r.; Zamrazilová, E.; Žďárek, V.; rojíček, 
M., 2010). This type of unemployment is very dangerous for the country’s economy. 
People lose contact with practice and their employability is decreasing. These people can 
become dependent on aid from the state. The states, which are facing this kind of prob-
lem, are greece, Spain, Portugal, Ireland and Slovakia. On the other side, Luxemburg 
and Sweden do not have such characteristic (see Chapman, b., 1993; Pavelka, T., 2012).

Part-time jobs

This characteristic can be considered as a proxy of flexibility of labor market. 
Countries with a higher share of part-time jobs in the total number of jobs have a 
more flexible labor market. Part-time jobs are arranged in a shorter period of time 
and are easily cancellable. The biggest portion of part-time jobs belongs to the 
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Netherlands, where the share of part-time jobs reached almost 50% in 2012. On the 
other hand, the lowest part-time/total job ratio is in bulgaria and Slovakia, where the 
ratio was near to 2% in 2012. In addition, Kjeldstad and Nymoen investigated the 
part-time job and the differences between men and women in Norway (see Kjeldstad, 
r.; Nymoen, E. h., 2012). 

The ratio of 65-plus year old employed people in  
a total population employed

This ratio bears the information about people in a retirement age, who decided to 
stay in work. The highest ratio was in Portugal, around 6% in both years, and in romania, 
the values being around 4%. 

4. Cluster analysis

The authors have used the method of cluster analysis to create groups of countries, 
which are similar in terms of structure of labor market. 4 groups of countries have been 
created with the usage of 11 variables mentioned above. The composition of clusters before 
the economic crisis, in 2008, and during the crisis, in 2012, is shown in the table below. 

Table 1. Composition of clusters in 2008 and 2012

2008 2012
1 2 3 4 1 2 3 4

belgium Malta Lithuania greece Estonia denmark belgium greece
bulgaria The 

Netherlands
Luxembourg Spain Ireland germany bulgaria Spain

Czech 
republic

Austria hungary france Cyprus The 
Netherlands

Czech 
republic

denmark Poland Italy Latvia Austria france
germany Portugal Cyprus Lithuania finland Italy

Estonia romania Latvia Portugal Sweden Luxembourg
Ireland Slovenia Slovakia United 

Kingdom
hungary

Slovakia Malta
finland Poland
Sweden romania
United 
Kingdom

Slovenia

Source: data from EUrOSTAT database, own calculation 

It is needed to mention here that the number of clusters does not mean the actual 
order. In other words, number 1 cannot be considered as a cluster of better countries 
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than number 2 and so on. but it is possible to choose the best and the worst clusters, 
especially in 2012, when the differences were more considerable. 

Cluster Number 3, which is composed of Lithuania, Luxemburg and hungary, has 
the best values in almost all of the variables in 2008. but cluster Number 1 also seemed 
positive; therefore, even these countries belonging to this cluster were in a relatively good 
condition, too. Cluster Number 2, which contained the biggest amount of countries – 11, 
reached the worst values in comparison with other clusters. The output of the cluster analy-
sis is presented in the table below, where the mean value of each variable is presented. 

Table 2. Clusters description in 2008

 

2008

Cluster 
Number Mean Cluster 

Number Mean Cluster 
Number Mean Cluster 

Number Mean

rate of participation 
of women

1 0.71 2 0.59 3 0.73 4 0.59

Unemployment rate 
of women

0.06 0.09 0.04 0.06

rate of participation 
of men

0.80 0.74 0.84 0.77

Unemployment rate 
of men

0.07 0.07 0.03 0.04

rate of participation 
of 16-64 year-olds

0.75 0.67 0.78 0.68

Unemployment rate 
of 15-64 year-olds

0.07 0.08 0.03 0.05

Unemployment rate 
of 20-24 year-olds

0.11 0.18 0.06 0.10

rate of participation 
of 20-24 year-olds

0.73 0.55 0.79 0.61

Part-time jobs 0.17 0.10 0.31 0.08
Older employers/
total population 
employed

0.03 0.02 0.02 0.02

Long term  
unemployment

0.00 0.01 0.00 0.01

Source: Own calculations 

The situation in 2012 was a little different. here, cluster Number 2 can be chosen 
as the best group of countries, based on the values of chosen variables. This group is 
composed of countries from Northern Europe, such as denmark, finland and Sweden, 
together with Western Europe countries, such as germany, the Netherlands, Austria and 
the UK. These countries can be considered as the most stable countries in terms of the 
structure of labor market. 
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The economic crisis has separated two countries from the rest of Europe – greece 
and Spain, which are facing the biggest problems in these days. These countries had the 
highest rate of unemployment in all chosen groups. The overall rate of unemployment 
was over 20%, and the unemployment rate of young people reached 50%. 

The description of the clusters in 2012 is presented in the table below. 

