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Abstract 
 

This thesis examines the bank efficiency and the impact of the regulatory and 

supervisory instruments on the efficiency of banks actively performing on the financial 

markets in the countries of European Union. Our analysis concerns 8-year time period, 

covering also the period of global financial crisis with the aim to determine possible 

changes in the relationship regulation versus efficiency. We apply SFA Fourier-flexible 

model for estimation of profit and cost efficiency scores. Consequently we use GLS 

panel data estimation in order to test for the regulatory determinants of efficiency, we 

have specified 6 various models with the focus on different regulatory instruments. 

Results firstly suggest that high cost efficiency does not necessarily imply high bank 

profit efficiency. Secondly, we uncovered the negative relation between market 

concentration, the level of development of financial market and the cost efficiency of 

foreign banks. Thirdly, we also found evidence supporting the assumption of positive 

impact of private monitoring and the independence of supervisory authority implying 

the increasing of transparency in the market. Additionally, we uncovered support for 

negative effect of activity and diversification restrictions. However, the results 

concerning the financial crisis period are intensified and some variables are providing 

support for different effects.  
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Abstrakt 

 
Táto práca je zameraná na výskum bankovej efektívnosti a vplyvu nástrojov regulácie 

a dohľadu na efektivitu aktívnych bánk v krajinách Európskej únie. Naša analýza sa je 

zameraná na 8-ročné obdobie 2005-2013, ktoré zahŕňa aj obdobie globálnej finančnej 

krízy. Naším cieľom je odhaliť možné zmeny vo vzťahu medzi supervíziou, reguláciou 

a efektivitou bánk spôsobené práve neistotou oslabením ekonomickej aktivity a iných 

činiteľov sprevádzajúcich ekonomickú krízu. Na odhadnutie nákladovej a ziskovej 

efektívnosti jednotlivých bánk sme aplikujeme SFA Fourier-flexibilný model. V druhej 

časti analýzy využívame GLS metódu pre odhad panelových za účelom určenie vplyvu 

jednotlivých regulačných nástrojov na efektívnosť. Na základe premenných regulácie 

a supervízie sme špecifikovali 6 rôznych modelov. Po prvé, výsledky ukazujú, že 

vysoká nákladová efektívnosť neimplikuje vysokú ziskovú efektívnosť. Po druhé, 

odhalili sme štatistickú podporu podporujúcu teóriu a negatívnom vplyve koncentrácie 

a rozvinutosti trhu na nákladovú efektívnosť zahraničných bánk. Po tretie, výsledky 

analýzy odhalili pozitívny vplyv monitorovanie súkromného sektora a nezávislosti 

dozorného orgánu na efektívnosť bánk, z čoho vyplýva dôležitosť zvýšenie 

transparentnosti na trhu. Posledným výrazným výsledkom našej analýzy je dôkaz 

týkajúci sa obmedzenia aktivít banky a diverzifikácie. Výsledky vychádzajúce 

z obdobie krízy ukazujú výraznejší dopad nástrojov regulácií a supervízie ako aj zmenu 

vo vplyve determinantov.  
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1 Introduction 

 

 

 

 

The aim of this thesis is to examine the phenomenon of bank efficiency with the focus 

on the determination of the impact of current regulatory and supervisory instruments 

on the efficiency across countries in European Union. Recent situation concerning the 

Global Financial Crisis (GFC) has risen many questions and therefore important part 

of our study is dedicated to the analysis of the changes in efficiency scores during the 

time of financial crisis and consequent economic slowdown (2009-2013). We consider  

836 banks from 28 countries over eight-year period between 2005 and 2013.  

 

There are many studies discussing the topic of the bank efficiency. In this thesis our 

main focus is the comparison analysis of the variability in the estimates for the crisis 

and pre-crisis period. We have used two approaches of the efficiency estimation-profit 

efficiency and cost efficiency to be able to provide more complex view on the single 

regulation determinants and their impact on the efficiency. Final hypothesis in this work 

is to estimate the overall influence of the regulation on the efficiency regarding the 

crisis period if the influence across the time period is enhancing/decelerating the 

efficiency convergence to the frontier isoquant. 

 

The thesis is further organized as follows. In the next section, brief introduction to the 

importance of the regulation is described along with summary of related literature and 

description of the theoretical background for the methodology we decided to use in our 

estimation of the efficiency scores. Section 3 addresses the process of data collection 

and methodology used and further introduces the authors’ own application. The 

econometrical analysis is performed, hypotheses are tested out and followed by 

presented and discussed results. In Section 4, main points of the thesis are reviewed. 

Section 6 provides number of references for further reading followed by Appendices in 

Section 7. 
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2 Theoretical Background 

 

2.1 The importance of regulation and supervision of banks  

2.1.1 The Role of Banks 

A well-functioning financial system is an essential determinant important for the 

promotion of economic growth and development as well as the stability. Financial 

system is not just a compound of institutions that serves for the credit issuance for 

financial investments and payments transfer. According to the study of Crockett (2011) 

financial system can be considered as the central nervous system of a market economy 

providing all the functions directing the allocation of resources in the economy.  

Therefore it is an important issue for countries to enhance the development of the 

financial system, where banks play a crucial role as a channel of the conduction of 

monetary policy as well as the mediator of payment mechanism through which all the 

payments are conducted. The existence of banks and other financial intermediaries is 

conditioned by their unique ability to efficiently cope with the fact that information is 

costly (Bollard, et al., 2011). Banks have the ability to reduce transaction costs in the 

services they provide due to the volume of performed transactions and exploit returns 

to scale by writing and enforcing the debt contract with clients (Barth, et al., 2005). The 

volume of provided services gives banks other functions as the maturity transformation, 

pool of short-term deposits with no or minimal restrictions can be used to finance long-

term (illiquid) assets like loans of larger amounts-mortgage, business lending. 

Therefore banks are viewed as providers of services of divisibility, maturity, and risk 

transformation (Barth, et al., 2005).  

Problem of asymmetric information arises from the uncertainty that lenders are facing 

about the potential borrowers especially, especially about their creditworthiness, 

because they are not able to predict some borrowers’ characteristics, actions or 

intentions. Banks have the advantage to overcome the problem of asymmetric 

information in the credit markets by delegated monitoring. The process of screening 

gives bank the advantage to accommodate the rate of interest rate according to the risk 

arising from the side of the borrower, “to put the borrower’s hands in the game” in 
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order to prevent from moral hazard problem that individual would have incentives to 

misbehave and compromise the credit contract. “As a result, the bank is in a position to 

provide cheap ''informed'' funds as opposed to costly ''uninformed'' or arm's length 

funds (Barth, et al., 2005, p.7).” The reduction of agency costs has positive influence 

on increase in the bank’s efficiency, once the information is collected, the monitoring 

and evaluation does not have to be undertaken for other claims. Over the time the banks 

have started with the implementation of the strategy of customer relationship with their 

clients. This kind of relationship enables banks to possess a more detailed knowledge 

about the borrowers over time for less cost and even more decrease the informational 

asymmetries. On the other hand, the information about the borrowers is in the hands of 

a bank, which lead in acquire of some degree of informational monopoly and privileged 

position on the market. The client is locked in the customer-bank relationship facing 

high switching cost in case of a change of the lending institution and even is pushed to 

pay higher interest rates above competitive level, while their creditworthiness is 

unknown for the competitive institutions on the market (Ariccia, 1997).  

 Considering the bank liabilities, banks can think of banks as a pool of liquidity that 

protects households and firms against the idiosyncratic shocks that can influence their 

needs. (Barth, et al., 2005). As the idiosyncratic shocks are independently distributed 

investors should be able to invest large amounts in illiquid (long-term) assets, while the 

banks are still able to satisfy the depositors need to withdraw their short-term funds. 

The transformation of the maturity as it is mention above is considered as one of the 

most important functions of the modern banking but on the other hand it can be also an 

instrument that can make the banks fragile and prone to crisis (Bollard, et al., 2011). In 

the situation when a huge number of depositors decide to withdraw, a bank is facing a 

situation when the long-term assets need to be sold despite the losses. There is still a 

high risk of systemic liquidity shock when investors tend to herd and follow the 

previous investors in withdrawals (Fernando, et al., 2001).  

The globalization of trade and services has also increased banks’ efforts to expand 

abroad and provide the service to their existing customers and also to reach new 

customers internationally. Statistics show that in CEE countries approximately more 

than 90% of banks are foreign owned, in the USA more than 30% of banks are European 

and in Asian countries the share of foreign owned banks rise approximately up to 50%. 
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Banks have become more internationalized and even provide more services abroad than 

in their home country. The fast globalization has stimulated development of new 

technologies positively influencing the cost efficiency of banks through the collection, 

procession of information (Barth, et al., 2005). The economic development across the 

countries has contributed to the change in the role of banks, with respect to the increased 

importance of capital markets, providing more possibilities for management of their 

unfavourable risks through hedging. For the stability and growth of system it is 

important that every role is performed with as high efficiency as possible and 

consequently that the agents acting in the market do not place obstacles in the way of 

the appropriate use of instruments that reduce financial risk (Crockett, 2011). 

2.1.2 Market Imperfections and the Need for Regulation 

The main reason for public intervention in the economy in general has been the need to 

correct market imperfections and discrepancies in the allocation of resources, which is 

in case of the financial system in particular extremely important. Capital accumulation 

and allocation of financial resources are crucial to economic development of each 

country (World Bank, 2015). 

The assumption of stable and developing financial markets mentioned above is very 

simplified and theoretical. According to economic analysis, financial markets are 

imperfect themselves. The financial intermediaries find their origin in some of these 

imperfections and are capable of more natural resolution with respect to the 

governmental interventions (Heremans, et al., 2012, p. 952). However, there are still 

several main market imperfections that arise in the financial markets that have to be 

dealt with.  

First, financial operations are characterized by risk and uncertainty due to their close 

connection with the future. Most of the decisions, connected to the key financial 

services, are depending strongly on the expectations, which are just adjustment to the 

actual situation in the market. The actors unpredictably and usually collectively (herd 

effect) change their expectations accommodating to the new state of the market, which 

is a reason for the high volatility and instability of the financial markets.  

Secondly, banks are facing two-sided asymmetric information problem. Market actors 

possess different kinds of information. Therefore, the relationship between the parties 
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may not be equal and one party may not have access to the information needed about 

the other party to be able to make proper decisions. On the asset side there is a risk that 

banks may not be able to uncover the information about the borrower intentions or the 

real borrower‘s abilities to repay the loan (Heremans, et al., 2012). On the contrary the 

development of technologies provides banks with more possibilities for efficient 

monitoring. The information about the individual is in private holding of banks. The 

information monopoly gives banks larger market power and “locks” the clients in the 

relationship with the bank because of the threat of high switching costs for change of 

the bank. The privileged position of the bank in the market then enables banks to 

increase interest rates above the market equilibrium and increase their profits at the 

expense of higher costs for customers. Looking at the liability side, banks do not 

possess the information about the depositors’ intentions about the time of the 

withdrawal and the amounts of their withdrawals (Heremans, et al., 2012).  

Third imperfection arising in the banking sector is the problem of negative externalities. 

The financial market is closely interconnected (inter-banking market for the 

transactions among the banks) comparing to the other markets in the economy. 

Therefore, the effects of a bank in a failure may cause unjustified panic among the 

depositors and consequently spill over to the whole banking sector or the whole 

economy. In the situation when the savings cannot be withdrawn the credit ability is 

undermined and the extent of such a contagion in the market depend heavily on the 

soundness of the failing bank and its connections in the interbank market (Bollard, et 

al., 2011). The integration of financial markets, the internationalization and 

developments in cross-border banking activity, as well as the diversification and 

complexity of financial activities have shifted the systemic implications from the 

national level into the international level, not only EU-level but with the global extend 

(Ungureaunu, 2008).  

 

Lastly, financial system is responsible for an important commodity: money. Money 

circulating in the economy has an impact on the stability of prices. Therefore money 

supply decisions, despite its profitability, cannot be taken for granted. The unregulated 

money creation may not lead in the desired stable price levels (Heremans, et al., 2012). 

Banks are inherently prone to bank runs, especially on the liability side of their balance 

sheet considering the nature of their services provided. By the nature of the services 
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provided, banks are subject to various risks, including bank runs. The minimization of 

the market imperfections and support the efficiency and stability of the market function 

has been a strong motivation and reason for the intervention in the banking sector, 

through implementation of rules-regulation, supervision of compliance of rules and 

monitoring of the bank behavior. 

2.1.3 Regulatory Approaches 

This part is dedicated to provide a simplified categorization and description of the 

regulation and supervision, with the aim to provide a reader with a brief insight on the 

underlying topic that will be in more detail discussed in this work.  

 The main original goal of bank regulation is to prevent or to reduce the probability of 

bank runs. The motivation is easy to find, the statistical data shows occurrence of more 

than 100 systemic bank crises with devastating consequences for economies all around 

the world since the 1970s’ (Barth, et al., 2013). 

The biggest challenge in the topic of regulation of banking sector is to design and 

implement a complex measure that will allow for stable functioning of financial 

markets with beneficial impact on allocation of resources while decreasing the 

incentives of banks in excessive risk taking and also will ensure the securitization of 

rights of customers. “Generally, the concept of banking regulation and supervision is 

defined as control over the creation, operation, and liquidation of banks (World Bank, 

2015).” 

Main regulatory objectives are connected the following aspects: i) entry of new 

domestic and foreign banks; ii) restrictions on bank activities; iii) safety net support; 

iv) disclosure of accurate comparable information; v) government ownership 

(Ungureaunu, 2008).  

Throughout the history, different regulatory and policy measures have been developed. 

Public authorities concentrated themselves to the ex post interventions, offering the help 

and protection to customers and financial intermediaries in the times of probable 

problem with insolvency, such as lender of last resort, deposit insurance as well as the 

ex-ante interventions with the purpose of the prevention against the possible occurrence 
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of insolvency and illiquidity, which has been proven as economically more efficient 

regarding lower costs (Crockett, 2011).  

According to the approach used by each state we can differentiate between prescriptive 

and market-oriented regulatory approaches, as it is mentioned in the study of Barth et 

al. (2006). The prescriptive approach is focused on enhancing the stability and safety 

of the financial system through the limitation of competition and market forces. The 

interventions are designed to limit the scope of activities provided by financial 

institutions with the risk that, regulations would be inflexible and not able to 

accommodate to the changing market environment and possibly decelerate the process 

of financial innovation in the market. The prescriptive approach contains measures 

concerning the restrictions on entry and on business activities,  

product line restrictions, geographic restrictions and regulation of interest rates. This 

approach was broadly used after the Great Depression. The banks were involved acting 

as a provider of investments in the security markets as well as the depositor. The banks 

have had consequently incentives to invest in riskier financial instruments and earn 

investment banking fees on the behalf of depositors taking part of the risk. Therefore 

there was a need for a restructuring and restriction of the services provided by banks in 

order to secure customers as well as to diminish the risk of contagion in the financial 

markets (Crockett, 2011). 

Recently, has been more focus oriented on the market-efficiency and the individual 

customer protection, which is represented in the market-oriented approach. “Regulators 

subscribing to a market-orientated policy encourage financial institutions to operate 

more freely in a market that is believed to function effectively, through controlling any 

risks (Ungureaunnu, 2008, p. 3).” Market-oriented approach emphasizes the indirect 

influence of the regulator through supervision to ensure good risk-management and 

leaves a space for financial institutions to correspond directly to the market 

development. Market-oriented approach is focused on the portfolio restrictions and 

supervision, capital adequacy standards, asset restrictions and diversification, rules, 

liquidity adequacy requirements, disclosure standards and reporting requirements, 

conduct and conflict rules Inspection and bank examination. 
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2.2 Literature Review  

Banking industry is one of the most regulated ones, therefore questions about the impact 

of regulatory policies on the performance, efficiency and stability has been often in the 

interest of the theoretical or empirical research.  

Purpose of this section is to review the existing literature focusing on the topic of bank 

regulation, supervision and their impact on the banks’ efficiency, performance, and 

stability. The available literature can be divided into two main groups. Firstly, is 

concerned with the theoretical framework concerning the regulatory policies, 

instruments and their importance considering the banks’ performance and the market 

stability, what is the optimal set of regulatory measures and why it is beneficial to study 

the relationship between the regulation and the actions subsequently undertaken by 

banks. Second group estimates the empirical impact of regulatory policies, used in order 

to secure the financial market, by using various econometric models looking on 

different aspects that the regulatory policies can possibly influence. 

 

2.2.1 Capital Adequacy restrictions 

Theoretical approach focusing on bank regulation and supervision is emphasizing the 

positive influence and importance of capital adequacy requirements. Capital, as a 

regulation instrument serves as a buffer against possible losses and hence diminish the 

occurrence of a failure (Barth, et al., 2003). However, it is discussed in study of 

Chortareas et al. (2010), whether it is precisely the implementation of capital 

requirements reducing the risk-taking incentives in banks decision-making.  

The empirical evidence in the study of Barth, et al. (2004) analyzing the data concerning 

bank regulation data from World Bank Database of Regulation and Supervision from 

1999 about 107 countries, has not found strong impact of capital regulation stringency 

on the development of bank as well as the interest margins. The results can be reasoned 

by the assumptions described in the theoretical framework, the capital adequacy 

requirements work beneficially if generous deposit insurance is implemented in order 

to distort the incentives; if the official supervision power is weak and banks are 

involved in complex range of activities. The positive correlation among the 

characteristics as well the positive impact of the capital regulation controlling for 

characteristics mention above on the bank’s efficiency serves as the confirmation of the 

theoretical assumption. On the other hand in terms of financial stability there has been 
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discovered significant negative influence of capital stringency and non-performing 

loans. Additionally, their study provides us interesting results of no existence of strong 

relationship between the stringency of capital regulation and likelihood of crises. On 

the contrary, study of Chortareas et al. (2010), analyzing data containing banks’, 

national characteristics and data regarding regulation and supervision from World Bank 

(1999, 2003, 2007) from EU countries in the years 2000-2008, has shown significant 

positive impact of capital regulatory policies on the bank’s efficiency. Positive effect 

of tighter capital restrictions has been discovered also in the study of Barth et al. (2013), 

with the analysis based on an un-balanced panel dataset containing 4050 banks 

observations in 72 countries over the period 1999–2007, using the World Bank 

regulation surveys (2004, 2006, 2008) as well as the BankScope database provided by 

Bureau van Dijk and Fitch Ratings. Additionally, with agreement of theoretical studies 

they have discovered supplementary relation of supervision power. The strong 

supervision power or capital requirements through decline in the likelihood of bank 

failure, decrease in agency problems and market power positively influence the bank’s 

efficiency. Usage of strict capital regulation as well as strong supervision power has 

counterproductive effect on the bank’s efficiency and this evidence has been shown in 

both studies of Barth, et al. (2004), as well as Chortareas et al. (2010). The study of 

Kim et al. (2013), analyzing the impact of regulation and supervision on the likelihood 

of financial crises using the financial and macroeconomic data or 132 countries in years 

2007-2009, has discovered a significant positive impact of capital stringency 

requirements on the likelihood of crises thorough the enhancement of the financial 

stability. The results of Barth et al. (2004), have been confirmed also in the study of 

Lee et al. (2013), analyzing the evidence from China using the DEA analysis on bank’s 

efficiency, their results show insignificant positive influence of capital adequacy ratios 

however in the regression model controlling for other regulatory measures turns out to 

be significant. It can be explained that capital regulatory measures interacts with 

broader types of policies related to the financial environment. Taking into account also 

the size of the bank the capital adequacy has influence on the risk reduction.  

The study of Pasiouras et al. (2009), using the financial data provided in BankScope 

and data for regulatory and supervision policies collected by World Bank (1999, 2003) 

for 615 banks from 74 countries during the time period 2000 and 2004, observed 

counter wise effect of capital requirements, described in the first pillar of Basel II, on 
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these two types of efficiency measures. The results has shown a positive impact has 

been shown on cost efficiency but a negative impact on profit efficiency. “A possible 

explanation for the positive cost efficiency effect is that higher capital requirements 

reduce the likelihood of financial distress and thus lower the need for costly risk 

management activities, whereas the lower profit efficiency could be associated with a 

balance sheet tilt towards more liquid, lower return assets (Pasiouras et al., 2009, p. 

298).” 

2.2.2 Deposit insurance 

Deposit insurance is an instrument providing depositors a guarantee that in the event of 

bank problems they will receive a certain portion of the face value of their deposits. 

The risk of illiquidity, following from the uncertainty about the depositors’ choice for 

the time and amount of their withdrawals is one of the main threats for the cause of 

bank runs. Deposit insurance is used by many countries in order to prevent in order to 

prevent the bank runs and decrease the risk of systemic crisis (Barth, et al., 2013). 

However, rich deposit insurance can be misused and can encourage excessive risk-

taking by banks representatives as well as decrease the attention of depositors to 

monitor the bank executives themselves. “Thus, the precise design of deposit insurance 

schemes, including coverage limits, scope 22% of coverage, whether coinsurance is a 

feature, sources of funding, premium structure, and management and membership 

requirements, may materially shape bank and depositor behavior (Barth et al. 2013, p. 

211).” 

The evidence in the work of Barth et al. (2004) has confirmed the assumptions of 

theoretical approach about the risk in the design of deposit insurance schemes. The 

generosity of the deposit insurance has a significant positive effect on the bank fragility. 

The results are consistent across the regressions using different regulatory policies. It 

has been agreed in the literature that deposit insurance is a tricky regulation that may 

increase the risk of moral hazard problem as well produces harmful effects on bank 

stability.  

2.2.3 Restrictions on the scope of activities 

“The scope of activities helps define what is meant by a “bank” and since the scope of 

permissible activities differs across countries, banks are not the same across countries 

(Bart et al., 2013, p.11).” It is the right of national regulators to give the license to banks 
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and specify permissible activities. The theoretical frameworks define different effects 

of these restrictions on actual bank’s behavior and performance. As it is summarized in 

the study of Barth et al. (2013), restrictions on banks’ activities may violate ability of 

banks to monitor and process information about customers, building reputational 

capital, as well as limit the range of services provided to customers. Furthermore, the 

restrictions in the scope and scale of banks’ activities decreases the bank’s ability to 

diversify the income streams and it may disturb the value of a bank which increases the 

incentives for bad behavior. Thirdly, the right of activity restrictions in hands of 

national regulators can create a space for abuse of power through the discretion right 

(Barth, et al., 2013).  

On the contrary to the previous arguments implying negative relationship with the 

activity regulations and the bank efficiency, we have also arguments that provide 

reasoning why are these regulations needed. The ability of banks to engage in broad 

financial activities is intensifying the moral hazard problems and enhancing the risk 

taking incentives in banks’ behavior (Crockett, 2011). As we can see in the evidence 

from the Great Depression in 1930s’. The activity restrictions are also a tool ensuring 

that banks are not able to develop into large and complex entities with strong position 

the market impossible to monitor and to regulate - “too big to discipline’’ as it is called 

in the study of Barth et al. (2013). The results of empirical analyses focused on the 

bank’s efficiency in the relation to the restrictions in bank’s activities confirmed the 

assumptions formulated in the study of Barth et al. (2013). Results of this study show 

that tight bank restrictions have significant negative impacts on bank efficiency. The 

results also imply the existence of potential tradeoffs between bank safety/soundness 

and efficiency taking into account also the positive impact of the capital adequacy 

regulations on the efficiency mentioned above. Negative impact of the restrictions on 

the bank’s activities has been pointed out also in the study of Chortareas (2010), 

specifying that the limitations in the engagement in the security market activities are 

significantly connected with lower performance as well as lower efficiency, decreasing 

the ability of risk diversification. Furthermore, the study of Barth et al. (2004), has 

described a high increase in the likelihood of suffering a major crisis associated with 

strengthening of restrictions in bank activities. The analysis confirmed the importance 

of the stabilization of income flows through the diversification in the bank activities, 

however the significance of the diversification is highly correlated with the stage of 
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development of securities market. Taking into account the variables, describing the 

economic development of the country as well as the interaction terms with other 

regulatory measures, the results of analysis has shown supporting evidence for the need 

of activity restrictions. A weak institutional environments, where the public sector is 

not able to sufficiently monitor banks due weak official supervisory powers or 

insufficient capital regulations, need to restrict bank activities in order to obtain higher 

efficiency in the financial market (Barth, et al., 2004).  

