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Abstract  

There is an ongoing debate whether the impact of competition on bank soundness is 

positive or negative. Traditionally, it was assumed that there is a trade-off between 

competition and bank soundness. On the other hand, some recent studies suggest that 

competition has a positive effect on bank soundness. In this thesis, we will focus on 

the concept of efficiency as a possible link between competition and bank soundness. 

Firstly, we will summarize different approaches to measure competition, efficiency 

and soundness in banking sector. Subsequently, we will focus on hypotheses 

formulated to describe the link between competition in financial sector and bank 

soundness, between efficiency and bank soundness and between bank competition 

and efficiency. The empirical part, we will examine whether there is a link between 

competition and soundness via efficiency channel. Our analysis is based on dataset 

contains commercial banks from Visegrad group during period 2008 – 2012. We will 

exploit the Boone indicator as a measure of competition, the SFA approach to obtain 

efficiency score and soundness will be derived from z-score. The empirical evidence 

confirmed the positive link between competition and bank soundness via efficiency 

channel. 
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Abstrakt  

V současné době existuje živá diskuse, zda konkurence ovlivňuje zdraví banky 

positivně nebo negativně. Tradiční přístup předpokládá negativní vztah mezi 

konkurencí a zdravím banky. Na druhou stranu se v poslední době objevují studie, 

které ukazují, že konkurence zvyšuje zdraví banky. V této práci se zaměříme na 

efektivitu jako na spojující článek mezi konkurencí a zdravím bank. Nejprve shrneme 

různé přístupy k měření konkurence, efektivity a zdraví bank. Následně se budeme 

věnovat hypotézám, které popisují možné vztahy mezi konkurencí a zdravím bank, 

mezi efektivitou a zdravím bank a mezi konkurencí a efektivitou. Empirická část 

testuje, zde existuje vazba mezi konkurencí a zdravím bank prostřednictvím 

efektivity. K tomuto účelu jsou použita data komerčních bank ze zemí Visegrádské 

skupiny v období 2008 – 2012. K měření konkurence je využíván Boone indicator, 

efektivita je měřena dle metody SFA a zdraví bank je odvozeno ze z-skóre. 

Empirické výsledky potvrzují, že zde konkurence zvyšuje zdraví bank 

prostřednictvím efektivity. 
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1 Introduction 

This diploma thesis investigates the relationship between competition in the banking 

sector and bank soundness. Gupta & Rajput (2011) state that efficiency is a complex 

issue and that an increase of efficiency can have a positive impact on bank 

performance, which can result in sounder banking system. Because of that, we will 

focus on the concept of efficiency as a possible link between competition and bank 

soundness. 

Since there is no clear consensus about the effect of competition on bank soundness, 

this thesis offer literature survey, which summarizes possible links between 

competition and soundness in banking. Moreover, it provides main measurement 

methods of bank competition, efficiency and soundness. 

According to Ganga (2010), the degree of competition play a key role in any industry 

sector. Competition may influence quality of product and services, stimulate 

innovation in the sector and determines margins on goods and services. Pruteanu-

Podpiera et al. (2007) mention that banks are the important institutions in financial 

sector, the degree of competition in banking sector influences economic 

development.  Claessens (2009) adds that competition in the financial sector 

influences the efficiency of financial services' production. Moreover, competition in 

banking system is important “for the access of firms and households to financial 

services, in turn affecting overall economic growth.” (Claessens 2009, pp. 3) 

The effect of competition is crucial information for decision makers for imposing 

appropriate policy. Bailey-Tapper (2009) specifies that “banks play a crucial role in 

the process of mobilizing and allocating society’s savings by intermediating between 

borrowers and lenders. As a consequence, research on the implications for financial 

stability arising from competitive bank behavior bears important policy 

implications.” (Bailey-Tapper 2009, pp. 3) 

As for example Claessens (2009) mentions, traditionally accepted view is that the 

degree of competition depends especially on entry barriers and activity restrictions. It 
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can seem that banking competition positively influences stability in financial sector 

due to product heterogeneity, better access for financial products and lower prices of 

financial goods and services. Claessens & Leaven (2003) pointed out that 

competition has not just positive effect in banking sector. Ganga (2010) mentions that 

competition in financial sector is not easy to analyse, because it is influenced by 

many factors as judicial systems, market restrictions, risk preference, availability of 

information systems or country's macroeconomics performance. This is the reason, 

why it is not easy to measure competition in financial sector and thus it is not suitable 

to use traditional competition measurement as in the other sectors. Because of that, 

we will employ in this study the Boone indicator, which is an innovative measure of 

bank competition. 

In empirical part, we will analyse the effect of competition on bank soundness during 

2008 – 2012 in four countries: n the Czech Republic, Hungary, Poland and Slovakia 

to enable comparison of countries operating in similar economic environment. We 

will test the hypotheses that there is no significant difference in the degree of 

competition, efficiency and soundness among covered countries. Then we will 

examine whether competition positively affect efficiency and finally whether there is 

a competitive banking market leads to sounder banking system. In our analysis we 

will focus on commercial banks, because “country’s commercial banking sector’s 

soundness is a very significant indicator of a countries financial market health.” 

(Kalathunga & Rehman 2012, pp. 3) 

To analyse the impact of competition on bank soundness, we will use two stages 

approach similar to Schaeck & Čihák (2010b). Firstly, we focus on the link between 

competition in banking sector and efficiency, where competition is measured by the 

Boone indicator. Secondly, we will examine the link between competition and 

soundness via efficiency channel. Again we will use the Boone indicator as a 

measure of competition , because it is based on efficiency theory and thus it take into 

account performance of bank efficiency. As a soundness measure we will use z-score. 

This thesis cover theoretical and empirical part and it is structured as follows: the 

next section describes different approaches to bank competition, efficiency and 

soundness in banking; third chapter provides literature survey of existing theories 

about link between bank competition and soundness, bank competition and efficiency 
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and bank efficiency and soundness, it summarizes existing empirical findings as well; 

chapter 4 introduces data sample, method used to test our hypotheses and describe 

empirical findings; last  section summarizes empirical evidence and offers conclusion 

remarks. 
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2 Theoretical background 

2.1 Bank competition 

Competition in banking sector has similar characterization as in any other sector as 

Claessens (2009) mentions. “As in other industries, the degree of competition in the 

financial sector matters for the efficiency of production of financial services, the 

quality of financial products and the degree of innovation in the sector.” (Claessens 

2009, pp. 3) 

According to Bailey-Tapper (2009), banks are an important financial intermediators 

between borrowers and lenders.  Claessens (2009) points out that the degree of 

competition in financial sector influence the availability of financial services for 

households and firms. As a consequences, competition in banking can effect overall 

economic growth. Author specifies that a decrease of entry barriers leads to products 

differentiation and causes a fall in prices of products, which contributes to easier 

access to financial goods and services. This results in financial stability. 

Vives (2010) states that banks are unique institutions. Banks create liquidity, which 

makes them vulnerable to runs and systemic risk. Banks' main role is to collect 

deposits and provide loans. However, there is a coordination problem. Usually, banks 

have in their portfolio short-term deposits and long–term loan, thus there is a danger 

of bank's fall in case that many investor call back their deposits. Pruteanu-Podpiera et 

al. (2007) mention that traditional competition measures used in industrial sectors
1
 

are not suitable for financial sector. It is due to many factors, which influence bank's 

overall performance. We can name for example country's macroeconomic 

performance, availability and quality of information systems or taxations. 

                                                 

1
 These traditionally used competition indicators are based on market structure indicators or 

profitability and interest spreads. 
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2.1.1.  Measurement of competition 

Bank competition can be measured with two types of indices, structural indices and 

non-structural indices. According to Liu et al. (2010b), structural measurement of 

competition is used in traditional industrial organization theories. However, as 

Claessens & Leaven (2003) mention, the concentration indices are not suitable 

measurement of competition. Liu et al. (2010b) mention new competition measures, 

which overcame the shortage of structural indices. These measures are focused on 

conduct and strategy of banks. These theories are known as new industrial 

organization (NIO). 

2.1.1.1  Structural measures of competition in banking 
Structural measures are based on industrial organization theory. It assumed that the 

Structure-Conduct-Performance (SCP) holds. Čihák et al. (2006) explain SCP as 

paradigm, which “assumes that a certain market structure is related to competitive 

conduct.” (Čihák et al. (2006), pp. 3) To be more specific, SCP supposed that 

concentration is a negative measurement of competition. Havrylchyk (2012) adds that 

competition can be easily measured by market concentration indices. Liu et al. 

(2010b) describe structural indices as indices, which take into account the number of 

banks in the market and their size distribution. Two indicators, which belong to this 

group of indices are concentration ratio (CRn) and the Herfindahl-Hirschman index 

(HHI). 

As Havrylchyk (2012) defines concentration ratio consider share of n largest banks in 

market. Liu et al. (2010b) specify that share of loans, deposits or assets are usually 

taken as the size measure.  The authors also state that there is no strict convention, 

which would determine the number of largest banks covered in concentration ratio. 

However, they notes that 3, 4, 5 or 8 banks are commonly used as reference sample. 

The concentration ratio can be calculated as it is shown in the following equation. 

 


n

i in sCR
1

 (2.1-1) 

 

is  represents the share of n largest banks with respect to the whole market value. 

This relation can be expressed by the equation below. 
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N

i

i

i
n

x

x
S

1

 (2.1-2) 

 

ix stands for size of i
th

 banks and N indicates number of all bank in the market. 

The concentration ratio can achieve values from 0% to 100%. If the concentration 

ratio is equal to 100%, it means that the market is very concentrated, actually the 

market structure is monopolistic. On the other hand, if the concentration ratio is 

approaching 0% it means that n  largest banks in the market cover negligible share of 

market, thus the market structure can be describe as perfectly competitive. 

 

HHI is given as the sum of squared market shares and Havrylchyk (2012) states that 

HHI is computed separately for assets, loans and deposits. HHI can by described by 

the equation (2.1-3). 





N

i

isHHI
1

2  (2.1-3) 

is  represents the market share of bank i  in the market and N stands for the total 

number of banks in the market. Liu et al. (2010b) explain that if 1HHI  then 

market has monopoly structure with only one bank. This can be easily explained, if 

there is only one bank in the market then it has 100% share of markets, thus 

11 s and 12

1 s  as well. This gets the final result 1HHI , which is also the 

maximum value of HHI. The minimum value, which can reach the HHI is given by 

expression
N

HHI 1 , where N expressed the total number of banks in the market. 

From that it is clear that the HHI can take values from 0 to 1, but it cannot be equal 0. 

It holds that the lower value of HHI the more competitive market. 

2.1.1.2  Non-structural measures of competition in banking 
Both structural measurements of competition are based on SCP, which was 

traditionally accepted as given. Some studies supported the assumption that in 

concentrated environment competition does not exist. It was thought that small 

number of banks can easily fix prices and do not have incentives to behave 

competitive. However, for instance Liu et al. (2010b) pointed out that this assumption 

does not correspond with reality. 
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Liu et al. (2010b) claim that even in concentrated market can banks behave 

competitive. Nevertheless, the condition of free entry and exit has to be met. Under 

this condition banks have an incentive to set prices as in competitive environment to 

avoid entry of new firms and to maintain their market position. Bikker & Groeneveld 

(1998) state that this behavior describes the contestability theory. Characterization of 

the contestability market authors define as follows. 

“In a perfectly contestable market, entry is absolutely free, exit is completely costless 

and the demands for industry outputs are highly price-elastic. A contestable market 

has no entry barriers, either economic or legal.” (Bikker & Groeneveld 1998, pp. 6) 

According to Liu et al. (2010b), the non-structural indices do not suppose that the 

main determinant of competition is the market structure. Another important 

specification of non-structural measurements is that they consider that banks are 

entities, which can make decisions. The alternative measurements of competition 

based the contestability theory are, as Liu et al. (2010b) mention, Panzar and Rosse 

statistics and Lerner index. 

Casu & Girardone (2006) describe Panzar and Rosse statistics or H-statistics as 

measurement, which “is calculated from a reduced form revenue equations and 

measures the sum of elasticities of total revenue of the firm with respect to the firm’s 

input prices.” (Casu & Girardone 2006, pp. 6) 

The H-statistics can be expressed by equation (2.1-4). 

*
1

*

i

k
m

k k

i

R

w

w

R
H 

 


  

(2.1-4) 

where *

iR  represents equilibrium revenues earned by bank i  and kw stands for vector 

of m input prices. 

Čihák et al. (2006)  explain that the H-statistics is based on the general banking 

model applied on market level, which determines the equilibrium between output and 

the number of institutions, which at the same time satisfies the zero profit condition. 

Equation (2.1-5) express this relationship. 
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0),,(),,( *****  twxCznxR ii  (2.1-5) 

And again  *

iR  represents market equilibrium revenues earned by bank i , 

*x represents market equilibrium output, *n stands for number of institution in market 

equilibrium and z is exogenous variable, which shifts the bank revenue function. 

*

iC represents the optimal costs in market equilibrium of bank i , w  is vector of input 

prices and t is exogenous variable, which shifts the bank's cost function. 

Čihák et al. (2006) then discuss the possible values of H-statistics. If  1H  then 

market structure can be denoted as perfect competition. If 0˂H ˂1 then market 

structure is monopoly competition and finally if 0H it suggests that market has a 

monopolistic structure. 

The second non-structural measure is Lerner index. Casu & Girardone (2009) 

describe Lerner index as a measurement of competition, which determines how much 

market power allows banks to rise their price above marginal costs (MC). MC costs 

can be as authors mention computed by translog costs function, which can be 

expressed by following equation. 

