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Anotace v českém jazyce

Hodnocenı́ efektivnosti produkčnı́ch jednotek pomocı́ analýzy obalu dat v bankovnı́m

sektoru

Předmětem řešenı́ doktorské dizertačnı́ práce je problematika měřenı́ efektivnosti finan-

čnı́ch institucı́ v zemı́ch Visegrádské skupiny. Hlavnı́m cı́lem doktorské dizertačnı́ práce

je vytvořit a modifikovat základnı́ CCR a BCC modely analýzy obalu dat (DEA modely)

a aplikovat tyto nové modely na výše zmı́něný finančnı́ sektor zemı́ Visegrádské skupiny

v referenčnı́m obdobı́ 2005-2015. Naplněnı́ cı́le doktorské dizertačnı́ práce úzce souvisı́

s řešenı́m čtyř výzkumných otázek, které se zaměřujı́ a řešı́ problematiku či nedostatky modelů

a prostředı́ finančnı́ch institucı́ v oblasti Visegrádské skupiny. Mezi zmı́něné problémy patřı́

nedostatek dat (např. problém chybějı́cı́ch hodnot v množině vstupů a výstupů), problém

jasného definovánı́ proměnných jako vstupnı́ či výstupnı́ proměnné nebo možnost použitı́

rizikových proměnných, které pomáhajı́ lépe dokreslovat prostředı́ finančnı́ch institucı́ a vy-

rovnávat rozdı́ly mezi zeměmi Visegrádské skupiny. V neposlednı́ řadě je hledána odpověd’

na otázku, zda alternativnı́ produktivnı́ index (Hicksův index) nenı́ vhodnějšı́ pro danou speci-

fickou oblast, než klasický index produktivity (Malmquistův index).

Vytvořenı́ a modifikovánı́ modelů probı́halo v analogii s definovanými výzkumnými otáz-

kami, stejně jako jejich matematická aplikace. Přesněji, nejdřı́ve byla provedena analýza

základnı́ch DEA modelů s různými druhy proměnných, jak z hlediska definovánı́ vstupů

a výstupů, tak možnosti nahrazenı́ chybějı́cı́ch proměnných. Na základě analýz byl stanoven

nejlepšı́ model, a ten byl dále testován a modifikován za pomoci duálnı́ proměnné a rizikové

proměnné. Všechny modely byly aplikovány, ověřovány a nejlepšı́ model byl následně použit

jako základ pro Hicksův a Malmquistův index. Tyto indexy byly porovnány a bylo zjištěno,

který pro danou oblast dává lepšı́ popis situace.

Výsledkem disertačnı́ práce jsou dva nové modely, které by měly odpovı́dat podmı́nkám

a potřebám finančnı́ch institucı́ v prostředı́ Visegrádské skupiny a dokázat lépe měřit efek-

tivnost v této oblasti, což může pomoci těmto institucı́m najı́t své slabé stránky a dále se

zlepšovat.
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Anotace v anglickém jazyce

Efficiency evaluation of production units through Data Envelopment Analysis in the

banking sector

The subject of this doctoral dissertation is the issue of measuring the efficiency of financial

institutions in the Visegrad Group (VG) countries. The main aim of the doctoral dissertation

is to create and modify the basic CCR and BCC Data Envelopment Analysis (DEA) models

and apply these new models to the financial sector of the VG countries in the reference time

period 2005-2015. The fulfilment of the goal of the doctoral dissertation is closely related

to the solution of four research questions which focus and solve problems or shortcomings

of models and the environment of financial institutions in the VG countries. These problems

include the lack of data (e.g., the problem of missing values in a number of input and output

variables), the problem of clearly defining variables as input or output variables or the use

of risk variables that help to better illustrate the financial institutions’ environment and offset

differences between VG countries. Finally, the answer to the question is sought, whether an

alternative productive index (Hicks index) is more suitable than a traditional productive index

(Malmquist index) for a given specific area.

The creation and modification of models took place in analogously with defined research

questions as well as their mathematical application. More precisely, an analysis of basic DEA

models with different types of input and output variables had been performed first (both in

terms of defining inputs and outputs, and the possibility of replacing the missing variables).

On the basis of the analyses, the best model was determined, and it was further tested and

modified by using the dual variable and the risk variable. All models were applied, verified

and the best model was subsequently used as the basis for the Hicks and Malmquist index.

These indices have been compared and found to give a better description of given area.

The result of the doctoral dissertation is two new models, which should correspond to the

conditions and needs of financial institutions in the VG countries. They should measure the

efficiency better. This means providing a more accurate and deeper analysis in the area. It can

help to these institutions to find their weaknesses and improve them in future.
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1 Introduction

1.1 Motivation of doctoral dissertation

An integral part of today’s economic system is the financial sector. The financial sector

has an extreme impact on macroeconomics and microeconomics. It affects the allocation of

financial resources. Banking and other financial institutions play a significant role. In order

to properly allocate the economic sources, they have to be efficient. The current global in-

terconnection of all participants in the financial sector has many advantages - easier mobility

of capital, more efficient allocation of resources, economies of scale in big companies, lower

prices for consumers in countries with great economic progress and so on. On the other hand,

the globalization is connected to certain disadvantages as well. If the economy has a problem,

the impacts of the problems may have a great effect on each individual participant and also

on the entire economic system. This is due to the integration of financial markets and the

liberalization of capital flow.