On the contrary, study of Kim et al. (2013), analyzing the impact of regulations or 

deregulation have contributed to the recent global financial crisis, found out significant 

positive influence of stronger activities restrictions on the decrease of probability of the 

banking crises, providing the explanation that due to the complexity of financial 

instruments for the risk transfer banks are more fragile and sensitive to small shocks in 

the market, with high danger of fast spread across the market or the whole economy. 

2.2.4 Entry to banking  

Entry limitations are closely related to the ownership regulations especially the 

participation of government in the ownership. National regulators regulate the degree 

of competition in the market by the implementation of the entry barriers. It is the role 

and right of regulators in every country to formulate and impose fair requirements and 

screen the possible entrants to analyze whether they are proper and fit the market 

structure. The barriers of entry are imposed in order to give the license to operate on 

the market only to those of higher quality and hence enhance the overall performance 

of the banking industry (Barth, et al., 2013). The evidence in the study of Barth et al. 

(2004), indicates that stronger restrictions on the entry into banking sector are positively 

associated with costs, however there is no significant relationship between restrictions 

and the overall performance of banking sector. However, the limitation on the bank 

entry as well as the foreign ownership is positively associated with the bank fragility 

and increase the probability of crises (Barth, et al., 2004).  

Regarding the bank’s efficiency Pasiouras (2008) discovered significant negative 

influence on entry barriers as well as negative influence of foreign ownership. In the 

analysis conducted by Kim et al. (2013), has been discovered positive influence of the 

strong bank entry regulations on the safety and soundness of banks, where the barriers 

can be seen as the instrument of the prevention of excessive risk taking which can 
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increase in highly competitive market in order to sustain the bank’s position in the 

market. However, the observing for the independent impact of the entry barriers the 

study has confirmed the results of Barth et al. (2004), for the significantly negative 

influence on the banks performance, increasing the probability of crises. Hence, in 

order to be able to prevent the market from the eventual crises and increase the stability 

in the market, the implementation process need to be done simultaneously and with the 

complexity with other regulations. 

2.2.5 Bank ownership  

Bank ownership is one of the important characteristics influencing the performance and 

the efficiency of banks. One aspect of government participation in the bank ownership 

can be better possibility for bank regulation, closer supervision and monitoring through 

the participation in the shareholders’ board. In the theoretical approach there are 

different views considering the government ownership. Firstly, it is considered that 

governments have the access to the privileged information and good incentives taking 

into account social welfare. These characteristics enables government to overcome or 

prevent from capital-market failures, to utilize possible externalities as well as to 

support socially beneficial investments (Barth, et al., 2004). On the contrary, due to the 

privileged position of the government there is a danger that government can act weaken 

the present regulatory policies and try to pursue policies underlying to enhancing of 

politically attractive decisions. Political power in the financial system can lead into 

decrease in efficiency through resource allocation, softens budget constraints. “A fairly 

common practice when banks are government owned is for the government to use them 

as a vehicle for financing government-owned or otherwise favored enterprises and 

projects. Under such circumstances, it should be no surprise that the supervisory 

authorities are expected to play a supporting role and thus may overlook certain 

problems (Barth et al., 2009, p.20).” Taking into account the relation of governmental 

ownership and the practices of bank regulations, we find a strong positive correlation 

with tighter restrictions on bank entry, prohibitions on foreign loans and negatively 

associated with private monitoring (Barth, et al., 2004). 

On the other hand, foreign ownership can be also tricky. The foreign presence in the 

market is a challenge for the supervisors in order to implement new jurisdictional 

regulations in order to ensure the fluent effective operation on the market. The 
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advantages of foreign ownership are the increase of competitive environment in the 

banking sector, which serves also as an accelerator for the development of the market 

and implementing the standards based in the home country. The foreign-owned bank 

underlying also to the home country regulation and supervision through its parental 

bank tends to operate on the market more efficiently, with lower tendencies for risky 

practices. Additionally, the presence of foreign owned banks may contribute to 

implementation of best practices used in the host country.  

The results in the empirical study of Barth et al. (2004), show that countries with higher 

percentage of government ownership are less financially developed and perform lower 

economic growth resulting from less developed and less stable and efficient financial 

markets. Furthermore, the study of Bertus et al. (2008), using dataset covering 153 

countries in the time period 2003-2004, shows results that the degree of government 

ownership deteriorates the bank’s efficiency and provided evidence of contribution 

increasing the likelihood of financial crises.  

2.2.6 Supervision - Official supervisory power 

Many models in theoretical frameworks point out the importance of the broad 

supervision powers. The reasons are following. Firstly, banks are prone to crises due to 

the risks arising from the scope of provided activities as well as from the operation on 

the financial market. As banks are difficult and too costly to monitor, strong supervisory 

powers is needed to be able to provide sufficient monitoring. An important question of 

supervision is whether it is in capabilities of the supervisory to obtain information from 

banks in order to take appropriate steps in the cases when there will be a need to change 

behavior of banks. The supervisory authorities should have the possession of 

discretionary power to be able to intervene in special cases and carry out proper steps 

to reverse the impending problem (Barth, et al., 2013).  

Secondly, in certain situations as in the countries using the deposit insurance 

regulations models, that have adverse influence on the incentives in the risk behavior 

along with the decrease in the monitoring incentives of depositors, supervision 

authorities serves a socially efficient role protecting the public interests (Barth, et al., 

2004). Every coin has two sides as well the powerful position of the supervisory 

institution may perform negative influence on the banks’ performance. Giving strong 

supervisory power to one institution have certain risks, for example the power and the 
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possession of privileged information about the banks can be misused benefit favored 

constituents, attract campaign donations, and extract bribes for bending the binding 

rules or requirements (Barth et al., 2004). Positive relation of powerful supervisory 

authority will diminish the positive effects of the supervision and deteriorate the bank 

development, performance and stability. Under these circumstances can be used courts 

intervention and some actions can be delayed or even canceled. However the courts 

have in certain situations limited power or even less power over the regulatory 

institutions (Barth, et al., 2013).  

With agreement in studies focusing on the analysis of the supervision as one of the 

variables, the evidence indicates that official supervisory power is not significant in 

explaining bank efficiency itself. Significant is the structure of the supervision how it 

is mediated and realization (Barth, et al., 2003; Pasiouras, et al., 2013; Barth, et al., 

2013; Lee, et al., 2014). Empirical studies have been concerned by various questions 

regarding the supervisory power. Using a sample of approximately 4000 commercial 

banks operating in 80 countries over the time period 2000–2006, Pasiouras and Caganis 

(2013) find out negative significant decrease in the bank efficiency with the rising 

number of financial sectors supervised by central bank. This result is not in agreement 

with the conclusion of Barth et al. (2003), emphasizing the positive relationship of the 

single supervisor on the bank’s efficiency, contributing in consolidated supervision, 

higher flexibility in supervision with less frictions in decision making, lower costs and 

higher transparency.  

Additionally, the regression results shown in the study of Pasiouras and Caganis (2013) 

pointed out that unification of supervisory agencies decreases profit efficiency of the 

banks in the market, emphasizing the differences among countries and the need of 

supervisory agencies to accommodate to the recent development of the financial system 

and reverse the from it resulting threats by appropriate instruments. The average tenure 

of supervisors and the independence of the supervisory authority are shown to be both 

statistically and positively significant in the relation to the banks’ profit efficiency, 

pointing out that strengthening supervisory power itself does not necessarily lead to 

higher bank efficiency, however the increase in the independence of the authority with 

supervisory power enhance the bank efficiency (Barth, et al., 2013).  

These results are confirmed also in the study of Barth et al. (2003), where the main 
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focus is concentrated on the analysis of the supervisory structure, scope, and degree of 

supervisory independence for 55 countries in all regions of the world and across all 

income levels. On the contrary the analysis of Pasiouras and Caganis (2013), provided 

counter wise results indicating central bank independence to decrease profit efficiency. 

The overall effect of supervision on the bank’s efficiency is positively correlated with 

the capital regulatory instruments and private monitoring leaving bigger space for 

increase in the market discipline leading in higher efficiency of the financial market 

with lower probability of occurrence of sever crisis (Pasiouras, et al., 2009). In 

particular, lower capital requirements, lower scale of supervisions by monetary 

authorities, adequate private monitoring and regulatory restrictions on bank activities 

are associated with greater banking system efficiency, creating possible global 

advantage for the financial entities acting in the market (Lee, et al., 2014). 

2.2.7 Private Sector monitoring 

Many theoretical studies have been recently broadly discussing the importance and the 

impacts of private sector monitoring. Regulatory and supervisory policies can influence 

the incentives and increase the ability of private investors to monitor and exert effective 

governance over banks. Enhancing the power of supervisory agencies to efficiently 

intervene in the market when it is required. “For example, the degree to which 

supervisory agencies require banks to obtain certified audits and/or ratings from 

international-rating agencies and disseminate accurate, comprehensive and 

consolidated information on the full range of their activities and risk-management 

procedures may influence the quality of private sector scrutiny of banks (Barth et al., 

2013, p.18).”  

Regarding the power of national regulatory and supervisory authorities to make bank 

directors legally responsible for publishing erroneous or misleading information 

influence positively the quality of information provided by banks to private investors 

and hence increase the ability to efficiently monitor and govern banks. Private 

monitoring is not an option for the environment with lax supervision, regulation and 

monitoring. It is a complementary tool enhancing the market discipline in order to 

increase the financial transparency that is positively associated with bank efficiency 

(Barth, et al., 2013). 

The empirical study of Chortareas (2010) described a positive and significant impact 
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of private sector monitoring on inefficiency, across all different regression models used 

in their study, indicating that private sector monitoring indeed increases the efficiency 

of banks. Considering the influence of private monitoring characteristics, the results of 

the Barth et al. (2013), suggests an external auditor requirement, the strength of external 

auditor and bank information disclosure to have a positive impact on the operational 

efficiency. These results indicate increase in the transparency of the monitoring and the 

higher contribution of private sector leading in to higher efficiency in the financial 

market. The positive relation of the private monitoring has been confirmed also in the 

study of Barth et al. (2004).  

Additionally, the results from this work suggest overall positive impact on the 

development of banking sector, the scale of the impact on the bank development has 

been proved as economically significant and large. However, also disadvantage of 

private monitoring has been discovered - negative influence on the interest margins and 

the level of nonperforming loans. Kim et al. (2013), suggest higher importance of 

private monitoring comparing to the governmental regulations, limiting the possibility 

of politicians to make biased decisions in favor of big bank corporates. 

2.3 Methodology 

 
This chapter’s purpose is to introduce the methodology used for the estimation of 

efficiency that is used afterwards in the empirical part of the thesis and the models that 

are used for the estimation of banks’ profit and cost efficiency in the relation to the 

regulation in the financial market. Firstly, we will provide the short description of the 

most appropriate methods used for the efficiency estimation. The section 1.3.1 focuses 

on a short description of Stochastic Frontier Analysis. Consequently section 1.3.2 is 

dedicated to the description of the theoretical background of the Data Envelopment 

Analysis. In both sections we focused also on the model specifications and 

consideration of the assumptions considering parameters of our analysis. Secondly, 

provide a discussion providing a comparison of the methods highlighting important 

advantages and disadvantages regarding the analysis of our interest and providing a 

conclusion which of the methods is the most beneficial for the purposes of our analysis.  

Methodology on the frontier of production and cost function and the analysis of the 

efficiency scores was first developed by Debreu (1951) and Farrell (1957). In 1957 



18 
 

Farrell (1957) has proved that the firm’s efficiency can be empirically derived and 

estimated based on the real production circumstances and situations. The breakthrough 

assumption was the allowance of existence of imperfect decisions of input-output 

allocations leading into inefficient operation of the firm. Departing from the assumption 

of perfect input-output allocation the efficiency scores of the firm has been defined as 

the deviations made from the ideal optimized production isoquants frontier, which is 

set as a benchmark. The basis of the efficiency measures is the radial 

contraction/expansion connecting inefficient observed points with (unobserved) 

reference points on the production frontier (Fiorentino, et al., 2006). Farrell (1957), 

defined the efficiency as consisting of two main components − technical efficiency and 

allocative efficiency forming together the total efficiency of Decision Making Unit 

(DMU). The technical efficiency describes the ability of a DMU to minimize amounts 

of input used to produce a desired certain amount of output. The allocative efficiency 

reflects the ability of a DMU to utilize inputs in optimal proportions, given their current 

prices and the production technology (Coelli, et al., 1997).  

Several approaches have been developed for the evaluation of the efficiency scores. 

According to the assumptions and techniques used to construction of the efficiency 

frontier model we can divide these approaches into several groups. Firstly, the main 

differences among methods arise from the assumptions imposed on the data in terms of 

the definition of the functional form of the best-practice frontier. Parametric methods 

are based on the strict classification of the functional form and also the deviations from 

it resulting in the inefficiency, which is important for the execution of statistical 

analysis. On the other hand, nonparametric methods do not impose any assumptions 

regarding the functional form of the best-practice frontier or distributional aspects about 

the inefficiency. In the deterministic approach, the base of the estimation of the 

inefficiency lies on the difference between observed levels of inefficient DMU’s 

production and an efficient reference of DMU on the frontier (Fiorentino, et al., 2006). 

The non-parametric methods are based on the linear programming to calculate 

piecewise linear segments of the efficient frontier. Secondly, the presence of random 

error and the precautions taken to deal with the impact on the production that might 

these errors have. Thirdly, the allowance of the existence of the random error raises a 

question of the probability distribution assumed for the inefficiencies used to 

disentangle the inefficiencies from the random error, we distinguish for example half-
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normal or truncated normal (Berger, et al., 1997). “Estimation of the frontier, in turn, 

allow for random noise in the analysis. This involves the estimation of a stochastic 

frontier. Thus, in the context of a production function, the output of a firm is a function 

of inputs subject to a production technology and inefficiency arising in the employment 

of that technology. Nonparametric methods, in turn, also allow random error in 

observed input-output combinations (Fiorentino et al., 2006, pp. 5).” 

In terms of the efficiency of banking institutions it is feasible to specify a functional 

form describing the production process involving multiple inputs and also taking into 

account variables that might have significant impact on the process itself. In the recent 

years, several methods have been adopted across the theoretical studies. The most 

common methods used for estimation of efficiency in banking sector scores are 

Stochastic Frontier Analysis (SFA) and Data Envelopment Analysis (DEA), which are 

also considered to be competing methodologies taking into account different theoretical 

assumptions of both methods. 

2.3.1 Stochastic Frontier Analysis 

The Stochastic Frontier Analysis was independently developed by Aigner et al. (1977), 

Battese and Corra (1977), Meeusen and Van den Broek (1977), who proposed to 

estimate the efficiency stochastic production frontier. Based on the assumptions about 

the distribution of the variables influencing the efficiency, stochastic frontier analysis 

decomposes the residuals into inefficiency and noise. Recently, have been most 

commonly used the dual approach empirical frontier analysis using the cost and profit 

analysis in order to estimate the efficiency scores, providing two aspects on the 

production of the DMU.  

The most important assumption of the SFA model is the knowledge and the ability of 

a proper description of a production function of the fully efficient DMU, from which 

are measured the deviations of the real production. Regarding the microeconomic 

theories, firms are facing one primary question of the optimization of the production 

with the aim of output vector Qit maximization (the profit maximization or cost 

minimization), produced by available input variables matrix Xit. This process can be 

described as a function of output quantity yit and input prices wit and other external or 

internal variables influencing the production. Taking into account variables and 
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circumstances influencing the production we have to assume also for the random shocks 

or variables with negative effect leading into inefficiency term of the production of 

DMU.  

Therefore, the function can be devoted as  

Qit = f(Xit,β)ξitexp(vit) (1),  

 where the term ξitexp(vit) stands for the inefficiency term - random shocks exp(vit) and 

ξit for the technical inefficiency of the production. We assume that the absolute value 

of ξit lies in the interval (0,1⟩ . If ξit =1 firm is achieving the ideal state of the 

production, if ξit <1 firm is producing optimally and there is still space for improvement 

of the technology to maximize the output Qit. Output Qit > 0 is strictly positive, 

therefore the degree of technical efficiency is assumed to be ξit > 0, strictly positive as 

well. The general model is usually described in the logarithmic form  

𝑌𝑖𝑡 = 𝑋𝑖𝑡𝛽 + (𝑉𝑖𝑡 − 𝑈𝑖𝑡) for i=1,…N, t=1,…T (2) , 

where 𝑌𝑖𝑡 denotes the logarithm of the production output Qit of the i-th firm in the t-th 

time period; 𝑋𝑖𝑡 is a (𝑘𝑥1 ) input matrix for firm i, 𝛽  is a vector of an unknown 

parameter, 𝑉𝑖𝑡  depicts random error, which accounts for the measurement error and 

other unpredictable factors influencing the value of output, together with the combined 

effects of unspecified input variables in the production function, with 𝑉𝑖 ∼ N(0,σv
2) and 

independent of the explanatory variables. The term Ui (Ui = log (ξit)) is describing the 

non-negative random variables, which are assumed to have impact on the inefficiency 

in the production, with the assumption to be iid, 𝑈𝑖∼ N |(0, σu
2 )| and independent of 

the 𝑉𝑖  (Fiorentino, et al., 2006). The stochastic isoquant defining the upper limit is 

characterized by the stochastic term ξit.  

𝑄𝑖𝑡 = 𝑒𝑥𝑝(∑ 𝛽𝑛 𝑙𝑛 𝑋𝑛𝑖𝑡
𝑁
𝑛=0 )  ∙ 𝑒𝑥 𝑝(𝑣𝑖𝑡) ∙ 𝑒𝑥 𝑝(−𝑢𝑖𝑡) (3), 

The estimation of the stochastic frontier model is depending on the deterministic part 

of the frontier model, which is defined by 𝑒𝑥𝑝(∑ 𝛽𝑛
𝑁
𝑛=0 𝑙𝑛 𝑋𝑛𝑖𝑡). The importance of 

deterministic part of the equation is following from the possibility of value of random 

error to be positive or negative. Therefore, the proper specification of the functional 



21 
 

form is important for the valuable estimation of the stochastic frontier model. Banking 

is a multi-input/output industry, due to this characteristic of the banking sector it is very 

difficult or even not possible to define the functional specification form properly. On 

the other hand, behavioral assumptions such as cost minimization are appropriate for 

banks and follow the duality consensus between production maximization and cost 

minimization problems. 

In the past years, the Cobb-Douglas function has been normalized as the base 

production function for the empirical estimations of the efficiency scores. In the recent 

years there has been incentives to find less-restrictive modifications of the production 

function in order to provide better description of the real production more 

comprehensive to the data. For the purposes of our analysis we concentrated mostly on 

two modifications that are used specifically for the empirical analysis of the efficiency 

in the banking sector. Berndt & Christensen (1973) has proposed transcendental 

logarithmic (‘translog’) function specification, which is less restrictive and more 

generalized form of the production function. It is based on the usage of more 

combinations of the product and two variables comparing to the original function 

(Irsova, 2009). The translog functional specification is considered to be the most 

frequently used for the estimation of efficiency. On the other hand in the recent years 

Fourier-flexible functional form has been receiving increasing attention and is 

considered to be the most relevant for the estimation of the efficiency of the banking 

sector data.  

2.3.1.1 Specification of the Transcendental (Translog) Model  

Transcendental logarithmic functional form is a type of generalization of the Cobb- 

Douglas production function. Translog functional form is nonlinear, describing the 

combination of the input and other outputs. Comparing to the Cobb-Douglas function 

it is more flexible and less restrictive on the assumptions on production elasticity and 

substitution elasticity, providing second order approximation. The usage of translog 

functional form also enables the imposition of restrictions on the parameters as for 

example the homogeneity conditions. The general formulization can be described as 

follow:  

𝑄𝑖𝑡 = 𝑒𝑥𝑝 (𝛽0 + ∑ 𝛽𝑛𝑙𝑛 𝑥𝑛𝑖𝑡 +
1

2
∑ ∑ 𝛽𝑛𝑚𝑙𝑛 𝑥𝑛𝑖𝑡

𝑀
𝑚=1

𝑁
𝑛=1

𝑁
𝑛=1 𝑙𝑛 𝑥𝑚 𝑖𝑡) + 𝑣𝑖𝑡 + 𝑢𝑖𝑡 (4), 
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the coefficients are reflecting the squares and sum for the interactions between the 

inputs and their quadratic forms influencing the final output values. The main 

disadvantage of the translog functional form is the difficult interpretation. Additionally, 

the complex interpretation together with the usage of the MLE function is increasing 

the probability of occurrence of the non-convergence in the results. The model using 

translog functional form has to be tested also for the multicollinearity in the data, 

because in the presence of multicollinearity better results will be provided by the Cobb-

Douglas functional specification. Considering the translog functional form for the cost 

production frontier, the model can be derived as: 

𝑙𝑛 𝑇𝐶𝑖𝑡 = 𝛽0 + ∑ 𝛽𝑛
𝑁
𝑛=1 𝑙𝑛(𝑄𝑛𝑖𝑡) + 

1

2
∑ 𝛽𝑛

𝑁
𝑛=1 (𝑙𝑛(𝑄𝑛𝑖𝑡))2 +

∑ ∑  𝑆
𝑠=1 𝛽𝑛𝑚 𝑙𝑛(𝑄𝑛𝑖𝑡) 𝑙𝑛(𝑄𝑠𝑖𝑡)𝑁

𝑛=1 + ∑ 𝛽𝑚
𝑀
𝑚=1 𝑙𝑛(𝑃𝑚𝑖𝑡) +

1

2
 ∑ 𝛽𝑚

𝑀
𝑚=1 (𝑙𝑛(𝑃𝑚𝑖𝑡))2 ∑ ∑ 𝛽𝑚𝑟

𝑅
𝑟=1

𝑀
𝑚=1 𝑙𝑛(𝑃𝑚𝑖𝑡)𝑙𝑛(𝑃𝑟𝑖𝑡) +  𝑢𝑖𝑡 + 𝑣𝑖𝑡 (5), 

where TC reflect the value of total costs, Q represents the vector of output quantity for 

i-th bank in time period t (i= 1, … . , 𝑁; 𝑡 = 1, … . 𝑇; 𝑛 = 1, … 𝑁; 𝑠 ≤ 𝑛 𝑠 = 1, … 𝑆) and 

P describes the vector of input prices for i-th bank in time period t (i= 1, … . , 𝑁; 𝑡 =

1, … . 𝑇; 𝑚 = 1, … 𝑀; 𝑟 ≤ 𝑚 𝑟 = 1, … 𝑅). 