)lnln( 1 ittitjit

it

it

it TQQ
Q

TC
MC     (2.1-6) 

where itMC  stands for marginal costs, itTC  are total cost, itQ  is output, it  is two-

components error term, T  is time trend,  1 ,  , j , and t  are parameters, which 

have to be estimated. 

In comparison Anginer et al. (2012) expressed marginal costs as follows: 

 )ln()ln()ln()ln(2 ,38,27,1621 itititit

it

it

it

it

it WWWQ
Q

TC

Q

TC
MC 




 

 (2.1-7) 

where similar as in equation (2.1-6) itMC  stands for marginal costs, itTC  are total 

cost, itQ  is output tW1  is the ratio of interest expenses to the sum of total deposits and 

money market founding, tW2  is computed as division of personal expenses to total 
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assets and tW3  express as administrative and other operating expenses divided by 

total assets and 1 , 2 , 6 , 7  and 8  are parameters, which have to be estimated. 

Lerner index is computed from following equation. 

it

itit

p

MCp
Lerner


  

(2.1-8) 

where itMC  again represents marginal costs and itp represents price of output itQ . 

If the Lerner is equal 1, it suggest that a market is a monopoly and if the Lerner index 

is equal to 0, it suggests a perfect competition. 

2.1.1.3  Boone indicator 
Another possible measurement of competition is called the Boone indicator. For 

instance Liu et al. (2010b) describe the Boone indicator as a new measure of 

competition, which is based on the efficiency-structure hypothesis
2
. The idea behind 

this indicator is that the performance is associated with efficiency. It says that more 

effective banks gain more profit than less effective banks and thus have greater 

market share. One of the factors, which makes stronger the effect mentioned above is 

competition. In other words, competition supports the transfer of assets from low 

profit banks to high profit banks. Boone et al. (2005) add that the less efficient banks 

are punished for less efficiency in terms of profit. Authors support the theory that in 

more competitive market this effect is stronger. It means that in less competitive 

environment the decline of profit of ineffective banks will be greater than in less 

competitive environment. 

Bikker et al. (2007) describe advantages and disadvantages of the Boone indicator. 

Main advantage is that the Boone indicator allows to measure competition in 

different segments of banking products separately, while others measurements can be 

used only for measurement of competition in entire bank sector. Moreover, the Boone 

indicator supports measuring of competition just for particular banks  type. As a 

consequences, the Boone indicator is suitable measurement for examining 

                                                 

2
 The efficiency-structure hypothesis is described in chapter 3.1.1 
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competition in, for instance, loan market or among savings banks. Another advantage 

is that the Boone indicator does not need large data set to bring results, it can work, 

when only annual data are available. This is the reason, why the Boone indicator is 

good measure, if it is needed to compare competitive behaviour among longer time 

period. 

The Boone indicator works with some assumptions. These assumptions are the main 

disadvantage. It assumes that at least some profit gained by more effective banks is 

transferred to their clients. Another disadvantage is that this indicator does not count 

with the different quality of products, which banks offer. The Boone indicator 

according to Bikker et al. (2007) also neglects design across banks and their incentive 

to innovations. 

The Boone indicator is derived, as Boone et al. (2005) mention, from standard linear 

demand equation and equation for the first order condition, which reflects market, 

where N banks produce positive output. Bikker et al. (2007) say that in these types of 

markets, the competition can rise only if it meets one of following two conditions: 

banks offer products and/or services, which are close substitutes or there is a decline 

of entry costs decline. According to Bikker et al. (2007) it was proved that an 

increase of competition results in increase of market shares for more effective banks. 

The Boone indicator can be obtained from the following equation.  

)log(log ii mcs    (2.1-9) 

where is  represents the share of i  bank, which can be computed as was shown in 

equation (2.1-2) and imc stands for marginal costs, which can be express as was in 

equation 
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 (2.1-7) and parameter  is the Boone indicator. As explain Bikker et al. (2007) 

 will be negative, because as marginal costs increase the market shares decline. 

With an increase of competition this effect will be stronger, thus higher absolute 

value of  means higher competition. To avoid heteroskedasticity the (2.1-9) is 

expressed in log-linear terms.  
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2.1.2. Empirical evidence 

It is not easy to find the best way to measure competition in banking market. In 

previous chapter, there were mentioned three ways of traditional measurement of 

bank competition and the Boone indicator, which represent new approach to 

measurement of the competition in banking industry. Bikker et al. (2007) state that 

there are specific features in banking market, which cause that the competition in the 

banking market cannot be measured directly. This difficulty occurs, because the usual 

problem is to gain data about price of banks  single products and banks  costs as well. 

Because of that, indirect measures are used to measure competition in banking. 

Boone et al. (2005) state that traditionally used measures, structural and non-

structural measures, have deficiencies and even can give and incorrect results and 

thus incorrect view of competition in banking. The authors also mention that 

concentration indices are not suitable to measure competition. The Boone indicator is 

a new approach, which could overcome the problems, which are brought by the 

concentration measures. 

The relationship between competition and concentration was examined in several 

studies, but there is no clear consensus whether the relationship between competition 

and concentration in bank market is positive or negative. Casu & Girardone (2006) in 

their study cannot support the negative relationship between competition and 

concentration. They found two contradictory conclusions. They found that and 

increase in competition leads to efficiency and that the most effective banking market 

are the least competitive. The negative relationship does not support Claessens & 

Leaven (2003) as well. They found that more concentrated markets can be found in 

more competitive environment. According to these conclusions, the increase of 

competition has positive effect on banks  efficiency and at the same time the most 

effective banks gain more share of market thus concentration increases as well. In 

contrary to these findings, Bikker & Groenevend (1998) in their research support the 

negative relationship between competition and concentration. 

Since the relationship between competition and concentration is not clear, the 

concentration indices are not suitable for measurement of competition. This statement 
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was supported by Claessens & Leaven (2003). For example Boone et al. (2005) and 

Bikker et al. (2007) mention another approach, which can be used to measure 

competition, the Boone indicator. Boone et al. (2005) say that the Boone indicator is 

better measurement of banking competition than concentration indices and Bikker et 

al. (2007) add that the Boone indicator can distinguish between small and large 

countries, which HHI does not. 

 

2.2 Bank efficiency 

According to Stavárek (2005) in general we can distinguish two types of efficiency: 

operational efficiency and overall efficiency. Operational efficiency uses average-

practice frontier, which is determined by a hypothetical average bank used as the 

benchmark for other banks. This theory works with quality level of outputs and prices 

of inputs. It assumes that all banks use inputs effectively and their technology is the 

same. On the other hand, overall efficiency consist of four part; technical efficiency, 

allocative efficiency, scale efficiency and scope efficiency. Technical efficiency and 

allocative efficiency are often labelled as X-efficiency. X-efficiency is the concept 

used in this study and it determines the most effective banks and create best-practice 

frontier. Efficiency level of other banks is given by the distance from this best-

practice frontier. 

2.2.1. Efficiency measurement 

Chaffai & Sellami (2011) argue that bank efficiency is measured by estimating the 

frontier of the possible production. According to Kiyota (2009) in the literature about 

bank efficiency, there are used two main concepts to measure bank efficiency, the 

non-parametric and the parametric approach.  Both approaches measure efficiency by 

frontier efficiency analysis. As Berger & Humphrey (1997) mention, the efficiency 

frontier is the analysis that examines how close is given bank to a “best practice” 

frontier. 

Berger & Mester (1997) mention that the main difference between the non-parametric 

and the parametric approach is that the non-parametric methods generally ignore 

prices; thus they provide information about technological inefficiencies, while the 
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parametric methods provide information about economic inefficiencies. On the other 

hand, Kiyota (2010) says that the parametric methods need specific functional form 

with several assumptions, while the non-parametric methods do not. 

2.2.1.1 Non parametric methods 
The non-parametric methods are Data Envelopment Analysis method (DEA method) 

and Free Disposal Hull method (FDH method). Berger & Humphrey (1997) claim 

that an advantage of the non-parametrical methods is that they do not need a precisely 

structured efficiency frontier and a disadvantage is that they do not include random 

effect term in their models.   

The DAE method is the main representative of the non-parametric approach. As 

Berger & Humphrey (1997) mention, this method is characterized by using the non-

parametric mathematical linear programming. Under the DEA method the efficiency 

frontier is determined by these observations, which need less or equal inputs to 

produce equal or higher output than any other observations. Because of that, this 

method is applied in situations with many inputs and outputs. Kiyota (2009) mentions 

that advantages of the DEA method are that it is easy to use and it does not need 

strictly advanced assumptions, because it does not have specific function form. The 

main disadvantage of this method is that it does not have random effect part. In other 

words is does not distinguish inefficiencies caused by external shocks and 

inefficiencies, for which operating management is responsible. Kiyota (2009, p. 14) 

concludes: “The procedure rather focuses on measuring technological efficiency, 

based on technological and not economic optimalization.” The FDH method is, 

according to Berger & Humphrey (1997), a special case of the DEA method. The 

FDH method supposes that the efficiency frontier is created only from observed 

points on the DEA efficiency frontier. In other words the points connecting the 

observed points are not included. This also influences the production possibility sets. 

The authors claim that the average efficiency provides larger estimates under the 

FDH method than under the DEA method. 

2.2.1.2 Parametric methods 
As Kiyota (2009) mentions, in the contrary to the non-parametric methods the 

parametric methods are more sophisticated, because they are based on economic 

optimalization, and as Tripe (2010) adds that the parametric methods require 
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particular functional form.  Tripe (2010) also pointed out that the precise 

specification of functional form is very important, because an inappropriate 

functional form could lead to inaccurate results. The parametric methods further 

enable to include input allocative efficiency and technical inefficiency as well. 

Chaffai & Sellami (2011) explain that allocative inefficiencies are caused by using no 

adequate proportion of inputs with respect of their prices, while technical 

inefficiencies arise from insufficient amount of inputs. According to Berger & Mester 

(1997) the parametric methods conclude that some bank is inefficient, if it has higher 

costs or lower profits than the bank with the same level of output on the frontier of 

the possible production.  

The main parametric approaches are the Stochastic Frontier Approach (SFA), the 

Distribution Free Approach (DFA) and Thick Frontier Approach (TFA). Berger & 

Mester (1997) claim that under the SFA method is considered that the error term is 

composed of two parts, the random error term and the inefficiency term. It is needed 

to make several assumptions about distribution of each component of the error term. 

According to Berger & Mester (1997) the DFA method enables to relax some of 

these assumptions. The main idea behind this method is that some of inefficiencies 

are stable over time and they can be distinguished from the error term. Another 

assumption is that in the average, the random error term cancels out. Thus under the 

DFA method only the term that represents the stable inefficiency
3
 is estimated. The 

TFA method is used very rarely, as Kiyota (2009) mentions. It divides all banks 

according to their average cost or profit.  This means that each curve is estimated 

separately for each bank from the sample. This causes disadvantage of TFA method, 

which is the sensitivity to the number of quantiles. 

2.2.2. Empirical evidence 

Both the parametric and the non-parametric methods are used in researches and as 

Berger & Humphrey (1997) remark, neither of them dominates. They found out that 

from 122 studies using efficiency frontiers methods, 69 used chose the non-

parametric approach and 60 used the parametric approach
4
. Nevertheless, studies, 

which used the parametric approaches, either chose the SFA method (Maudos & de 

                                                 
3
 For extreme values the adjustment is made, because it is possible that the error term is not completely 

canceled out.  
4
 Some studies used both approaches. 
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Guevara 2009, Casu & Girardone 2009, Andrieş & Cǎpraru 2012 or Chaffai & 

Sellami 2011) or the DFA method (Pruteanu-Podpiera et al. 2007, Tai 2013 or 

Podpiera & Weill 2007). The TFA method is used rarely. From the non-parametric 

methods the DEA method is rather used (Casu & Girardone 2006, Casu & Girardone 

2009, Gupta & Rajput 2011 or Tripe 2010) than the FDH method. 

The choice of the appropriate approach to measure efficiency depends on the data 

sample and the aim of research.  The main advantages of the DEA method are, as 

were mentioned above, simply usage of this method and no need of precise functional 

form. Tripe (2010) mentions that another advantage of the DEA method is that it 

covers individual specifications of inefficiencies as information about which input is 

over-used and which output is under-used. Moreover, the author says that the DEA 

method shows the efficiency of each individual bank in the sample at each period of 

time. Tripe (2010) admits that some individual specific information can provide also 

the SFA method, but the DEA method covers more efficiency units than the SFA 

method. He also remarks that the DEA method does not need large data sets as the 

parametric methods, because the DEA method is more flexible and can work also 

with smaller data sets. The critiques of the DEA method were mentioned above and 

they argue that the DEA method does not include the error term and measures rather 

technological than economic inefficiencies. 

In this thesis, we will use the SFA, because it enables us to decompose the error term 

on inefficiency part and random error part. The very same method was used in 

Schaek & Čihák (2010b). 

2.2.3. Efficiency concepts 

Berger & Mester (1997) point out that chosen concept of efficiency influences 

efficiency score. Authors describe three efficiency concepts: cost efficiency, standard 

profit efficiency and alternative profit efficiency
5
. These concepts are not based just 

on used technology, they reflect competition and market prices as well. 

According to Chaffai & Sellami (2011), cost efficiency determines the difference 

between observed bank and the best practice bank, which is the most efficient bank in 

                                                 

5
 Detailed describtion of these three concept can be sound in Berger & Mester (1997) 
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the selected sample, under the assumption that both banks operating under the same 

conditions and the same outputs.  Berger & Mester (1997) add that the cost efficiency 

is derived from cost function and thus is mainly determined by prices of inputs, 

amount of outputs. The error term cover both allocative and technical efficiency.  