Monitoring, analysing and understanding to the situation in the financial sector should

lead to a minimization of the problems. More precisely, efficiency measurements of the ban-

king sector determine the performance of all evaluated units (banks) and help them to detect

the possibility to improve. These measurements provide valuable knowledge to the market

regulators and give them material for their decisions. The responsible institutions are able to

set better rules for management and supervision in the financial sector if they know the real

state of the efficiency score compared to others.

This doctoral dissertation focuses on the creation of a new model/models of the Data

Envelopment Analysis (DEA), which will serve to better monitor, analyse and understand

to the situation in financial sector of the Visegrad Group (VG) countries. In other words,

a system of new models is developed for this current problem area of financial institutions in

the VG, which should lead to an assessment of efficiency, the detection of inefficiencies and

the possibility of elimination.

After the revolution in the late 80s and 90s, the VG countries were forced to face many

problems. The main problem in the field of economy was the long-term impact of the centrally

planned economy with a minimal role of the market. This type of economy lasted over 45

years in these countries. Consequences of this policy had many forms, for example: inherited

bad loans, the lack of experience in commercial banking, the lack of skilled workers in the
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banking sector, rapidly growing number of banks, privatization of state-owned banks, entry of

foreign owners, changes in legislation, emergence of supervisors and supervision, etc.

The 90s saw in a sign of growth for the VG countries. The bank market has increased

its competition due to the entry of foreign banks into domestic markets and the emergence of

new banking products. Unfortunately, indebtedness of population and companies had grown

at a robust pace. This resulted in a very sensitive banking system. In the context of the sen-

sitive banking system, some negative economic factors have been seen - supply and demand

shocks. Since 2000, all the VG countries have been referred to as the countries with a stabi-

lized banking sector and large interconnection to foreign banks1. In May 1, 2004, all the VG

countries became the European Union (EU) member states.

The foreign and political activities of the VG have significantly increased after accession to

the EU. The VG countries have focused on promoting cooperation and stability in the wider

region of Central Europe. In addition, the economic situation started to improve, until the

economic crisis. The Central and Eastern Europe (CEE) countries, including the region of the

VG countries, were one of the most attractive regions for foreign investors before the financial

crisis. The share of foreign investors in the banking sector was 80% on average (Miklaszewska

et al. 2012). However, this led to a large expansion of the loans, which caused great sensitivity

of banking systems to the financial crisis and the development of these countries slowed down

rapidly. The VG countries were preparing to adopt the single currency of the EU, the Euro.

So far, only Slovakia has joined the third stage of the European Monetary Union (in 2009).

The possibility to analyse a group of countries like this, is in their similarities - similar

development in the banking system, same current structure of the banking system, intercon-

nectedness of the banking market in the form of the same parent banks, size of the banking

sector, strong capital representative offices of foreign banks, EU membership (similar legisla-

tion and regulation) and so on.

The similarities given above are obvious. However, there should still be some differences.

The VG countries have undergone many changes in recent years - they had to build new

commercial banking, they had to join the EU and face the financial crisis. Probably all of

these things did not happen in the same exact time and way in all VG countries. Therefore, if

the banks’ efficiency is calculated, analysed and closely compared, some differences among

the VG counties should be expected. Overall, the development of the past may give important

1scale of EBRD - European Bank for Reconstruction and Development
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information for future.

1.2 Research questions of doctoral dissertation

The main goal of the doctoral dissertation is to create and modify the basic Data Envelop-

ment Analysis (DEA) models, and apply these new models to evaluate the financial sector2 in

the VG countries during the time period 2005-20153.

The following partial scientific questions lead to the sub-goals:

• to select the most appropriate DEA model for the given area with the assumption of

missing data4 (DEA model with interval data);

• to modify the best selected DEA model with use of a dual-role variable to better under-

stand the situation in the given area;

• to extend the modified DEA model with a risk variable model, which should help to

better describe the situation in the given area;

• to compare and prove that productivity changes based on an alternative total production

factor (Hicks) is better than a classical total production factor (Malmquist) (all based on

the modified models).

1.3 Organization of doctoral dissertation

The doctoral dissertation has the following structure. The following chapter, Chapter 2,

is a theoretical part of the doctoral dissertation. Information is introduced about general pro-

duction as well as the specific approaches in production of financial institutions. Chapter 3

provides information about the current state of the financial sectors in the VG countries. In

2The doctoral dissertation had to deal only with commercial banks in the VG, but due to the data deficiencies

and assumptions of DEA methods, other types of banks have been used as well. From this point on, instead of

“banking sector”, the term “financial sector” will be used.
3There had not been more data for the analysis, when this doctoral dissertation was started. The problem

of the financial institution environment is that financial institutions do not like to provide information. If the

information is provided, the proper and reliable information is given with at least 8 months’ delay. It means that

in the fall of 2017 data would be available for the year 2016, but at this time, this doctoral dissertation thesis was

almost all done.
4In this doctoral dissertation the missing data are represented by a defined interval.
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Chapter 4 are described all applied methods and approaches. There can be found basic DEA

models as well as all the modification of them. Also, the description of the alternative pro-

ductivity indices can be found. Chapter 5 deals with all applications of the DEA models. In

the end of the doctoral dissertation is also the bibliography and annexes with all the results as

lists of all models, tables and pictures.
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2 Theoretical background of financial institution produc-

tion

The doctoral dissertation solves efficiency of financial institutions based on the under-

standing of their production (outputs). Therefore, it is important to understand the theoretical

fundamentals of financial institutions’ production5. This means that it is important to define

the production capabilities of financial institutions and how these capacities relate to estimated

production functions.