2.3.1.2 Fourier Flexible Functional Form – Berger and Mester (1997) 

Fourier flexible functional form specification can be obtained from the translog 

functional model by addition of Fourier-trigonometric terms. Then the equation can be 

defined as follow: 

ln(𝑇𝐶/𝑝𝑛) = 𝛼 + ∑ 𝛽1ln (𝑝𝑖
𝑛−1
𝑖=1 )  +  ∑ 𝑄𝑘𝑙𝑛 𝑄𝑘 + ∑ 𝛾𝑟𝑙𝑛𝐸𝑟 +𝑛

𝑟=1
𝑛
𝑘=1

1

2
[∑ ∑ 𝛽𝑖𝑗ln (𝑝𝑖)

𝑛−1
𝑗=1

𝑛−1
𝑖=1 ] + [∑ ∑ 𝑄𝑘𝑚𝑙𝑛 𝑄𝑘 ln 𝑄𝑚

𝑛
𝑚=1

𝑛
𝑘=1 ] +

1

2
[∑ ∑ 𝜓𝑟𝑠 ln 𝐸𝑟 ln 𝐸𝑠

𝑛
𝑥=1

𝑛
𝑟=1 ] + ∑ ∑ 𝛿𝑖𝑘(ln (

𝑝𝑖

𝑝3
) ln(𝑄𝑘) +𝑛

𝑘=1
𝑛−1
𝑖=1

 ∑ ∑ 휀𝑖𝑟 ln (
𝑝𝑖

𝑝𝑛−1
) ln(𝑧𝑟) + ∑ ∑ 𝑟𝑘𝑟 ln 𝑄𝑘 ln 𝐸𝑟

𝑛
𝑙=1 + ∑ [𝜋𝑛 cos(𝑥𝑛) +

3(𝑛−1)
𝑛=1

𝑛
𝑘=1

3
𝑟=1

2
𝑖=1

𝑤𝑛 sin(𝑥𝑛)] + ∑ ∑ [𝜙𝑛𝑞 cos(𝑥𝑛 + 𝑥𝑞) + 𝑤𝑛𝑞 sin(𝑥𝑛 + 𝑥𝑞)] +
3(𝑛−1)
𝑞=𝑛

3(𝑛−1)
𝑛=1

∑ [𝜗𝑛𝑚 cos(𝑥𝑛 + 𝑥𝑛 + 𝑥𝑛) + 𝑤𝑛𝑛𝑛 sin(𝑥𝑛 + 𝑥𝑛 + 𝑥𝑛)]8
𝑛=1 + 𝑢𝑖𝑡 + 𝑣𝑖𝑡 (6), 

where ln TC is the natural logarithm of total costs (operating and financial); ln yi is the 
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natural logarithm of bank outputs; ln pi stands for the natural logarithm of i-th input 

prices; the xn describes, n=1,...,n-1, are values of the ln pi /𝑝𝑛−1 , i=1,2, with the values 

within the interval [0, 2], describing the number of radians (Description of variables as 

in Al-Jarrah I., Molyneux P., 2006). 

The bank inefficiency scores are then calculated from the estimated frontier as the 

expected value of the inefficiency effect, with the difference for the profit efficiency 

calculating the expected value of the negative of inefficiency term. 𝐶𝐸𝑘𝑡 =  𝑒𝑥𝑝(𝑢𝑖) 

and P𝐸𝐹𝑘𝑡 =  𝑒𝑥𝑝(−𝑢𝑖), resulting in the (in)efficiency with the scores between 0 and 

1. In order to obtain the scores of cost efficiency the result have to be generated as: 

𝐶𝐸𝐹𝑘𝑡 =  1 / 𝐶𝐸𝑘𝑡.  

2.3.2 DEA 

One of the most commonly used deterministic frontier analysis is the data envelopment 

analysis (DEA). DEA is based on the usage of the linear programming methods in order 

to construct non-parametric frontier isoquant over the data. The efficiency level of each 

DMU is calculated regarding to the producer with best-practice production. “DEA is 

based upon a comparative analysis of observed producers to their counterparts (Erkoc, 

2012, pp. 5).” First, Data Envelopment Analysis (DEA) technique was introduced by 

Charnes et al. (1978), using an input-oriented model with constant return to scale. 

However, the study of Charnes et al. (1978) was based on the research of the Farrel 

(1957), who was working on the development of better productivity models enabling 

the evaluation of the ongoing production of the firm, which was later used in the 

development of the efficiency concepts. One of the main assumptions of the model 

proposed by Charnes et al. (1978) is the operation of DMUs at constant return to scale 

(CRS). In other words increase k times increase in inputs results in k times increase in 

the output as well 𝑘 ∗ 𝑓(𝑋𝑖𝑡) = 𝑘 ∗ 𝑌𝑖𝑡). This assumption is quite restrictive and holds 

only in the situations when the assumption of DMUs production at an optimal scale 

holds. However, there are circumstances when the DMU might not be able to achieve 

the optimal scale production, such as DMUs operating in the markets with imperfect 

competition, with implemented government regulations or finance constraints. These 

circumstances are connected to the presence of the scale efficiency, which has a 

significant impact on the estimation on the technical efficiency. Due to the 

characteristics of the financial sectors the CRS model of DEA analysis showed as not 
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very feasible and comprehensive for the banking data (Coelli, et al., 2005). Later on, in 

the study of Banker,et al.. (1984) has been introduced the model with variable returns 

to scale (VRS), that provide a solution to the estimation of technical efficiency 

accounted for the impact of the scale efficiency. 

2.3.2.1 DEA CRS model 

 

The DEA CRS model can be, in more technical terms, described in following form. We 

assume to have data on N inputs and M outputs on each of i DMUs (in our case banks). 

The i-th DMU is represented by the vectors xi and yi. The NxI input matrix, X, and the 

M x I output matrix, Y, represent all the data collected for I DMUs. In order to obtain 

the relative efficiency score of a DMU we have to solve the fractional problem by 

solving a fractional program defined by maximization of the ratio of weighted sum of 

outputs to weighted multiple input subject to the constraints that the efficiency 

measures have to be less than or equal to one and non-decreasing weights.  

𝑚𝑎𝑥
∑ 𝑣𝑘𝑦𝑘𝑝

8
𝑘=1

∑ 𝑢𝑗𝑥𝑗𝑝
𝑚
𝑗=1

 

𝑠. 𝑡.
∑ 𝑣𝑘𝑦𝑘𝑖

8
𝑘=1

∑ 𝑢𝑗𝑥𝑗𝑖
𝑚
𝑗=1

≤ 1 ∀𝑖, 𝑣𝑘, 𝑢𝑗 ≥ 0 ∀𝑘, 𝑗, 

(7) 

(Assume i banks, each producing m different outputs using n different inputs) 

where k = 1,...,s, j = 1,...,m, i = 1,...,n and yki denotes output k produced by bank i, xji 

stands for input j used by bank i, vk and uj are weights given to output k and input j. 

The ratio has to be converted through Charnes-Cooper transformation assuming 

denominator of the ratio—the weighted sum of input ∑ 𝑢𝑗
𝑚
𝑗=1 𝑥𝑗𝑖 is equal to one, so that 

we decrease the number of possible solutions from the infinite into the linear 

programming, which is also known as the multiplier form. Using the duality principal 

in linear programming we can derive the data envelopment form of this optimization 

problem. 

𝑚𝑖𝑛𝜆𝜃 𝑠𝑡 − 𝑦𝑜 + 𝑌𝜆 ≥ 0, 𝜃𝑥0 − 𝑋𝜆 ≥ 0, 𝜆 ≥ 0 (8) 
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where 𝜃 is a scalar and 𝜆 is a vector of constants. The envelopment form involves fewer 

constraints than the multiplier form ( N+M< I+1), and therefore it is more easy to solve 

so it is a preferred form to use. The value of θ obtained from the solution of the problem 

is the efficiency score for the i-th DMU, where 0≤θ≤1. In case θ is equal to 1 the DMU 

production lies on the best-production frontier and we can say that it is fully efficient 

(Coelli, et al., 2005). However, if 𝜃 < 1 the bank is partially inefficient and to improve 

the production to the fully efficient, the DMU would have to reduce the inputs levels 

for a value 1– 𝜃 (Pasiouras, 2008). In the DEA analysis, the linear programming is 

being solved for each DMU itself in sample in order to get the efficiency scores for 

every single DMU. In more technical terms regarding the analysis we can describe the 

inefficiency measure of i-th DMU as the difference between vector of inputs xi and the 

projection point (Xλ, Yλ), that is calculated during the linear programing for each DMU 

and lies on the frontier isoquant (Fiorentino et al., 2006, pp. 5). 

2.3.2.2 DEA VRS model 

The most significant advantage of the adoption of variable return to scale (VRS), is the 

comparison of DMUs with DMUs of a similar size. As it is mentioned above, the study 

of Banker et al. (1984) has proposed the analysis providing the decomposition overall 

technical efficiency into pure technical efficiency, related to the capability of firm’s 

managers to utilize the production and the scale efficiency describing the usage of the 

beneficials from the economies of scale, where the firm’s production is at the level of 

CRS. The VRS model can be devoted from the CRS model by adding a constraint I1λ 

= 1 to the above stated model proposed by Charnes et al. (1978), where I1=I*1 is equal 

to vector of ones. Due to this modification, the VRS model results in higher or similar 

efficiency scores as the CRS model. The VRS enables the comparison of DMU taking 

into account their size and similarities.  

2.3.3 SFA x DEA  

We have described two most commonly used methods for the estimation of efficiency 

scores of the banking sector. Each of these methods has some advantages and 

disadvantages and in this section we want to compare the differences of both methods 

regarding the specifications of our data, in order to be able to choose the best practice 

for our analysis.  
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The main advantage of the DEA method is the input-output orientation of the analysis, 

with no need of the characterization of the functional form of the production. The DEA 

analysis envelops the data. The main assumption is the estimation of all units as parts 

of collectable dataset. The presence of superefficient outliers strongly influences the 

estimation of the frontier isoquant. The DEA method is very sensitive to the atypical 

values, which may be results of a measurement error or an outlier.  

There are many reasons why an observation might be atypical. An observation could 

be an outlier because it contains an error (bad coding, etc.), or because it presents 

features, which are too different from the remainder of the data set, to which it is 

compared. Following the assumption of the cost-profit function deterministic definition 

based on the controlling for the amounts of inputs used in production of a certain 

amount of output may lead into limitation of the need for properties of linear 

homogeneity and concavity in input prices, and monotonicity in input prices and output 

to be fulfilled. Treatment of the heterogeneous inputs and outputs as homogeneous 

leads into biased results. Biased results of the DEA may be also reason of the exclusion 

of important inputs or outputs from the analysis. However, there is no need to specify 

the functional form of the production the proper characterization of the production 

process is the relation to the inputs/outputs is very significant. Addition of extra inputs 

and outputs to the optimization problem can just lead into estimation of higher technical 

efficiency score. The size of the dataset is a critical issue in the DEA analysis. The 

small number of observations relative to the number of inputs/outputs lead into 

distorted estimates with a bigger proportion of DMUs with estimated efficiency equal 

to the on the efficiency frontier. On the contrary usage of additional DMUs in the 

analysis may decrease the average scores, as the efficiency is calculated comparing to 

the best-practice DMUs. In order to prevent from misleading results indicating relative 

managerial competences among the DMUs, arising from the environmental 

heterogeneity in the big cross-sectional data or panel data we have to differentiate 

among single groups (cluster).  

The summarization of the limitations of DEA and possible errors that can be made 

during the analysis are widely described in the study of Coelli et al., (2005) that we 

used in order to better evaluate our possibilities of analysis methods. The main 

advantage of the SFA method over DEA is the ability to account for noise due to the 
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caption of error term, leading into better estimation of the efficiency scores, which are 

not driven by outliers or measurement errors.  

Another important advantage is also the allowance of the conduction of conventional 

statistical tests of hypotheses on the estimates. On the contrary, the main limitation of 

the SFA method is the need of specification of a production functional form as well as 

the distributional for of the inefficiency term, which can be difficult especially for the 

proper definition of multiple-output sector as banking sector is. In agreement with the 

conclusions in the study of Fiorentino et al. (2006), we decided to perform SFA method 

for our analysis taking into account the lower sensitivity to the sample of banks included 

in the dataset and also the ability to account for the technological progress /change and 

for the variables influencing the production function which does not have to be 

specifically part of inputs. Regarding the usage of panel data in our analysis we took 

also into account the inability of DEA method for multi-period optimization or to 

account for the possible risk in the management decision-making process. 
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3 Empirical Part 

 

3.1 Data and Model Description 
 

3.1.1 Data 

 

In this place, we provide a description of the data we collected with the aim of the usage 

for the empirical part. We chose to include 28 countries that are members of the 

European Union in order to be able to explore the possible differences in the 

development of the financial sector and the impacts of the impacts on the banks’ 

efficiency within the system as EU that has being integrated and unified at certain 

levels. These countries are, in alphabetical order, Austria, Belgium, Bulgaria, Croatia, 

Cyprus, Czech Republic, Denmark, Estonia, Finland, France, Germany, Great Britain, 

Greece, Hungary, Ireland, Italy, Latvia, Lithuania, Luxemburg, Malta, Netherlands, 

Poland, Portugal, Romania, Slovakia, Slovenia and Sweden.  

The dataset includes annual time series for all of our variables and was obtained from 

two main sources, the Bankscope and World Bank databases. Some additional statistics 

of financial markets were obtained from International Financial Statistics (IFS), 

International Monetary Fund (IMF) and Global Financial Stability Report database, for 

all of the countries mentioned above. The base of our dataset has been constructed by 

the collection of data for all commercial banks in the Bankscope database available for 

the region of EU, giving a total of 1616 banks from 28 countries during the time period 

2004−2015. All the bank-specific data obtained from Bankscope were converted to 

thousands of Euros or used in percentage format.  

The range of the available data varies with the individual countries and individual 

banks; the starting available period, last accounts date and reported variables were not 

the same for all of the countries. Therefore, in order to enhance the quality of our data 

and to minimize the errors in our analysis we edited the raw data before the finalization 

of the dataset. We exclude: a) banks from countries not included in the World Bank 

(WB) database on regulations and supervision (Barth et al., 2003, 2007, 2011); b) banks 

for which other financial market-specific variables are not available; c) bank-year 

observations for which most of the bank-specific variables, regulation variables values 



29 
 

have been zero or missing; d) banks for which more than 3 of the values of bank-

specific variables have been zero or missing during the analyzed period. Our final 

sample consists of 836 banks from 28 countries, for which we find complete data for at 

least one year between 2005 and 2013. We have to reduce the time period of our 

analysis due to the updates in the data and large amount of missing values. The filtration 

process of the data results in an unbalanced dataset of 7525 bank-year observations.  

3.1.1.1 Bank characteristics  

 

For the efficiency estimation part of our analysis we decided to use multi-product 

function model to be more precise 3 output-input model. There are several possibilities 

for representation of bank costs an profits in agreement with the literature we have 

decided to use variables total costs and profit before tax as the dependent variables in 

order to estimate the efficiency scores of single banks.  

The most suitable dependent variable for the cost-efficiency model we have considered 

the bank's total cost (TC), which is calculated as the sum of interest expenses and non-

interest expenses. The variable interest expense is a measure of the costs incurred by a 

bank for the borrowed funds. It is evaluated as a interest payable on all types of 

borrowings- bonds, loans, convertible debt or credit. It is shown as a non-operating 

expense on the financial statement. The non-interest expenses are evaluated by the 

amount of all expenses that are not connected with activities to depositor's funds. The 

non-interest expenses include almost all operating and overhead expenses. For the 

profit frontier we decided to use as dependent variable profit before tax (ProfBTax), 

providing us with a profitability measure of bank’s profits before the tax subtraction, 

by deducting all interest and operating expenses from revenue (Investopedia, 2016). 

The output part of the model equation we have decided to describe by variables total 

loans (Q1), other earning assets (Q2) and deposits (Q3). The variable total loans (Q1), 

is expressed in thousands of Euros including total loans and lease-financing receivables 

(including all loan portfolios except to foreign loans and loans to depository 

institutions) adjusted of unearned income. The other earning assets (Q2) is a measure 

of value of all earning assets different than customer loans. The last output variable 

total deposits (Q3) is describing the value of total deposits for single banks in thousands 

of euros for particular years. 

 

http://www.investorwords.com/7122/depositor.html
http://www.investorwords.com/1842/expense.html
http://www.investorwords.com/9996/include.html
http://www.investorwords.com/3455/operating.html
http://www.investorwords.com/3547/overhead.html
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The part of the equation containing input prices is defined by following variables: cost 

of borrowed funds (P1), cost of physical capital (P2) and cost of labor (P3). Cost of 

borrowed funds (P1) has been calculated as fraction of interest expenses and total 

deposits, is considered to be one of the most important input prices for financial 

institutions, indicating lower costs incur better returns in case of short-term, long-term 

loans (Investopedia, 2016).  

Then the cost of physical capital (P2) has been defined as a variable calculated as a 

fraction of overheads subtracted by the value of the personnel expenditures by the book 

value of the fixed assets. It is a measure for value of costs connected to all factors 

assisting production process in other words all costs associated with the assistance of 

the fluent business function except from man power (cost of labor). The cost of labor 

(P3) is calculated as the ratio of total personnel expenses to total assets of the bank.  

Table 1: Descriptive statistics for efficiency bank variables (Source: BankScope) 

Variable Label Description Unit Source 

Dependent Variables 

Total costs TC Sum of interest expenses and non-interest expenses 
Thousands of 

Euros 
BankScope 

Profit Before Tax ProfBTax  
Thousands of 

Euros 
BankScope 

Explanatory Variables 

Output variables     

Total Loans Q1  
Thousands of 

Euros 
BankScope 

Other Earning Assets Q2  
Thousands of 

Euros 
BankScope 

Total Deposits Q3  
Thousands of 

Euros 
BankScope 

Input Variables     

Price of Borrowed Funds P1 Interest Expenses/ Total Deposits  BankScope 

Price of Physical Capital P2 (Overheads- Personnel Expenditures)/ Fixed Assets  BankScope 

Price of Labor P3 (Total Personnel Expenses)/ (Total Assets)  BankScope 

Technical Efficiency EQUITY Equity Capital 
Thousand of 

Euros 
BankScope 

 

In our econometric analysis, regarding the impact of regulatory and supervisory 

instruments on the efficiency, we focus also on the bank ownership structure from the 

point of view of domicile or foreign origin of the major shareholder. The foreign owned 

bank (Foreign) is defined (similarly to the definitions used in the relevant literature) as 

a bank with more than 50% of capital owned by a foreign parent institution. 
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Based on the literature survey, we decide to include in our econometric model also 

following variables to describe the key bank characteristic: risk costs, risk aversion, net 

interest revenue and size that are connected to the description of the management 

decision making process, the stability of the bank on the market and the risk exposure.  

 

The variable risk costs (LLP) is an indicator of the quality of loans provided by the 

bank. It is calculated as a ratio of loan loss provisions to gross loans. This ratio is 

considered as one of the determinants describing the quality of bank assets, with the 

focus also the on management techniques, evaluation of the risk exposure and the credit 

quality of banks. The expected impact of this variable on the bank efficiency is 

negative, the higher ratio, and the more problematic loans.  

 

For the description of the risk aversion in the management decision-making techniques 

we have used equity to total assets ratio (EquityTAsset). This variable is one of the 

financial ratios describing the potential solvency situation of the ban portfolio and 

activities in the long run. The variable describes also the involvement of shareholders’ 

funds in financing of assets in the bank. We expect this variable to have positive sign 

on the banks’ efficiency based on the assumption that banks with higher risk aversion 

ratio do have lower intentions for raising external funding, that leads into higher 

efficiency and more stable operation on the market.  

The variable net interest revenue (NIR) is used in our estimation as a measure of 

profitability, calculated as the net interest income divided by total assets. NIR describes 

how profitable are the bank’s investment choices in the relation to its debt situation. 

NIR is an indicator with focus on the profit earned on the interest activities not on the 

bank’s overall investment activity. 

 

The explanatory variable bank size is used in our empirical analysis in order to take 

into account also possible impact of bank’s strength and its position on the financial 

market on the efficiency. The variable size is measured as the total amount of assets in 

the certain year in thousands of euros (size). Specifically, we use the logarithm form of 

total assets. 
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Table 2: Descriptive statistics for bank variables (Source: BankScope) 

Variable Label Description Unit Source 

Bank Characteristics         

Foreign owned banks Foreign 

Variable describing the foreign bank ownership banks; 

considering bank as foreign owned if more than 50% are 

owned by foreign shareholders; dummy variable taking the 

value 1 if the bank has an foreign institution as an owner, 0 

otherwise 

0;1 BankScope 

Global Financial 

Crisis 
GF_crisis 

The variable expressing the global financial crisis; dummy 

variable taking the value 1 for the year of Global financial 

Crisis 2009-2013, 0 otherwise 

0;1 BankScope 

Risk costs LLP Risk associated with loan provision; % BankScope 

   (loan loss provisions)/ (gross loans)   

Risk aversion EquityTAsset Equity to assets ratio % BankScope 

   (Equity)/(Total Assets)   

Performance NIR Net interest revenue; performance ratio of bank % BankScope 

Size Size Total assets 
Pure 

Number 
BankScope 

 

3.1.1.2 Regulation and Supervision Characteristics 

 

For analysis of the impact of the bank regulations, we used the database of results from 

the Bank Regulation and Supervision Survey, carried out by the World Bank, available 

on the World Bank webpage (World Bank, 2015). The database is a unique source of 

data describing how banks are regulated and supervised around the world from the year 

1999 up till the last update in year 2012. The biggest attention we have paid to the 

current survey that provides information about the circumstances in the bank regulation 

and supervision for approximately 143 jurisdictions since 2008. This data enables us to 

examine the recent development and the bank regulation and supervision instruments 

implemented due to the crisis and compare it to the pre-crisis situation.  

In order to be able to use the regulation data obtained from the Bank Regulation and 

Supervision Surveys (1999, 2012), we have to modify the answers into the scale points 

usually from 1-8. In the following section we will provide the definition and description 

of single groups of financial regulation instruments used in our analysis.  

First group of variables concerns restrictions on bank activities, describing the level of 

restrictions on banks' activities as a measurement of the degree to which national 

regulatory authorities give permission to banks to engage in the specific fee-based 

activities not only in traditional interest-spread-based activities:  
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1. Restrictions on securities activities, a measure of the banks’ ability to engage in 

the business of securities under-writing, brokering, dealing, and all aspects of the 

mutual fund industry (secur_act). 

2.  Restrictions on insurance activities, measures the ability of banks in the 

engagement in insurance underwriting and selling processes (insur_act). 

3.  Restrictions on real estate activities, a measure of the ability of banks to engage in 

real estate investment, development, and management (real_act). 

The range of the values for the single sub variables is defined between 0 and 4, higher 

values indicating more strict restrictions. The determination is based on the 

consideration whether securities, insurance, real estate activities, are unrestricted (1), 

permitted (2), restricted (3) or prohibited (4). In order to be able to measure for the 

overall effect of the restrictions on bank activities we constructed an overall index 

calculated as the weighted average of all three activities. 

Financial Conglomerate variables are constructed in order to measure the degree of 

regulatory restrictiveness on the interference between banking and commerce.  

1. A Bank ownership in a nonfinancial firm measures restrictions to which extent 

banks may be able to own and control nonfinancial firms (Own_firm).     

2.  Nonfinancial firms’ involvement in banks’ ownership, measures the restrictions 

to which extent the nonfinancial firms have the ability to own or control banks 

(firm_own_bank).    

3. Nonbank-Financial Firms’ involvement in the ownership and control of banks, 

measures the restrictions to which extent the nonbank financial firms may involve 

in the ownership structure and control process of banks (Nonbankfin). 

The variable overall_req has been constructed as a measure of overall restrictions on 

the banks involvement in the ownership and control in nonfinancial firms as well as the 

interference of firms in the owning and controlling of banks. It has been calculated as 

a weighted average of the three variables described above ranging from values 0-4, 

higher values indicating more strict restrictions (unrestricted-1, permitted-2, restricted-

3 or prohibited-4).  

The variables Limitations on Foreign Bank Entry/Ownership and Entry into Banking 
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Requirements are used as a measure of Competition Regulation.  

1. Limitations on foreign bank entry/ownership, measures the limitations placed 

on the possibility of foreign ownership of domestic banks as well as the 

regulation placed on the ability of foreign banks to enter domestic financial 

market (Limit_foreign). 

2.  Entry into banking requirements is a measure of specific legal requirements 

imposed on the potential banks in order to obtain a license to gain the ability to 

operate as a bank on the domestic market (entr_bank).    