On the other hand, standard profit efficiency is defined as a ratio of profit generated 

by observed bank in term of the profit generated by the best practice bank in the 

sample under the assumption that prices of inputs and outputs are given. Standard 

profit efficiency is derived from profit function and in contrast with cost efficiency it 

can be negative. 

Alternative profit efficiency is a new concept, which combine cost efficiency with 

standard profit efficiency. It focus on profit maximization as standard profit 

efficiency and assumes given level of outputs similar to cost efficiency. Berger & 

Mester (1997) mention that the alternative profit efficiency concept is used quite just 

in cases, when some assumptions of cost efficiency or standard profit efficiency are 

not met. 

We will used the concept of cost efficiency, because we will use the Boone indicator 

as a measure of bank competition, actually some modification used by Schaek & 

Čihák (2010b). And since Schaek & Čihák (2010b) work with the concept of cost 

efficiency, we will use it as well. 

2.3 Bank soundness 

As Igan & Tamirisa (2009) mention, bank soundness is one of the key factors, which 

can determine credit growth in banking sector. Nair et al. (2006) add that bank 

soundness is an important indicator, which determines economics development. 

Kalathunga & Rehman (2012) point out that soundness of commercial banks is 

important for the overall financial stability. There are studies, which compare 

different measures of bank soundness. Another type of studies examines indicators, 

which have significant impact on banks soundness. 
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2.3.1.  Soundness measurement 

Kalathunga & Rehman (2012) state that is crucial to find suitable measurement of 

bank soundness, especially after the financial crisis to determine the bank behaviour 

and anticipate financial crisis. “The current need to quantify, measure, evaluate, and 

compare is driven by the desire to spot troubled banks, “bad and risky” behavior, 

and prevent real damage and contagion in the financial markets, investors, and tax 

payers as it did in the recent crisis.” (Kalathunga & Rehman 2012, pp. 3) 

Maudos (2012) studied banking sector in Spain in period 2007-2011. He describes 

indicators, which can be used to measure banking sector health. He mentions 

following five indicators: profitability, solvency, efficiency, asset quality and 

liquidity. Kalathunga & Rehman (2012) compared eight developing countries from 

South Asia and eight European countries with emerging markets between years 2001-

2008.  Authors measure soundness by financial innovation. As a proxy of financial 

innovation they used development of payment systems. They mention that the 

advantage of this method is that this proxy measure reflect countries specification and 

banking system specifications as well. Kiyota (2009) says that soundness can be 

measured by z-score expressed by following equation (2.3-1). 

)(ROAVol

KROA
Z


  (2.3-1) 

where ROA  is a measurement of profitability and represents return of assets, K is a 

measure of leverage given by the equity-to-asset ratio, )(ROAVol represents the 

return volatility, which is expressed by the standard deviation of return on assets and 

finally Z represents the z-score as the measure of bank soundness. 

Nair et al. (2006) summarize the key indicators, which determine bank soundness. In 

other words, there are indicators that can forecast bank crisis. They also mention that 

despite of the importance of these indicators, they are usually poorly defined. Authors 

report six indicators, which determine bank soundness. Namely infrastructure, 

intellectual capital, institutions, integrity, interaction and innovation. These indicators 

are labelled as 6I factors. As a proxy measure for infrastructure number of internet 

users is used, for intellectual capital quality of education system is used. Institution is 

represented by legal and regulatory framework is used as proxy for instance judicial 
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independency. Integrity can be described by corporate governance and the proxy 

measure for integrity is index for money laundry through bank. Integration is 

measured by collaboration between economics agents in economy. Innovation is 

represented by the potential to develop new products. 

According to results of Nair et al. (2006) only three indicators mentioned above have 

the significant and positive effect on soundness have, institution, innovation and 

integrity. Infrastructure and intellectual capital are insignificant to bank soundness 

and have positive effect. Interaction has negative and significant effect on bank 

soundness. Moreover, the authors found out that 6Is and bank soundness were 

significant higher in developed countries than in under-developed countries. The 

conclusion from this research can be that monitoring of these indicators is more 

important for developed countries, which are sounder. Shahchera & Jouzdani (2011) 

provided another indicator of bank soundness, regulation. They conclude that 

banking regulations have positive and significant effect on bank soundness. 

To sum it up, bank soundness is important for overall financial stability. However, 

there are several studies, which try to find the best indicator describing bank 

soundness. It was mentioned that sometimes there is a problem to find suitable proxy 

for bank soundness. Nevertheless, in mentioned researches z-score prevails as a 

measure of bank soundness and thus we will use it in empirical part as well. 
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3 Literature review 

3.1 Bank competition and efficiency 

3.1.1. Existing hypotheses 

The possible relationship between bank competition and efficiency can be described 

according to Pruteanu-Podpiera et al. (2008) by three main hypotheses. First two 

hypotheses are general theories, which can be applied to any industrial organization. 

They do not reflect specific features of banking sector. Unlike these two hypotheses, 

third hypothesis, called the “banking specificities” hypothesis, takes into account 

specifics, which are characteristic for banking industry. 

First theory is the “quiet life” hypothesis. The main idea is that the market 

concentration allows managers to relax their effort or earn some extra profit. Both of 

these two attitudes result in higher prices of products and services than prices in 

competitive market. Fungáčová et al. (2012) remark that this hypothesis was later 

extended by explanation of what causes the inefficiencies in price settings in 

uncompetitive markets. The reason for these inefficiencies in monopoly markets is 

the asymmetry of information between owners and managers. The authors pointed 

out that there are two possible ways, by which an increase in competition reduces the 

inefficiencies caused by information asymmetry between owners and managers. 

Firstly, in competitive market managers perform more effort, because otherwise there 

would be a danger that their firm would leave the market. Second way is that owners 

can better monitor performance of their firm by comparing it with other firms 

operating in the market. The “quiet life” hypothesis suggests that there is a positive 

link between bank competition and efficiency and that market power reduces 

efficiency. 

Second hypothesis is the “efficient-structure” hypothesis. As Pruteanu-Podpiera et al. 

(2008) mention, this theory suggests that the link between bank competition and 

efficiency has reverse causality than the “quiet life” hypothesis. It assumes that the 

most efficient firms have the lowest costs and thus gain the largest market share. 
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Since it is assumed that concentration has inverse relationship to competition, it can 

be concluded that the “efficient-structure” hypothesis suggests a negative link 

between bank completion and efficiency. 

Third theory is, as can be found in Pruteanu-Podpiera et al. (2008), the “banking 

specificities” hypothesis. This hypothesis reflects specific features of banking market. 

According to Fungáčová et al. (2012) banking industry has in comparison with other 

industries a unique way how it operates. Pruteanu-Podpiera et al. (2007) mention that 

the theoretical literature, which analyses competition in banking, suggests that in 

bank market is imperfect competition. According to authors, this imperfect 

competition results from asymmetry of information between banks and borrowers. 

This information asymmetry can every single bank overcome by establishing a long-

term relationship with individual borrowers. That enables banks to get more 

information about each borrower. In other words, the long-terms relationship between 

banks and borrowers enables banks to avoid some problems such as adverse selection 

or moral hazard.  Moreover, in imperfect competition banks can reduce their 

monitoring costs, because of the economics of scale. An increase in banking 

competition results in shortening the length of the banks-borrowers relationship. As a 

consequence, monitoring costs may rise. According to the “banking specificities” 

hypothesis, an increase in competition has a negative impact on bank efficiency. 

Moreover, Pruteanu-Podpiera et al. (2008) point out that the information asymmetry 

between banks and borrowers is more important in transition countries. It is because 

in transition countries market economy is relatively new and thus bank's employees 

have a lack of knowledge and experience, which can cause problems such as 

unreliable accounting information or bad evaluation of credit risk. To sum it up, the 

“banking specificities” hypothesis takes into account bank's specification and 

supports a negative relationship between bank competition and efficiency. 

Pruteanu-Podpiera et al. (2007) sum up the theoretical literature concerning bank 

competition and efficiency and conclude that there is no clear consensus about the 

relationship between these two objectives. The “quiet life” hypothesis and the 

“banking specificities” hypothesis support that there is a link from competition to 

efficiency, but they do not agree about the sign of this effect. While the “quiet life” 

hypothesis suggests a positive relationship, the “banking specificities” hypothesis 
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argues that the relationship is negative. In contrary, the “efficient-structure” 

hypothesis claims the reverse causality between competition and efficiency. It states 

that efficiency negatively influences competition.  

Other hypotheses explaining the link between bank competition and efficiency can be 

found in Schaeck & Čihák (2008). They based their theories on industrial 

organization theory and findings from empirical literature devoted to the relationship 

between bank competition and efficiency. The authors formulated two theories 

describing this relationship between bank competition and efficiency. Both theories 

consider competition as the starting point. This means that their theories do not 

describe reverse causality between bank competition and efficiency as the 

“efficiency-structure” hypothesis. These hypotheses proposed by Schaeck & Čihák 

(2008) were used in another empirical papers, for example Andrieş & Cǎpraru 

(2012). 

First theory according to Schaeck & Čihák (2008) is the “competition-efficiency” 

hypothesis. This hypothesis considers a positive link between bank competition and 

efficiency. It combines the “quiet life” hypothesis and the “efficiency-structure” 

hypothesis. It claims that an increase in bank competition supports an increase in 

bank profit efficiency. The authors remark that a competitive environment forces 

banks to behave more effectively. More competitive behaviour covers for instance 

minimizing costs, lower prices of offered products and services. As a consequence, 

banks in a competitive market generate higher profits than in uncompetitive market. 

This can cause that the most efficient banks increase their size and thus gain greater 

market share. On the other hand, an uncompetitive market does not force banks to 

behave effectively and allows managers to relax their effort and enjoy a “quiet life”. 

The “competition-efficiency” hypothesis similarly to the “quiet life” hypothesis 

suggests a positive relationship between bank competition and efficiency.  In contrast 

with the “quiet life” hypothesis the “competition-efficiency” hypothesis admits that 

an increase in bank efficiency can result in an increase in market power. 

Second theory proposed by Schaeck & Čihák (2008) is the “competition-

inefficiency” hypothesis. This hypothesis leads to opposite conclusion than the 

“competition-efficiency” hypothesis. It suggests that an increase in bank competition 

results in decrease of bank efficiency. The authors mention reasons for that.  
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Competition can reduce the length of the relationship between the banks and 

borrowers, because the same products and services are offered by several providers 

and customers can easily switch them. This results in higher monitoring and 

screening costs for the bank. Because banks can anticipate higher costs, they reduce 

their effort to attract new customers and retain existing customers. According to this 

theory competition has a negative effect to bank efficiency. 

3.1.2. Empirical findings 

The existing theoretical literature does not offer clear consensus about the link 

between bank competition and efficiency. As was mentioned above in chapter 3.1.1., 

some theoretical literature provides arguments for a positive and some for a negative 

relationship between competition and efficiency. 

According to Pruteanu-Podpiera et al. (2007), the commonly accepted theory is that 

the effect of competition on bank efficiency is positive, even if the empirical 

literature supports rather a negative relationship between these two objectives. There 

are only a few empirical studies concerning the topic of competition and efficiency in 

banking. The empirical results from these scarce studies does not provide clear 

conclusion about the competition and efficiency in banking and their relationship. 

In empirical studies hardly any supports the “quiet life” hypothesis. The exception is 

for example Berger & Hannan (1994). They focus on over 5 000 US commercial 

banks in entire decade of 1980s and came to conclusion that market concentration 

supports bank inefficiencies. This result suggests a positive relationship between 

bank competition and efficiency.  

On the other hand several research papers reject the intuitive “quiet life” hypothesis. 

These researches can be further dived into two groups. First group contains papers 

which do not support the “efficient-structure” hypothesis, whereas second group of 

papers supports the “efficient-structure hypothesis.  To first group belongs for 

instance Maudos & de Guevara (2009) and their analysis of all types of banks in 

countries from EU 15 between years 1993 and 2002. They came to conclusion that 

there is a positive effect of market power to bank efficiency and thus reject the “quiet 

life hypothesis”. Nevertheless, their results do not support the “efficiency-structure” 

hypothesis neither. Similar results were found by Casu & Girardone (2009) in study 
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focused on commercial banks in five major EU banking markets
6
 between years 2000 

and 2005.  Pruteanu-Podpiera et al. (2007) and Pruteanu-Podpiera et al. (2008) 

analysed commercial banks in Czech Republic between years 1994-2005 and their 

results support a negative relationship running from competition to efficiency in 

banking sector. Moreover, these two papers support the “banking specificities” 

hypothesis. Representative of second group of papers is for example Chaffai & 

Sellami (2011) and their study analysing ten Tunisian commercial banks in period 

1983-2007. They found that market power has a positive effect on bank efficiency, 

thus a negative relationship between bank competition and efficiency. Another 

conclusion of Chaffai & Sellami (2011) is that increased costs efficiency results in 

higher market power. This statement is in accordance with the “efficiency-structure” 

hypothesis. 

There are also research studies which provide evidence that competition positively 

affects bank efficiency.  This conclusion is consistent with the “quiet life” hypothesis. 

