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APPLICATION OF CLUSTER ANALYSIS TO ASSESS 

THE REGIONAL DEVELOPMENT OF FOREIGN  

BANKING IN UKRAINE 

1. Introduction 

The development of the banking system and the economy of Ukraine is in close 

interdependence of globalization processes. Under the  influence of  global finan-

cial system and the movement of capitals between countries in the domestic bank-

ing sector there is the consolidation of bank capitals, mergers and acquisitions of 

banks with foreign capital, and the concentration of banking institutions in the re-

gions where there is a possibility of obtaining the greatest profitability from their 

activities. At the same time the regional distribution of banking institutions, the dis-

tribution of their profits, and attachments in regional economic development have  

a significant impact on the prospects of the economy development as a whole [1]. 

A detailed analysis of the role of banks with foreign capital at the regional level 

stays away. Thus, the purpose of this work is the development of the classification 

of Ukrainian regions from the positions of operations realization and the analysis 

of the total foreign banking institutions that operate in this country, for the effi-

cient analysis of incomes and expenses using the methods of multivariate statisti-

cal analysis including the methods of cluster analysis. This will help to develop the 

ways of domestic banking business development in the regional aspect on the ba-

sis of analysis of banks with foreign capital. 

Cluster analysis is a set of techniques which allows to classify multivariate ob-

servations, each of which is described by a set of output variables. Unlike the 

combinational groups, cluster analysis leads to splitting into groups regarding all 
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group-formed signs simultaneously. It should be noted that different clustering 

methods generate different clustering solutions for the same data. Therefore, ap-

propriate methods should be pre-defined depending on the input data and the de-

sired results. 

2. The main material 

For further analysis one should develop clustering of regions of Ukraine with 

the most active lending activities of foreign banks and which are the most profita-

ble for banks with foreign capital by the average weighted calculated values using 

the method of tree (hierarchical) clustering (the essence of this algorithm is to 

combine objects in large enough clusters, using some measure of similarity or 

distance between objects. Distance in this case can be Euclidean distance: 

, where  is a distance between objects  

i and j,  is value of k
th
 variable for the i

th
 object,  is value of k

th 
variable for 

the j
th
 object) and the method of k-means (a researcher specifies in advance the 

number of k clusters and the clustering method allows to find these clusters so that 

they are maximally different from each other). 

For the analysis 27 regions of Ukraine were selected by sample of clustering, as 

a clustering criterion we selected number of bank divisions (of the banking system, 

banks with foreign capital, banks with 100% foreign capital), population (the 

number of population, population density), the average parameter of foreign banks 

activity in the region (average volume of assets, average volume of liabilities, the 

average income (loss)). 

All the calculations are carried out according to the data of National Bank of 

Ukraine and the State Committee of Statistics of Ukraine as of 01.01.2013 [3; 4]. 

The analysis of the activity of banks with foreign capital by regions of Ukraine 

was conducted using the software package for statistical analysis STATISTICA 8.0. 

Thus, for conducting clustering we have a eight-measured space of outgoing 

signs for 27 regions of Ukraine (Table 1). 

 

1) The method of tree (hierarchical) clustering. 
The purpose of this algorithm is to combine objects in large enough clusters, 

using some measure of similarity or distance between objects. A typical result of 

this clustering is a hierarchical tree. The results of all hierarchical procedures are 

usually processed as a so-called dendrogram.  

This method is the most illustrative and understandable, and is used when 

forming of clusters. 

The result of cluster analysis is a visual representation of the structure of clus-

ters of regions that form the classifications created by combining them into larger 

clusters using a certain measure of similarity. Thus, using this method we received 

the hierarchical structure of clusters of regions shown in dendrogram in Figure 1. 
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Table 1. Baseline data for Cluster Analysis.    

 

 

 

 
Figure1. Hierarchical cluster tree. 
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Along the vertical axis there are the areas that are subject to classification, and 

along the horizontal axis there is a postponed distance between combined objects. 

According to the results of clustering using tree clustering method the follow-

ing 3 groups should be allocated (Table 2). 

 

Table 2. Results of cluster analysis.                                                 
Number of cluster Name of region 

1 cluster Dnipropetrovs'k, Donets'k, the city of Kiev 

2 cluster 
Autonomy Republic of Crimea, Zaporizhia, Luhans'k, Lviv, Odesa, 

Kharkiv 

3 cluster 

the city of Sevastopol, Wynnytsia, Volyn, Zhytomyr, Transcarpatian, 

Ivano-Frankivsk, Kiev, Kirovograd, Mykolayiv, Poltava, Rivne, Sumy, 

Ternopil, Kherson, Khmel'nyts'k, Cherkasy, Chernivtsi, Chernihiv 

 

Regions with the highest credit activity of the banks with foreign capital belong 

to cluster 1. This is explained, in our opinion, by the greatest number of people in 

these regions, the highest population density and the concentration of large banks 

with foreign capital in these regions as the possibility of consumption of banking 

services. Accordingly, cluster 2 includes regions with lower volumes of assets, 

liabilities and earnings (losses) of banking institutions. The 3
rd
 cluster corresponds 

to the regions of Ukraine which are less profitable for banks with foreign capital. 

 

2) K-means method is used only when a researcher has already priori hypotheses 
regarding the number of clusters. 