The second part of this chapter is giving information about the current examination in the

field of financial institutions.

2.1 Production possibilities of financial institutions

The technology as a process may be defined everywhere where inputs x are transformed to

outputs y (Hackman, 2008). However, it is more precise is to speak of a production possibil-

ity set (PPS) when referring to technology as this terminology explicitly defines technology

as the technical possibilities of the financial institutions. In other words, PPS consists of all

combinations of inputs x that can produce outputs y. Since it is generally worked with mul-

tiple inputs and multiple outputs which characterize the technology, these input variables and

output variables are referred to as vectors of input variables x and vector of output variables y.

Mathematically speaking, consider m number of input variables and s number of output

variables, which all are assumed to obtain values from the nonnegative segment of the real

axis. The definition of the production possibility set (PPS) may be as followed:

T = {(x, y) ∈ <m+s
+ |x can produce y}. (2.1)

The definition in equation (2.1) is usually stated as an elementary assumption on the technol-

ogy that all observed input-output combinations6 belong to the above theoretical technology.

To this elementary assumption about of the technology there are other assumptions that are

needed to ensure that the technology behaves properly. Mathematically these other assump-

5It can be assumed that the production of financial institutions can be viewed as well as the production of

classic firms.
6The set T involves all possible input-output combinations which are not necessarily observed.
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tions may be rewritten into axioms on the technology (for example Kumbhakar and Lovell,

2000 or Saastamoinen, 2014). Axioms on the technology and their meaning are listed below.

• A1: (x, 0) ∈ T and (0,y) /∈ T .

The assumption A1 implies that inactivity is possible and that output variable(s) can-

not be produced without any input variable(s). In other words, the free production is

impossible.

• A2: T is a closed set.

The assumption A2 guarantees that the production possibility set includes the techni-

cally efficient input-output variable combinations7.

• A3: For each input x ∈ <m
+ , T is bounded.

The assumption A3 states that producing an infinite amount of output from some given

amount of (finite) input is not possible.

• A4: If (x,y) ∈ T then (αx,y) ∈ T for some α ≥ 1.

The assumption A4 imposes weak disposability on input variables.

• A5: If (x,y) ∈ T then (x, αy) ∈ T for some 0 ≤ α ≤ 1.

The assumption A5 imposes weak disposability on output variables.

• A6: If (x,y) ∈ T then (x̃, ỹ) ∈ T ∀ (−x̃, ỹ) ≤ (−x,y).

The assumption A6 can be directly concluded from A4 and A5 and hence it can be

reduced. On the other hand, to be sure that everything is correct, it is mentioned. It

assumes a free disposability on both input and output variables.

• A7: T is a convex set.

The assumption A7 imposes the production possibility set to be a convex set 8.

• A8: For all λ > 0, it holds that T = λT .

The assumption A8 is the assumption of the Constant Return to Scale.

Note, that assumptions A2 and A3 together imply that the maximum amount of output that

can be produced from given inputs lies on the boundary of the set. Assumptions A4 and A5

7The set contains its boundary since it is closed.
8Convexity is a critical assumption for many estimators which rely on convexity to estimate the technology.
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allow that more input variables can used to produce the same amount of output variable or that

less output variable can be produced with the same amount of input variables. The adjustment

of input and output variables is in proportion to the factor α for all input or output variables

when weak disposability is assumed. Assumptions A1-A7, the technology is assumed to ex-

hibit certain returns-to-scale properties. The most generic assumption is that the technology

has variable returns to scale, which allows either decreasing, constant or increasing returns to

scale to be present at different parts of the technology. None of the returns to scale assump-

tions need to be taken as given, as they can be tested empirically. The assumption A8, more

precisely, means that if we scale the inputs up or down by any positive factor λ, then outputs

are scaled by the same factor. With this notation, increasing returns to scale means that when

scaling inputs upwards with some scaling factor λx > 1 the increase in outputs is more than

proportional, that is λy > λx. Decreasing returns to scale naturally means the exact opposite,

that is λy < λx, for all λy, λx > 1.

The technology may be defined alternatively. The definition may use the set of input and

output variables. Set of input variables and set of output variables are two equivalent ways of

representing technology. This alternative definition of the technology is as follow:

• Variable Output Set: The output set P (x) = {y : (x, y) ∈ T} describes all possible

output vectors that can be produced with a given input vector using technology T .

• Variable Input Set: The input set L(y) = {x : (x, y) ∈ T} describes all possible input

vectors that can produce a given output vector using technology T .