Moreover, these research studies support the theory that the most efficient banks 

increase their size and thus efficiency leads to higher market concentration. This is 

with accordance with the “efficiency-structure” hypothesis. These papers support the 

“competition-efficiency” hypothesis. The representative of these researches is for 

instance Schaeck & Čihák (2008), who focused on European and US banks between 

years 1995 and 2005.  Then Tai (2013) studied 58 publicly listed national banks in 

countries belonging to the Gulf Cooperation Council
7
 in the period 2003-2011 and 

concluded that competition increases banks efficiency and that large banks are more 

efficient than small banks. Andrieş & Cǎpraru (2012) examined the nexus between 

bank competition and efficiency using sample of almost 800 commercial banks from 

EU 27 covering the period between 2004 and 2010. The authors came to conclusion 

that in the euro-zone countries, there is a positive relationship between bank 

competition and efficiency. Casu & Girardone (2006) confirmed that an increase in 

bank competition leads to higher bank efficiency and that this increase in bank 

efficiency does not result in more competitive banking market. Actually, they found 

out that the most effective banks are the least competitive. Their research sample 

                                                 
6
 These major EU markets are France, Germany, Italy, Spain and UK.  

7
 Gulf Cooperation Countries are countries in Middle East with the larges reservs of crude oil and 

petroleum. Namely: Bahrain, Kuwait, Oman, Qatar, Saudi Arabia and United Arab Emirates.  (Tai, 

2013)  
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covers commercial and savings banks from major EU markets between years 1997-

2003. Interesting thing is that all mentioned papers came to very similar conclusion 

regardless the time period and region they were focusing on. 

There also are studies which do not support any of mentioned theories above. This 

conclusion can be found for example in Fungáčová et al. (2012). The authors focused 

on major commercial banks in China in the period from 2002 to 2011. Their 

empirical results do neither support the “quiet life” hypothesis, the “efficiency-

structure” hypothesis nor the “banking specificities” hypothesis. In other words, they 

did not find any relationship between bank competition and efficiency. Nevertheless, 

their results suggest that bank competition is not detrimental to bank efficiency. 

From literature review, we can conclude that there is scarce of empirical studies 

covering the relationship between bank competition and efficiency. There is also no 

clear consensus about the link between these two objectives. The majority of papers 

suggest that competition is not harmful to bank efficiency and that more efficient 

banks have higher market power than least efficient banks. On the other hand, there 

are studies which came to another conclusion, for example that market power leads to 

bank efficiency or that the most efficient banks can be found only in concentration 

markets. 

The empirical studies are either cross-country studies or on one country studies. 

Cross-country studies mainly involved developed countries as EU countries (Casu & 

Girardone 2006, Maudos & de Guevara 2009 or Andrieş & Cǎpraru 2012) or US 

banking market (Berger & Hannan 1994 or Schaeck & Čihák 2008). Exception is 

region as Middle East (Tai 2013). This creates space for study relationship between 

bank competition and efficiency in not such a developed banking markets as central 

and Eastern European region is. 

3.2 Bank efficiency and soundness 

3.2.1. Existing hypotheses 

In theoretical literature, there is hardly any hypothesis explaining the relationship 

between efficiency and soundness in banking. Nevertheless, Berger & DeYoung 
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(1997) proposed three hypotheses
8
 describing possible relationship between problem 

loans and cost efficiency. These hypotheses are the “bad luck”, the “bad 

management” and the “skimping” hypothesis. Since the authors mention in their 

study that high share of problem loans can be used as a predictor of bank failure or 

bank insolvency, asset quality can be used as a proxy measurement for bank 

soundness. In other words, it means that problem loans suggest bank unsoundness. 

This statement can be supported by Koutsomanoli-Filippakia & Mamatzakis (2009). 

They claim that problem loans are closely related to bank default risk and can cause 

bank problems. On the other hand, Igan & Tamirisa (2009) remark that sounder 

banks have better access to capital and if their loan portfolios grow really fast that the 

bank is not able to manage credit risk, it can result in a decline in the quality of loans. 

However, in this paper it is assumed that problem loans and bank soundness have a 

negative relationship. 

Berger & DeYoung (1997) formulated their hypotheses as a possible explanation of 

intertemporal relationships among problem loans, bank efficiency and capitalization. 

Rossi et al. (2005) add that these hypotheses express different types of management 

behaviours. These hypotheses were used in other empirical studies for instance Rossi 

et al. (2005) or Podpiera & Weill (2007). However, Berger & DeYoung (1997) admit 

that there could be other hypotheses, which could better describe empirical results 

related to the relationship between efficiency and problem loans. The authors also 

mention that empirical findings can be explained by more than one of suggested 

hypotheses. Moreover, they are convinced that none of mentioned hypotheses 

dominates. Nevertheless, two out of three hypotheses support a negative relationship 

between bank efficiency and problem loans, but they differ in the causality. 

First hypothesis according to Berger & DeYoung (1997) is the “bad luck” hypothesis. 

This hypothesis suggests a negative relationship between problem loans and bank 

efficiency.  Consider the assumption above that problems loans are a negative proxy 

measurement for bank soundness, this hypothesis implies a positive relationship 

between bank soundness and efficiency. This hypothesis says that external shocks 

cause an increase in bank problem loans. As a consequence, the bank is forced to 

                                                 
8
 In Berger & DeYoung (1997) can be found four hypothesis, but the “moral hazard” hypothesis does 

not explain relationship between problem loans and efficiency. 
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increase costs to deal with these problem loans. This banks' behaviour leads to a 

decrease in costs efficiency. These extra costs which the bank extends to deal with 

problem loans include among others an increase in managerial effort, monitoring 

costs of delinquent borrowers, costs for analysing the situation or costs to inform 

supervisors and market participants about progress in dealing with the situation. 

Under the “bad luck” hypothesis an increase in problem loans negatively affects costs 

efficiency. It may be understood that a decrease in bank soundness reduces bank 

efficiency. 

Second theory introduced by Berger & DeYoung (1997) is the “bad management” 

hypothesis. This hypothesis supports a negative relation between problem loans and 

bank efficiency as the “bad luck” hypothesis, but it differs in causality. This means 

that the “bad management” hypothesis implies a positive relationship between bank 

soundness and efficiency. This hypothesis claims that low costs efficiency indicates 

poor bank management, which is responsible for daily operations and loan portfolio 

management. Main characterization of poor bank management is that managers have 

poor skills to evaluate credit loans and do not adequately monitor borrowers. Poor 

bank management is responsible for an increase of problem loans. This hypothesis 

points out the importance of temporally ordering. While bad management activities 

result in reduction of costs efficiency almost immediately, it takes a long time than 

problem loans are noticeable. To sum it up, the “bad management” hypothesis 

suggests that low costs efficiency can cause a greater volume of problem loans and 

thus decreases bank soundness. 

Third hypothesis which Berger & DeYoung (1997) suggested is the “skimping” 

hypothesis. In contrast with two above mentioned hypotheses, this hypothesis 

considers a positive relationship between bank efficiency and problem loans. The 

causality is the same as in case of the “bad management” hypothesis. This suggests a 

negative relationship between bank efficiency and soundness. The main idea behind 

this hypothesis is that monitoring costs affect both bank efficiency and quality of 

loans. This hypothesis assumes that bank managers face a decision whether to 

allocate their resources on short-term operating costs or on long-term loans 

monitoring costs.  Podpiera & Weill (2007) provide explanation of this trade-off 

between short-term operating costs and problem loans in future. If bank's priority is 
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to generate high profit in short run, it has to reduce short-term operating costs by 

reduction of resources allocated to monitoring loans. This management behaviour 

causes a greater volume of problem loans in future. In short-term the bank looks costs 

efficient, because of the reduced short-term operating costs and thus the same quality 

of loans is generated with lower expenses. The volume of problem loans remain the 

same in the short run, but in long run the effect of insufficient monitoring will occur 

by a higher portion of problem loans. Under the “skimping” hypothesis the 

temporally ordering is also important as in the “bad management” hypothesis. 

Another similarity with the “bad management” hypothesis is that both hypotheses 

consider bank costs efficiency as a predictor of volume of problem loans. These two 

hypotheses differ in the sign of the relationship between these two objectives. While 

the “bad management” hypothesis considers a negative relationship, the “skimping” 

suggest the opposite sign. To sum it up, the “skimping” hypothesis says that bank 

efficiency precedes problem loans. This means that efficient banks suffer a decrease 

in soundness in future. 

To conclude it, the “bad luck” hypothesis and the “bad management” hypothesis 

suggest a negative relationship between bank efficiency and problem loans, but they 

differ in causality. The “bad luck” hypothesis assumes that problem loans are caused 

by external shocks, whereas other two hypotheses consider that for problem loans is 

responsible bank management. Moreover, the “bad luck” hypothesis suggests that the 

effect is almost immediate and other two hypotheses say that the effect is noticeable 

after some time passes. The “bad luck” hypothesis and the “skimping” hypothesis 

share the same view on the causality between bank efficiency and problem loans, but 

they differ in the sign. Rossi et al. (2005) mention that each of above mentioned 

hypotheses requires different regulations. The “bad luck” hypothesis suggests that 

there is a need of protection against external shocks, whereas the “bad management” 

hypothesis and the “skimping” hypothesis suggest that the bank management should 

be monitored.  

3.2.2. Empirical findings 

There is not much literature which would provide empirical evidence of the 

relationship between bank efficiency and soundness. Moreover, the existing empirical 

literature concerning this relationship does not agree on the sign of the effect of bank 
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efficiency to bank soundness. The existing empirical literature can be divided in two 

groups. First group of empirical literature uses the hypotheses proposed by Berger & 

DeYoung (1997), which were described in chapter 2 and the second group examines 

the relationship between bank efficiency and financial stability. 

Papers from the first group do not come to one unique conclusion. Berger & 

DeYoung (1997) focused on US commercial banks in period 1985-1994 and support 

both the “bad luck” hypothesis and the “bad management” hypothesis. In other 

words, they found the evidence that a positive relationship between banks efficiency 

and soundness is in both directions. Podpiera & Weill (2007) in their study regarding 

Czech banks between years 1994-2005 came to the conclusion that only the “bad 

management” hypothesis is valid for their sample. The authors reject the “skimping” 

hypothesis and found no evidence to support the “bad luck” hypothesis. This means 

that their evidence is consistent with statement that efficiency positively affects bank 

soundness. Rossi et al. (2005) focused their research on 9 countries
9
 from Central and 

Eastern Europe during period 1995-2002 and came to conclusion that there is no 

evidence of the “bad management” hypothesis, but their sample corresponds with the 

“bad luck” hypothesis. In other words, they find that relationship between bank 

efficiency and soundness is positive, but have the opposite causality than results 

obtained by Podpiera & Weill (2007). 

Literature focused on the relationship between efficiency and financial stability does 

not provide clear conclusion.  Theoretical literature suggests rather statement that 

there is a trade-off between efficiency and financial stability, for example Haldane et 

al. (2001). In contrary Papademos (2006) remarks that the trade-off between 

efficiency and stability is possible only in short run and in long run there is no trade-

off between efficiency and financial stability. 

Some empirical literature finds that there is a trade-off between efficiency and 

financial stability. This conclusion implies a negative relationship between efficiency 

and bank soundness. This conclusion can be found for instance in Gofman (2012), 

who used federal data and examine US banks during year 2006. Another example is 

                                                 
9
 Their research covers following countries from central and Eastern Europe: Czech Republic, 

Hungary, Estonia, Latvia, Lithuania, Poland, Romania, Slovakia and Slovenia. 
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Carneiro (2011), whose research covers sample of 22 courtiers during the financial 

crisis that; that is the period 2007-2009. On the other hand, Koutsomanoli-Filippakia 

& Mamatzakis (2009) found out that there is no trade-off between efficiency and 

financial stability. The authors used data of enlarged EU between years 1998-2006. 

Another conclusion they made is that if the bank faces some risk, it has to increase 

costs to defend its soundness. This conclusion suggests that efficiency positively 

affect bank soundness. 

According to mentioned literature above, the relationship between bank efficiency 

and soundness is not clear. And similarly as in the literature concerning bank 

competition and efficiency, the empirical researches are rather focused on developed 

countries or their cross-country studies covers different types of countries. Thus, also 

in this area is a space for study focused on efficiency and soundness of bank in 

Central and Eastern European countries. 

3.3  Bank competition and soundness 

3.3.1.  Theoretical literature 

The relationship between competition and stability was examined in many studies. 

According to Beck et al. (2011b) this topic still remains very controversial. Although, 

there are many academic studies, there is no clear consensus on the link between 

bank competition and soundness. As İskenderoğlu & Tomak (2013) mention the 

bankruptcy of financial institutions can cause destructive crisis in whole economy. 

This is the reason why stabilization of financial system is one of the main objective of 

policy makers.  

 As Čihák et al. (2006) state, the literature can be divided in two streams, 

“competition-fragility” literature and “competition-stability” literature. This general 

accepted division of literature was improved by İskenderoğlu & Tomak (2013). They 

come up with another approach describing competition-soundness relationship. This 

approach combines these two approaches and says that the relation between 

competition and soundness can be described by the U-shaped curve. The rest of this 

chapter describes these three approaches in more detail. 
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The “competition-fragility” approach states that competition has a negative impact to 

financial stability. In other words competition environment is detrimental to banking 

soundness. This approach was supported by the majority of research papers. For 

instance İskenderoğlu & Tomak (2013) provide two possible explanation for this 

relationship. Firstly, as in the traditional view, more competition encourage banks to 

take riskier activities to compensate for the loss of margin caused by weakening the 

market power. Second reason for this relationship is technical. The more competitive 

environment decrease the efficiency of audit conducted by authorities. As the 

consequence, similarly to the first case, banks can take riskier activities and thus 

increase probability of bank insolvency, which can lead not only to collapse of 

financial sector, but also to large social costs and moral hazard. Čihák et al. (2006) 

pointed out that financial crisis are more probable in less concentrated environment, 

because these markets do not have one leading financial institution, which have a 

financial buffer from high profit and thus would be capable to ensure financial 

stability in case of assets deterioration. Therefore, more concentrated banking system 

can ensure financial stability, so there is a trade-off between competition and 

financial stability.   