A researcher specifies in advance the number of k clusters and the clustering 

method allows to find these clusters so that they are maximally differed from each 

other. The problem is solved by breaking down n objects into k (k <n) of homoge-

neous, in a certain sense, clusters. At the initial stage of its implementation the 

original objects are arranged and the first k objects are subsequently treated as 

separate clusters, which provide individual weighting coefficients. Then a re-

searcher takes the (k +1)
th
 object and finds out which of the existing cluster is the 

closest. This new cluster is replaced, located in the center weight of the baseline 

cluster and (k +1)
th
 object. If the (k +1)

th
 object point is equidistant from several 

clusters, it is placed to the cluster with the lowest number. Then the objects that 

are in turn are added to the existing cluster [3]. 

The advantage of this method is the possibility to test the statistical significance 

of the differences between the selected clusters.  

Having the analysis of variance table (Table 3) according to this method we re-

ceived value intergroup (Between SS) and intra group (Within SS) dispersion 

characteristics. The smaller is the value of intra group variance and more im-

portant intergroup variance, the better is the feature characterizing regions belong-

ing to the cluster and the better is the clustering. The value of F-test (the higher 

value means the better) and the significance level (p-value) indicate the quality of 

clustering. 
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Table 3. Analysis of variance.                                              

 

 

Let us repeat the clustering statistics from Table 1 by the method of k-means 

using Euclidean distance. This method can be called "analysis of variance on the 

contrary" in the sense that the criterion of significance in the analysis of variance 

compares intergroup variability of intra group when checking the hypothesis that 

the average group differ from each other. Objects are moved from one cluster to 

another in order to obtain the most meaningful results at carrying out analysis of 

variance in this clustering method.  

Let us use the results of the clustering tree. We set the number of clusters in 

advance, that we will classify the regions into three groups: high, medium and low 

levels of profitability of banks with foreign capital. 

 

Table 4.  Results of cluster analysis.                                            

Number 

of 

cluster 

The number 

of regions 

in the 

cluster 

The area included in the cluster The value of the cluster 

 

1 

 

3 

Dnipropetrovs'k, Donets'k, the city of Kiev Regions with high levels 

of dispersion (average 

values of variance 

4287.1773) 

 

2 

 

6 

Autonomy Republic of Crimea, Zaporizhia, 

Luhans'k, Lviv, Odesa, Kharkiv 

Regions with an average 

level of dispersion (aver-

age values of variance 

1168.3373) 

 

3 

 

18 

the city of Sevastopol, Wynnytsia, Volyn, 

Zhytomyr, Transcarpatian, Ivano-Frankivsk, 

Kiev, Kirovograd, Mykolayiv, Poltava, Rivne, 

Sumy, Ternopil, Kherson, Khmel'nyts'k, 

Cherkasy, Chernivtsi, Chernihiv 

Regions with low disper-

sion (average values of 

variance 977.97644) 

 

As we can see from Table 4, the results of the cluster analysis by two methods 

are the same, that is, all areas that are in clusters 1, 2 and 3 using the method of k-

means are in the first, second and third hierarchical cluster method, as well. 
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Graphical interpretation of the obtained results criteria that characterize the re-

gions for each cluster is depicted on a linear graph (Figure 2): 

 

 

 

Figure 2. Cluster analysis using k-means.  

 

After analyzing the results of the clustering of regions where there are banks 

with foreign capital by various methods, we can conclude that although the group-

ing by different methods gives similar results, the method of k-means is the most 

accurate as the values of between group and intra group variance are better by this 

method. 

3. Conclusions 

Application of hierarchical classification method allows getting dendrograms 

cluster areas. It enables to establish the structure of the objects inside the cluster 

and interrelation cluster among themselves that allows taking management deci-

sions for homogeneous groups of regions. 

Application of the theory of cluster analysis provides an opportunity to choose 

the extent of determining the distance between objects and rules of cluster associa-

tion among themselves. 

Therefore the resulting distribution of regions by such methods provides an op-

portunity to work out ways of increasing the efficiency of the domestic banking 
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business. For example, concerning 3 cluster expansion of regional foreign banking 

will allow promoting quality of banking services in the remotest corners of the 

country and ensuring the expansion of banking services.  

It is possible to tell from the results that the leaders among the regions of 

Ukraine by the number, profitability and other characteristics of banks with for-

eign capital are the city of Kyiv, Donetsk and Dnipropetrovs’k regions, which 

predominate over other regions in terms of population in the region. 

This means that the modern methods of cluster analysis can be used not only 

for comparing statistical data, but also for detecting problem situations that is why 

cluster analysis as an effective way of classification of objects by their attributes 

performed well in all spheres of social activity, especially in the economics . 
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Abstract 

Clustering of Ukrainian regions with the most active credit activities of foreign 

banks that are the most favorable for the development of banks with foreign capi-

tal by the average weighted calculated values was developed and illustrated for 27 

regions of Ukraine, using two methods of cluster analysis, namely: a method of 

tree (hierarchical) clustering and a k-means method. 

Zastosowanie analizy klastrów do regionalnej oceny stopnia rozwoju banko-

wości zagranicznej na Ukrainie 

Na Ukrainie w stosunkowo dużym tempie rozwija sie działalność banków  

z kapitałem zagranicznym. Wywierają one coraz większy wpływ na rozwój go-

spodarczy poszczególnych regionów tego kraju. W pracy dokonano klasteryzacji 

27 Regionów Ukrainy ze względu na największą aktywność kredytową banków  

zagranicznych oraz stopnia ich rozwoju. Wykorzystano do tego hierarchiczną 

metodę drzewa klastrów oraz metodę k-średnich. 
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