Since these sets are defined in terms of the original set T given in equation (2.1), the sets P (x)

and L(y) inherit its corresponding properties. These sets are in fact two isoquants of T .

2.2 Qualification of production variables for production of financial in-

stitutions

As it had been mentioned above, financial institutions are production units as other firms.

Generally, it is no matter if the production unit is from non-financial sector (e.g., manufac-

turing) or financial sector. Production of the non-financial sectors of the economy is easier

to describe in terms of inputs and outputs. The non-financial sectors usually use the tradi-

tional production factors (input variables - e.g. labour, salary, capital) to produce traditional

and easy-to-define outputs (output variables - e.g. amount of products or services). All these

14



input and output variables are more straightforward to identify and measure. In the case of the

financial sectors the question of identification and measurements of input and output variables

is not so easy.

In financial sectors, there are many types of different financial institutions - commercial

banks, insurance companies and others. All of these institutions carry out multiple and varied

functions for the entire economy and the financial sector itself. And although the production

may not be visible at first glance, it is also evident in these companies. Simply, these finan-

cial institutions have to perform production in a specific manner a special character in their

manufacturing operations and transmutation. Due to this particular nature, there are still dis-

cussions in the area - what are the correct input and output variables of the production process

in financial institutions?

Whilst it is clear that they use traditional variable factors (i.e. labour and physical capital)

in rendering outputs which are not physical quantities, but are in monetary units instead, there

are disputes about the true character and essence of the financial business. In the case of

banks, every standpoint then induces a different composition of input and output variable sets.

Naturally, banks want to make profit. But in their case, their production is further governed by

other managerial principles as a consequence of the fact that they are required to accomplish

corporate strategies, and fulfil the bank’s goals.

So far, three main approaches have been developed. These approaches were used both in

theory and practice, for example see work by Bod’a and Zimková (2015), where they have

used all three approaches to measure efficiency of Slovak banking industry. The treatment

of deposits is the primary source of difference among these approaches. The problem is that

deposits have both input and output characteristics. So, the question is - should they be con-

sidered as inputs or outputs? The following part of the chapter is describes these approaches

in more detail and provide information about the most used variables.

2.2.1 Production approach

The first approach is called the production approach. This approach is also divided into

two variants known as a service-oriented approach and a user-cost approach. The production

approach views deposits as outputs. It assumes that the aim of commercial banks is to produce

deposits (liabilities) as well as loans (assets) and other services. So, outputs are defined as the

number of accounts or the number of executed banking transactions. Inputs are defined as the
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classical factors of production - labor and capital. However, the problem is the availability

of these data. Therefore, in the empirical studies the number of accounts is used instead of

actual financial values. Some of the first studies under this approach were Benston (1965) or

Sherman and Gold (1985).

The variant of this approach that considers deposits to be an output together with loans and

the interest income is called the service-oriented approach. A modification of the production

approach is also the user-costs approach developed by Hancock (1991). In this case deposits

are specified as both inputs and outputs of the cost/profit function of a commercial bank.

2.2.2 Intermediation approach

The second approach is called the intermediation approach. It interprets deposits as in-

puts. The basic version was introduced and published by Sealey and Lindley (1977). Under

the intermediation approach commercial banks are viewed as intermediate funds between de-

positors and borrowers (a chief financial intermediary in economy). Its primary role is to

transmute deposits into loans, which pre-determines the treatment of deposits as inputs and

loans as outputs. Banks are institutions that transform money from deposits into funds pro-

vided to borrowers in the form of loans. So, it is obvious that the main aim of the banks is

to create output, defined as loans and investment, whilst using liabilities (including deposits),

labour, and capital as inputs.

The specific version of the intermediation approach is the so called the assets approach.

This method sees banks as the producers of loans. Outputs are defined as total loans and

investment assets. This model was first presented by Favero and Papi (1995). It is not used so

often so it is not introduced any more.

2.2.3 Profit-oriented approach

The newest of the production approach is the profit-oriented. This approach has been an

elaboration of the intermediation approach. It was defined by Kamecka (2010, pp. 37-40)

and justified in work by Ahn and Le (2014, pp. 19-20). Whilst the original intermediation

approach itself is asset-oriented as it confronts balance-sheet intermediation inputs and inter-

mediation outputs, this is modified within this approach as the profit-maximizing tendency

of commercial banks (still financial intermediaries) is emphasized. Singling out the commer-

cial bank as a profit-maximizing firm, the profit-oriented approach attempts to capture final
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monetary effects of financial intermediation, in which interest expenses and/or non-interest

expenses are found as inputs and interest income and/or non-interest income are used as out-

puts. This specification retains the minimizing feature of inputs and the maximizing feature of

outputs and resolves the problem with designating deposits either as an input or as an output.