The variable cap_reg is an index measuring the extent of capital stringency imposed by 

supervisory authorities consisting from two major components.  

1. The overall capital stringency is a variable used for measuring of regulatory 

requirements regarding the amount of capital banks must hold taking into 

account also aspects whether the risk elements and value losses are incorporated 

in the calculation of the required level of regulatory capital (ovr_cap). 

2. The variable initial capital stringency is an indicator of sources verified by 

regulatory/supervisory authorities accounting for regulatory capital, whether 

the funds counting to regulatory capital can contain other assets than cash, 

government securities and borrowed funds (init_cap). 

The capital regulatory index has range of values between 0 and 10, higher values 

indicating more stringent capital requirements. 

 

In order to describe the power of the supervisory agencies we have used three groups 

of descriptive variables: Variables of official supervisory power, regulation enhancing 

the stability and supervisory structural variables. Official supervisory power measures 

the ability and the scope to which supervisory authorities have the competence to make 

certain steps in order to prevent, correct problems as well as to take specific disciplinary 

actions against bank personnel in case of rules violation or high-risk exposure. The 

overall Sup_pow, is calculated as a weighted average of 14 characteristics that can 

described by following sub-variables: 

1. The Prompt corrective power is a measure defining the levels of predetermined 

bank solvency aggravation inducing discretionary actions and the scope to 
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which the authorities are enabled to act (Prmpt_Corr). 

2. The Restructuring power indicates the degree of the supervisory power, 

established in the legislation, to take steps in order to restructure and reorganize 

banks facing troubles.   (Restruc_pwr). 

3. The Declaring insolvency power defining the right of the official supervisory 

authority to declare a bank insolvent under certain circumstances concerning 

deep problems  (Insolv_Pwr). 

4. The Supervisory forbearance discretion is a measure of the extent to which 

supervisory authorities may engage in forbearance in a situation of 

confrontation of certain violations of laws or regulations or other distortive 

actions undertaken on the side of the banks (Sup_Forbear). 

5. The Court involvement is an indicator of the level of domination of court as the 

supervisory authority (Court_Inv). 

The next group of variables defining the supervisory power is the regulation 

enhancing the stability, including the instruments with the power to diminish the risk 

in the banks’ portfolio. In order to provide deeper analysis we decomposes this group 

into three sub-variables: 

1. The Loan classification stringency provides the levels of loan classification into 

categories, according to the underlying risk, to standard, doubtful or loss 

(Loan_Class). 

2. The Provisioning stringency is an indicator defining the levels of minimal 

required provisions in situations when loan classification declines to sub-

standard, doubtful or loss (Prov_Strin). 

3. The Diversification index provides a description to which extent the legislation 

regarding the regulation enables geographical asset diversification with the 

focus on the existence of asset-diversification guidelines and 

allowance/prohibition of foreign loans (Divers_Index). 

 The last group of supervisory variables has the focus oriented on the structural 

characteristics of the supervisory power and can be decomposed into several groups. 

1. The Supervisor tenure defines the average tenure of a professional bank 

supervisor (Sup_Tenure). 
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2. The Overall independence of supervisory authority defines the extent to which 

is the supervisory authority independent from the government (Sup_Ind_Pol), 

political considerations (Sup_Ind_Fix) and legally protected from the influence 

of the banking industry (Sup_Ind_Bank). 

3. The Multiple supervisors define the circumstances whether the responsibility of 

the supervisory power and decision-making process as well as the monitoring 

is shared among multiple supervisors or number of official regulatory 

authorities. In our dataset we used a dummy variable attaining value 1 in the 

existence of multiple supervisors and 0 otherwise.  

The variables Private monitoring (Priv_Mon), Moral Hazard (Moral_Hazard) and 

External governance (ExternalGov) are the main indicators of the market discipline of 

the financial market in the certain country. Firstly, Private monitoring is an overall 

index reflexing for the financial regulatory instruments that are authorized to non-

governmental institutions. The range of the values lies between 0-12, defining the 

incentives or the ability for private monitoring of banks by licensed firms. Higher index 

of private monitoring is indicating lower market discipline. In order to be able to 

provide more detailed analysis we decompose the index of overall private monitoring 

into several sub-variables: 

1. The variable Certified audit is describing whether the requirement of an external 

audit of the banks’ financial statements provided by a licensed certified auditor 

has been established by official authorities in the legislation.    

2. The variable, No_DEP_ins, is used as an identification whether an explicit 

deposit insurance scheme is required and predetermined by the official 

authorities and whether the liability towards depositors have been fully 

compensated after the situation of a bank fail. Attaining value of 1 if there is an 

explicit deposit insurance scheme, and 0 otherwise.  

3. The Bank accounting variable is a dummy variable used for a description of 

requirements imposed on the bank accounting principles. The variable gain 

value 1 in the situation when the income statement includes accrued, unpaid 

interest or principal on nonperforming loans as well as if the requirement of 

producing a consolidated financial statement is valid (B_accounting).  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Secondly, the variable Moral Hazard is a variable designed as an index to capture the 

presence, the scheme and functionality of the deposit insurance systems, taking into 

account also: no coinsurance, foreign currency deposits covered, interbank deposits 

covered, type of funding, source of funding, management, membership, and the level 

of explicit coverage. Higher values imply greater moral hazard and lower market 

discipline present in the market  (Moral_Hazard). 

1. Deposit insurer power is an indicator of scope and legitimacy of a power of 

deposit insurance authority to make an intervention or take legal actions against 

bank directors or management board. The variable has a value in range 0-3 

depending on a weighted average of 3 questions, with higher values indicating 

more power (Dep_ins). 

2. The second Deposit insurance variable is a measure of a deposit insurance fund 

in the relation to the banks total assets (Fund_ins). 

The last variable External governance index (ExternalGov) is an overall index with a 

range from 0-19 indicating the efficiency and the scope of present external control 

mechanisms. The higher external governance index indicates feasible present 

instruments enhancing the Market discipline in the market. The main objectives are 

including adequate debt management, legal and financial transparency compliance.  

1. The variable Financial statement transparency is capturing the transparency of 

bank financial statements practices (Financial_T). 

2. The Accounting Practices is a variable used for description of evaluations 

provided by external rating agencies and incentives for creditors of the bank to 

monitor bank performanceespecially regarding their accounting (Accounting) 

3. The External Ratings and Creditor Monitoring is a variable evaluating the rating 

by external rating agencies and incentives for creditors of the bank to monitor 

bank performance (ExternalRating). 

The descriptive statistics for regulatory and supervisory variables are shown in the 

Table 7-9. For the definition of the regulatory and supervisory variables the questions 

in particular we have used the overview provided in World Bank databases (Barth et 

al., 2003, 2007, 2011) and also studies of Barth et al. (2004) and Barth et al. (2013). 
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3.2 Econometric analysis  

In this part, we perform the econometric analysis on our dataset. First part of our 

empirical analysis is dedicated to the performance of the efficiency estimation using 

the Stochastic Frontier Analysis as we described in the Methodology part. The second 

part is focused on the estimation of the influence of regulation determinants on the 

estimated efficiency scores. The estimation is performed firstly on the profit efficiency 

model and consequently on the cost efficiency model in order to be able to perform a 

comparable analysis of the differences. We apply the procedure on the whole sample 

and also on the subsample defining the financial crisis. In Section 3.2.2 and 3.2.4 the 

econometric models and equations used for the estimation are presented and a 

description how we proceeded to obtain the estimates of the relationship of interest and 

how we intended to diminish the influence of the errors of our estimated results, is 

provided. 

3.2.1 Hypotheses 

This section is focused on the presentation of the hypotheses and the motivation behind 

them. When formulating the hypotheses, we were taking into account the results and 

the hypotheses being discussed in the literature regarding the bank efficiency and its 

determinants.  

 

As shown in the literature review, the empirical studies discussing the topic of bank 

efficiency with the focus on the regulatory frameworks provide different results of the 

impact of single determinants depending on the data sample and the analyzed time 

period. Specifically, the aim of our study is to discover the impact of single regulatory 

and supervisory instruments on the banks efficiency in the region of European Union 

in recent time, i.e. in the period 2005–2013 with the focus on the period of Global 

Financial Crisis, which have caught a lot of attention recently especially in a sense of 

the analysis of effective preliminary measures, measures for minimizing the effects of 

the economic slow-down and findings of the possible solutions to the weaknesses of 

the European Union that have been uncovered. More specifically we would like to focus 

on the testing the following hypotheses: 
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1. Hypothesis 1: There are certain specific patterns in the development of 

efficiency scores among countries in the European Union. Comparison of the 

differences among profit and cost efficiency scores. 

2. Hypothesis 2: There are significant differences in the impact of regulatory 

instruments on the profit and cost efficiency of banks. 

3. Hypothesis 3: The internationally based regulation policies and supervision, 

with the aim of unification of banking system have positive effect on the banks’ 

efficiency. 

4. Hypothesis 4: The overall independence and the tenure of the official 

supervisory authority have positive impact on the bank efficiency. However the 

variables determining the supervisory power are negatively associated with the 

bank efficiency. 

5. Hypothesis 5: The regulatory instruments related to variables enhancing the 

market discipline have positive impact on the bank efficiency. 

6. Hypothesis 6: The efficiency of foreign-owned banks is negatively influenced 

by the regulation and supervision techniques in the country of their operation. 

7. Hypothesis 7: The impact of determinants concerning regulations is 

significantly different focusing on the crisis period. 

 

3.2.2 Profit and Cost Efficiency Estimation 

Taking into account the assumptions of the DEA and SFA models of the analysis of the 

efficiency and characteristics of our data, we decided to use the Stochastic Frontier 

Model.  

The general form of the cost model can be defined by the equation as: 

𝑙𝑛𝐶𝑖𝑡 = 𝐶(𝑞𝑖𝑡, 𝑝𝑖𝑡; 𝛽) + 𝑢𝑖𝑡 +  𝑣𝑖𝑡  𝑖 = 1,2, … , 𝑁; 𝑡 = 1,2, … , 𝑇 (9), 

where Ci,t is the total cost of bank i at time t; qi,t is a vector of value of outputs; pi,t is 

describing a vector of input prices associated with a suitable functional form; β is a 

vector of unknown scalar terms to be estimated; vi,t is a term reflecting random errors, 

assumed to be i.i.d. and have normal distribution described as N(0,σv
2) and ui,t is the 

non-negative inefficiency effects in the model and in the profit model has to be defined 

in the negative form (-ui,t). The inefficiency effects are assumed to be independently 
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but importantly not identically distributed, ui,t is calculated by truncation at zero of the 

N (ei,t, σu
2) distribution where the mean is defined by: 𝑒𝑖𝑡 = 𝑧𝑖𝑡𝛿 (10). 

In the equation (10), the term zi,t is a (1×M) vector of observable explanatory variables 

that has an impact on the inefficiency of DMU, in our case on the bank i at time t; and 

δ is a (M×1) vector of coefficients that will be estimated and would be included in the 

intercept term. As base model of our analysis we have decided to use Battesse and 

Coelli model (1995) used also in the study of Pasiouras et al. (2009), enabling us to 

obtain the efficiency scores in one-step test, by the estimation of equations mentioned 

above using the MLE. The advantage of the single step estimation is the assumption 

that the predicted inefficiencies are only a function of environmental variables, if these 

variables are properly defined in the first step; the second stage is not necessary.  

The description of environmental factors has to be properly defined in the first step 

otherwise the estimation will provide biased estimators of variables and will result in a 

biased estimation of the efficiency scores. In the agreement with the literature (Dietsch, 

et al., 2000; Maudos, et al., 2002; Pasiouras, et al., 2009; Irsova, 2009), we decided to 

use 3 output-input production model, considering deposits as part of outputs taking into 

account the approach of the added value creation. The outputs have been defined as 

total Loans (Q1), Other Earning Assets (Q2) and finally the value of total Deposits 

(Q3). The part of the model containing input prices is defined by cost of borrowed 

funds, cost of physical capital and cost of labor.  

For the cost frontier analysis we have used the value of total costs obtained as the sum 

of interest and non-interest expenses. For the profit frontier, we decided to use as 

dependent variable profit before tax. In order to account for the technological change 

we have included dummy variables for each year in our equation. We have decided to 

include also the Equity variable in our model in order to be able to take into account 

the risk incentives of the management in the banks, taking the equity as a stability 

measure. Finally, in order to fulfill the linear homogeneity assumptions we weighted 

all terms of the model by the third input price impose. The model of our estimation can 

be defined as following:  
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𝑙𝑛
𝑇𝐶

𝑃3
= 𝛽0 + 𝛽1 𝑙𝑛(𝑄1) +  𝛽2 𝑙𝑛(𝑄2) +  𝛽3 𝑙𝑛(𝑄3) +  𝛽4𝑙𝑛 (

𝑃1

𝑃3
) + 𝛽5𝑙𝑛 (

𝑃2

𝑃3
) +

 𝛽6  
1

2
(𝑙𝑛(𝑄1))2 + 𝛽7 𝑙𝑛(𝑄1) 𝑙𝑛(𝑄2) + 𝛽8 𝑙𝑛(𝑄1) 𝑙𝑛(𝑄3) +  𝛽9

1

2
(𝑙𝑛𝑄2))2 +

𝛽10 𝑙𝑛(𝑄2) 𝑙𝑛(𝑄3) +  𝛽11
1

2
(𝑙𝑛(𝑄3))2 + 𝛽12

1

2
(𝑙𝑛 (

𝑃1

𝑃3
))

2

+ 𝛽13𝑙𝑛 (
𝑃1

𝑃3
) 𝑙𝑛 (

𝑃2

𝑃3
) +

𝛽14
1

2
(𝑙𝑛 (

𝑃2

𝑃3
))

2

+ 𝛽15 𝑙𝑛(𝑄1) 𝑙𝑛 (
𝑃1

𝑃3
) + 𝛽16 𝑙𝑛(𝑄1) 𝑙𝑛 (

𝑃2

𝑃3
) + 𝛽17 𝑙𝑛(𝑄2) 𝑙𝑛 (

𝑃1

𝑃3
) +

𝛽18 𝑙𝑛(𝑄2) 𝑙𝑛 (
𝑃2

𝑃3
) + 𝛽19 𝑙𝑛(𝑄3) 𝑙𝑛 (

𝑃1

𝑃3
) + 𝛽20 𝑙𝑛(𝑄3) 𝑙𝑛 (

𝑃2

𝑃3
) +

𝜷𝟑𝟔 ∑ [𝟖
𝒏=𝟏 𝐜𝐨𝐬(𝒙𝒏) + 𝒑𝒏 𝐬𝐢𝐧(𝒙𝒏)] + 𝜷𝟑𝟔 ∑ ∑ [𝐜𝐨𝐬(𝒙𝒏 + 𝒙𝒎) +𝟖

𝒎=𝒏
𝟖
𝒏=𝟏

 𝒑𝒏𝒎 𝐬𝐢𝐧(𝒙𝒏 + 𝒙𝒎)] + 𝜷𝟑𝟕 ∑ [𝐜𝐨𝐬(𝒙𝒏 + 𝒙𝒏 + 𝒙𝒏) + 𝒑𝒏𝒏𝒏 𝐬𝐢𝐧(𝟖
𝒏=𝟏 𝒙𝒏 + 𝒙𝒏 +

𝒙𝒏)] +𝛽21𝑙𝑛(𝐸) +  𝛽22
1

2
(𝑙𝑛(𝐸))2 + 𝛽23 𝑙𝑛(𝐸) 𝑙𝑛(𝑄1) + 𝛽24 𝑙𝑛(𝐸) 𝑙𝑛(𝑄2) +

𝛽25 𝑙𝑛(𝐸) 𝑙𝑛(𝑄3) + 𝛽26 𝑙𝑛(𝐸) 𝑙𝑛 (
𝑃1

𝑃3
) + 𝛽27 𝑙𝑛(𝐸) 𝑙𝑛 (

𝑃2

𝑃3
) + 𝛽28𝑌2006 +

 𝛽29𝑌2007 +  𝛽30𝑌2008 +  𝛽31𝑌2009 + 𝛽32𝑌2010 + 𝛽33𝑌2011 + 𝛽34𝑌2012 +

𝛽35𝑌2013 + 𝑢𝑖𝑡 +  𝑣𝑖𝑡 (11). 

The part in bold provides specification of the model for Fourier- flexible functional 

form by adding the Fourier-trigonometric terms, where 𝑥𝑛  terms, n, m=1,...,8 is a 

substitute for values of the ln (
𝑝𝑖

𝑝3
), i=1,2, such that the variable 𝑥𝑛 span the interval [0, 

2] and describes the number of radians. The summary statistics of variables used for 

our efficiency estimation are shown below in Table 3. 

Table 3: Summary statistics for efficiency variables (Source: author’s compilation, Stata) 

Variable Obs Mean Std.Dev. Min Max 

TC 7371 4940.499 2022.976 119 9624 

ProfBTax 7393 2178.242 1157.136 1.225 4203 

Q1 7398 3571.655 2076.079 1.006 7166 

Q2 7397 3511.369 2028.369 2.3389 7004 

Q3 7400 3630.93 2101.388 3.286 7290 

P1 7371 2.462083 18.9328 0.0001472 949.6 

P2 7294 2.407807 138.6856 -2691 3418 

P3 7346 2.089963 26.71425 0.0001441 1625.5 

EQUITY 7400 2913.388 1772.003 1.70 6060 

 

Before the starting the estimation of efficiency scores, it is necessary to check whether 

the dataset we constructed is sufficient and the general model assumptions are fulfilled. 

Firstly, we confirmed that the decision of the usage of Stochastic Frontier Analysis is 
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more suitable for our panel data, taking into account the heterogeneity, which has been 

observed in our dataset and evaluated as quite significant based on the results of the 

performed Kruskal-Wallis. We rejected the hypotheses of the equality of the variable 

means used in our analysis on the 5% level of significance in our tests even after the 

differentiation of the data into several groups according to the economic development, 

bank-ownership, year or period of financial crisis (CEE, Foreign, Year, GF_crisis).  

In order to test for the distribution of the residuals we have run the Shapiro-Wilk test 

for normality of distribution of residuals. The null hypothesis of normal distribution of 

residuals has been rejected on 0% level of significance not according to the Shapiro-

Wilk test results. On the other hand when we examine the graphical distribution of 

residuals for both cost and profit model specifications there are no high deviations from 

normal distribution. The value of skewness is equal to 0 for both models however the 

value of kurtosis is higher in both cases than for standard normal distribution. The 

results from Shapiro-Wilk test support our assumptions for the usage of Fourier-flexible 

functional form and translog model.  

 

In order to test our models for the presence of heteroscedasticity we have used Breusch-

Pagan test. The null hypothesis states the presence of homoscedasticity. In our case the 

test revealed evidence of strong heteroscedasticity, we rejected the null hypothesis the 

p-value was equal to 0. However, the p-value for profit model was equal to 0.85, which 

means that we are not able to reject the null hypothesis of homoscedasticity. 

Heteroscedasticity is an often problem in the efficiency SFA models and we will 

include robust standard errors to our estimation in order to treat the heteroscedasticity 

and obtain as good efficiency scores as possible.  

The last assumption we have to consider is the presence of multicollinearity. The 

presence of multicollinearity in the data indicates that better results will be obtained by 

Cobb-Douglas functional specification instead of translog or Fourier-flexible 

functional forms. According to the evidence from the Correlation of our efficiency 

variables we rejected the presence of multicollinearity. The results, captured in the 

Table 10, show that the highest correlation between explanatory variables is 0.7890 and 

this value is acceptable.  

 

We have run the stochastic frontier analysis on both model specifications that we have 

proposed in our methodology section. The results of the efficiency scores are shown in 
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the Table 5. The cost efficiency scores are significantly higher than for the profit 

efficiency model. As we can see the scores under Fourier-flexible and translog model 

specification are similar for both profit efficiency as well as cost efficiency. We have 

checked also for the correlation between CE and Costeff (ProfitEff and PE) across the 

years of our sample. The evidence showed high correlation among each other with the 

values in the range 0.942-0.977 (0.964-0.985). However the Fourier-flexible model 

specification provides higher efficiency scores in general.  

In order to be able to determine the best-fitting model to be able to decide, which of the 

model specifications will be more feasible to use for the second stage of our 

econometric analysis we have used information-based criteria designed to assess model 

fit. More specifically we have compared Akaike Information Criterion (AIC) and 

Bayesian Information Criterion (BIC), which have become more popular in the recent 

years. The most important advantage of information measures is the comparison of the 

models based on relative plausibility of models in the contrast with R measures based 

on the finding of absolute deviation of observed data (Burnham and Anderson, 2004). 

Both measures are based on –  2𝐿𝑜𝑔𝐿𝑖𝑘𝑒𝑙𝑖ℎ𝑜𝑜𝑑.  

Table 4: Information Criterion measures (Source: author’s compilation, Stata test results) 

Model Specification   AIC BIC 

Translog Costeff -465.753 -459.142 

Fourier-flexible CE -452.308 -425.859 

Translog ProfitEff 1284.965 1484.604 

Fourier-flexible PE 1257.577 1410.599 

Graphically we can see that Fourier-flexible model exhibits high kurtosis, peakedness 

indicates that model have potentially low standard deviation. 