Table 3. Clusters description in 2012

 
2012

Cluster 
Number Mean Cluster 

Number Mean Cluster 
Number Mean Cluster 

Number Mean

rate of participation 
of women

1 0.68 2 0.73 3 0.60 4 0.63

Unemployment rate 
of women

0.13 0.06 0.09 0.27

rate of participation 
of men

0.77 0.82 0.74 0.79

Unemployment rate 
of men

0.15 0.07 0.09 0.23

rate of participation 
of 16-64 year-olds

0.72 0.78 0.67 0.71

Unemployment rate 
of 15-64 year-olds

0.14 0.07 0.09 0.25

Unemployment rate 
of 20-24 year-olds

0.27 0.12 0.21 0.51

rate of participation 
of 20-24 year-olds

0.60 0.73 0.52 0.56

Part-time jobs 0.11 0.27 0.12 0.11
Older employers/
total population 
employed

0.03 0.02 0.02 0.01

Long term  
unemployment

0.03 0.01 0.01 0.04

Source: Own calculations 
   

5.  The impact of the current economic crisis on the  
European Union labor market

The authors have discussed the impact of the current economic crisis on labor mar-
ket of 27 European Union countries in the table presented below this text. here, data 
comparison in 2008, as it was a year before the crisis, and data comparison in 2012, 
which represents the year of crisis, are shown. The column titled “Mean” is the average 
value of variables in 27 European Union countries in a chosen year. 
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The rate of unemployment in all chosen groups increased. The biggest deteriora-
tion of the situation on labor market is associated with younger population, where the 
unemployment rate grew by 10 percent on average. but even the overall unemployment 
recorded increased by 4 percent. Not only the mean value, but even the minimum and 
the maximum values increased. Especially, the maximum values increased considerably. 
These extremely high rates of unemployment were in Spain and greece. That is the rea-
son why these two countries created a separate cluster in the cluster analysis.  

The rate of participation was more or less unchanged. It is possible to see that the 
participation of women increased by 4 percent, but there was also deterioration in the 
group of young people. The share of active people in the total population in this group of 
people has decreased during the last 4 years by 4 percent on average. 

The part time/total job ratio has increased by 2 percent in 27 European Union 
countries during the last four years. The increase was seen in almost every European 
Union 27 country, except Poland and Sweden. The highest growth of this indicator was 
recorded in Ireland and Latvia, where the share increased by 5 percent and 3 percent, 
respectively. but there are still big differences between 27 European Union countries of, 
as a standard deviation is relatively high, which reaches around 10%. 

The long term unemployment stayed almost unchanged, near to the value of 2% 
on average. 

Table 4. The impact of the crisis on labor market

  N
2008 2012

Min Max Mean Std. 
Dev. Min Max Mean Std. 

Dev.
rate of participation of women 27 0.40 0.77 0.64 0.08 0.48 0.78 0.66 0.07
Unemployment rate of women 27 0.03 0.13 0.07 0.03 0.04 0.28 0.11 0.06
rate of participation of men 27 0.68 0.85 0.77 0.05 0.70 0.84 0.77 0.04
Unemployment rate of men 27 0.02 0.10 0.06 0.02 0.04 0.25 0.11 0.05
rate of participation of  
16-64 year-olds

27 0.59 0.81 0.71 0.06 0.63 0.80 0.71 0.05

Unemployment rate of  
15-64 year-olds

27 0.03 0.11 0.06 0.02 0.04 0.25 0.11 0.05

Unemployment rate of  
20-24 year-olds

27 0.04 0.21 0.13 0.05 0.07 0.54 0.23 0.11

rate of participation of  
20-24 year-olds

27 0.45 0.82 0.64 0.11 0.45 0.78 0.60 0.11

Part-time jobs 27 0.02 0.47 0.14 0.10 0.02 0.49 0.15 0.10
Older employers/total  
population employed

27 0.00 0.07 0.02 0.02 0.01 0.07 0.02 0.01

Long term unemployment 27 0.00 0.02 0.01 0.00 0.00 0.04 0.02 0.01
Valid N (listwise) 27                

Source: Own calculations (2013) 
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Conclusion 

With the usage of the method of cluster analysis, the authors of this paper have 
divided the countries of the European Union 27 into 4 groups, which have similar char-
acteristics of labor market. 11 variables have been chosen, such as unemployment and 
the rate of participation of different groups of employers. The aim of the paper was to 
discuss the impact of the current economic crisis and the situation before and during the 
crisis was compared.

The current economic recession has dramatically affected the situation on the labor 
market. If we look at the European Union 27 as a whole, the rate of unemployment has 
increased in all of the observed groups of employees. The biggest deterioration was de-
tected in the group of young people, which can be considered as a group of absolvents. 

The impact of the crisis is different between countries. The worst situation occurred 
in Southern Europe (namely, Spain and greece), where the rate of unemployment has 
dramatically increased. These two countries were separated from the rest of the countries 
and created a separate cluster in 2012. The countries from the West of Europe and Nordic 
countries had the best values of the monitored variables. There countries were germany, 
the Netherlands, denmark, Austria, finland, Sweden and the UK. 
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KLASTERINė ANALIzė KAIP įRANKIS ES KLASTERIų PovEIKIUI  
DARBo RINKAI vERTINTI IKI IR Po EKoNoMINėS KRIzėS

Santrauka. Straipsnio tikslas yra panaudoti klasterinę analizę klasterių struktūros pokyčiams 
nustatyti ES šalyse krizės laikotarpiu. Klasterinės analizės pagrindiniai duomenys yra darbo rinkos 
charateristikos ES šalyse. Padėtis darbo rinkoje yra laikoma vienu svarbiausiu ir daugiausiai apta-
riamu šalies ekonomikos veiksniu. Aptariamas ekonominės krizės poveikis darbo rinkos struktūros 
pokyčiams ES šalyse iki ekonominės krizės (iki 2008 m.) ir ekonominės krizės metu (iki 2012 m.). 
Klasterinė analizė pritaikyta grupuojant šalis. Naudoti šie darbo rinkos rodikliai: nedarbas skirtingo 
amžiaus grupėse, nedarbas pagal lyties požymius bei šių grupių dalyvavimo darbo rinkoje lygis.
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