In the contrast with the “competition-fragility” approach, the “competition-stability” 

approach supports the positive relationship between competition and bank soundness. 

İskenderoğlu & Tomak (2013) sates that with an increase in market power, banks can 

take more risker activities, which is inverse statement than in “competition-fragility” 

approach. Banks in more concentrated markets can apply higher interest rates on 

loans to have higher profits. This behaviour leads to adverse selection and moral 

hazard problem. Freixas & Ma (201 ) explain that these problem are caused by banks  

incentives to reduce monitoring of borrowers in more concentrated environment. 

Similar view appear in Čihák et al. (2006) as well. The authors say that in more 

concentrated markets are higher interest rates than in more competitive markets and 

thus borrowers invest in risker activities. Moreover, in İskenderoğlu & Tomak (2013) 

is mentioned that with an increase of concentration, the probability of bank failure 

will increase as well. To sum it up, the “competition-stability” approach implies the 

trade-off between concentration and financial stability. In other words, in competitive 

environment are sounder banks. 
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Another approach mentioned by İskenderoğlu & Tomak (2013) combines the two 

approaches mentioned above. The main idea behind this approach is that the 

relationship between bank competition and soundness is influenced by country 

specifications. For instance Beck et al. (2011b) recognized three channels, which are 

regulations, adverse selection problem, which relates with higher rates of loans, and 

institutional characteristic.  İskenderoğlu & Tomak (2013) state that the link between 

bank competition and financial stability can be described by U-shaped relationship 

between competition and bankruptcy. The aim of economic policies is to establish 

some balance between competition and stability. 

This third approach can be supported by “franchise value” paradigm. This paradigm 

states that in less competitive market banks can behave more prudent to ensure their 

higher franchise value. This idea can be found for example in Jiménez et al. (2007). 

The authors pointed out that the relationship between bank competition and financial 

stability cannot be described as positive or negative. They admit that relationship 

between competition and stability can be U-shaped. Their explanation for U-shaped 

relationship is that in more competitive market the probability of bank failure 

declines at first, but increases later.  

Nevertheless, it is not easy to determine the relationship between bank competition 

and soundness. Jiménez et al. (2007) conclude that more concentrated banking 

markets can have two opposite effects to financial stability. Fist effect is positive. In 

more concentrated environment banks relax monitoring of borrowers and imply 

higher interest rates on loans. This results in adverse selection and moral hazard 

problems. On the other hand, in more concentrated markets banks can take less 

riskier activities to ensure their franchise values according to “franchise value” 

paradigm, which leads to conclusion that more concentrated market leads to financial 

stability of whole economy. Moreover, another theory says that in more competitive 

markets banks applies riskier politics, which leads to an increase of non-performing 

loans and higher probability of banks  bankruptcy. 

To sum it up, the relation between bank competition and soundness cannot be easily 

determined. It is influenced by several factors. It depends on the country 

specifications like for example market structure, regulations policy. Moreover, the 

important role of the final effect depends on decisions of banks and borrowers. 
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3.3.2.  Empirical findings 

The relationship between bank competition and soundness was examined in several 

studies. These studies did not come to clear conclusion. However, they agreed that 

this relationship is influenced by many factors. For instance Liu et al. (2010a) state in 

their study that regional conditions play a significant role in stability of banking 

system. Jouzdani & Shahchera (2010) examined the link between bank regulations 

and soundness. Their research shows that bank regulation and the obligation of 

regular reporting contribute to bank soundness. Another research by Crystal et al. 

(2002) focused on the problematic of foreign bank entry. This study consider 

countries from Latin America
10

 in years 1995-2000 and found out that foreign banks 

contribute to sounder and more stable banking system in emerging markets. Authors 

also claim that strong domestic and foreign banks can effectively compete in local 

markets. However, they admit that there is a difference in financial strategy between 

domestic and foreign banks. Beck et al. (2011a) found out that an increase of 

competition supports risk taking behaviour accordingly to countries specifics. They 

came to conclusion that an increase of competition supports risk taking more in 

countries with effective information sharing, homogenous market structure and in 

banking market with well-developed deposit insurance. Beck et al. (2011b) add that 

an increase of competition has larger impact on risk taking in countries, where strictly 

regulations are enforced. 

The empirical literature devoting to the relationship between bank competition and 

soundness does not agree on clear consensus. Beck et al. (2011b) state that the 

traditionally accepted view is that competition is detrimental to financial stability. 

However, besides this traditionally accepted theory is not the only theory, which can 

be found in the empirical researches. For better clarity, the empirical papers can be 

divided according to theoretical approaches in three groups. First group will cover 

papers, which support “competition-fragility” approach. Then we focus on papers 

supported “competition-stability” approach. And finally, the third group will be 

represented by studies, which find neither positive nor negative relationship. 

                                                 
10

 The research was made for 7 countries from Latin America Argentina, Brazil, Columbia, Chile, 

Mexico, Peru and Venezuela. 
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As stated earlier, “competition-fragility” or “concentration-stability” approach 

consider negative relationship between competition and bank soundness. Beck et al. 

(2011a) examine the relationship between bank competition and stability 62 countries 

during the period from 1996-2006 and they conclusion is that an increase of 

competition increases the probability of risk taking in more concentrated markets, 

which means that market power has positive effect on bank soundness. Beck et al. 

(2011b) came to very similar conclusions came in their research cover 79 countries 

between 1994 and 2009. They say that competition harms financial stability, because 

competition causes that banks take riskier activities. Jiménez et al. (2007) made their 

research in Spain in 1984. Their research support “franchise value” paradigm, which 

supports positive relationship between bank concentration and financial stability or 

negative relationship between market power and risk taking. Authors did not find 

enough evidence to support U-shaped relationship. Gómez & Ponce (2010) support in 

their study “competition-fragility” approach. They say that higher competition 

worsen bank stability, because the screening is less effective with more banks in the 

market, Moreover, more competitive environment bring a large number of “fake” 

entrepreneurs, who put lower effort to their activities and thus cause general adverse 

selection and moral hazard, which lead to higher probability of bank failure. 

Second group of empirical papers formed researches, which support “competition-

stability” or “concentration-fragility” approach. In other words these studies found 

evidence of positive relationship between bank competition and soundness. Čihák et 

al. (2006) examine 23 countries from 1980 to 2003 and they conclude that more 

competitive markets decrease the probability of suffering systemic risk. In Schaek & 

Čihák (2010a) can be found the explanation of this positive relationship. Authors 

reveal after examining 10 European countries
11

 in period 1999-2005 that banks hold 

higher capital ratios in competitive markets. Another study supports “competition-

stability” approach is Anginer et al. (2012). Authors used data from 63 countries to 

examine 1872 publicly traded banks. Their argument for positive relationship 

between bank competition and financial stability is that in more competitive market 

banks can diversify their portfolio and thus bank system is less fragile to external 

shocks. Moreover, the study defines fragile systems as systems with low supervision 

                                                 
11

 Schaek & Čihák (2010a) cover in their research these 10 European countries: Austria, Belgium, 

Denmark, France, Germany, Italy, Luxemburg, Sweden, Switzerland, and UK. 
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and private monitoring, low deposit insurance and countries with government 

ownership and restrictions policies. 

Last group of studies are studies, which found out that the relationship between 

competition and the probability of risk is U-shaped. This conclusion is presented for 

example in Liu et al. (2010a). Their reference sample cover 11 European countries 

during the period between 2000 and 2008. They denied linear relationship between 

bank competition and financial stability. Moreover, authors pointed out the 

significant role of regional specifications, they found out that smaller and more 

focused banks are more stable than large and diversified banks and that commercial 

banks are less stable than mutual banks. Bailey-Tapper (2009) supported the U-

shaped relationship between growth of loans and loan quality. The study used data 

from Jamaica and the reference period is from March 2000 to June 2008.  

The survey of empirical literature does not bring a clear conclusion about the link 

between competition and bank soundness. This statement was confirmed in study by 

OECD (2011). This study claims that according to empirical findings in many 

academic researches, competition can have a positive and negative effect for bank 

stability. To sum it up, there are many factors, which influence banking stability and 

competition is just one of them. There are some approaches, which explain the link 

between bank competition and soundness, but it depends on countries specifies, 

which effect will be the strongest to determine the final effect of competition to bank 

soundness. 
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4 Empirical research 

In this part, we will examine, whether there is a link between competition and bank 

soundness via efficiency. We will test hypothesis that there exist a link between 

competition and bank soundness via competition-efficiency nexus. We will analyse 

whether competition and bank soundness are positively related and whether 

competition determines efficiency.  

4.1  Data  

The empirical analysis considers commercial banks from Visegrad group, the Czech 

Republic, Hungary, Poland and Slovakia. The selected time period covers 5 years 

2008 – 2012. The restriction to commercial banks only is imposed, because as stated 

in Casu & Girardone (2009): “there are still significant difference in the retail market 

structure among EU countries and in some countries the saving bank sector is still 

partially benefiting from state help.” (Casu & Girardone 2009, pp. 8) Moreover, 

Schaeck & Čihák (2010a) mention that commercial banks are focused on profit 

maximization, which does not always hold for saving and cooperative banks.  

We chose only banks, which have data available for the whole selected time period. 

In other words, similarly to Holló & Nagy (2006) we have removed all banks, who’s 

dependent or independent variables were not available for the whole observed time 

period, from the sample. The study works with 230 observations consisting of 46 

banks. Specifically, our data set consists of 12 commercial banks from the Czech 

Republic, 9 from Hungary, 17 from Poland and 8 from Slovakia. The complete list of 

observed banks is in Appendix. 

The data used in this analysis were obtained exclusively from the Bankscope 

database. To use the Bureau van Dijk Bankskope Database has two major advantages 

as mentioned by Kiyota (2009). First advantage is that the database is fairly 

comprehensive. It contains banks  data for about 90 percent of total assets in each 

country. Second advantage mentioned in Kiyota (2009) is that the accounting 
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information is in standardized form, which minimizes the inaccuracies raising from 

different accounting and reporting practices used in each country. 

4.2  Empirical research on efficiency 

As was mentioned in the chapter 2.2, there are different approaches to this matter. In 

this paper the SFA method is used. This approach is one of the parametric techniques. 

It allows us to distinguish traditional random error and technical inefficiency. Since, 

according to Stavárek (2005), there is no significant difference in using cost and 

production function and since in this study we use the Boone indicator, which 

according to Boone et al. (2005) is based on the cost efficiency, the SFA cost 

function will be used in this study. Cost efficiency says that the inefficiency arises 

from using non optimal combination of inputs to produce given level of output and 

assumed prices as given. The cost function were used for instance in Fries & Taci 

(2004) or Weill (2004). 

4.2.1. Model specification 

Battese & Coelli (1991) introduced time-varying model for unbalanced
12

 panel data 

using stochastic production function, which considers that the bank inefficiency is 

distributed according to a truncated-normal distribution. Coelli (1996) states that this 

model can be expressed by following two equations: 

 )( itititit uvxy    (4.2-1) 

and 

 )))(exp( Ttuu iit    (4.2-2) 

where ity is production in logarithm form of the i-th firm (i=1, …, N) in the t-th time 

period (t=1, …., T), itx is a matrix of input prices in logarithm form,  is vector of 

unknown parameter, itv is random effect term assumed to be iid ),0( 2

vN  and 

independent of the ttu ; tu is non-negative technical inefficiency term, which is 

                                                 

12
In panel can be missing data. 
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assumed to be iid as truncation at zero of the ),( 2

uN   distribution and  is a 

parameter to be estimated. 

Battese & Coelli (1993) state that parameters from equation ((4.2-1) and (4.2-2) can 

be estimated by the maximum likelihood method. Coelli (1996) suggests to use 

parameterization. To be more specific, we will set the new parameter , which is 

construct as follows: 

 
22
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(4.2-3) 

where 2

u  and 2

v  are the variance of ttu  and itv respectively. These variances can be 

replaced with 222

vu   .  is a parameter, which lies between 0 and 1. This 

parameterization allows us to test whether the technical inefficiency is present in the 

model. Battese & Coelli (1993) used generalized likelihood-ratio test, which test the 

null hypothesis ( 0H ) that inefficiency is absent in the model ( 0 ) against the 

alternative hypothesis ( 1H ) that there is an inefficiency in the model ( 0 ). The 

test statistic is expressed by the following equation. 

)))(log())((log(2 10 HlikelihoodHlikelihood   (4.2-4) 

where  is parameter described by equation ((4.2-3), 0H is null hypothesis and 1H is 

an alternative hypothesis. The test statistic has approximately chi-squared distribution 

with the degree of freedom equal to the number of parameters, which are under null 

hypothesis ( 0H ) considered to be equal to zero. In our case the number of degree of 

freedom is equal to 1
13

.  

There are several modifications of the model introduced in equation ((4.2-1). Battese. 

& Coelli (1991) specify five basic models, which can be obtained by imposing some 

restrictions to the original model.  