2.3 Literature overview of current state in financial industry

Currently, the topic of financial institutions is very popular in the scientific circle and

also in the wider public. It is due to the recent history and the global financial crisis from

2008, which was a consequence of the mortgage crisis and has affected the entire world. As

a result, many experts have begun to be interested in a better way to measure the efficiency

of the financial institutions and understand to the extensive impact of financial systems on

microeconomic and macroeconomic systems. The reasons for the interest have become a

motivation for the research too. Fang et al. (2014) have identified the reasons as follows:

• structural changes in regulations, changes in financial market structure and new com-

petitive environment in transition economies;

• stock market started to treat banks publicly and it brought new trends and development

into security markets;

• greater supervision had been focused on the risk management and enhancing the capital

ratio under the Basel Capital Accord.

At present there are many literature overviews that cover the topic of financial efficiency

measurements. The work by Berger and Humphrey (1997) deals with 130 studies from 21

countries. They provide information about the most common approaches to banks’ efficiency

measurement - parametric and non-parametric. Fethi and Pasiouras (2010) have analysed 156

studies. They have concluded that the most widely used method for banks’ efficiency eval-

uation is the non-parametric the DEA method. Toloo and Tichý (2015) are dealing with the

analysis of proper input and output variables in DEA method. Emrouznejad and Yang (2018)

are dealing with the use of the DEA method, where banking/financial sectors next to energy,

industry, educations and healthcare (including hospital) are found to be the most popular ap-

plication areas. Many other scientific articles provide the necessary literature overviews in

many fields. However, the problem is that these scientific articles are usually focused only on
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one method in one area. This literature overview should provide a more structured overview

on the topic of the financial institutions.

2.3.1 DEA and SFA

There are many ways to measure efficiency and there is no clear consensus on the

topic. In practice, diverse types of indicators are used. These indicators are usually based

on standard financial statements. Their advantage is a simple calculation and easily obtained

data. On the other hand, they often take into account just a few factors and this is not enough

for a comprehensive units evaluation. Also, it is known that if more types of these indicators

are used, the information value of the analysis is lower. Therefore, these indicators should

serve just for general analysis. Compared to that, mathematical modeling has been strongly

recommended for specific analysis by many authors, see the work by Jablonský and Dlouhý

(2004) or Holló and Nagy (2006).

As mentioned earlier, the parametric and non-parametric approaches are the most often

used to measure banks’ efficiency. The parametric, stochastic approach was first defined by

Farrell (1957). The prerequisite for the approach is defining the behavior of economic vari-

ables, thus the functional forms of cost, profit and production efficiency have to be defined.

The most commonly used parametric approach is a Stochastic Frontier Analysis (SFA). The

SFA was used for example by Staikouras et al. (2008). They have evaluated the cost and profit

efficiency in banking systems of ten new EU member states over the period 1998-2003. Bris-

simis et al. (2010) have used the SFA for the evaluation of technical and allocative efficiency

in European banking as well as Tsionas et al. (2015). Tsionas et al. also took the opportunity

to extent the method in time and they have analysed the technical and allocative efficiencies

of European banks during the pre-crisis and post-crisis periods.

Non-parametric approaches require no special limitation for their functional form. Among

all non-parametric approaches the Data Envelopment Analysis (DEA) is included. This deter-

ministic method was first introduced by Farrell (1957). As already mentioned, this method is

often used in the environment of the banking sector. Some authors (Holod and Lewis (2011);

Ševčovič et al. (2001)) even argue that DEA is preferable for the evaluation of financial insti-

tutions. They see the advantage in the opportunity to compare inputs and outputs in various

units. Another advantage of the method is the possibility to identify the recommendations

which type of inputs or outputs should be extended or decreased (depending on the orienta-
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tion of the model), if the unit is not efficient. And according to these recommendations, the

unit efficiency should increase in the future. However, these models have a downsides too. For

instance, these models do not include the external environmental factors (microeconomic and

macroeconomic factors). Mathematically, these models do not include the random component

ε. For these reasons, some authors have used both methods in their works.

Both methods may be used many ways. They may be used as comparison research, for ex-

ample in work by Silva et al. (2017, 2018). In the first work, they have investigated to which

extent results produced by a single frontier model are reliable, based on the application of

the Data Envelopment Analysis and the Stochastic Frontier Approach to a sample of Chinese

local banks. They have found out that their findings have shown a consistent trend on global

efficiency scores over the years. However, rank correlations have indicated they diverge with

respect to individual performance diagnoses. In the second work, they have found that DEA

average efficiency scores are, in general, lower than those from the SFA model. However, both

models indicated similar trends on efficiency scores. They have also concluded the application

of only one frontier model may yield misleading conclusions. Also, there may be work which

these two methods connect, as in work by Chen et al. (2018). They have examined Chinese

bank efficiency with a unique sample of 127 banks during the peak period of the global fi-

nancial crisis. They have applied an innovative the Data Envelopment Analysis method under

a stochastic environment. All the results have reveal that the overall efficiency level of the

Chinese banks remains still low. This is considerably determined by the contextual variables

of the ownership structure, cost structure of the Chinese banks and policy implications.

Therefore, it is not possible to say exactly which method is better / worse. However, even

on the basis of literature, such as Kumar (2014), the DEA method is more often used. So the

following chapter is devoted to evaluating the efficiency of financial institutions around the

world using the DEA method.