 Figure 1: Histogram of CE efficiency scores 

(Fourier-flexible model specification) 
Figure 2: Kernel density for CE (cost efficiency scores) 

Fourier-flexible model specification 
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Table 5: Cost and profit efficiency scores (Source: author’s compilation, Stata) 

Country 
Total Efficiency 

Country 
Total Efficiency 

Efficiency ProfitEff PE Costeff CE Efficiency ProfitEff PE Costeff CE 

AT 

Mean 0.5906 0.6459 0.8408 0.8656 

LU 

Mean 0.5561 0.5948 0.8255 0.8762 

Min 0.0722 0.0703 0.4388 0.2910 Min 0.1672 0.1547 0.2668 0.2403 

Max 0.9271 0.9354 0.9591 0.9920 Max 0.8843 0.9202 0.8787 0.9686 

BE 

Mean 0.5509 0.6051 0.8776 0.8680 

LV 

Mean 0.5346 0.5833 0.8289 0.8313 

Min 0.0736 0.0697 0.4232 0.3242 Min 0.1300 0.1441 0.1886 0.1258 

Max 0.8797 0.9129 0.9183 0.9715 Max 0.9080 0.9353 0.8953 0.9622 

BG 

Mean 0.5875 0.6324 0.7881 0.7887 

MT 

Mean 0.6758 0.7164 0.7915 0.7746 

Min 0.0356 0.0367 0.2272 0.1227 Min 0.2274 0.2574 0.1837 0.1960 

Max 0.8773 0.9060 0.9584 0.9468 Max 0.9092 0.9339 0.9042 0.9731 

DK 

Mean 0.6967 0.7265 0.8918 0.8658 

NL 

Mean 0.5749 0.6063 0.8201 0.8384 

Min 0.1355 0.1522 0.3724 0.4079 Min 0.0716 0.0583 0.2233 0.2471 

Max 0.9487 0.9512 0.9189 0.9925 Max 0.9183 0.9320 0.9091 0.9816 

FI 

Mean 0.6500 0.7140 0.8053 0.8332 

PL 

Mean 0.7025 0.7590 0.8257 0.8522 

Min 0.3314 0.3640 0.4554 0.0798 Min 0.2509 0.2662 0.1515 0.1495 

Max 0.9163 0.9399 0.9444 0.9893 Max 0.9440 0.9636 0.9666 0.9624 

FR 

Mean 0.6368 0.6764 0.8524 0.8485 

PT 

Mean 0.6821 0.7213 0.8192 0.7890 

Min 0.0949 0.0870 0.3309 0.2959 Min 0.1179 0.1448 0.1527 0.1126 

Max 0.9494 0.9600 0.9538 0.9885 Max 0.9216 0.9463 0.9229 0.9706 

HR 

Mean 0.5325 0.5781 0.7861 0.8087 

RO 

Mean 0.4471 0.4877 0.8184 0.8177 

Min 0.0484 0.0478 0.5084 0.3343 Min 0.0259 0.0205 0.3371 0.3537 

Max 0.8548 0.8889 0.8793 0.9244 Max 0.9075 0.9379 0.9472 0.9677 

CY 

Mean 0.5973 0.6185 0.8436 0.8096 

SE 

Mean 0.6487 0.7048 0.8255 0.8739 

Min 0.1355 0.1211 0.2336 0.1955 Min 0.2108 0.2451 0.1576 0.1582 

Max 0.8869 0.9120 0.9139 0.9879 Max 0.8929 0.9318 0.9248 0.9726 

CZ 

Mean 0.7692 0.8051 0.8484 0.8720 

SI 

Mean 0.5448 0.5808 0.8258 0.8432 

Min 0.4131 0.3829 0.3479 0.3934 Min 0.0763 0.0733 0.2936 0.2607 

Max 0.9308 0.9492 0.9562 0.9792 Max 0.8854 0.9213 0.9398 0.9694 

EE 

Mean 0.6369 0.6597 0.8272 0.8576 

SK 

Mean 0.5209 0.5658 0.8112 0.7761 

Min 0.1845 0.1856 0.5919 0.5736 Min 0.0661 0.0693 0.3046 0.3954 

Max 0.9156 0.9405 0.8511 0.9487 Max 0.9402 0.9556 0.8806 0.9766 

ES 

Mean 0.6335 0.6699 0.8447 0.8763 

GB 

Mean 0.6066 0.6448 0.8375 0.8539 

Min 0.1283 0.1474 0.3527 0.3181 Min 0.0345 0.0310 0.2937 0.2404 

Max 0.9538 0.9665 0.9878 0.9918 Max 0.9447 0.9538 0.9151 0.9858 

GR 

Mean 0.4387 0.4827 0.8568 0.8892 

IE 

Mean 0.5192 0.5528 0.8310 0.8500 

Min 0.1231 0.1211 0.2650 0.1613 Min 0.0483 0.0540 0.1767 0.1412 

Max 0.7796 0.8329 0.9926 0.9831 Max 0.9212 0.9337 0.8702 0.9761 

HU 

Mean 0.5266 0.5476 0.8145 0.7450 

IT 

Mean 0.6571 0.6912 0.8929 0.8909 

Min 0.1549 0.1570 0.5556 0.4319 Min 0.0408 0.0318 0.1959 0.1292 

Max 0.8481 0.8755 0.8588 0.8827 Max 0.9566 0.9680 0.9803 0.9895 

LT 

Mean 0.4885 0.5383 0.7692 0.7927 

DE 

Mean 0.6475 0.7029 0.8302 0.8836 

Min 0.1702 0.1846 0.1815 0.1914 Min 0.0462 0.0433 0.1658 0.1966 

Max 0.7972 0.8652 0.8280 0.9325 Max 0.9708 0.9754 0.9152 0.9836 
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AIC, BIC are defined by the equations:  

𝐴𝐼𝐶 =  −2 ln(𝑙𝑖𝑘𝑒𝑙𝑖ℎ𝑜𝑜𝑑) + 2𝑘 (12) 

 

𝐵𝐼𝐶 =  −2 ln(𝑙𝑖𝑘𝑒𝑙𝑖ℎ𝑜𝑜𝑑) + 𝑘 ln(𝑁)  (13), 

where k stands for the number of estimated parameters and N describes the number of 

observations. AIC and BIC are complex measures combining aspect of model fit and 

complexity. AIC and BIC can be viewed as measures that combine fit and complexity. 

The model fit is measured by the first negative parameter in the 

equation−2 ln(𝑙𝑖𝑘𝑒𝑙𝑖ℎ𝑜𝑜𝑑), the larger value, the worse is the fit of the model. The 

complexity aspect is measured by the second term in the equation 2𝑘 for AIC and 

𝑘 ln(𝑁) for BIC. Comparing models regarding the same data, the model with the 

smaller values of information criterion measures is taken as better (Burnham and 

Anderson, 2004). Given the values, shown in the Table 4, AIC -452.308 BIC 425.589, 

the cost Fourier-flexible model specification was identified as best fitting the data with 

lowest loss of information. The results show consistently that Fourier-flexible model 

provide a better model fit regarding our data sample. 

 

3.2.3 Results - Graphical Analysis of Efficiency Scores 

 

Given the evidence from the Kruskal-Wallis test on our data, we rejected the hypotheses 

of the equality of the variable means used in our analysis on the 5% level of 

significance. We were able to differentiate our data into several groups in order to be 

able to make a comparison analysis of the efficiency scores and observe the possible 

differences. This section provides a graphical analysis of efficiency scores focusing on 

the Global Financial crisis as well the foreign ownership and the possible patterns and 

impact on the efficiency in this groups - bank-ownership, years or period of financial 

crisis (Foreign, GF_crisis).  

 

3.2.3.1 Total Efficiency versus Global Financial Crisis 

The profit efficiency framework is based on the profit maximization problem, which 

assumes the bank make the choice regarding the quantities and prices in the input 

market taking into account the prices traded on the output market as well in order to 
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make an optimal choice of production enabling achievement of the highest possible 

profit given the circumstances on the market.  

 
Figure 3: Profit efficiency scores Total x Global Financial Crisis (Source: results from the SFA, Stata) 

 
 

Comparing to cost efficiency framework the profit efficiency models are more complex 

taking into account revenue volumes, which are highly influenced by the bank 

management as well as correlated to the cost efficiency scores. Implying that high cost 

efficiency is a good base for good and efficient performance of the bank but it does not 

state that banks with high cost efficiency are also high profit efficient.  

 

From the Figure 3 we can see that the overall profit efficiency scores are generally 

higher than 55% for most of the EU countries. The three lowest values are observed for 

Greece (48.27%), Romania (48.77%) and Lithuania (53.83%). On the contrary, the 

highest profit efficiency can be seen for Denmark (72.65%), Poland (75.9%) and the 

highest efficiency score for the Czech Republic (80.51%). Indicating the best 

development of banks’ performance in the Czech Republic, creating interesting 

banking environment for potential investors. The comparison of the total efficiency 

scores and scores obtained for Global financial crisis indicates stable bank operational 

profit performance in the EU countries. The highest drop in the efficiency scores 

indicating the higher risk and more difficulties arising from the market environment 

can be seen for Greece (-5%), Ireland (-5%) which is consistent with our expectation. 
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Surprisingly, there is also evidence for 5% drop in the Netherlands, which we have 

generally considered as a country with well-developed and stable banking sector, even 

though it has been subject to several bailouts during the crisis period.  

For most of the countries we have observed a decline in the efficiency scores for the 

GFC period comparing to the total average value, however there are 5 countries 

showing evidence of increase in the profit efficiency (1%) – Bulgaria, Denmark, 

Cyprus, Luxembourg, Romania, which indicates the ability of these countries to take 

advantage of the changes in the environment due to the GFC and increase the revenue 

volumes.  

 

Figure 4: Cost efficiency scores Total x Global Financial Crisis (Source: results from the SFA, Stata) 

 

Comparing to the Figure 4 we can see that cost efficiency scores are in general higher 

implying higher profit inefficiency in the banking market in EU. The most interesting 

difference between the efficiency scores is observable for Greece (∆= 40.65%, 𝐶𝐸 =

88.92%). Implying that the banking sector in Greece is operating with high efficiency 

in cost minimization but on the contrary they are not able to transform this efficiency 

also to the revenue volumes given the input prices and output quantities. Taking into 

account the situation in the Greece economy it is understandable indicating also the fact 

that the customers do not trust the bank system. Other two countries with highest 

differences between the scores are Ireland and Romania. 
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We conclude that situation in Ireland could be considered similar to the situation in 

Greece given the economic situation and the problems that have risen in these countries 

and their effects have been multiplied during the crisis period. On the contrary the 

lowest difference is shown for Portugal, Malta and the Czech Republic.  

 

Given the evidence, the highest cost efficiency scores are observable for the Czech 

Republic, Greece and Italy. The results for the Czech Republic show balanced 

efficiency scores, showing also the minimal changes for the crisis period, implying a 

stable efficiently operating bank market environment, which can be among other CEE 

countries probably considered as the most interesting for investors as well as raising 

trust on the side of the customers enabling good bank sector development.  

 

Focusing on the crisis period, we have discovered highest decline in the cost efficiency 

for Lithuania, Estonia and Luxembourg. The decline in the cost efficiency scores in 

Luxembourg can be explained as a substitute effect resulting from management 

decision process in the change of strategy, in order to keep the revenue volumes stable 

or increasing converging to the benchmark of the most profit efficient units by making 

the offers interesting for the customer power at the expense of lower operational 

efficiency. Or on the other hand it can be an effect of implication of regulatory 

instrument, leading into higher costs decreasing the cost efficiency on the behalf of the 

retention of stable high profit efficiency. In the contrast to the previous findings in 

Latvia, Denmark and the Czech Republic, the evidence show a 1-2% increase in the 

cost efficiency. Especially for Denmark it indicates convergence of both efficiency 

scores to 1 despite the economic slow-down due to the Global Financial Crisis. 

 

3.2.3.2 Efficiency scores Domestic x Foreign ownership 

 

To provide a clearer picture about the ownership structure of banking sectors of 

countries in European Union we have used the data from World Bank database (World 

Bank, 2015). 

Given the evidence we can conclude that there is high percentage of foreign ownership 

represented in CEE countries in general. Interestingly, the results show also high 

concentration of foreign capital in Luxembourg, probably because of the regulation, 

market entry conditions and the banking sector development level. Financial sector is 



49 
 

the largest in Luxembourg and it is also the largest contributor to the country’s GDP 

and therefore we suppose it is highly interesting for foreign investors as well the 

economy is open for the investments.  

 

Figure 5: Share of Foreign Ownership in banking sector (Source: World Bank database) 

 

The countries with the lowest foreign ownership represented in their banking sector are 

Germany, Italy and Spain (less than 10%). We have found interesting that according to 

the data we have collected from the World Bank database there are no banks with 

foreign ultimate owner in Sweden, defining bank as foreign if more than 50% of bank’s 

capital is owned by a foreign entity. The highest decline in the foreign ownership 

structure can be seen for Great Britain, Ireland (approximately 10%) and the Czech 

Republic, where the decline has been from 90% to 84,4%. In the contrast to the situation 

in Slovakia where we observed almost 9% increase while comparing the pre-crisis and 

crisis period.  

 

Comparing the profit efficiency scores between domestic and foreign owned banks we 

can observe significant differences for all countries in general. Given the evidence it 

can be considered that foreign banks are operating more profit efficiently, however this 

assumption does not hold for Austria, Finland, France, Greece, Croatia, Spain, Latvia, 

Great Britain, Ireland and Italy.  
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The highest difference in the profit efficiency scores can be observed for Bulgaria it is 

almost 33% gap between the foreign and domestic banks. We assume it can be still an 

evidence of unfinished restructuring process in the banking sector, where the domestic 

banks are usually government owned and they are not able to follow up the competition 

from the foreign-owned banks. The lowest differences in the scores are surprisingly 

observed for Austria, where the foreign ownership represents approximately 20% and 

also in Slovakia where on the contrary the foreign capital represents almost 95%.  

 

Figure 6: Profit efficiency scores Domestic x Foreign (Source: results from the SFA, Stata) 

 

 

The graphical evidence form Figure 6and Figure 7 are confirming conclusion in the 

previous part. The profit efficiency scores are notably lower than the cost efficiency 

scores. However similarly as for the profit efficiency we can see significant differences 

in the efficiency scores between domestic and foreign banks. 

 

Interestingly, on the contrary to the profit efficiency scores we can conclude the in cost 

efficiency terms foreign owned banks are less efficient in overall view. We suppose 

that this observation can be explained by the extra monitoring costs connected to the 

analysis of the market and also the entry barriers that are still present and allowed by 

national governments according to our regulatory data. Comparing the results of foreign 

and domestic cost efficiency across the countries, we have found evidence for a 
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structural pattern in the results. Foreign banks are less cos efficient in countries 

belonging to the Western European countries and in the contrast CEEC foreign banks 

are performing with higher cost efficiency on the market. The overall performance as 

well as the efficiency as we can see of foreign banks is highly influenced by the level 

of development and the competition on the market. 

 

Figure 7: Cost efficiency scores Domestic x Foreign (Source: results from the SFA, Stata) 

 

We have found surprising results showing the highest efficiency score for foreign banks 

for Spain (89.14%) in the country with one of the lowest participation of foreign capital 

in banking sector (below 10%) and on the contrary in the Czech Republic with the score 

88.45%, where foreign banks represents approximately 85%. Another interesting value 

is shown for Poland indicating domestic cost efficiency almost 10% lower than the 

foreign banks’ cost efficiency with the value approximately 87.5%. On the other hand 

it is important to mention significantly higher cost efficiency of domestic banks in the 

Germany, Hungary, Lithuania, Latvia and Netherlands (more than 5%). 

 

3.2.4 Determinants of Bank Efficiency 

Further to analyze the impact of regulatory and supervisory instruments on the bank 

efficiency we have conducted Generalized Least Squares as the most suitable statistical 

method regarding our data. The model used to analyze the effects of regulatory and 

supervisory instruments on bank efficiency is specified as follows: 
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𝐸𝑓𝑓𝑖𝑐𝑖𝑒𝑛𝑐𝑦𝑒𝑖𝑡 =∝ +𝛽𝑋𝑖𝑡 + 𝜇𝑖 + 𝑣𝑖𝑡 (14), 

 

where 𝐸𝑓𝑓𝑖𝑐𝑖𝑒𝑛𝑐𝑦𝑒𝑖𝑡(𝑃𝐸, 𝐶𝐸) is the efficiency of i-th bank in time period t obtained 

in the first stage of our analysis by SFA, X is a vector of independent variables (bank 

characteristics, regulatory and supervisory characteristics), the term 𝜇𝑖 stands for the 

random effect term and 𝑣𝑖𝑡 is error term. We have decided to use the random effects 

model, which controls for unobserved bank-specific and time-specific effect.  

 

For panel data estimation is commonly used also fixed effect estimation, but due to the 

characteristics of our data, using dummy variables taking same value for each bank 

across all the time periods – time invariant specific variable, we opt for random effects 

estimation. One of the assumptions for good fit of fixed effect estimation model is 

specifically the exclusion of possible presence of time-invariant variables. In order to 

be able to confirm our assumptions about our data we have run also the Hausman test, 

testing whether the unobserved effect ai(uijt = ai + vijt) is correlated with explanatory 

variables. The null hypothesis states the preference of random effect regression as a 

better fit for the data (Wooldridge, 2002). We have not been able to reject the null 

hypothesis confirming our assumptions and confirming the usage of random effect 

model for our data. The usage of dummy variables in our case lads also in a problem of 

collinearity among residuals in the regression and therefore the coefficients cannot by 

estimated by running the classical OLS regression. We have run the estimation by using 

the Generalized Least Squares estimation, as it is stated above, which is a technique 

helping to resolve the endogeneity problem (De, 2003). 

 

We have run the tests to check for the fulfillment of model assumptions in order to 

obtain consistent results. Firstly, we have performed the Breusch-Pagan test to test for 

heteroscedasticity. The test helped us to detect the presence of strong heteroscedasticity 

in the data therefore we used the robust standard errors in our regression.  

 

Another aspect we had to take into account is the cluster-correlated data problem, which 

can lead to inconsistent estimates if we do not account for it. In our data we have a 

combination of bank-specific variables as well as the efficiency scores from SFA and 

regulator variables, which are collected and nested, on a country level. In order to 
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overcome this problem we have used option cluster (Country) to group the data on a 

country basis.  

 

We have checked also for the perfect collinearity and multicollinearity problem. The 

correlation matrix of variables has provided us with the evidence of no presence of 

perfect collinearity and multicollinearity. In order to specify properly the impact of 

regulatory and supervisory instruments on the bank efficiency we have constructed 

several models and one of the aspects that we paid attention to was also the high 

correlation of variables that we tried to avoid in order to obtain good valuable estimates. 

The summary statistics for explanatory variables used in our regression are show in the 

Table 17.  

 

Since we have expected that the global financial crisis might have a significant 

influence on a structural change in our data, we have use the Chow test, to test whether 

a particular time point in our case year might cause a structural break and influence the 

regression coefficients. The null hypothesis states no presence of structural break in the 

data. The results of the test allow us to reject the null hypothesis (with p-value=0) in 

favor of our assumption of a structural break included in our data. According to the 

evidence we assumed that 200We can conclude that the 2009–2013 cause a break in 

the regression coefficients, therefore in order to be able to focus on the testing of the 

hypotheses we split the whole period 2005–2013 into two subsets and we have run the 

regression analysis on the subset for the crisis period. 

 

- Crisis period: 2008 – 2013, the crisis period is usually taken till the end of a 

year 2011, but we are assuming also the economic slowdown and the recovery 

as a consequent phase, when most of the countries did not have reached the 

economic growth as before the crisis. 

 

We have constructed 6 models for the estimation of the efficiency regulatory and 

supervisory determinants. The first model is constructed to provide estimates on the 

overall indexes constructed for the main regulatory variables in order to provide us with 

the overlook what is the impact of the regulatory instrument. The other models are 

focusing each one on one group of regulatory instruments as they are divided in the 

data description keeping the other variables unchanged to be able to provide 
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comparisons between the models. 

 

The general model is defined as follows:  

𝐸𝑓𝑓𝑖𝑐𝑖𝑒𝑛𝑐𝑦𝑒𝑖𝑡 = 𝛼 + 𝛽1𝑟𝑒𝑠𝑡𝑟𝑖𝑐𝑎𝑐𝑡𝑖𝑡
+ 𝛽2𝑜𝑣𝑒𝑟𝑎𝑙𝑙𝑟𝑒𝑞𝑖𝑡

+ 𝛽3𝑐𝑎𝑝𝑟𝑒𝑔𝑖𝑡
+

𝛽4𝑆𝑢𝑝𝑃𝑜𝑤𝑒𝑟𝑖𝑡
+ 𝛽5𝐷𝑖𝑣𝑒𝑟𝑠𝐼𝑛𝑑𝑒𝑥𝑖𝑡

+ 𝛽6𝑆𝑢𝑝𝐼𝑛𝑑𝑖𝑡
+ 𝛽7𝑀𝑢𝑙𝑡𝑖𝑝𝑙𝑒𝑆𝑢𝑝𝑖𝑡 +

𝛽8𝑃𝑟𝑖𝑣𝑎𝑡𝑒𝑀𝑜𝑛𝑖𝑡
+ 𝛽9𝑀𝑜𝑟𝑎𝑙𝐻𝑎𝑧𝑎𝑟𝑑𝑖𝑡

+  𝛽10𝐸𝑥𝑡𝑒𝑟𝑛𝑎𝑙𝐺𝑜𝑣𝑖𝑡 + 𝛽11𝐹𝑜𝑟𝑒𝑖𝑔𝑛𝑖𝑡 +

𝛽12𝐺𝐹𝐶𝑟𝑖𝑠𝑖𝑠 + 𝛾𝑛𝐵𝑎𝑛𝑘𝐶ℎ𝑎𝑟𝑎𝑐𝑡𝑒𝑟𝑖𝑠𝑡𝑖𝑐𝑠𝑖𝑡 + 𝜇𝑖 + 𝑣𝑖𝑡(15), 

where n=1,4 for our Bank characteristic variables described in the data description. 

 

3.2.5 Results and the discussion 

In this section we will provide the description and discussion of the regression results 

provided on the depended variables we have obtained from the SFA analysis. The 

results for our general Model 1 are shown in the Table 6. Results for the specified 

models to test for our hypotheses are shown in the appendix in the Table 18- 22. 

 

We can find significant effect of restrictions on bank activities (restric_act). The impact 

of the variable restric_act is negative showing that higher restrictions lead to lower cost 

efficiency and profit efficiency. These results are in agreement with the studies Barth 

et al. (2013) and Chortareas (2010) implying that the strict limitations on banks’ 

activities may reduce the bank’s possibilities how to diversify the income streams and 

especially the risk of the portfolio, which may lead into weakening of the bank’s and 

enhance the incentives for bad behavior. There is also an aspect that stringent bank 

activity regulations reduce the ability of banks to monitor and process information 

about the market, customers and consequently analyze, understand customers’ needs, 

which may increase the risk also in the supply of other provided services to customers. 

On the other hand we have identified significant positive influence of variable 

describing the overall financial conglomerate restrictions (overall_req) on both cost as 

well as the profit efficiency. The higher restrictions on the possible permission to obtain 

ownership shares in a bank lead into higher efficiency. In other words, mixing finance 

and commerce does not have a good impact on the development of the financial system 

in the country.  

Low regulation may increase the attention of investors with low knowledge and 

capabilities needed for an involvement in the banking sector or even investors with the 
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incentives of manipulation. The stability of financial system is one of the key 

characteristics for healthy development of the country’s economy therefore we 

conclude in agreement with the results that it is important to regulate who has the power 

and rights to involve in the decision-making processes in the banking industry.  

The positive impact of variables regarding the bank ownership is shown also for the 

variable Entr_bank, describing the scope of legal submissions are required in order to 

obtain a banking license taking into account also the limitations on foreign bank entry 

and ownership. In other words the stringent regulation policies regarding the entry to 

the market positively influence the safety and soundness of banks allowed to participate 

in the market in particular country. This results is in agreement with the study 

conducted by Kim et al. (2013) implying that the barriers to the market entry may 

decrease also the incentives of excessive risk taking, which may be provoked in highly 

competitive market where some particular banks may face situation of uncertainty 

about their market position.  

With regard to the impact of the regulatory instruments on efficiency, the results from 

our regression define that variable Sup_power indicating the ability of supervisory 

authorities to take specific actions to prevent from critical situations or correct 

problems. The statistically significant and positive impact on both cost and profit 

inefficiency support the supervision approach presented in Pasiouras et al. (2009), 

defining that the powerful supervision is a good instrument how to improve the 

corporate governance of banks, reduce corruption, improve the functionality and 

enhance stability. This result has been surprising for us because as it can be seen also 

from the literature review background we were expecting to be more important, 

supporting the private monitoring approach to supervision and monitoring also 

presented in the study of Pasiouras et al. (2009).  

From the bank characteristic variables, we have identified a significant negative effect 

of variable LLP on profit and cost efficiency. The higher the risk costs are there is a 

higher decrease in the efficiency of the bank. This variable is capturing the quality of 

bank assets as an outcome of applied management techniques and risk evaluation. The 

quality of bank assets especially with the focus on the credit quality is an important 

determinant of the efficiency across all our regression models especially in the period 

of financial crises increasing the risk of bank failure as a consequent of misleading 
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management technique in the determination of good loans. 