                                                 

13
 The values of generalized likelihood-ratio test for out datasets can be found in Apeensix 
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 Model 1 – is the original model without any restriction, it has time varying 

structure, that is   is a unknown parameter and tu  are non negative 

truncation of the ),( 2

uN   distribution 

 Model 2 – it is modification of the original model, it assumes that 0 , 

which means that tu have half-normal distribution 

 Model 3 – it supposed that 0 , in other words, the model is time-invariant, 

as Battese et al. (1989) mention, this model is not suitable for all empirical 

situation, especially when the observed time period is quite large 

 Model 4 – this model assumes that 0 , it is a time-invarying model 

with tu half-normal distributed 

 Model 5 – this model assumes that all firms are technically efficient and thus 

tu is absent in the model 

Our study considers model 1 for the stochastic frontier cost function. According to 

Stavárek (2005), the stochastic frontier cost function model can be obtained from 

stochastic frontier production model, described in equations ((4.2-1)) and ((4.2-2)), 

by replacing dependent variable y , which represents production in logarithm form, 

with total costs in logarithm form, and positive sign before variable ttu . The reason 

for the positive sign before variable ttu   is that an increase of inefficiency means 

higher total costs and lower production. The stochastic frontier costs function can be 

expressed as follows: 

 )(log itititit uvxTC    (4.2-5) 

where itTC is total cost of the i-th firm (i=1, …, N) in the t-th time period (t=1, …., T) 

and the rest of the variables are the same as in the equation (4.2-1).  

Fries & Taci (2004) explain that “ ost efficiency is determined by how close a banks   

costs lie to the efficiency cost frontier for a given technology. The efficiency frontier 

is determined by two conditions, technical efficiency (minimum use of inputs) and 
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allocative efficiency (optimal mix of inputs given relative factor prices).” (Fries & 

Taci 2004, pp. 9). 

Stavárek (2005) mentions that there can be some other modification of the model. 

Especially, the selection of inputs and outputs can influence the final results. 

Moreover, it is important to choose the appropriate way to determine the prices of 

outputs and inputs, because it can change the final results. Stavárek (2005) used to 

estimate bank efficiency by the SFA method translog specification of cost function. 

He specifies costs frontier production function as follows: 
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(4.2-6) 

where itTC is total costs of the i-th bank (i=1, …, N) in the t-th time period (t=1, .., 

T), ky  , jy are the observed prices of outputs (k,j=1, .., K), hw  , lw are the observed 

prices of inputs (k,l = 1, …., L), 3w is price of the physical capital, Z is bank equity, 

itv is random effect term i-th bank in the t-th time period and tu is the inefficiency 

term i-th bank in the t-th time period. 

According to Stavárek (2005), symmetry and linear homogeneity prices of inputs is 

ensured by imposing following restrictions: 

jkkj   , hllh   ; 
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Moreover, Stavárek (2005) normalized all prices of inputs and dependent variable by 

the price of the physical capital (in (4.2-6) expressed by 3w ) to achieve the linear 

homogeneity. At the same time total costs and all outputs are normalized by bank 

equity (in (4.2-6) expressed by Z ) to protect the calculations against 

heteroskedasticity. 
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In additional to Stavárek (2005) there are more sources on the matter, for instance 

Weill (2004), Pruteanu-Podpiera et al. (2008), Andrieş & Cǎpraru (2012) or Holló & 

Nagy (2006). All these authors normalized total cos, prices of inputs and outputs. 

However, there are some differences. Some authors
14

 normalized prices of inputs and 

total cost by borrowed funds instead of prices of physical capital or do not normalize 

dependent variable and all outputs by bank equity. It can be found cost function, 

which do not include band equity at all, for example in Pruteanu-Podpiera et al. 

(2008). Thus, the model has following form:  
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(4.2-8) 

where 2w is the price of borrowed funds and the other variables are the same as in 

equation (4.2-6), so the imposed restrictions described in (4.2-7) hold in that case as 

well. 

To estimate the cost inefficiency, it is necessary to choose the appropriate cost 

equation and to select the inputs and outputs and set their prices. Then we can 

estimate the coefficients and the error terms. After that we can calculate efficiency 

for each observation in the sample. 

4.2.2. Specification of variables 

As Stavárek (2005) mentions, there is inconsistency in definition of inputs and 

outputs in banking. The biggest difference is when bank deposits are considered as 

output or input. He mentions three basic approaches, which define inputs and outputs 

in banking. First approach is the production approach. It says that banks are 

producers, which uses standard inputs as labour and capital to produce outputs in 

form of loan and deposits account. The author however mentions that is quite 

difficult to determine the outputs, because data describing bank's accounts are not 

easily available. Thus, in empirical studies there is often used the financial amount on 

that accounts as a proxy for output. Seconds approach is called intermediation 

                                                 

14
 For example Weill (2004), Pruteanu-Podpiera et al. (2008) 
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approach. It describes the bank as the institution, which collect funds from creditors 

and lend them to debtor in forms of loans. This approach considers deposits from 

clients, other sources from financial markets and operating costs as main inputs and 

amount of loans, other investment assets or non-interests revenues as main outputs. 

Third approach is known as the asset approach is actually special version of 

intermediation approach and it describes banks as producers of loans. Thus, bank 

output consists of loans and other investment assets. According to the author, 

intermediation approach prevails in the empirical literature. 

In this study, we lean towards the intermediation approach. Nevertheless, in the 

empirical literature, there is no accordance in used inputs and outputs. However, most 

of them use three inputs: price of labor, price of borrowed funds and price of physical 

capital. In the case of the outputs, there are more differences. For example Stavárek 

(2005) uses two outputs: loans and interest revenues, Pruteanu-Podpiera et al. (2008) 

use just one output: total loans, Holló & Nagy (2006) use three outputs: loans, other 

earnings assets and non-interest revenues, while Weill (2004) uses two outputs: loans 

and investments assets and finally, Andrieş & Cǎpraru (2012) consider that banks 

have four outputs: loans, loans and advantages to banks, other securities and off-

balance sheet items. 

In our analysis, we have decided to use three inputs and one output
15

. Our three 

inputs are similar to mentioned empirical literature above: price of labor, borrowed 

funds and physical capital. The prices for each used input are defined in Weill (2004). 

The price of labor is defined as the ratio of personnel expenses on total assets, the 

price of borrowed funds is measured by the ratio of total interest expenses on the total 

funding and the price of physical capital is defined by the ratio of other non-interest 

expenses on fixed assets. We use only one output: loans. 

The description of variables used in our model is summarized in following table.  

 

 

                                                 

15
 Similarly to Pruteanu-Podpiera et al. (2008). 
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Table 4.2-1 Variables used in efficiency formula 

VARIABLES DESCRIPTION 

TOTAL  COSTS (TC) 

 Dependent variable 

 Total non-interest expenses + Total interest expenses 

PRICE OF LABOR (w1) 

 Explanatory variable – input price 

 Personnel expenses/Total assets 

PRICE OF BORROWED 

FUNDS (w2) 

 Explanatory variable – input price 

 Total interest expenses/Total funding 

PRICE OF PHYSICAL 

CAPITAL (w3) 

 Explanatory variable – input price 

 (Total non-interest expenses – Personnel 

expenses)/Fixed Assets 

LOANS (y) 

 Explanatory variable – output price 

 Total loans 

EQUITY (Z)  Total bank equity 

 

The complete model for one output and three input prices looks as follows: 
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(4.2-9) 

where itTC is total cost of the i-th bank (i=1, …, N) in the t-th time period (t=1, .., T), 

y  is the observed price of loans, 1w  is the observed price of labor, 2w is the observed 

price of borrowed funds and  3w is the observed price of the physical capital, Z is 

bank equity, itv is the random effect term i-th bank in the t-th time period and tu is the 

inefficiency term of i-th bank in the t-th time period. 
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The equation (4.2-9) is the translog function. Price of inputs and total costs are 

normalized by the price of physical capital to achieve linear homogeneity. Total costs 

and price of output are normalized by bank equity to protect against 

heteroscedasticity, similarly as in Stavárek (2005) and equation (4.2-6). The standard 

symmetry and linear conditions mentioned in equation (4.2-7) are imposed as well. 

For each year and each bank there is estimated one cost function. 

The estimation of parameters defined in equation (4.2-9) may be done by the methods 

of maximum likelihood as Battese & Coelli (1993) mention. Authors pointed out that 

the practical estimation of parameters can be obtained by using computer program, 

which was written specially for time-varying inefficiency frontier model described by 

equation (4.2-1). The computer program is called FRONTIER and was written by 

Tim Coelli.  

According to Fries & Taci (2004) the inefficiency of i-th bank in the t-th time period 

is defined as follows. 

 )ˆexp( itit uineff   (4.2-10) 

where itineff is banks inefficiency of i-th bank in t-th time period, itû is the estimated 

value of itu . 

4.2.3. Efficiency scores 

The cost efficiency frontier function described in equation (4.2-9) will be at first 

estimated for overall panel data set that is 46 banks in the five year period from 2008 

to 2012. Later it will be estimated for each selected country separately. The 

estimation of parameters will be done by using the freely accessible computer 

program FRONTIER 4.1c. 

In the model, we assumed error component model
16

, costs function and nine regressor 

variables. Then we consider that the bank inefficiency component has truncated 

distribution ( 0 ) as used in Fries & Taci (2004). However, Battese et al. (1989) 

mention that many empirical studies supposed that the bank inefficiency component 

                                                 

16
 As is defined in Coelli (1996) for model defined by Battese. & Coelli (1991). 
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has a half normal distribution ( 0 ). The authors explain that under half normal 

distribution ( 0 ), there is higher probability that banks  inefficiency is close to 

zero and thus banks  efficiency is high. On the other hand, when 0 then the banks  

efficiency is low. Because of that it is better to use more general truncated normal 

distribution instead of half normal distribution. As Fries & Taci (2004) added, it 

ensures that the more is bank efficient the lower are bank costs. Moreover, we 

assume time-varying efficiencies ( 0 ), because in our dataset we cover five year 

period. 

According to Fries & Taci, costs functions cannot be observed directly. Thus the 

banks  efficiency has to be measured relatively to efficiency cost frontier, which is 

estimated from the selected dataset. In other words, each bank is compared with the 

bank, which has the lowest costs in the selected sample. 

The descriptive statistics of cost efficiency for the full sample are in the following 

table. 

Table 4.2-2 Descriptive statistics of efficiency 

YEAR MEAN MEDIAN STANDARD 

DEVIATION 

MINIMUM 

2008 0,8366 0,84548 0,07457 0,65417 

2009 0,8346 0,84318 0,07414 0,65389 

2010 0,8326 0,84091 0,07370 0,65361 

2011 0,8306 0,83864 0,07325 0,65334 

2012 0,8286 0,83639 0,07279 0,65307 

Source: Author’s computations 

If we have a look at Table 4.2-2 Descriptive statistics of efficiency, we can figure out 

that in the observed time period there were not significant changes in the relative 

efficiency. For example in year 2010 was the mean efficiency 83,26% which can be 

interpreted that the average bank in year 2010 would be effective if used 

approximately 83% of its current costs. In other words, the average bank has almost 
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17% higher costs than the most effective bank from the sample. According to the 

observed data, we can conclude that the efficiency in selected sample is relatively 

high with a downward trend. This result means that the selected countries have 

similar banking systems and thus the difference between banks are not enormous. 

In the empirical literature we can find different results. For example Stavárek (2005), 

who analysed the same countries in period 1999 – 2003, found that the overall 

efficiency in he selected period increased from 59,22% to 71,33%. Holló & Nagy 

(2006) covered in their analysis 2 459 banks from 25 EU members in the time period 

1999 – 2003. Their data sample included savings banks, commercial banks and 

cooperative banks as well. The average efficiency for 25 EU members was 85%, for 

15 EU members and 67% for 10 EU members. 

According to our empirical results, the average efficiency for overall data sample is 

83%. This result is very similar to the result obtained by Holló & Nagy for 25 EU 

members. 

The following figure suming up the efficiency score for individual countries.  

Figure 4.2-1 Average efficiency in individual countries 

 
Source: Author’s computations 

The countries shows the average cost efficiency in individual countries for each 

selected year and the average efficiency for Visegrád countries (labelled as V4). 

There is also almost no significant difference among individual countries. 

Nevertheless, we can realize that the efficiency in Poland has very similar trend as the 
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average efficiency for whole dataset. This is caused due to the fact that the largest 

data sample in from Poland. In Slovakia and Poland the efficiency has decreasing 

trend, while the Czech Republic and Hungary have increasing tendency in observed 

period. The lowest average efficiency was observed in year 2012 in Slovakia 

approximately 67% and the highest average efficiency was in Poland in year 2008.  

The absolute minimum efficiency was measured in Slovakia in 2012. The absolute 

value of minimum efficiency was very similar in Slovakia, the Czech Republic and 

Hungary, it was around 65,4% while in Poland ranged the absolute value of minimum 

efficiency between 66% and 68% in observed years. 

In the empirical literature, we can find several researches on efficiency in European 

countries. For instance Weill (2004) measured the cost efficiency in five European 

countries
17

 separately in the period 1992 – 1998 and found that the average efficiency 

in the individual countries ranged from 66,74% to 84,2%. Fries & Taci (2004) in their 

paper examines individual costs efficiency in 15 post-communist European countries 

between years 1994 and 2001. The sample covered 289 banks. The average cost 

efficiency of Czech Republic was 42%, 62% for Hungary, 66 for Poland and 75% for 

Slovakia. 

4.3 Empirical research on competition 

To determine the bank competition, we will use the Boone indicator, which was 

described in more detail in chapter 22.1.1.3  However, in this thesis we will use some 

proxies to compute the Boone indicator. 

4.3.1.  Model and variables specification  

The original model described in chapter 22.1.1.3 has following form. 

 ii mcs loglog    (4.3-1) 

where is is market share defined by equation (2.1-2), imc are marginal cost,  and 

  are parameters to be estimated. Boone indicator is expressed by parameter  . As 

                                                 

17
 The selected countries are namely France, Germany, Italy, Spain and Switzerland. 
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Bikker et al. (2007) mention, the log-linear form can be used to avoid 

heteroskedasticity. 