2.3.2 DEA around the world

The performance of the bank using DEA was first solved by Leibestein (1966). Fur-

thermore, authors such as Aly, et al. (1990) used DEA (CCR model) to evaluate technical

efficiency, scale efficiency and allocative efficiency of 322 independent USA banks in 1986.

Athanassopoulos and Giokas (2000) examined 47 Greek branches of commercial banks using

the DEA. The results were used to implement the proposed changes in the bank system. Also
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Wang et al. (2005b) studied state-owned banks and private banks in mainland China in 2004

using DEA.

Generally, there are many scientific papers that are from Asia and the Near East. These

works use both classical and more complex models. As an example, Chen et al. (2005) where

is examined just the basic cost, technical and allocative efficiency of 43 Chinese banks over

the period 1993 to 2000. The goal of this analysis have been to identify the change in Chinese

banks’ efficiency following the program of deregulation initiated by the government in 1995.

Results have shown that the large state-owned banks and smaller banks are more efficient than

medium sized Chinese banks.

More challenging are two-stage or more-stages DEA analysis, for example by Wang et al.

(2014) where the two-stage network DEA was used to explore the issue in the Chinese context

- deposit producing and profit earning. The analysis is done for 16 major Chinese commercial

banks during the third round of the Chinese banking reform period (2003-2011) with the

variable returns to scale setting and the consideration of undesirable/bad output. Research by

Zha et al. (2016) where the processes of banks in China had been divided into productivity

and profitability stages during 2008-2012.

There is much research as well as DEA fuzzy models, DEA models with imprecise data,

and so on. In the course of the doctoral dissertation, some others are mentioned, but due to the

extent of the work and the amount of literature, other literature will no longer be mentioned.

Only the latest work on the VG countries, DEA and some SFA models is presented in the

following subsection.

2.3.3 DEA in Visegrad Group countries

A lot of previous studies are related to the evaluation of banks’/financials’ efficiency in the

nineties. The authors of these studies have measured the efficiency and its development. Their

primary concern was to analyse how the banking and financial sectors of the countries have

changed during the transition. The new publications on efficiency in the VG countries are

now focusing on the situation of recent years (around the financial crisis). Some publications

from both periods are listed below. Mainly, there is research based on DEA models, but some

research based on SFA are mentioned to have the overall view on the topic.

Weil (2003) as one of the first has begun to explore the area of banking efficiency in the

transition economies. He has used the SFA to analyse 31 Polish banks (19 domestic-owned,
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12 foreign-owned) and 16 Czech banks (8 domestic-owned, 8 foreign-owned) for 1997. Weil

has found the connection between foreign ownership and the cost efficiency and that average

foreign-owned banks are more efficient than domestic-owned banks. He has also concluded

that this does not result from differences in the scale of operations or the structure of banks

activities.

Stavárek (2005) has estimated efficiency of commercial banks in the VG countries before

joying the EU (1999-2003) using the DEA method and the SFA method. He has concluded

the Czech banking sector is the most efficient, followed by the Hungarian with a marginal gap.

Then there was the Polish sector and the last, with very low values, was the banking sector of

Slovakia. The main causes of the situation were identified as inherited bad loans and a small

amount of granted loans with respect to the large capacity of the domestic market. It was also

found that the majority of investments were carried out by foreign companies with equity so

the banking service has been not sufficiently exploited. In this study, the assumption about

the connection between foreign capital and great efficiency was confirmed too. In addition,

the author has also used the Tobit regression. He has tried to identify if the differences among

the countries are determined by the specific characteristics of each country or by inherent

properties of banks (profitability, size of the bank etc.). Based on Tobit regression, he has

found that the differences of individual countries are due to the specifics of these countries. So

the countries are not a homogeneous sample of economies. Interesting findings were detected

for evaluating the efficiency over time. According to the given results, no banking system of

the VG countries has increased significantly, except Hungary.

Rossi et al. (2005) have used the SFA method to study the cost and profit efficiency

in the period 1995-2002 for CEE countries. Based on Spearman and Kendall factors, they

have determined a negative correlation between the amount of provisions for loan losses and

achieved efficiency. The least cost efficient countries were the Czech Republic and Slovakia,

but these two sectors have been most profit efficient. The reason is, according to the analysis,

the large percentage of provisions for loan losses in loan portfolios. The most cost efficient

countries were Slovenia and Poland. However, these countries have been the least profit

efficient.

Koutsomanoli-Filippaki et al. (2009) have employed the directional technology distance

function. They have estimated the banks’ efficiency and productivity changes across CEE

countries and different ownership status for the period 1998-2003. Their results have shown
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that productivity for the whole region initially declined but later it have been improved while

the progress in institutional and structural reforms have been done. Also the evidence of

diverging trends in productivity growth patterns have been found across banking industries.

The foreign banks have outperformed domestic private and state-owned banks both in terms

of efficiency and in terms of productivity gains. Overall, they found that productivity change

in CEE have been driven by technological change rather than by efficiency change. Also the

high efficiency score have been confirmed for the Czech banking sector. The difference was

in the Slovak bank sector. This study have shown low productivity there. The authors have

attributed this to low technological level and the fact that the privatization of state banks have

started later.