Table 6: Regression results, determinants of bank efficiency PE/CE (Source: author’s compilation, Stata) 

  The whole period Crisis 

Model 1 1 1 1 

Variables PE CE PE CE 

restric_act -0.0714*** -0.00247*** -0.0119 -0.0101 

  (-3.95) (-5.86) (-1.31) (-1.13) 

entr_bank 0.0326** 0.00156*** -0.0256*** 0.0158* 

  (2.61) (5.33) (-4.53) (2.45) 

overall_req 0.0832** 0.00155* 0.0213 0.0241 

  (3.27) (2.34) (1.31) (1.60) 

cap_reg 0.0132 0.000623* 0.0123* -0.0171** 

  (1.01) (2.19) (2.13) (-3.01) 

Sup_Power 0.0193* 0.000755** 0.00175 0.0112* 

  (2.55) (2.62) (0.38) (1.99) 

Divers_Index 0.0356 0.0000838 -0.0998*** -0.0964*** 

  (0.95) (0.06) (-4.03) (-3.90) 

Sup_Ind 0.0702 0.00366** 0.121*** 0.00541*** 

  (1.93) (2.60) (3.75) (7.34) 

MultipleSup 0.315* 0.00599 0.357* 0.00517 

  (2.43) (0.46) (1.99) (0.39) 

Private_Mon 0.0426 0.000851 0.0305** 0.0361*** 

  (1.83) (1.66) (2.62) (3.52) 

Moral_Hazard -0.0903** -0.00167 0.0544*** 0.00978 

  (-3.28) (-1.94) (5.97) (1.19) 

ExternalGov 0.00902 -0.000187 -0.00973 -0.00263 

  (0.31) (-0.19) (-1.07) (-0.33) 

Foreign -0.120*** -0.00227*** -0.141*** -0.00197*** 

  (-4.28) (-5.63) (-5.98) (-6.01) 

GF_Crisis 0.0230 0.00195     

  (0.58) (1.96)     

EquityTAsset -0.00000261 -5.03e-08 -0.00000728 -0.000000187 

  (-0.95) (-0.67) (-1.88) (-1.57) 

LLP -0.00001000*** -0.000000224*** -0.0000117*** -0.000000275*** 

  (-4.74) (-3.64) (-4.66) (-4.58) 

NIR 0.00000535* 0.000000105* 0.00000427 0.000000113 

  (2.34) (2.24) (1.08) (1.15) 

size -0.00759** -0.000145** -0.00584 -0.0000786 

  (-2.72) (-2.75) (-1.30) (-0.85) 

_cons -0.0973 0.631*** 1.016*** 1.031*** 

  (-0.37) (36.82) (4.77) (5.49) 

N 2632 2633 1624 1625 

t statistics in parentheses * p<0.05,  ** p<0.01,   *** p<0.001 
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Hypothesis 2: There are significant differences in the impact of regulatory instruments 

on the profit and cost efficiency of banks. 

 

Focusing on the analysis of the differences between the regressions of the cost 

efficiency and profit efficiency determinants the results do not provide evidence for 

significant results in the sign of the impact of explanatory variables. However, we find 

differences in significance of the impact on the efficiency. For the cost efficiency model 

we have found variables Sup_Ind, cap_reg in the contrast with the results for the profit 

efficiency model. The variable Sup_Ind describes the degree of overall independence 

of the supervisory authority from the government as well as legally from the influence 

of the banking industry and corporates. The positive impact of the variable of 

supervisory independence implies that higher degree of overall independence improve 

the bank’s cost efficiency. In other words supervisory authorities under the influence 

of government or corporate powers may tend to make and change the regulatory 

decisions in favor for certain parties, which may lead into higher costs and lower 

operational efficiency of banks as well as to increase of probability of crisis on the 

market. This result is in agreement with the study of Barth et al. (2013).  

The cap_reg variable, describing the stringency of capital adequacy restrictions has 

positive impact on the cost efficiency regarding the results of our model. This result has 

been in agreement with the studies of Barth et al. and Pasiouras et al. (2009), indicating 

that tighter capital requirements may lead to higher capital levels which are potentially 

lowering the probability of bank failure. Especially the lower risk of the financial 

distress of a bank leads into reducing financial investment into the various risk 

management activities and decrease agency problems which enables the bank to invest 

the possibility of banks for better monitoring and information analysis providing more 

feasible identification and monitoring of potentially good borrowers. 

For the profit efficiency model the results show significance for the variable 

MultipleSup describing the presence of the multiple supervisory authorities sharing the 

responsibility for the supervision of the banking sector. The presence of multiple 

supervisory authorities enhances the bank profit efficiency. In other words the 

unification of the supervisory power under one supervisory agency decreases the profit 

efficiency, emphasizing the importance of the need of the supervisory agencies to 
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understand the differences and specifics among countries and increase the ability to 

accommodate flexibly to the recent development of financial sector and the needs 

resolving from the current environment. These results have been also confirmed in the 

study of Pasiouras and Caganis (2013).  

Hypothesis 3: The internationally based regulation policies and supervision, with the 

aim of unification of banking system have positive effect on the banks’ efficiency. 

 

Given the nature of the data we were not able to clearly identify the regulation and 

supervision policies that can be characterized as unified for the whole region of 

European Union. For some types of regulatory instruments there is left space for 

national authorities to accommodate the scope or the stringency according to the 

development of the banking sector in the certain country. We have decided to focus on 

the regulatory policies including activity restrictions, capital requirements, financial 

conglomerate and competition regulation, concerning our regression models 2, 3, 4. 

Focusing on the above mentioned variables we have noticed that variables Private_Mon 

and Moral_Hazard are showing significant impact on both cost as well as profit 

efficiency. The impact of Private_Mon has been showed as positive implying higher 

incentives for private monitoring enhancing the profit as well as the profit efficiency of 

the bank. The impact and the importance of private monitoring in the banking sector 

have been widely discussed in the literature. The positive effect has been concluded 

also in the studies of Barth et al. (2013), Pasiouras et al. (2009) and Chortareas (2010). 

The private monitoring as a regulatory tool is a good instrument for the improvement 

of financial transparency, information disclosure leading into a good market discipline 

on the market, which is positively associated with the bank profit as well as cost 

efficiency. 

The variable Moral_Hazard is describing the measures taken by supervisory authorities 

in order to mitigate the probability of moral hazard problem. The impact of the variable 

is negative despite the fact that the variable is considered as enhancing the market 

discipline. The requirement of deposit insurance funds and the mandatory size to total 

assets of these funds is an additional financial burden on the side of costs for the bank 

decreasing the cost efficiency of bank and it also diminishes the incentives of bank to 

engage in the high risk involving activities (high risk is usually connected to high 
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profits) therefore we assume it can be a reason for decrease in the profit efficiency of 

the bank. On the other hand, from the long run point of view this regulatory measures 

increases the stability of the bank and also the trust of the bank in the eyes of the 

depositors, which may lead to an increase in the overall bank efficiency. 

In the model specifying the activity restrictions the results show that restrictions on 

activities connected to financial securities (secur_act) and insurance activities 

(insur_act) have negative impact on both profit and cost efficiency. The results are 

consistent with the ones showed in the study of Barth et al. (2013) confirming that 

diversification of income through nontraditional activities is positively related with 

bank stability and enhancement of bank efficiency. In this model we have observed 

evidence also for the high significance of the global financial crisis with the positive 

sign. During the financial crisis the negative effect of restrictions on activities is 

lowered, however the sign of the effect does not change, we can conclude that the 

results show the need for regulation in the field of bank activities. 

 With the focus on the capital adequacy requirements we have find that variable 

ovr_cap, describing overall capital stringency, is positively associated with the bank 

efficiency in general. On the other hand the initial capital stringency (init_cap), 

describing the restrictions regarding the sources of funds that can be used to initially 

capitalize bank, have significant negative impact on the bank profit efficiency. The 

results are also confirmed by the study of Pasiouras et al. (2009), implying that in 

countries with well-developed stock markets firms are rather using the equity than bank 

finance, which may lead into potential decline in the bank revenues taking into higher 

bank capital due to the capital restrictions, especially when there are restrictions placed 

on the type of funds that can be and cannot be used as sources for the capital.  

The financial conglomerates specification provides us with evidence of significant 

positive influence of limitations on the possibilities of banks owning nonfinancial firms 

on the overall efficiency. We assume that these limitations are decreasing the potential 

risk exposure of bank, which leads to an increase in the efficiency. 

Hypothesis 4: The overall independence and the tenure of the official supervisory 

authority have positive impact on the bank efficiency. However the variables 

determining the supervisory power are negatively associated with the bank efficiency. 
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The significant impact of the overall independence of the supervisory authority on the 

cost efficiency is observable across all our regression results. In model 5 we have used 

3 characteristics of supervisory independence: Sup_Ind_Pol, Sup_Ind_Bank, 

Sup_Ind_Fix. According to the evidence we can conclude all aspects political, of 

independence have significant positive influence on the bank cost efficiency.  

 

The results show a positive significant association of the supervisory authority’s tenure 

with the profit bank efficiency, implying that higher tenure period of the supervisors 

have influence on the increase in the profit efficiency. The longer tenure of the 

supervisors enhances the stability and minimizes the volatility in the regulatory 

environment because of the change in the board of the supervisors, with different point 

of view, goals and incentives.  

 

The variables Resctruc_pow and Insolv_pow have been identified with a significant 

negative impact on the cost efficiency. The right of supervisory authority to involve in 

the restructuring process in the situation when a bank faces trouble, considering 

discretionary instruments as imposition of management fees, internal structure 

restructuring, tightening of risk minimizing strategies leads into increase in the 

operational costs of the bank, lowering the cost efficiency. 

 

Hypothesis 5: The regulatory instruments related to variables enhancing the market 

discipline have positive impact on the bank efficiency. 

 

From the all variables connected to the enhancement of the market discipline the results 

show the evidence for the significant impact of Strength_audit, Financial_T on the 

efficiency in general. Furthermore, variables Accounting and ExternalRating are 

positively associated with the profit bank efficiency. These factors are connected to the 

enhancement of the quality, stability and development of the financial market through 

various degrees of requirements concerning efficient certified audit, implementation of 

international certified accounting techniques with the emphasis on the transparency of 

the accounts and providing space to external rating agencies to publish objective results 

from analysis regarding various factors about banks performing on the market.  
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Hypothesis 6: The efficiency of foreign-owned banks is negatively influenced by the 

regulation and supervision techniques in the country of their operation. 

 

Foreign ownership has been identified as negatively significantly associated with the 

impact on the bank efficiency in our data concerning the countries who are members of 

European Union. As one of the explanations for the negative effect can be taken the 

reallocation of the costs among the bank group, from the parent bank to the subsidiaries 

or vice versa depending on the circumstances and the environment of the banking sector 

where are the parent bank and the subsidiary located.  

 

Hypothesis 7: The impact of determinants concerning regulations is significantly 

different focusing on the crisis period. 

 

During the crisis period, we observe the increase in the sensitivity to the regulatory 

variables. The variable Divers_Index is showing significant negative impact on the 

bank efficiency both cost and profit, describing the implementation of verifiable 

guidelines and permissions for asset diversification concerning also the question of 

permissions for banks to make loans abroad. We assume that more stringent restrictions 

and guidelines lead into higher decline in the efficiency of banks it means. Especially 

in the time of crisis there is importance to diversify the risk portfolio in order to enhance 

the stability and decrease of the risk exposure. The study of Barth et al. (2013) show 

evidence of negative relationship between diversification index and the likelihood of 

the worsening of the crisis. The diversification restrictions have destabilization impacts 

on the banking profit and cost efficiency especially for the countries with well-

developed financial market. 

 

The independence of the supervisory authority is robustly positively associated with 

the bank cost efficiency focusing on the result concerning the crisis period we have 

noticed the positive significant relationship also for the profit efficiency. The results 

are emphasizing the importance of the objective professional and critical decision 

making process regarding the reactions on the current threats, risks or other 

circumstances influencing the financial market. 
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Given the results we can observe a significant impact of Private_Mon, describing the 

overall index covering the private monitoring techniques, on the cost and profit bank 

efficiency. As it is pointed out in the studies of Chortareas (2010), Barth et al. (2004), 

Pasiouras (2009) and Kim et al. (2013), the private monitoring is an efficient 

complementary tool for the enhancement the quality of information shared in the 

market and ability of monitoring of the market including also the monitoring 

responsible entities with the aim of limitation of the risk of making biased decisions. 

The private monitoring is also contributing to the retention of consumers’ trust which 

may lead into increase in the efficiency.  

 

More specifically we have found positive significant impact of variables 

ExternalRating, B_accounting and Accounting - restrictions and rules for unification of 

bank accounting methods on the cost efficiency. The negative impact on cost efficiency 

has been identified for variable Financial_T describing instruments for financial 

statement transparency, in the contrast to the profit efficiency where is the association 

strongly positive. During the crisis period number of variables with negative influence 

on the profit efficiency have increased, the results show negative relationship with 

variables ExternalRating, B_accounting and Accounting and dummy variables 

No_DEP_ins, Cert_Audit have negative relationship with cost as well as profit 

efficiency. In the contrast to this results we want to point out the positive impact of 

variable Strength_audit, describing the depth and efficiency of the required certified 

external audit, on cost and profit efficiency, implying that if the certified audit is 

compulsory it should be executed as deep and efficient as it is possible consequently 

yielding increase in the efficiency of banks as well higher transparency and stability to 

the market. Given our results we assume that Fund_ins, describing the size of deposit 

insurance fund relative to total assets of the bank, can be a tricky regulation tool, in a 

sense that it is commonly adopted in countries in order to prevent from bank runs, 

systemic risk crisis and to secure the depositors of a bank in a worst case scenario of a 

bank run. But as we can see the intensive negative impact on the bank efficiency (both 

cost and profit) we would imply with the confirmation of the study of Barth et al. (2004) 

that generous deposit insurance schemes are quite richly increasing the bank fragility.  

 

Focusing on the bank activities restrictions we have found interesting evidence for the 

significant negative impact of the variable real_act, describing the degree of restrictions 
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imposed on the activities connected to the real estate investments. These results are in 

the contrast with the regression results for the whole period. There has not been 

identified change regarding the variables concerning capital requirements. On the other 

hand the variables for the financial conglomerate variables regarding the entry to the 

market, ownership are no longer significant. 

 

In the model specifying the variables for private monitoring, external governance and 

moral hazard we have noticed a significant increase in the sensitivity of bank profit and 

cost efficiency to these variables. The results confirm the discussion provided on these 

variables above also with the emphasis on the financial crisis.  

 

The highest increase in the sensitivity of the bank efficiency we have observed for the 

specified model for the structural supervision variables. We can see significant impact 

of the power of supervisory agencies to involve in the implementation process of 

preliminary actions and discretionary steps under the situations when banks are facing 

serious problems. We want to point out specifically variables Promt_Corr, 

Restruc_Pow, Insolv_Pow, Sup_Forbear and Court_Inv. Only variables having same 

impact on both types of efficiencies are Promt_Corr and Sup_Forbear.  

 

The variable of prompt corrective power of the supervisory authority is describing the 

degree to which the law establishes levels of solvency deterioration that force 

supervisory actions and the specific scope of actions. This variable is negatively 

associated with the bank efficiency, implying that stringent requirements from the side 

of authorities and application of corrective measures lead into lower bank efficiency. 

We assume that this regulation can be considered as tricky and prudent especially in 

the time of crisis, regarding the estimation of the proper limits and the time periods of 

the decline, because during the crisis the situation and the development of the market 

is more volatile and also the performance of banks may be more unstable in short-term. 

 

 On the other hand, variable describing the supervisory forbearance power is positively 

associated with the profit and cost efficiency implying that the higher ability of 

supervisory power review violations of laws and regulations more flexibly taking into 

account the actual circumstances for each case without implementation of corrective 

steps just on basis of limits. The correct evaluation of the problematic situation may 
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lead into higher efficiency considering each problem, bank and the circumstances as 

unique.  

 

Interesting results are provided for the variables describing the independence of the 

supervisory authority (Sup_Ind_Pol, Sup_Ind_Bank, Sup_Ind_Fix). While the results 

on the overall period show significant positive impact of these variables just on the cost 

efficiency, in the crisis period these variables are positively associated with both profit 

and cost efficiency indicating that the independence is influencing nor the operational 

side but also the performance, the revenue volumes of the banks.  
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4 Conclusion 

 

The global financial crisis has risen the importance of the questions regarding the 

proper and feasible regulation and supervision of the banking sector in order to prevent 

the volatility and uncertainty to spread across the countries as we saw especially during 

the years 2009-2011. Therefore, the main motivation for our analysis was the topic of 

financial regulatory and supervisory instruments. We collected data covering sample of 

28 countries that are members of the European Union: Austria, Belgium, Bulgaria, 

Croatia, Cyprus, Czech Republic, Denmark, Estonia, Finland, France, Germany, Great 

Britain, Greece, Hungary, Ireland, Italy, Latvia, Lithuania, Luxemburg, Malta, 

Netherlands, Poland, Portugal, Romania, Slovakia, Slovenia and Sweden. The selection 

of the region has been motivated by the uniqueness of the concept of European Union 

as an environment driven by integration and unification in order to achieve flourishing 

and functioning unit taking into account national characteristics of single countries.  

For our research we have stated hypotheses focusing on three main areas. We used 

BankScope and World Bank databases as the source of the data which is used in most 

papers covering the topic of banking and we employed stochastic frontier analysis and 

panel data techniques to investigate the efficiency and the regulatory determinants 

influencing the bank efficiency.  The data were collected for the period 2005-2013. 

 

The analysis confirms presence of certain specific patterns in the development of 

efficiency scores among countries in the European Union. First of all, we can conclude 

that high cost bank efficiency does not necessarily imply also high profit efficiency. 

The cost efficiency scores are in general higher, but the most interesting difference 

between the efficiency scores is observable for Greece,implying that the banking sector 

in Greece is operating with high efficiency in cost minimization but on the contrary 

they are not able to transform this efficiency also to the revenue volumes given the 

input prices and output quantities. Similar situation has been identified also for Ireland 

but considering the economic situation and the problems that have risen in these 

countries multiplied during the crisis period the similar development of efficiency 

scores is understandable. 
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Having accounted for the crisis period we have identified the Czech Republic and 

Denmark as two countries showing balanced efficiency scores, implying a stable 

efficiently operating bank market environment, which in case of the Czech Republic 

among other CEE countries can be considered for investors as a very interesting market 

and on the side as credible from the customers’ view enabling good bank sector 

development.  

 

The analysis suggested that banks perform with higher efficiency on the market with 

lower restrictions on bank activities. We can conclude that the diversification of the 

portfolio plays an important role in the bank’s stability and that prudent activity 

restrictions may lead into adverse effect, enhancing the incentives for bad behavior. 

There is also an aspect that stringent bank activity regulations reduce the ability of 

banks to monitor and process information about the market, customers increasing risk 

of the identification of good loans and increasing the likelihood of crisis. Given the 

results of our analysis we found the fact that certain level of banks engaging in the non-

traditional, activities connected to financial securities and insurance activities financial 

activities is increasing the bank efficiency.  

 

According to our analysis, presence of independence of supervisory authority is 

important determinant of banks’ efficiency in the sense of limitation of the possibilities 

that the role of person possessing certain supervisory powers will be misused in favor 

of big corporates or political goals. Also supervisory tenure is positively associated with 

the profit bank efficiency. The sensitivity of banks to the supervisory independence has 

even increased in the period of global financial crisis. The longer tenure of the 

supervisors enhances the stability and minimizes the volatility in the regulatory 

environment because of the change in the board of the supervisors, with different point 

of view, goals and incentives. These findings support the evidence in favor of the 

hypothesis that the overall independence and tenure of the official supervisory authority 

have positive effect on the bank efficiency. 

 

The impacts of higher private monitoring present in the market in the EU countries have 

been shown as an important determinant of the bank efficiency. Efficient 

complementary tool for the enhancement the quality of information shared in the 
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market and ability of monitoring of the market including also the monitoring 

responsible entities with the aim of limitation of the risk of making biased decisions. 

 

Also, according to our regression the cost efficiency is performing an increase with the 

increase in the strictness of external agency ratings and bank accounting practices, 

while the revenue volumes of the banks are according to the results unchanged or 

negatively influenced. The negative association of the cost efficiency with the increase 

in the restrictions enhancing financial transparency while increasing also the profit 

efficiency levels are in favor of the statement in our hypothesis of significant impact of 

regulatory instruments on efficiency while this impact differs considering crisis and 

pre-crisis period.  

 

The topic of the bank regulation is really wide and provide us with many unsolved 

questions for further research. This thesis contributed to the research in the questions 

of the stringency and adequacy of implemented regulations provided an overview of 

the influence of single variables obtained from the survey on the bank regulation.  
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6 Appendix 

 
Table 7: Descriptive statistics for regulatory and supervisory variables 

Variable Label Description Range Question Source 

Restrictions on bank activities           

Securities Activities secur_act 

The extent to which banks may engage in underwriting, 

brokering and dealing in securities, and all aspects of the 

mutual fund industry. 

1--4  
World Bank 

database 

Insurance activities insur_act 
The extent to which banks may engage in insurance 
underwriting and selling. 

1--4 Insurance World Bank 

database 

Real estate activities real_act 
The extent to which banks may engage in real estate 
investment, development and management. 

1--4 Real estate World Bank 

database 

Overall restrictions on bank activities restric_act Weighted average of variables. 3--12  World Bank 

database 

Financial conglomerates variables 

Bank owning nonfinancial firms Own_firm 
The extent to which banks may own and control nonfinancial 

firms. 
1--4 Regulatory restrictiveness of bank ownership of nonfinancial firms World Bank 

database 

Nonfinancial firms owning banks 
firm_own_ban

k 
The extent to which nonfinancial firms may own and control 
banks. 

1--4 Regulatory restrictiveness of ownership by nonfinancial firms of banks World Bank 

database 

Nonbank financial firms owning banks Nonbankfin 
The extent to which nonbank financial firms may own and 

control banks. 
1--4 Can non-bank financial firms own shares in banks? What are the limits? World Bank 

database 

Overall financial conglomerates 

restrictiveness 
overall_req Weighted average of variables. 3--12  World Bank 

database 

Competition regulation variables 

Limitations on foreign bank entry/ownership Limit_foreign 
Whether foreign banks may own domestic banks and whether 

foreign banks may enter a country's banking industry. 
0-4 

 

World Bank 

database 

Entry into banking requirements entr_bank 

Whether various types of legal submissions are required to 

obtain a banking license. 

0-8 

Legal submissions required for banking license: Draft by-laws; Intended organization 

chart; First 3-year financial projections; Financial information on shareholders; 

Background/experience of future directors; Background/experience of future managers; 
Sources of funds in capitalization of new bank; Intended market differentiation of new 

bank 

World Bank 

database 

 

 
 



72 
 

Table 8: Descriptive statistics for regulatory and supervisory variables cont. I 

Variable Label Description Range Question Source 

Capital regulation variables           

Overall capital stringency ovr_cap 

Whether the capital requirement reflects certain risk elements 
and deducts certain market value losses from capital before 

minimum capital adequacy is determined. 0-7 

Is it risk-weighted in line with Basle guidelines? Does the ratio vary with a bank's credit 

risk? Does the ratio vary with market risk? Before minimum capital adequacy is 

determined, which terms are deducted from capital; Market value of loan losses; 
Unrealized securities losses; Unrealized foreign exchange losses; What fraction of 

revaluation gains is allowed as part of capital?  

World Bank 

database 

Initial capital stringency init_cap 

Whether certain funds may be used to initially capitalize a 

bank and whether they are officially. 0-3 

Are the sources of funds to be used as capital verified by authorities? Can assets other than 

cash/govt.securities be used to increase capital? Can borrowed funds be used? 

World Bank 

database 

Capital regulatory index cap_reg Weighted average of variables. 0-10  

World Bank 

database 

Variables of official supervisory power 

Official supervisory power Sup_Power 

Whether the supervisory authorities have the authority to take 

specific actions to prevent and correct problems. 0-14 

Can supervisors meet external auditors to discuss report without bank approval? Are 
auditors legally required to report misconduct by managers/directors to supervisory 

agency? Can legal action against external auditors be taken by supervisor for negligence? 

Can supervisors force banks to change internal organizational structure? Are off-balance 
sheet items disclosed to supervisors? Can the supervisory agency order 

directors/management to constitute provisions to cover actual/potential losses? Can the 
supervisory agency suspend director's decision to distribute: dividends, bonuses, 

management fees; Can the supervisory agency supercede bank shareholder rights and 

declare bank insolvent? Does banking law allow supervisory agency to suspend some or all 

ownership rights of a problem bank? Regarding bank restructuring & reorganization, can 

supervisory agency or any other govt. agency do the following: supercede shareholder 

rights, remove and replace management, remove and replace directors. 