 

Bikker et al. (2007) used in their study modification of equation (4.3-1) to estimate 

the Boone indicator. The modified equation is used for each bank in the sample and it 

looks like follows: 
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where, similarly to previous equation, its is market share for i-th bank in t-th time 

period, 
ti

mc are marginal costs for i-th bank in t-th time period, td are the dummies 

variables and ttu is the error term. Finally, ,   and t are parameters to be 

estimated. Boone indicator is expressed by parameter  . Since the marginal costs 

cannot be observed directly, which can be found for instance in Boone et al. (2005), 

proxy for marginal costs can be used. Another option is to estimate translog cost 

function described in equation 
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 (2.1-7) to obtain marginal cost.  

Schaeck & Čihák (2010b) changed the original equation expressed by equation 

(4.3-1) and computed the Boone indicator using the relationship between bank profit 

and marginal costs. They specified that there is a negative relationship between banks 

profit and marginal costs. The higher marginal costs lead to lower profit margin. In 

this case that banks want to have unchanged profit, the higher marginal costs lead to 

higher prices and consequently to reduced output, which can cause loss of market 

share. Due to this relationship, we can use bank profit as dependent variable instead 

of the market share. After this modification, the equation for Boone indicator looks as 

follows: 
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 itit mclog   (4.3-3) 

where it is profit of i-th bank in t-th time period, 
ti

mc  are marginal costs  is a 

parameter to be estimated and  is the Boone indicator, which has to be estimated. 

Schaeck & Čihák (2010b) proxies marginal costs by the average cost as a share of 

total income and banks  profit expressed by return on asset ratio ( OA). Moreover, 

authors added that since we want to examine the effect between competition and 

soundness over time, we have to add the time dummy variable and the equation will 

have following form:  
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where it is the profit of i-th bank in t-th time period, 
ti

mc  are marginal costs 
i

 and 

t are parameters to be estimated and t is the Boone indicator in t-th time period, 

td are the dummies variables and ttu is the error term. 

Finally, if we combine the equation (4.3-2) with (4.3-4) we get final form of the 

equation. 
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where it is the profit of i-th bank in t-th time period, 
ti

mc  are marginal costs 
i

 and 

t are parameters to be estimated and t is the Boone indicator in t-th time period, 

td are the dummies variables and ttu is the error term. 

To estimate the Boone indicator, we first have to estimate the equation (4.3-5). 

Similarly to Schaeck & Čihák (2010b) we use proxy for marginal costs and bank 

profit. We use ROA as the measure of banks  profit and costs income ratio as the 

proxy for marginal costs. The variables are described in following table. 
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Table 4.3-1 Variables used in Boone indicator formula 

VARIABLES DESCRIPTION 

BANK PROFIT (π)  Return on assets indicator (ROA) 

 Net income/Total assets 

MARGINAL COSTS (mc)  Cost income ratio 

 Total non-interest expenses/Operating income 

DUMMY VARIABLE (d)  The dummy variable takes values 0 or 1 

 

To sum this chapter up, the empirical research will use the Boone indicator obtained 

from the equation (4.3-5) using the variables described in Table 4.3-1 Variables used 

in Boone indicator formula. 

4.3.2. Empirical results on competition 

The computations were done for each country individually. The computation was 

done in Gretl software
18

. The results are for each country are presented separately in 

following tables. 

In the Czech Republic, the competition was quite low in years 2009 and 2012. The 

highest competition was observed in year 2010. The average competition was 1,02, 

which does not indicate strong competition. The exact observed values are in the 

following table. 

Table 4.3-2 Descriptive statistics of competition in the Czech Republic 

YEAR BOONE 

INDICATOR 

STANDARD 

DEVIATION 

T - RATIO P - VALUE 

2008 -1,32861 0,6296 -2,11 0,04
** 

2009 -0,2365 0,781 -0,3029 0,7632 

2010 -1,9029 0,5062 -3,759 0,005
*** 

                                                 

18
 For all outputs from Gretl software we suppose that holds *** pv < .01;  ** pv < .05 and * pv < .10 
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2011 -1,2479 0,523 -2,386 0,0210
** 

2012 -0,42196 0,6043 -0,698 0,4884 

Source: Author’s computations 

According to Table 4.3-3 Descriptive statistics of competition in Hungary, which 

contains descriptive statistics for Hungary, the Boone indicator for years 2010 and 

2011 is positive. Bikker et al. (2007) mentioned that this in not in accordance with 

the characterization of the Boone indicator, which should be negative. Authors 

explained this results can be caused by the fact that competition in quality of outputs 

can lead to higher marginal costs and higher market share at the same time. 

In the absolute values the average of the Boone indicator in Hungary was 1,65, which 

suggest competitive banking market. However, we can observe significant changes in 

competition in selected period in comparison to the Czech Republic. The descriptive 

statistics for Hungary can be found in the following table. 

Table 4.3-3 Descriptive statistics of competition in Hungary 

YEAR BOONE 

INDICATOR 

STANDARD 

DEVIATION 

T - RATIO P - VALUE 

2008 -2,135 1,836 -1,163 0,26
 

2009 -0,503 3,1398 -0,1603 0,8744 

2010 0,3516 4,47503 0,0786 0,9382
 

2011 4,8690 3,218 1,513 0,1477
 

2012 -0,3831 3,15326 -0,1215 0,9046 

Source: Author’s computations 

If we have a look at the descriptive statistics of Boone indicator in Poland, which is 

stated in Table 4.3-4, we can realize that the Boone indicator suggests strong 

competition in the selected time period. The average value of the Boone indicator 

reached -3,15, which is significantly higher than in the Czech Republic and Hungary. 
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Table 4.3-4 Descriptive statistics of competition in Poland 

YEAR BOONE 

INDICATOR 

STANDARD 

DEVIATION 

T - RATIO P - VALUE 

2008 -5,3716 1,4641 -3,669 0,0005
*** 

2009 -3,38115 1,4316 -2,362 0,0211
** 

2010 -2,3094 1,4838 -1,556 0,1242
 

2011 -2,6472 1,7878 -1,481 0,1433
 

2012 -2,0604 1,3682 -1,506 0,1367 

Source: Author’s computations 

The description statistics for the last observed country, Slovakia, is in Table 4.3-5. 

The results suggest that the banking market is very competitive. The average value of 

the Boone indicator is almost -4, which indicates the highest value of the Boone 

indicator in the selected sample. Moreover, in the whole selected time period the 

marginal costs determined the bank’s profit. 

Table 4.3-5 Descriptive statistics of competition in Slovakia 

YEAR BOONE 

INDICATOR 

STANDARD 

DEVIATION 

T - RATIO P - VALUE 

2008 -2,7377 1,07970 -2,536 0,0202
** 

2009 -3,9832 1,09747 -3,63 0,0018
*** 

2010 -5,36342 0,7061 -7,595 3,59e-07
*** 

2011 -5,16288 1,1734 -4,4 0,0003
*** 

2012 -2,72424 1,1002 -2,476 0,0229
** 

Source: Author’s computations 

To summarize the results on the competition, we can have a look at the Figure 4.3-1, 

which contains values of the Boone indicator for the whole data set in each year from 

the time period. It shows that there were significant changes among individual 
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countries. Moreover, there is no observed trend in the selected time period. In year 

2012 we can observe that the decline of the Boone indicator is lower than in the other 

years from selected time period. However, in case of the Czech Republic and 

Hungary it indicates low competition, while in Slovakia and Poland the competition 

was still strong. 

Poland and Slovakia have the most competitive banking market. However, each 

country follows a different trend. The Czech Republic and Hungary have almost the 

same value of the Boone indicator (very close to zero) in year 2009 and 2012. 

Thus, we can conclude that there was significant difference in the level of 

competition between years 2008 and 2012, although it was expected that the selected 

countries would have similar banking market conditions. 

Figure 4.3-1 The Boone indicator for the selected sample 

 

Source: Author’s computations 

4.4 Empirical evidence on bank soundness 

Bank soundness is measured by the z–score. Kiyota (2009) mention that the z-score 

can be used as a proxy for bank soundness and it is given by the probability of bank 

failure. Beck et al. (2011b) describe the z–score as a risk measure, which measures 

the distance from insolvency. Authors state that since higher z-score means lower 

probability of insolvency, it is suitable measure for soundness. Nevertheless, Čihák 

(2007) mentions that the z-score has disadvantages as well. The author mentions that 
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the biggest limitation of the z-score is that it uses accounting data, thus the results are 

influenced by the quality of accounting data. 

The z-score can be expressed by following expression, which can be found for 

instance in Čihák (2007). 

 
it

itit
it

k
z




  (4.4-1) 

where itz  is the z-score for i-th bank in t-th time period, itk is the equity to asset ratio,  

it is the return on assets ratio and it is the return volatility, which is proxied by 

standard deviation of the return on assets. 

To define the z-score, we have to estimate the equation (4.4-1). The variables used 

are described in the following table. 

Table 4.4-1 Variables used in z-score 

VARIABLES DESCRIPTION 

Z.SCORE (z)  Dependent variable, which has to be 

estimated 

EQUITY TO ASSET RATIO 

(k) 

 Leverage measure 

 Equity/Total assets 

RETURN ON ASSETS 

RATIO (μ) 

 Return on assets (ROA) 

 Net income/Total assets 

RETURN VOLATILITY (σ)  Standard deviation of return on assets 

 

The empirical results on bank soundness are expressed in Figure 4.4-1. We can 

observe that the z-score was very similar in the Czech Republic and Poland. In the 

selected period there were not observed significant changes in the z-score. The trend 

was more or less upward sloping, which can sign the recovery after crisis. For each 

country holds that the average z-score was lower in year 2008 than in year 2012. The 

bank soundness was the lowest in Hungary in year 2008 and the highest value of the 

z-score was observed in Poland in year 2012. 
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Figure 4.4-1 Average z-score for the selected sample 

 

Source: Author’s computations 

 

To sum it up, we can say that the bank soundness improved during selected time 

period. The banking system in Hungary is the least sound from our sample, while the 

Czech Republic and Poland bank market both have highest value of the z-score. 

4.5 Competition, efficiency, soundness and their 

relationship 

According to Schaeck & Čihák (2010b), we will examine the relationship between 

competition and bank soundness via efficiency channel in two steps. Firstly, we will 

examine the relationship between efficiency and competition. In the second step we 

will examine the link between the Boone indicator and bank soundness. 

4.5.1. The effect of competition on bank efficiency 

In this section we will test whether the higher level of competition represented by the 

Bonne indicator leads to higher bank efficiency. Schaeck & Čihák (2010b) proposed 

equation for panel data estimation. The model is expressed by following expression: 
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 itjtijtjtijt CXBEff    (4.5-1) 

where ijtEff  denotes cost efficiency of i-th bank in j-th country and t-th time period, 

jtB  is the Boone indicator in j-th country in t-th time period, ijtX is the vector of bank 

specific variables, jtC is the vector of country specific variables, it is the error 

component and  ,  ,  and  are parameters. 

For simplicity, we choose as independent variables natural logarithm of total assets, 

asset growth and asset growth squared similarly to Schaeck & Čihák (2010b). Total 

asset variable is used to control bank size, asset growth variable says if the expanding 

banks is also efficient and finally the squared of asset growth variable is used to deal 

with nonlinearities, which can be caused by enormous economic growth of banks. 

We can rewrite the equation ((4.5-1) and we obtain following form: 

 

ititiitjtijt AGAGTABEff    )1(
2

3)1(21 )log()log()log()log(  
(4.5-2) 

where ijtEff  denotes the cost efficiency of i-th bank in j-th country and t-th time 

period, jtB  is the Boone indicator in j-th country in t-th time period, TA  is total 

assets, AG  is asset growth and it is error component. The detailed description of 

variables is in following table. 

Table 4.5-1 Variables used for testing the relationship between competition and 

efficiency 

VARIABLES DESCRIPTION 

EFFICIENCY (Eff)  Dependent variable 

 Estimated efficiency score for each country 

separately 

 In the model natural logarithm of efficiency is 

used 

BOONE INDICATOR  (B)  Competition measure 

 Computed for each country and year 

TOTAL ASSETS (TA)  Total assets 
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 In the model natural logarithm of total assets is 

used 

ASSET GROWTH (AG)  (Total assetst – Total assets(t-1))/ Total assets(t-1) 

 In the model the lagged value of this variable 

and the natural logarithm of the variable is used 

ASSET GROWTH SQARED 

(AG
2
) 

 ((Total assetst – Total assets(t-1))/ Total assets(t-

1))
2
 

 In the model in the form of natural logarithm is 

used 

 

The efficiency is defined by the efficiency score estimated for each country 

separately as described in chapter 4.2.3. As a measure of competition we use the 

Boone indicator estimated for each country and year separately as was shown in 

chapter 4.3.2. According to results from Schaeck & Čihák (2010b), the Boone 

indicator is a good measure of competition, because in reflects 80% of other 

variables, which determine the competition. 

We will use natural logarithm of all variables except of the Boone indicator to ensure 

linearity. Asset growth is lagged by one time period, because asset growth in one year 

usually effects the efficiency in next year. In accordance with Schaeck & Čihák 

(2010b) we expect that the relationship between the asset growth and the efficiency is 

negative, because banks, which has enormous growth, are less effective. We also 

expect that the negative relationship between the Boone indicator and cost efficiency 

as well, because Schaeck & Čihák (2010b) state that the lower values of the Boone 

indicator, the higher competition. 