Barunı́k and Soták (2010) also have presented the empirical analysis about the influence

of different ownership forms on efficiency of Czech and Slovak banks using SFA. They have

examined the set of 44 Czech and 21 Slovak banks in the 1996-2005 period. They have found

out that foreign-owned banks are bit more cost efficient than domestic private banks and that

state-owned banks are significantly less cost efficient compared to domestic private banks.

Košak and Zajc (2006) have calculated the banks’ cost efficiency of five new EU members

(the VG countries, Slovenia) and 3 Baltic countries (Estonia, Latvia, Lithuania) for the time

period 1996-2003. They have 100 banks and used the SFA method and they have used the

Battese and Coelli (1992) specification of the technical efficiency model with truncated normal

distribution of efficiency effects and time varying decay model. They have found that the

average cost efficiency is highest for Slovakia and lowest for the Czech Republic. However,

the results have showed that national banking sectors with lower cost efficiency turned out to

have larger differences in cost efficiency scores of individual banks.

It can be said, and most studies of this period concur with the results, that the most efficient

banking sector is the Czech, followed by Slovak, Hungarian and Polish. This is even seen

in the work by Stanı́čková and Meleckého (2012), which assesses the overall efficiency of

the VG countries using DEA models for the period 2000-2010. There is indicated the most

efficient banking in the Czech Republic, followed by Slovakia, Hungary and Poland. It can

also be stated that banks with foreign ownership have usually reached higher efficiency scores,

so the same results should be in the doctoral dissertation. As it can be observed from the

above literature review, for the investigation of the bank efficiency in CEE countries (the VG

countries), the authors have used in most cases parametric or non-parametric methods without
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including risk factors.

The period before and after the crisis is also examined a lot and not just for the VG coun-

tries. In the study by Anayiotos et al. (2010), the analysis of efficiency was made for the

area of 125 European commercial banks in emerging markets. The DEA method was used for

the years 2004 (before the crisis), 2007 (during the crisis) and 2009 (shortly after the crisis).

The banks’ efficiency had increased between 2004 and 2007 in all countries, except Slovakia,

Estonia and Lithuania. This corresponds with the fact that before the crisis there had been a

large increase of lending. Another result also corresponds with the assumptions. In 2009 the

efficiency had generally declined. Interestingly, they then found that all subsidiary banks have

always a lower efficiency than their parent company.

The VG countries and Slovenia have been also included in the study of Miklaszewska et

al. (2012). This study have examined the efficiency of banking sector in the period 2002-

2009. Constant Return to Scale and Variable Return to Scale DEA risk-free models have

been used and both have confirmed that banks’ efficiency in all countries increased in 2007,

and then in 2008 there have been decline average of 8 percentage points. After the crisis

the development was diverse - in Hungary, Slovenia and Poland efficiency have decreased by

up to 20 percentage points, Slovak efficiency have declined slightly and the Czech efficiency

have slightly recovered. These results are supported by an alternative method - an indicator Z

- score 21st.

Erina and Erinš (2013) have measured the banks’ efficiency in the CEE countries (the VG

countries, Latvia, Lithuania and Slovenia) by DEA in period of 2006-2011. They have applied

the financial indicators for the analysis. According to the two DEA models, the findings have

shown that the most efficient banks have been operating in Lithuania and Slovenia, while the

most inefficient have been in the other countries. These findings are different. It is caused by

the different type of variables. Generally, it is not recommended to use this type of variables,

as it was discussed earlier.

In the paper by Kočišová and Stavárek (2018), there have been discussed some of the

existing efforts to evaluate stability in the financial or banking system and brings attempts

to construct the banking stability index (BSI), taking into account indicators of the financial

strength of banks and major risks affecting banks in the banking system in the European Union

(EU) in time period 2005-2014. Results have showed that in 2014 the VG countries were in

the middle (the most stable - Luxembourg and Estonia and the least stable - Spain, Portugal
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and Greece).

Commercial banks are not the only ones tested. The aim of Grmanová and Pukala (2018)

is to compare the efficiency of life insurance of commercial insurance companies in the Czech

Republic (17 commercial insurance companies) and Poland (26 commercial insurance com-

panies) using the DEA models and Tobit regression model. The share of efficient insurance

companies was approximately equal. The arithmetic mean of the efficiency scores was higher

in Poland than in the Czech Republic. The variability of the efficiency scores of Czech insur-

ance companies was greater than the variability of the efficiency scores of Polish insurance

companies. The correlations with efficiency score as the dependent variable and with market

share as the independent variable of Tobit regression were very low.

The dynamic models have been often used for better understanding of the evolution of

efficiency in the banking industry. For example in Řepková (2013a), the Czech commercial

banks have been estimated by the extended DEA approach, specifically DEA window analysis

and the efficiency of the Czech banking sector during the period 2003-2012 examined. The

input oriented model have measured the banking efficiency, the average efficiency under Con-

stant Return to Scale have reached 70-78 % and average efficiency under Variable Return to

Scale have reached 84-89 %. The most efficient bank was GE Money Bank and the lowest ef-

ficient bank was Československá obchodnı́ banka. The group of large banks (Československá

obchodnı́ banka, Česká spořitelna and Komerčnı́ banka) was less efficient than other banks

in the banking industry. The reasons for inefficiency in the group of large banks were in the

excess of deposits in balance sheets and the inappropriate size of operation.