World Bank 

database 

Prompt corrective power Prmpt_Corr 

Whether a law establishes predetermined levels of bank 

solvency deterioration that force automatic actions, such as 
intervention. 0-6 

Does the law establish pre-determined levels of solvency deterioration which forces 

automatic actions such as intervention? Are there any mechanisms of cease-desist type 

orders whose infraction leads to automatic imposition of civil & penal sanctions on banks 
directors & managers? Can the supervisory agency order directors/management to 

constitute provisions to cover actual/potential losses? Can the supervisory agency suspend 

director's decision to distribute: dividends, bonuses, management fees? Can supervisors 
force banks to change organizational structure? 

World Bank 
database 

Restructuring power Restruc_pwr 
Whether the supervisory authorities have the power to 
restructure and reorganize a troubled bank. 0-6 

Regarding bank restructuring & reorganization. Can supervisory agency or any other 

govt.agency do the following: supercede shareholder rights, remove and replace 
management, remove and replace directors? 

World Bank 
database 

Declaring insolvency power Insolv_Pwr 
Whether the supervisory authorities have the power to declare 
a deeply troubled bank insolvent. 0-4 Can the supervisory agency supercede bank shareholder rights and declare 

World Bank 
database 

Supervisory forbearance discretion Sup_Forbear 

Whether the supervisory authorities may engage in 

forbearance when confronted with violations of laws and 

regulations or other imprudent behavior. 

Pure 

number 

Regarding bank restructuring & reorganization. Can supervisory agency or any other 

govt.agency do the following: forbear certain prudential regulations? Does the law 
establish pre-determined levels of solvency deterioration which forces automatic actions 

such as intervention? Must infraction of any prudential regulation found by a supervisor be 

reported? Any mandatory actions in these cases? 

World Bank 

database 

Court involvement Court_Inv 

The degree to which the court dominates the supervisory 

authority. 0-2  

World Bank 

database 
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Table 9: Descriptive statistics for regulatory and supervisory variables cont.II 

 

Variable Label Description Range Question Source 

Supervisory structural variables 

Supervisor tenure Sup_Tenure The average tenure of a professional bank supervisor. 
Pure 

number Average tenure of a supervisor (years). 

World 
Bank 

database 

Independence of supervisory authority - 
political Sup_Ind_Pol 

The degree to which the supervisory authority is independent 
within the government from political influence. 0;1 To whom are supervisors accountable? 

World 
Bank 

database 

Independence of supervisory authority - bank 
Sup_Ind_Ba

nk 
The degree to which the supervisory authority is protected by 
the legal system from the banking industry. 0;1 Are supervisors legally liable for their tenure? 

World 
Bank 

database 

Independence of supervisory authority - 
fixed term Sup_ind_Fix 

The degree to which the supervisory authority is able to make 
decisions independently of political considerations. 0;1  

World 
Bank 

database 

Independence of supervisory authority - 
overall Sup_Ind 

The degree to which the supervisory authority is independent 
from the government and legally protected from the banking 
industry. 0-3  

World 
Bank 

database 

Multiple supervisor MultipleSup 

This variable indicates whether there is a single official 
regulatory of banks, or whether multiple supervisor share 
responsibility for supervising the nation’s banks. 0;1 Is there more than one supervisory body? 

World 
Bank 

database 
Regulation enhancing the stability 

Loan classification stringency Loan_Class 
The classification of loans in arrears as sub-standard, doubtful 
and loss. 

Pure 
number Classification of loans in arrears: substandard, doubtful, loss. 

World 
Bank 

database 

Provisioning stringency Prov_Strin 
The minimum required provisions as loans become sub-
standard, doubtful and loss. 

Pure 
number Minimum required provisioning of loans as they become: substandard, doubtful, loss. 

World 
Bank 

database 

Diversification index Divers_Index 

Whether there are explicit, verifiable, quantifiable guidelines 
for asset diversification, and banks are allowed to make loans 
abroad. 0-2 

Are there guidelines for asset diversification? Are banks prohibited from making loans 
abroad? 

World 
Bank 

database 

Private monitoring variables 

Certified audit required Cert_Audit 
Whether there is a compulsory external audit by a licensed or 
certified auditor. 0;1 Is an external audit compulsory? 

World 
Bank 

database 

No explicit deposit insurance scheme No_DEP_ins 

Whether there is an explicit deposit insurance scheme and 
whether depositors were fully compensated the last time a 
bank failed. 0;1 

Is there an explicit deposit insurance scheme? Were depositors wholly compensated the last 
time a bank failed? Does income statement contain accrued but unpaid interest/principal 
while loan is performing?  

World 
Bank 

database 

Bank accounting 
B_accountin

g 

Whether the income statement includes accrued or unpaid 
interest or principal on nonperforming loans and whether 
banks are required to produce consolidated financial 
statements. 

0-4 
Does income statement contain accrued but unpaid interest/principal while loan is non-

performing? Are consolidated accounts covering bank and any non-bank financial 
subsidiaries required? Are directors legally liable for erroneous/misleading information? 

World 
Bank 

database 

Private monitoring index Private_Mon 

Measures whether there incentives/ability for the private 
monitoring of firms, with higher values indicating more 
private monitoring. 0-12 

Is subordinated debt allowable (required) as part of capital? Is subordinated debt allowable 
(required) as part of capital? Are there any mechanisms of cease-desist type orders whose 
infraction leads to automatic imposition of civil & penal sanctions on banks directors & 
managers? 

World 
Bank 

database 
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Table 10: Descriptive statistics for regulatory and supervisory variables cont. III 

Variable Label Description Range Question Source 

Variables for enhancement of financial transparency 

Deposit insurer power Dep_ins 

Whether the deposit insurance authority has the authority to 

make the decision to intervene in a bank, take legal action 
against bank directors or officials, and has ever taken any 

legal action against bank directors or officers. 

Pure 

numbe

r 

Does deposit insurance authority make the decision to intervene a bank? If yes, does the 
deposit insurance authority have the legal power to intervene/takeover a troubled (not 

insolvent) bank? Can deposit insurance agency take legal action against bank 

directors/officials? Has the deposit insurance agency ever taken any legal action against 

bank directors/officials? 

World 

Bank 

database 

Deposit insurance funds-to-total bank asset Fund_ins 
The size of the deposit insurance fund relative to total bank 

assets. 

Pure 

numbe
r 

Ratio of accumulated funds to total bank assets. 

World 

Bank 
database 

Various factors mitigating moral hazard 
Moral_Hazar

d 
Degree to which actions taken to mitigate moral hazard. 0-3 

Is it funded by the government, banks or both?; Do deposit insurance fees charged to banks 

vary based on some assessment of risk? ;Is there formal co-insurance, that is, are depositors 
only insured for some percentage of their deposits, either absolutely or above some floor 

and/or up to some limit?  

World 

Bank 

database 

Strength of external audit 
Strength_audi

t 
The effectiveness of external audits of banks 0-7 

Is an external audit compulsory? Are there specific requirements for the extent of audit? Are 
auditors licensed or certified? Is auditor's report given to supervisory agency? Is auditor's 

report given to supervisory agency? Can supervisors meet external auditors to discuss report 

without bank approval? Are auditors legally required to report misconduct by 
managers/directors to supervisory agency? Can legal action against external auditors be 

taken by supervisor for negligence? 

World 
Bank 

database 

Financial statement transparency Financial_T The transparency of bank financial statements practices. 0-6 

Does income statement contain accrued but unpaid interest/principal while loan is 
performing? Are consolidated accounts covering bank and any non-bank financial 

subsidiaries required? Are off-balance sheet items disclosed to public? Must banks disclose 

risk management procedures to public? Are directors legally liable for erroneous/misleading 
information? Does income statement contain accrued but unpaid interest/principal while 

loan is non-performing?  

World 
Bank 

database 

Accounting practices Accounting The type of accounting practices used. 0;1  
World 
Bank 

database 

External ratings and creditor monitoring 
ExternalRatin

g 

The evaluations by external rating agencies and incentives for 

creditors of the bank to monitor bank performance. 
0-5 

Is subordinated debt allowable (required) as part of capital? Do regulations require credit 
ratings for commercial banks? What percentage of top ten banks is rated by international 

credit rating agencies?  

What percentage of the top ten banks are rated by domestic credit rating agencies?  

World 

Bank 
database 

External governance index ExternalGov Weighted average of variables. 0-19   

World 

Bank 

database 

 

 

 



75 
 

Table 11: Correlation table for efficiency variables 

 wlnTC wlnPBT lnQ1 lnQ2 lnQ3 lpP3 lnE w1 w2 

wlnTC 1.0000         

wlnPBT 0.7890 1.0000        

lnQ1 0.0463 0.0691 1.0000       

lnQ2 -0.0659 -0.0550 -0.0533 1.0000      

lnQ3 0.7352 0.5418 0.0009 -0.1010 1.0000     

lpP3 -0.7575 -0.7224 -0.0805 0.0541 -0.6515 1.0000    

lnE 0.1064 0.0923 0.1599 -0.0414 0.1050 -0.1024 1.0000   

lnP1 0.4779 0.3585 0.0007 0.0390 -0.1295 -0.4289 -0.0114 1.0000  

lnP2 0.7079 0.6042 0.0526 -0.0109 0.4391 -0.7458 0.0622 0.3467 1.0000 
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Table 12: Cost and profit efficiency scores- Global Financial Crisis 

Country Global Financial Crisis 

Difference in efficiency scores in Global 

Financial Crises 

Efficiency ProfitEff PE Costeff CE ProfitEff PE Costeff CE 

AT 

Mean 0.5714 0.6286 0.8402 0.8514 -0.0192 -0.0173 -0.0005 -0.0142 

Min 0.1528 0.1657 0.2414 0.2910      

Max 0.8823 0.8868 0.9567 0.9659         

BE 

Mean 0.5245 0.5840 0.8835 0.8639 -0.0264 -0.0211 0.0059 -0.0041 

Min 0.1550 0.1647 0.3258 0.3986      

Max 0.8093 0.8586 1.0183 0.9715         

BG 

Mean 0.5992 0.6449 0.7899 0.7881 0.0117 0.0124 0.0018 -0.0007 

Min 0.0928 0.1073 0.5298 0.5660      

Max 0.8222 0.8869 0.9576 0.9467         

DK 

Mean 0.7082 0.7403 0.9058 0.8831 0.0115 0.0138 0.0140 0.0173 

Min 0.2374 0.2763 0.5748 0.5797      

Max 0.9487 0.9512 1.1189 0.9740         

FI 

Mean 0.6431 0.7106 0.8046 0.8052 -0.0069 -0.0034 -0.0007 -0.0279 

Min 0.3967 0.4603 0.4568 0.4798      

Max 0.8850 0.9124 0.9418 0.9893         

FR 

Mean 0.6396 0.6809 0.8540 0.8407 0.0027 0.0045 0.0016 -0.0078 

Min 0.1852 0.1909 0.3309 0.3240      

Max 0.9299 0.9413 1.0538 0.9885         

HR 

Mean 0.5196 0.5671 0.7856 0.8143 -0.0128 -0.0110 -0.0005 0.0056 

Min 0.1153 0.1281 0.3110 0.3774      

Max 0.7942 0.8093 0.8763 0.9244         

CY 

Mean 0.6088 0.6255 0.8625 0.7865 0.0115 0.0070 0.0188 -0.0231 

Min 0.2387 0.2349 0.1349 0.1955      

Max 0.8202 0.8479 1.1136 0.9879         

CZ 

Mean 0.7709 0.8087 0.8562 0.8843 0.0017 0.0037 0.0078 0.0123 

Min 0.5253 0.5149 0.5505 0.5827      

Max 0.8881 0.9103 0.9537 0.9792         

EE 

Mean 0.5995 0.6215 0.8275 0.8008 -0.0374 -0.0383 0.0003 -0.0568 

Min 0.2410 0.2536 0.5919 0.5736      

Max 0.8644 0.8956 0.8478 0.9394         

ES 

Mean 0.6096 0.6463 0.8461 0.8816 -0.0240 -0.0236 0.0014 0.0053 

Min 0.1865 0.2060 0.5527 0.5101      

Max 0.9245 0.9403 0.9863 0.9918         

GR 

Mean 0.3877 0.4306 0.8643 0.8884 -0.0511 -0.0522 0.0075 -0.0008 

Min 0.2024 0.1819 0.1662 0.1613      

Max 0.6621 0.7196 0.9912 0.9812         

HU 

Mean 0.4901 0.5050 0.8112 0.7077 -0.0365 -0.0426 -0.0033 -0.0374 

Min 0.1867 0.1750 0.4832 0.4319      

Max 0.7630 0.7887 0.8556 0.8784         

LT 

Mean 0.4531 0.5011 0.7662 0.7222 -0.0353 -0.0372 -0.0031 -0.0705 

Min 0.2805 0.2988 0.3842 0.3640      

Max 0.7291 0.7454 0.8223 0.9325         
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Table 13: Cost and profit efficiency scores - Global Financial Crisis cont. 

Country Global Financial Crisis 

Difference in efficiency scores in Global 

Financial Crises 

Efficiency ProfitEff PE Costeff CE ProfitEff PE Costeff CE 

LU 

Mean 0.5636 0.6050 0.8251 0.8318 0.0075 0.0102 -0.0004 -0.0444 

Min 0.2770 0.2809 0.2693 0.2403      

Max 0.8163 0.8611 0.8767 0.9686         

LV 

Mean 0.5232 0.5736 0.8374 0.8479 -0.0114 -0.0098 0.0085 0.0167 

Min 0.1300 0.1441 0.3886 0.3543      

Max 0.8527 0.8866 0.8944 0.9622         

MT 

Mean 0.6633 0.7097 0.7884 0.7516 -0.0125 -0.0067 -0.0030 -0.0230 

Min 0.2839 0.3244 0.1864 0.1960      

Max 0.8837 0.9096 1.0420 0.9538         

NL 

Mean 0.5228 0.5560 0.8203 0.8073 -0.0522 -0.0503 0.0003 -0.0311 

Min 0.1521 0.1462 0.2233 0.2471      

Max 0.8693 0.8818 0.9063 0.9582         

PL 

Mean 0.6866 0.7457 0.8250 0.8298 -0.0159 -0.0133 -0.0007 -0.0224 

Min 0.2509 0.2662 0.1515 0.1495      

Max 0.9089 0.9352 0.9642 0.9624         

PT 

Mean 0.6662 0.7123 0.8125 0.7964 -0.0159 -0.0090 -0.0067 0.0073 

Min 0.2162 0.2686 0.1552 0.1126      

Max 0.8737 0.9054 0.8628 0.9524         

RO 

Mean 0.4526 0.4950 0.8290 0.8092 0.0055 0.0072 0.0105 -0.0085 

Min 0.0739 0.0726 0.4396 0.4137      

Max 0.8916 0.9250 0.9464 0.9547         

SE 

Mean 0.6348 0.6937 0.8236 0.8654 -0.0140 -0.0111 -0.0019 -0.0084 

Min 0.3264 0.3822 0.3601 0.4050      

Max 0.8303 0.8807 0.9337 0.9696         

SI 

Mean 0.5185 0.5559 0.8281 0.8452 -0.0262 -0.0249 0.0023 0.0020 

Min 0.1590 0.1705 0.2541 0.3037      

Max 0.8179 0.8631 0.9372 0.9608         

SK 

Mean 0.4836 0.5247 0.8130 0.7743 -0.0373 -0.0411 0.0018 -0.0018 

Min 0.1436 0.1641 0.3527 0.3245      

Max 0.9030 0.9213 0.8775 0.9561         

GB 

Mean 0.5770 0.6163 0.8333 0.8527 -0.0296 -0.0285 -0.0042 -0.0012 

Min 0.0872 0.0582 0.2937 0.2804      

Max 0.9102 0.9183 1.0178 0.9858         

IE 

Mean 0.4754 0.5058 0.8306 0.8138 -0.0438 -0.0471 -0.0004 -0.0363 

Min 0.1150 0.1256 0.1981 0.1412      

Max 0.9212 0.9337 0.8670 0.9721         

IT 

Mean 0.6521 0.6869 0.8968 0.8951 -0.0050 -0.0043 0.0039 0.0041 

Min 0.1020 0.0976 0.2259 0.2662      

Max 0.9401 0.9454 1.0790 0.9895         

DE 

Mean 0.6355 0.6934 0.8299 0.8777 -0.0120 -0.0095 -0.0003 -0.0059 

Min 0.0462 0.0433 0.2611 0.2367      

Max 0.9519 0.9558 1.1143 0.9833         
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Table 14: Cost and profit efficiency scores - foreign ownership 

Country Foreign Country Foreign 

Efficiency ProfitEff PE Costeff CE Efficiency ProfitEff PE Costeff CE 

AT Mean 0.5984 0.6430 0.8183 0.8624 LU Mean 0.6410 0.6894 0.8361 0.8720 

  Min 0.1606 0.1781 0.5512 0.5586   Min 0.2008 0.2002 0.2668 0.2403 

  Max 0.9271 0.9354 0.8495 0.9498   Max 0.8843 0.9202 0.8787 0.9686 

BE Mean 0.5201 0.5709 0.9285 0.8855 LV Mean 0.4196 0.4770 0.7497 0.7782 

  Min 0.1074 0.1270 0.6300 0.6358   Min 0.1300 0.1441 0.1689 0.1258 

  Max 0.8797 0.9012 0.9098 0.9715   Max 0.6924 0.7684 0.7711 0.9175 

BG Mean 0.6334 0.6851 0.8118 0.8064 MT Mean 0.6944 0.7280 0.8269 0.8182 

  Min 0.2233 0.2602 0.4272 0.4518   Min 0.2274 0.2574 0.2721 0.2999 

  Max 0.8565 0.9060 0.9584 0.9467   Max 0.9092 0.9339 1.0420 0.9731 

DK Mean 0.7816 0.8119 0.9169 0.7923 NL Mean 0.6118 0.6474 0.8596 0.7662 

  Min 0.6330 0.6561 0.5756 0.5698   Min 0.0725 0.0751 0.2826 0.2471 

  Max 0.8889 0.9175 0.9595 0.9101   Max 0.9183 0.9320 0.9091 0.9816 

FI Mean 0.6051 0.6844 0.7643 0.7965 PL Mean 0.7147 0.7684 0.8419 0.8772 

  Min 0.3967 0.4603 0.6554 0.0798   Min 0.2582 0.2662 0.5543 0.5164 

  Max 0.8061 0.8687 0.8310 0.9278   Max 0.9089 0.9352 0.9642 0.9624 

FR Mean 0.5706 0.5938 0.8424 0.8334 PT Mean 0.7907 0.8249 0.8242 0.8048 

  Min 0.0949 0.0870 0.4758 0.4214   Min 0.5334 0.5713 0.2753 0.2060 

  Max 0.9123 0.9146 0.9226 0.9784   Max 0.9216 0.9463 0.8660 0.9647 

HR Mean 0.5003 0.5422 0.8010 0.7989 RO Mean 0.4761 0.5098 0.8199 0.8116 

  Min 0.0484 0.0478 0.3708 0.3343   Min 0.0745 0.0813 0.3737 0.3537 

  Max 0.8548 0.8889 0.8783 0.9244   Max 0.9075 0.9379 0.9472 0.9677 

CY Mean 0.6629 0.7069 0.9054 0.8473 SE Mean 0.0000 0.0000 0.0000 0.0000 

  Min 0.2777 0.2893 0.1734 0.1955   Min 0.0000 0.0000 0.0000 0.0000 

  Max 0.8751 0.9120 1.1139 0.9879   Max 0.0000 0.0000 0.0000 0.0000 

CZ Mean 0.7816 0.8160 0.8564 0.8845 SI Mean 0.6271 0.6681 0.8341 0.8532 

  Min 0.4131 0.3829 0.5479 0.5484   Min 0.3364 0.3576 0.2796 0.3786 

  Max 0.9308 0.9492 0.9545 0.9792   Max 0.8659 0.9051 0.8771 0.9545 

EE Mean 0.6559 0.6860 0.8352 0.8841 SK Mean 0.5289 0.5695 0.8220 0.7731 

  Min 0.1845 0.1856 0.5809 0.5736   Min 0.0661 0.0693 0.3753 0.3980 

  Max 0.9156 0.9405 0.8511 0.9487   Max 0.9402 0.9556 0.8765 0.9561 

ES Mean 0.6143 0.6320 0.8572 0.8914 GB Mean 0.5816 0.6218 0.8348 0.8462 

  Min 0.1865 0.2054 0.3900 0.3181   Min 0.0440 0.0421 0.1701 0.2404 

  Max 0.9538 0.9665 0.9612 0.9756   Max 0.9248 0.9410 1.0018 0.9858 

GR Mean 0.3521 0.3545 0.8607 0.8743 IE Mean 0.4519 0.4903 0.8295 0.8711 

  Min 0.1519 0.1267 0.6570 0.6652   Min 0.0483 0.0540 0.1777 0.1412 

  Max 0.5596 0.5924 0.8644 0.9794   Max 0.9212 0.9337 0.8636 0.9761 

HU Mean 0.5650 0.5819 0.8076 0.7144 IT Mean 0.6117 0.6408 0.8381 0.8713 

  Min 0.1867 0.1750 0.4874 0.4319   Min 0.0691 0.0705 0.5419 0.5367 

  Max 0.8481 0.8755 0.8392 0.8760   Max 0.9119 0.9494 1.0057 0.9772 

LT Mean 0.5234 0.5601 0.7372 0.7251 DE Mean 0.7053 0.7440 0.8317 0.8338 

  Min 0.2979 0.2988 0.1815 0.1914   Min 0.3872 0.4398 0.3346 0.3612 

  Max 0.7629 0.8286 0.8753 0.9255   Max 0.9708 0.9754 0.9863 0.9733 
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Table 15: Cost and profit efficiency scores - foreign x domestic ownership 

Country Domestic 

Difference in efficiency scores Foreign x 

Domestic 

Efficiency ProfitEff PE Costeff CE ProfitEff PE Costeff CE 

AT 

Mean 0.5883 0.6467 0.8475 0.8666 0.0101 -0.0038 -0.0292 -0.0042 

Min 0.0722 0.0703 0.2388 0.2910      

Max 0.8406 0.8899 0.9591 0.9920         

BE 

Mean 0.3842 0.4284 0.8681 0.8620 0.1359 0.1425 0.0604 0.0235 

Min 0.0736 0.0697 0.3390 0.3986      

Max 0.7026 0.7698 0.8967 0.9652         

BG 

Mean 0.3087 0.3502 0.7507 0.7584 0.3247 0.3350 0.0612 0.0480 

Min 0.0356 0.0367 0.1365 0.1227      

Max 0.8773 0.8985 0.7790 0.9037         

DK 

Mean 0.6204 0.6537 0.8744 0.8450 0.1611 0.1582 0.0425 -0.0527 

Min 0.1355 0.1522 0.5724 0.5822      

Max 0.9238 0.9290 0.9489 0.9759         

FI 

Mean 0.7547 0.8043 0.8575 0.8435 -0.1496 -0.1199 -0.0932 -0.0470 

Min 0.4050 0.4797 0.6637 0.6222      

Max 0.9163 0.9399 0.9444 0.9893         

FR 

Mean 0.6473 0.6895 0.8540 0.8509 -0.0768 -0.0956 -0.0115 -0.0175 

Min 0.1022 0.0980 0.2309 0.2959      

Max 0.9494 0.9600 0.9538 0.9885         

HR 

Mean 0.5495 0.6060 0.7649 0.7979 -0.0492 -0.0638 0.0361 0.0010 

Min 0.2143 0.2086 0.3196 0.3774      

Max 0.7714 0.8310 0.8793 0.9084         

CY 

Mean 0.5605 0.5649 0.7877 0.7762 0.1024 0.1420 0.1177 0.0711 

Min 0.1355 0.1211 0.4425 0.4389      

Max 0.8869 0.8992 0.8317 0.9428         

CZ 

Mean 0.7028 0.7466 0.8055 0.8051 0.0789 0.0693 0.0508 0.0794 

Min 0.5023 0.5442 0.3509 0.3934      

Max 0.9178 0.9454 0.9562 0.9486         

EE 

Mean 0.5681 0.5650 0.7983 0.7620 0.0878 0.1210 0.0369 0.1222 

Min 0.2410 0.2536 0.5919 0.6677      

Max 0.8213 0.8391 0.8053 0.8718         

ES 

Mean 0.6576 0.7017 0.8415 0.8694 -0.0432 -0.0697 0.0156 0.0220 

Min 0.1283 0.1474 0.4527 0.4540      

Max 0.9234 0.9340 0.9878 0.9918         

GR 

Mean 0.4526 0.5032 0.8561 0.8916 -0.1005 -0.1487 0.0046 -0.0172 

Min 0.1231 0.1211 0.1650 0.1613      

Max 0.7796 0.8329 0.9926 0.9831         

HU 

Mean 0.4729 0.4995 0.8240 0.7880 0.0921 0.0824 -0.0164 -0.0736 

Min 0.1549 0.1570 0.5556 0.5847      

Max 0.6673 0.6811 0.8588 0.8827         

LT 

Mean 0.4319 0.4910 0.7945 0.8476 0.0915 0.0691 -0.0573 -0.1224 

Min 0.1702 0.1846 0.3782 0.3640      

Max 0.6718 0.7525 0.8909 0.9325         
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Table 16: Cost and profit efficiency scores - foreign x domestic ownership 