The empirical estimation was done in Gretl software. We used the panel data model 

with fixed effects, because according to Hausman test, which is equal to 3,73391 with 

p-value = prob(χ
2
 (4) > 3,73391) = 0,443212, we can reject the null hypothesis, which 

says that model with random effects is consistent. The empirical results are 

summarized in following table.  
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Table 4.5-2 Descriptive statistics of the link between competition and efficiency 

 COEFFICIENT STANDARD 

DEVIATION 

T - RATIO P – VALUE 

CONST 0,203621 0,371009 0,5488 0,5866 

BOONE 

INDICATOR 

-0,00912852 0,00273967 -3,332 0,002
*** 

LOG (TA) -0,0190123 0,0163028 -1,166 0,2514 

LOG (AGt-1) 0,00425024 0,00188227 2,258 0,0303
** 

LOG (AGt)
2 

0,00367942 0,00113992 3,228 0,0027
*** 

R2 0,993634 

Durbin-Watson 

Statistics      

1,086322 

Source: Author’s computations 

The empirical results presented in Table 4.5-2 support the expectation that efficiency 

is influenced by competition and that there is a positive link between these two 

variables, which is in accordance with “competition-efficiency” hypothesis. 

However, the hypothesis that the asset growth has negative effect on bank efficiency 

cannot be confirmed. If we have a look at the Durbin-Watson statistics, we can 

conclude that the variables are somehow positively correlated. It can be explained by 

the fact that the Boone indicator is based on the efficiency theory. 

4.5.2. Bank soundness and the Boone indicator 

According to Schaeck & Čihák (2010b), the Boone indicator can be used to estimate 

link between competition and bank soundness. The model defined in Schaeck & 

Čihák (2008) looks like follows: 
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 itjtijtjtijt CXBZ    (4.5-3) 

where ijtZ  denotes bank z -score of i-th bank in j-th country and t-th time period, jtB  

is the Boone indicator in j-th country in t-th time period, ijtX is a vector of bank 

specific variables, jtC is the vector of country specific variables, it is error 

component and  , e  ,  and  are parameters. 

For simplicity we used just some independent variables from Schaeck & Čihák 

(2010b). First control variable is the natural logarithm of total assets, which describes 

bank size. The authors explain that larger banks more often face to-big-to-fail 

policies. Second control variable is fixed assets to total assets ratio. This variable can 

be an indicator for the market power and the bank size, because higher share of fixed 

assets indicates that bank has wide office network. Finally, we used as a control 

variable asset growth, which reflects differences in banks' risk taking preferences. 

Since Leaven & Levine (2009) state that the z-score is highly skewed and thus they 

use z-score in logarithm form, we will use the natural logarithm of the z-score in the 

model described by equation (4.5-3) as well. If we rewrite the equation (4.5-3), we 

obtain equation in following form: 

 

ittiititjtijt AG
TA

FA
TABZ    )1(321 )()()log()log(  

(4.5-4) 

where ijtZ  bank soundness measured by z-score of i-th bank in j-th country and t-th 

time period, jtB  is the Boone indicator in j-th country in t-th time period, TA  is total 

assets, FA  stands for fixed assets, AG  is asset growth lagged by one period and it is 

error component. 

The detailed description of used variables is following table. 
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Table 4.5-3 Variables used testing the relationship between competition and 

efficiency 

VARIABLES DESCRIPTION 

Z-SCORE (Z)  Dependent variable 

 In the model the natural logarithm of z-

score is used 

BOONE INDICATOR  (B)  Competition measure for each country 

and year 

TOTAL ASSETS (TA)  Total assets 

 In the model the natural logarithm of total 

assets is used 

FIXED ASSETS/TOTAL 

ASSETS (FA/TA) 

 Fixed assets/total assets 

ASSET GROWTH (AG)  (Total assetst – Total assets(t-1))/Total 

assets(t-1) 

 In the model the lagged value of this 

variable is used 

 

For the empirical estimation we used the Gretl software. We used the panel model 

with fixed effects, because the null hypothesis of the Haussman test was rejected
19

. 

The obtained results are summarized in following table. 

Table 4.5-4 Descriptive statistics of the link between competition and soundness 

 COEFFICIENT STANDARD 

DEVIATION 

T - RATIO P - VALUE 

CONST 6,44457 4,16577 1,547 0,1243 

BOONE -0,0347239 0,0204607 -1,697 0,0921
* 

LOG (TA) -0,153327 0,184274 -0,8321 0,4069 

                                                 

19
 Hausmann test is equal to 5,06118 with p-value = prob(χ

2
(4) > 5,06118) = 0,281077 
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FA/TA -5,86999 12,0276 -0,488 0,6264 

AGT-1 -0,268496 0,139003 -1,932 0,0556
* 

R2 0,953454 

Durbin-Watson 

Statistics      

1,930288 

Source: Author's computation 

 

These results suggest that the competition is significant variable to determine bank 

soundness at 10% significance level. If we have a look at Durbin-Watson statistic, we 

can conclude that the autocorrelation is insignificant.  

According to Schaeck & Čihák (2010b) the inverse relationship between soundness 

and Boone indicator means that profit is reallocated from ineffective banks to 

effective banks, which indicates sound behaviour of banking system. Nevertheless, 

the significance level is quite high and thus the result is unsatisfactory. Schaeck & 

Čihák (2008) mention that if the data sample consists of commercial banks only, the 

Boone indicator can be positive and even insignificant, because the relation between 

competition and efficiency is less pronounced in commercial banks. The authors' 

empirical results suggest insignificant relationship between the Boone indicator and 

the z-score for European commercial banks. 

To sum it up, competition has a positive impact on bank soundness
20

, which support 

the “competition-stability” hypothesis. Moreover, since we used the Boone indicator 

as a measure of competition, which is based on efficiency theory, our findings 

confirmed the positive link between competition and bank soundness via efficiency 

channel.  

 

                                                 

20
 Schaeck & Čihák (2010b) came to the same conclusion 
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5 Conclusion 

The aim of this thesis was to examine the relationships between competition in 

financial sector and bank soundness. As the degree of competition is important factor, 

which determines the access of firms and households to financial goods and services, 

competition in banking sector is crucial to determine economic growth. It is expected 

that competition effects bank performance. At the first sight, it may seem that 

competition has just positive impact on bank soundness. Higher degree of 

competition encourages banks to minimize prices of products and services. In other 

words, banks are encouraged to eliminate their cost inefficiencies. As a consequence, 

bank competition leads to sounder banking sector. However, this thesis showed that 

the link between competition and soundness is more complex. Bank soundness plays 

an important role in economic development and credit growth. Because of that, bank 

soundness is a key indicator for overall economic stability. The impact of competition 

on banks soundness is thus important for making policy implications. 

In the theoretical part were introduced different approaches to competition, efficiency 

and soundness. It summarized the existing theories describing links among these 

three objectives. It was concluded that there is no clear consensus whether the degree 

of competition has positive or negative effect on bank soundness. Further on, it was 

introduces possible measurements of competition, efficiency and soundness. It was 

shown that there are several methods used to measure these economic indicators. In 

some cases, it is not easy to decide, which methods is more appropriate to use. 

In empirical part, we examines the link between competition and bank soundness via 

efficiency channel. Our dataset contains 46 commercial banks from Visegrad group: 

the Czech Republic, Hungary, Poland and Slovakia, during the period 2008 – 2012. 

Firstly, we estimated the degree of competition. We used the Boone indicator, which 

is an innovative measurement of competition based on the theory that more effective 

banks generate more profit and thus gain greater market share than less effective 

banks. As a measure of efficiency, we used the SFA method, because it enables us to 

decomposition the error term to error art and to the inefficiency term. We consider 

the concept of efficiency. The bank soundness is measured by z-score. 
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We found that there is no significance differences across selected data sample. There 

is also no evidence of improvement in the observed time period. On the other hand, 

there were noticed some changes in competition. However, we cannot observed any 

improvements during selected time period as well. In the case of soundness, we 

observed upwards looping trend, which can be explained by recovering after crisis. 

To examine the link among competition, efficiency and bank soundness, we used two 

stages procedure. Firstly, we examined the relationship between competition and 

efficiency. We used efficiency as dependent variable and the Boone indicator, which 

measure competition, as one of the explanatory variables. The results suggest the 

positive relationship between competition and efficiency, which supports the 

“competition-efficiency” hypothesis. Moreover, it supports our expectation that 

higher degree of competition leads to reduce inefficiency in banking. Secondly, we 

will focus on the relationship between competition and bank soundness. We regress 

bank soundness measured by z-score on selected bank-specific characteristic, one of 

them is the Boone indicator. The characterization of the Boone indicator allows us to 

determine the relation between competition, efficiency and bank soundness. The 

obtained results confirmed that competition positively influenced bank soundness via 

efficiency channel. 

To sum it up, we confirmed that there is a link between competition and bank 

soundness via competition-efficiency nexus. We supported the theory that 

competition contributes to sounder banking system. Finally, our results suggest a 

positive relationship between competition and efficiency. 
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7 Appendix 

A I. Banks used in the analysis 

Bank 

number 

Bank name Country Average total 

assets 

1 Ceska Sporitelna a.s. CZECH 

REPUBLIC 

46 241 733 267 

2 Ceskomoravska Zarucni a Rozvojova 

Banka a.s.-Czech Moravian Guarantee 

and Develpoment Bank 

CZECH 

REPUBLIC 

3 842 528 045 

3 Ceskoslovenska Obchodni Banka A.S.- 

CSOB 

CZECH 

REPUBLIC 

46 547 200 179 

4 GE Money Bank as CZECH 

REPUBLIC 

6 949 448 743 

5 Hypotecni banka a.s. CZECH 

REPUBLIC 

8 891 188 269 

6 J&T Banka as CZECH 

REPUBLIC 

2 988 663 744 

7 Komercni Banka CZECH 

REPUBLIC 

38 069 959 605 

8 LBBW Bank CZ a.s CZECH 

REPUBLIC 

1 511 937 348 

9 Modra pyramida stavebni sporitelna as CZECH 

REPUBLIC 

4 043 749 007 

10 PPF banka a.s. CZECH 

REPUBLIC 

3 009 385 666 

11 Stavební Sporitelna Ceské Sporitelny CZECH 5 338 904 086 
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as REPUBLIC 

12 Unicredit Bank Czech Republic AS CZECH 

REPUBLIC 

14 893 063 218 

13 Budapest Bank Nyrt-Budapest Hitel-és 

Fejleszési Bank Nyrt 

HUNGARY 4 459 155 537 

14 CIB Bank Ltd-CIB Bank Zrt HUNGARY 12 576 653 439 

15 Erste Bank Hungary Nyrt HUNGARY 13 940 600 858 

16 Granit Bank Zrt HUNGARY 155 733 809 

17 K&H Bank Zrt HUNGARY 14 355 680 461 

18 MKB Bank Zrt HUNGARY 13 973 324 937 

19 OTP Bank Plc HUNGARY 47 351 611 580 

20 Raiffeisen Bank Zrt HUNGARY 11 339 177 871 

21 UniCredit Bank Hungary Zrt HUNGARY 8 116 483 835 

22 Bank BPH SA POLAND 11 855 043 686 

23 Bank Handlowy w Warszawie S.A. POLAND 13 327 046 143 

24 Bank Millennium POLAND 15 880 984 529 

25 Bank Ochrony Srodowiska SA - BOS 

SA-Bank Ochrony Srodowiska Capital 

Group 

POLAND 4 631 537 907 

26 Bank Polska Kasa Opieki SA-Bank 

Pekao SA 

POLAND 45 441 170 719 

27 Bank Zachodni WBK S.A. POLAND 18 634 680 408 

28 BNP Paribas Bank Polska SA POLAND 6 676 293 981 

29 BRE Bank Hipoteczny SA POLAND 1 480 012 796 
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30 BRE Bank SA POLAND 29 722 180 363 

31 Fiat Bank Polska POLAND 413 358 554 

32 HSBC Bank Polska SA POLAND 1 280 627 172 

33 ING Bank Slaski S.A. - Capital Group POLAND 22 386 339 514 

34 Nordea Bank Polska SA POLAND 8 388 782 877 

35 Pekao Bank Hipoteczny Sa POLAND 624 248 347 

36 Polski Bank Przedsiebiorczosci Spolka 

Akcyjna 

POLAND 553 191 025 

37 RBS Bank (Polska) SA POLAND 1 590 429 317 

38 SGB Bank SA POLAND 2 618 604 426 

39 CSOB Stavebna Sporitelna SLOVAKIA 260 036 220 

40 OTP Banka Slovensko, as SLOVAKIA 1 836 925 968 

41 Post Bank JSC-Postova Banka, A.S. SLOVAKIA 3 403 919 381 

42 Prima banka Slovensko a.s. SLOVAKIA 3 185 197 285 

43 Sberbank Slovensko, as SLOVAKIA 2 062 783 890 

44 Tatra Banka a.s. SLOVAKIA 12 640 145 644 

45 UniCredit Bank Slovakia a.s. SLOVAKIA 5 399 770 313 

46 Vseobecna Uverova Banka a.s. SLOVAKIA 14 680 362 805 
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A II. Generalized likelihood tests 

 

DATASET  VALUE OF GENERALIZE LIKELIHOOD-

RATIO TESTS 

ALL COUNTRIES 42,0496 

THE CZECH REPUBLIC 70,7076 

HUNGARY 25,2306 

POLAND 124,036 

SLOVAKIA 50,5148 

Source: Author's computaion 

 

 