Country Domestic 

Difference in efficiency scores Foreign x 

Domestic 

Efficiency ProfitEff PE Costeff CE ProfitEff PE Costeff CE 

LU 

Mean 0.4313 0.4557 0.8098 0.8824 0.2097 0.2337 0.0263 -0.0104 

Min 0.1672 0.1547 0.3788 0.3909      

Max 0.6906 0.7406 0.9295 0.9518         

LV 

Mean 0.5921 0.6365 0.8685 0.8578 -0.1724 -0.1596 -0.1188 -0.0795 

Min 0.1787 0.1951 0.5470 0.5765      

Max 0.9080 0.9353 0.8953 0.9622         

MT 

Mean 0.6603 0.7067 0.7622 0.7386 0.0341 0.0213 0.0646 0.0797 

Min 0.4531 0.4857 0.1837 0.1960      

Max 0.8122 0.8550 0.8413 0.9098         

NL 

Mean 0.5679 0.5984 0.8125 0.8521 0.0439 0.0490 0.0471 -0.0859 

Min 0.0716 0.0583 0.3233 0.3883      

Max 0.8697 0.9012 0.8939 0.9652         

PL 

Mean 0.6393 0.7099 0.7416 0.7227 0.0753 0.0585 0.1003 0.1545 

Min 0.2509 0.4164 0.1552 0.1495      

Max 0.9440 0.9636 0.9666 0.9155         

PT 

Mean 0.5585 0.6034 0.8135 0.7710 0.2322 0.2214 0.0107 0.0338 

Min 0.1179 0.1448 0.1770 0.1126      

Max 0.8805 0.8884 0.9229 0.9706         

RO 

Mean 0.3695 0.4286 0.8146 0.8340 0.1066 0.0812 0.0052 -0.0224 

Min 0.0259 0.0205 0.5757 0.5500      

Max 0.8313 0.8677 0.8697 0.9547         

SE 

Mean 0.6584 0.7121 0.8288 0.8717         

Min 0.2108 0.2451 0.1758 0.1582      

Max 0.8929 0.9318 0.9248 0.9726         

SI 

Mean 0.4971 0.5303 0.8210 0.8374 0.1301 0.1378 0.0132 0.0159 

Min 0.0763 0.0733 0.2694 0.2607      

Max 0.8854 0.9213 0.9398 0.9694         

SK 

Mean 0.5036 0.5579 0.7875 0.7827 0.0252 0.0116 0.0345 -0.0096 

Min 0.1426 0.1627 0.5046 0.4095      

Max 0.8335 0.8931 0.9806 0.9766         

GB 

Mean 0.6210 0.6597 0.8393 0.8601 -0.0394 -0.0378 -0.0044 -0.0139 

Min 0.0345 0.0310 0.2937 0.2586      

Max 0.9447 0.9538 0.9151 0.9724         

IE 

Mean 0.7127 0.7327 0.8355 0.7893 -0.2608 -0.2424 -0.0060 0.0818 

Min 0.5039 0.5215 0.4088 0.4040      

Max 0.8350 0.8659 0.8702 0.9543         

IT 

Mean 0.6608 0.6954 0.8975 0.8926 -0.0491 -0.0545 -0.0593 -0.0212 

Min 0.0408 0.0318 0.1959 0.1292      

Max 0.9566 0.9680 0.9803 0.9895         

DE 

Mean 0.6447 0.7009 0.8301 0.8860 0.0606 0.0431 0.0016 -0.0522 

Min 0.0462 0.0433 0.6584 0.1966      

Max 0.9565 0.9642 0.9152 0.9836         
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Table 17: Summary statistics of regulatory and supervisory variables (Source: author's compilation) 

Variable N of Observations Mean 

Standard 

Deviation Min Max 

real_act 6684 2.234141 1.235938 1 4 

secur_act 6684 1.209904 0.4370443 1 3 

insur_act 6684 2.728007 0.653896 1 4 

restric_act 6684 6.172053 1.772406 3 11 

overall_req 6684 6.139437 1.114031 3 9 

Own_firm 6684 2.104279 0.7245423 1 4 

firm_own_bank 6684 2.076302 0.5009472 1 4 

Nonbankfin 6684 1.958857 0.2451644 1 3 

entr_bank 7413 7.45266 0.9468 0 8 

Limit_foreign 6684 4 0 4 4 

cap_reg 7413 6.258573 1.687813 3 10 

ovr_cap 7413 4.44716 1.529034 1 7 

init_cap 7413 1.811412 0.6820846 0 3 

Sup_Power 7173 9.683866 2.181723 5 14.5 

Prmpt_Corr 7152 2.197987 2.289759 0 6 

Restruc_pwr 7083 2.26373 0.7590508 0 3.5 

Insolv_Pwr 7000 1.059286 0.5719295 0 2.5 

Sup_Forbear 7413 1.653941 1.012412 0 4 

Court_Inv 7413 1.626669 0.6272351 0 3 

Loan_Class 895 388.4067 156.72 180 635 

Prov_Strin 1066 129.5602 68.39225 0 250 

Divers_Index 7413 1.375556 0.4942261 0 2 

Sup_Ind 6729 1.622381 0.8339794 0 3 

MultipleSup 7413 0.1835964 0.3871808 0 1 

Sup_Tenure 2799 9.462622 3.724546 3.8 20 

Sup_Ind_Pol 7129 0.3769112 0.4846464 0 1 

Sup_Ind_Bank 7413 0.7447727 0.4360183 0 1 

Sup_ind_Fix 7173 O.5915238 0.4915863 0 1 

Private_Mon 7331 8.22589 1.133631 6 11 

Cert_Audit 7450 O.8696644 0.3366949 0 1 

No_DEP_ins 7413 0.0938891 0.2916941 0 1 

B_accounting 7413 3.301902 0.584743 2 4 

Moral_Hazard 7413 1.807231 0.6757431 0 3 

ExternalGov 4604 15.20851 1.089103 12 18 

Dep_ins 3708 0.0114202 0.0569532 -0.0221 0.61 

Fund_ins 4038 54.98877 31.85157 0.14 100 

Strength_audit 7413 6.041009 0.7172921 5 7 

Financial_T 7413 5.152327 0.6126205 4 6 

Accounting 7413 0.6073115 0.4883814 0 1 

ExternalRating 4891 3.043754 0.7659199 1 4 

Foreign 7235 0.2230822 0.4163418 0 1 

GF_crisis 7524 0.4444444 0.496937 0 1 

LLP 7222 1766.309 1011.328 1 3557 

EquityTAsset 7400 2967.067 1579.191 1 5646 

NIR 7389 2532.688 1325.571 1 4763 

size 7400 7.890985 0.9954554 1 8.894258 
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Table 18: MODEL2: Regression Results, determinants of bank efficiency PE/CE (Source: author's compilation) 

  The whole period Crisis 

Model 2 2 2 2 

Variables PE CE PE CE 

secur_act -0.244*** -0.00583*** 0.159*** -0.0752 

  (-6.58) (-8.33) (5.22) (-1.26) 

insur_act -0.131*** -0.00377*** 0.190*** -0.0996* 

  (-4.64) (-7.52) (5.16) (-1.96) 

real_act 0.0273 -0.0000970 -0.0602*** 0.00639 

  (0.82) (-0.12) (-4.70) (0.30) 

overall_req 0.0363 0.000318 0.0190 0.0290 

  (1.48) (0.78) (1.32) (1.50) 

cap_reg 0.0207 0.000757*** 0.0318*** -0.0259*** 

  (1.77) (4.26) (9.29) (-3.74) 

Sup_Power 0.0127 0.000553** -0.0193*** 0.0210** 

  (1.78) (3.06) (-4.97) (2.86) 

Divers_Index 0.0314 0.00000282 -0.0100 -0.132** 

  (0.83) (0.00) (-0.55) (-3.24) 

Sup_Ind 0.0407 0.00267** 0.0389** -0.0461 

  (1.24) (2.62) (2.87) (-1.85) 

MultipleSup 0.325** 0.00548 0.593*** 0.0316 

  (2.87) (0.43) (3.62) (1.67) 

Private_Mon 0.0426* 0.000919* -0.00438 -0.0481*** 

  (2.30) (2.12) (-0.76) (-4.30) 

Moral_Hazard -0.0801** -0.00127* 0.0252*** 0.0229* 

  (-3.14) (-2.19) (4.41) (2.15) 

ExternalGov -0.0120 -0.000443 0.00669 -0.0112 

  (-0.56) (-0.76) (0.80) (-0.88) 

Foreign -0.111*** -0.00190*** -0.00710 -0.00300*** 

  (-3.66) (-3.58) (-0.21) (-5.85) 

GF_Crisis 0.115*** 0.00374***     

  (3.70) (6.32)     

EquityTAsset -0.00000245 -4.25e-08 -0.00000734 -0.000000187 

  (-0.88) (-0.56) (-1.90) (-1.57) 

LLP -0.00000994*** -0.000000220*** -0.0000118*** -0.000000275*** 

  (-4.61) (-3.50) (-4.68) (-4.57) 

NIR -0.00000286 -5.05e-08 -0.00000437 -0.000000113 

  (-1.07) (-0.92) (-1.12) (-1.15) 

size -0.00611** -0.000112** -0.00581 -0.0000787 

  (-2.58) (-2.82) (-1.30) (-0.85) 

_cons 0.667* 0.645*** -0.242 1.583*** 

  (2.02) (6.48) (-1.02) (4.10) 

N 2632 2633 1624 1625 

t statistics in parentheses * p<0.05,  ** p<0.01,   *** p<0.001 
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Table 19: MODEL3: Regression results, determinants of bank efficiency PE/CE (Source: author's compilation, 

Stata) 

  The whole period Crisis 

Model 3 3 3 3 

Variables PE CE PE CE 

overall_req 0.0761*** 0.00144* 0.00312 0.0372*** 

  (3.78) (2.26) (0.29) (4.64) 

Sup_Power 0.00742 0.000538 -0.00395 0.0154*** 

  (1.25) (1.67) (-1.12) (3.43) 

Divers_Index 0.0593 0.000471 -0.0653** -0.121*** 

  (1.74) (0.34) (-2.77) (-6.09) 

Sup_Ind 0.0127 0.00255 -0.0156 -0.0148* 

  (0.37) (1.39) (-1.43) (-2.55) 

MultipleSup 0.238* 0.00497 0.00970 0.253 

  (1.98) (0.39) (1.04) (1.50) 

Private_Mon 0.0574** 0.00104* -0.0194** -0.0442*** 

  (2.93) (1.97) (-3.14) (-4.91) 

Moral_Hazard -0.116*** -0.00202* 0.0141 0.0400*** 

  (-5.69) (-2.13) (1.34) (9.47) 

ExternalGov 0.00183 -0.0000852 0.00773 -0.0155* 

  (0.06) (-0.09) (0.92) (-2.43) 

Foreign -0.0997*** -0.00261*** -0.0137 -0.00292*** 

  (-4.48) (-5.11) (-0.42) (-6.34) 

GF_Crisis 0.0116 0.00140   

  (0.38) (1.34)   

EquityTAsset -0.00000229 -4.54e-08 -0.00000731 -0.000000187 

  (-0.84) (-0.60) (-1.89) (-1.57) 

LLP -0.0000103*** -0.000000226*** -0.0000118*** -0.000000275*** 

  (-5.06) (-3.70) (-4.67) (-4.57) 

NIR 0.00000609** 0.000000115* -0.00000429 -0.000000113 

  (-2.65) (-2.51) (-1.09) (-1.15) 

size -0.00703* -0.000148** -0.00584 -0.0000786 

  (-2.55) (-2.76) (-1.30) (-0.85) 

restric_act -0.0360* -0.00186** 0.0144 -0.0295*** 

  (-1.99) (-2.68) (1.92) (-5.56) 

ovr_cap 0.0211** 0.000621* 0.0282*** -0.0289*** 

  (2.60) (2.46) (6.78) (-8.63) 

init_cap -0.0552*** -0.000123 -0.0310*** 0.0154 

  (-3.42) (-0.28) (-4.18) (1.87) 

_cons 0.0226 0.630*** 0.719*** 0.549*** 

  (0.06) (6.74) (4.12) (15.38) 

N 2632 2633 1624 1625 

t statistics in parentheses * p<0.05,  ** p<0.01,   *** p<0.001 
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Table 20: MODEL4: Regression results, determinants of bank efficiency PE/CE (Source: athor's compilation, Stata) 

  The whole period Crisis 

Model 4 4 4 4 

Variables PE CE PE CE 

cap_reg 0.0136 0.000550* 0.0118 -0.00683 

  (1.17) (2.34) (1.09) (-1.71) 

Sup_Power 0.0161** 0.000824*** 0.00476 -0.00459 

  (2.73) (4.29) (0.34) (-0.77) 

Divers_Index 0.0421 -0.00118 -0.103* -0.0157 

  (0.95) (-1.16) (-2.20) (-1.12) 

Sup_Ind 0.0511 0.00381** -0.0108 0.160*** 

  (1.64) (3.28) (-0.52) (3.74) 

MultipleSup 0.281* 0.00434 0.00453 0.400* 

  (2.03) (0.36) (0.38) (2.38) 

Private_Mon 0.0637** 0.00110** -0.0332* -0.00855* 

  (3.05) (2.91) (-2.08) (-2.10) 

Moral_Hazard -0.114*** -0.00394** 0.0472* 0.00258 

  (-4.05) (-3.04) (2.43) (0.19) 

ExternalGov -0.000223 0.000116 -0.0123 -0.0104 

  (-0.01) (0.18) (-0.70) (-1.15) 

Foreign -0.126*** -0.00204*** -0.0109 -0.00302*** 

  (-4.83) (-3.83) (-0.32) (-5.79) 

GF_Crisis 0.0149 0.0000588     

  (0.42) (0.05)     

EquityTAsset -0.00000238 -3.05e-08 -0.00000729 -0.000000187 

  (-0.85) (-0.39) (-1.87) (-1.57) 

LLP -0.0000100*** -0.000000221*** -0.0000118*** -0.000000275*** 

  (-4.73) (-3.51) (-4.65) (-4.57) 

NIR -0.00000502 -5.57e-08 -0.00000427 -0.000000113 

  (-1.91) (-1.04) (-1.08) (-1.15) 

size -0.00719* -0.000120** -0.00584 -0.0000790 

  (-2.48) (-2.78) (-1.30) (-0.85) 

restric_act -0.0722** -0.00214** -0.0143 -0.0190 

  (-3.16) (-2.73) (-0.59) (-1.42) 

Own_firm 0.129*** 0.00292* 0.0323 0.0691 

  (3.52) (2.43) (0.38) (1.26) 

firm_own 0.0833 0.00306** 0.0383 0.00699 

  (1.75) (3.11) (0.92) (0.33) 

entr_bank 0.0242 0.00312*** -0.0112 0.0314** 

  (1.00) (3.99) (-0.44) (2.58) 

_cons -0.151 0.602*** 1.146* 0.629*** 

  (-0.35) (4.01) (2.47) (6.11) 

N 2632 2633 1624 1625 

t statistics in parentheses * p<0.05,  ** p<0.01,   *** p<0.001 
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Table 21: MODEL5: Regression results, determinants of bank efficiency PE/CE (Source: author's compilation, 

Stata) 

  The whole period Crisis 

Model 5 5 5 5 

Variables PE CE PE CE 

overall_req 0.0107 -0.00119 -0.0477*** -0.0213*** 

  (0.21) (-0.57) (-5.21) (-8.87) 

cap_reg -0.00706 -0.00281*** 0.0402*** 0.00524*** 

  (-0.73) (-5.77) (12.67) (12.27) 

Divers_Index 0.0809 -0.0264** 0.505*** -0.0614** 

  (0.85) (-2.66) (9.96) (-2.89) 

Sup_Ind -0.0113 0.0148 -0.0154 -0.00268 

  (-0.08) (1.38) (-1.71) (-1.63) 

MultipleSup 0.286* 0.00455 -0.0454* 0.729*** 

  (2.27) (0.38) (-2.23) (6.83) 

Private_Mon 0.0123 0.00230 0.0353* 0.0368*** 

  (0.26) (1.04) (2.55) (205.06) 

Moral_Hazard -0.0309 0.00559 -0.197*** 0.0205*** 

  (-0.43) (1.15) (-6.90) (3.53) 

ExternalGov 0.0388 0.00969** 0.0313*** 0.0228*** 

  (1.31) (3.01) (6.67) (7.21) 

Foreign -0.0118 -0.00172*** 0.0323 -0.00533 

  (-0.41) (-5.68) (0.42) (-0.24) 

GF_Crisis 0.129 0.00243     

  (1.62) (0.58)     

EquityTAsset 0.00000170 4.22e-08* 0.00000522 0.000000134 

  (1.01) (2.14) (0.96) (1.13) 

LLP -0.00000496* -0.000000107** -0.0000116** -0.000000234*** 

  (-2.15) (-2.96) (-3.09) (-3.70) 

NIR -0.00000833 -0.000000130 -0.00000471 -0.000000175 

  (-1.92) (-1.19) (-0.47) (-1.01) 

size -0.00723* -0.000144* -0.0149 -0.000347 

  (-2.21) (-2.35) (-1.31) (-1.61) 

restric_act -0.0176 0.0110** 0.0421 0.0431*** 

  (-0.54) (3.25) (1.81) (7.10) 

 Prmpt_Corr 0.0323 -0.00296 -0.0532*** -0.0238*** 

 (1.60) (-1.43) (-6.23) (-9.86) 

Restruc_pwr -0.0619 -0.0145* 0.0680*** -0.0473*** 

  (-0.74) (-2.32) (10.48) (-5.86) 

Insolv_Pwr -0.0634 -0.0351*** 0.0691*** -0.101*** 

  (-1.05) (-6.42) (3.95) (-5.22) 

Sup_Forbear 0.0778 0.00805 -0.190*** 0.0384** 

  (1.67) (1.67) (-6.00) (2.76) 

Court_Inv 0.137 -0.00677 0.129*** 0.0332** 

  (1.73) (-0.85) (8.70) (3.03) 

Sup_Tenure 0.0486*** 0.00154 -0.0229** -0.000877 

  (3.50) (1.57) (-2.85) (-0.44) 

Sup_Ind_Pol -0.0374 0.0553*** 1.035*** 0.204*** 

  (-0.21) (3.98) (7.34) (4.02) 

Sup_Ind_Bank 0.00431 0.00800* 0.642*** 0.123** 

  (0.08) (2.41) (61.29) (2.64) 

Sup_ind_Fix -0.166 0.0443** 1.585*** 0.127* 

  (-0.99) (3.12) (7.07) (2.25) 

_cons -0.476 0.574*** 1.104*** 0.492*** 

  (-1.07) (6.02) (5.07) (3.55) 

N 1877 1878 1237 1238 

t statistics in parentheses * p<0.05,  ** p<0.01,   *** p<0.001 
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Table 22: MODEL6: Regression results, determinants of bank efficiency PE/CE (Source: author's compilation, 

Stata) 

  The whole period Crisis 

Model 6 6 6 6 

Variables PE CE PE CE 

overall_req 0.0480*** 0.00254 -0.0200*** -0.0854*** 

  (4.89) (0.42) (-3.76) (-8.32) 

cap_reg 0.00727 0.00156 0.0627*** 0.00385*** 

  (0.62) (0.26) (7.50) (6.19) 

Sup_Power -0.0141 -0.00167 -0.00522* -0.0460*** 

  (-1.39) (-0.28) (-2.44) (-4.85) 

Divers_Index 0.0677** 0.0132 -0.0993*** 0.125*** 

  (2.94) (1.24) (-8.44) (5.23) 

Sup_Ind -0.0298 -0.0143 0.0473*** -0.108*** 

  (-0.88) (-1.86) (6.19) (-7.32) 

MultipleSup -0.0523 -0.0188 0.399*** 0.172*** 

  (-0.63) (-0.98) (35.61) (4.72) 

Foreign -0.00675 -0.00137** -0.0300** -0.00169*** 

  (-0.33) (-3.21) (-3.18) (-15.48) 

GF_Crisis -0.0465 -0.00570     

  (-1.47) (-0.88)     

EquityTAsset 0.00000195 8.80e-08 0.00000253 8.08e-08 

  (0.96) (1.95) (1.72) (1.31) 

LLP -0.00000355* -0.000000117** -0.000000839 -4.20e-08 

  (-2.06) (-2.93) (-0.31) (-0.60) 

NIR 0.00000182 6.32e-09 -0.00000162 1.63e-08 

  (0.48) (0.09) (-0.31) (0.12) 

size -0.00409 -0.000158 -0.00110 -0.00000184 

  (-0.86) (-1.59) (-0.30) (-0.03) 

restric_act 0.00872 0.00201 0.0543*** 0.0326*** 

  (0.64) (0.38) (4.42) (7.50) 

Cert_Audit -0.248* -0.00445 -0.394*** -0.670*** 

  (-2.15) (-0.09) (-10.70) (-21.88) 

No_DEP_ins -0.240*** -0.00466 -0.170*** -0.303*** 

  (-3.30) (-0.23) (-14.56) (-11.47) 

B_accounting -0.0536 0.000791 -0.271*** 0.377*** 

  (-1.20) (0.05) (-7.83) (4.45) 

Dep_ins -3.858 -0.828     

  (-1.57) (-1.19)     

Fund_ins 0.000607 -0.322 -0.213*** -0.709*** 

  (0.83) (-1.82) (-5.13) (-7.67) 

Strength_audit -0.0573* -0.0114* 0.101*** 0.132*** 

  (-2.40) (-2.14) (13.00) (6.19) 

Financial_T 0.157*** 0.0205* 0.117*** -0.0386*** 

  (5.01) (2.53) (5.87) (-9.15) 

Accounting 0.296*** 0.0272 -0.164*** 0.364*** 

  (3.33) (1.28) (-10.08) (10.50) 

ExternalRating 0.123*** -0.0000970 -0.0303*** 0.112*** 

  (3.64) (-0.01) (-5.82) (4.43) 

_cons -0.147 0.578*** 0.472*** -0.390*** 

  (-0.54) (6.74) (15.31) (-6.81) 

N 1764 1765 1059 1059 

t statistics in parentheses * p<0.05,  ** p<0.01,   *** p<0.001 

 
 