Other studies which use the dynamic DEA models for examination of each period before

and after the crisis could be seen in the work by Palečková (2015b) and Řepková (2013a).

Řepkové (2013a) calculated the efficiency just for Czech commercial banks during the pe-

riod 2001-2011. She used the dynamic DEA. The results show that the average efficiency

computed under Constant Return to Scale have reached a value of 86.7 % and the average

efficiency estimated under Variable Return to Scale have been 95.7 %. The efficiency slightly

increased in the analysed period. As the main sources of inefficiency were identified - the

inaccurate size of the biggest banks and also the excess of client deposits managed by Czech

banks. Also Palečková (2015b) have used the dynamic DEA. She have estimated the com-

mercial banks of the VG countries in time period 2009-2013. She have examined, the average

efficiency of the group of banks according to the total assets. The results have shown that dur-
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ing the time period 2010-2011, the efficiency have slightly decreased, in 2012 there have been

a significant decrease (financial crisis) and after 2013 the efficiency was increasing. Again,

the Czech Republic and Hungary have the highest efficiency. According to total assets, the

small banks have been the most efficient under the CCR model and the medium banks have

been the most efficient under the BCC model.

Another type of time models had been used as well in this field. For example, Camanho

and Dyson (2006) have used the Malmquist productivity index (MPI) for measuring the effi-

ciency in time for Portuguese banks. Lyroudi and Angelidis (2006) used the MPI for European

countries for the time period 1996-2002. They have claimed that the advantage of this index is

the possibility to decompose the index and better understand the situation in the banking, not

just to say that the efficiency has increased. Some previously mentioned authors also have used

the MPI index (Řepková, Stavárek, etc.), and also the work by Hančlová and Chytilová (2015)

have used the MPI for their studies of the banks’ efficiency in the VG countries. There are

also other productivity indices, the alternative. They are mentioned in the work of O’Donnell

(2011a, 2011b) for example, but these have not been used in the banking sector of the VG

countries.

Also a two stage DEA model by Jablonský (2012) had been used for 2010 in the Czech

banking sector. In the first stage the production efficiency was evaluated and the second

stage had evaluated the profit efficiency. The model had shown that though some banks are

nearly efficient in the production, they are not profit efficient. Banks had reached a low profits

compared with capital or number of employees, for example České spořitelna - production

efficiency was around 99 % and profit efficiency was just only 8 %.

There are also many theoretical works that use the VG area rather as a test set, but they

are still a great asset, for example, the following work. The research by Toloo et al. (2018)

have been focusing on all VG countries where the main problem is unknown input or/and

output variables. The problem of missing data in such areas is very common. These authors

have developed a new classifier the non-radial directional distance method with the aim of

taking into account input contraction and output expansion, simultaneously, in the presence

of flexible measures. They had to deal with pessimistic and optimistic approaches from both

individual and summative points of view.

Table 2.1 below also mentions some studies which deal with only a one specific country.

Also, Table 2.1 shows some information from the relevant publications.
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Table 2.1: Studies for each individual country

Authors, year Country Time period Method Results

Palečková, I. (2015a) CZ 2004-2014 DEA - ROA and ROE are used as well as

Granger causality and correlation coefficient;

- relationship between profitability and

efficiency are not confirm.

Staněk, R. (2015) CZ 2000-2012 SFA - bank size has no impact on cost efficiency,

but it negatively influences the bank’s ability

to generate revenue.

Řepková, I. (2014) CZ 2003-2012 DEA - window DEA is used;

- group of large bank is lower efficient than

other banks in the banking industry (excess

of deposits in balance sheet

and inappropriate size of operation).

Stavárek, D and CZ 2001-2010 DEA - large banks perform is significantly worse

Řepková, I. (2012) than midsize and small banks;

- average efficiency in the banking sector

is nearly unchanged during the period.

Hasan, I. and HU 1993-1994 SFA - foreign banks and banks with higher

Marton, K. (2003) foreign ownership involvement are

associated with lower inefficiency.

Neale, C. W. and HU 1991-1997 DEA - process of privatisating state banks

Bozsik, S. (2001) (mini-case studies).

Wozniewska, G. (2008) PL 2000-2007 DEA - classical index of balance sheet characteristics;

- results (yielded by both methods) are

complementary to each other and suggest that the

non-parametric DEA method is really valuable and

worth applying in bank practice.

Havrylchyk, O. (2006) PL 1997-2001 DEA - efficiency is not improved during the period;

- greenfield banks have achieved higher scores

of efficiency than domestic banks;

- foreign banks that acquired domestic institutions

have not succeeded in enhancing their efficiency.

Nikiel, E. M. and PL 1997-2000 SFA - foreign banks are more cost efficient and

Opiela, T. P. (2002) less profit efficient than other banks;

- evidence of cost economies and profit

diseconomies of scale are found.
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Authors, year Country Time period Method Results

Grmanová, E. and SK 2009-2013 DEA - seeks to find the most suitable combination

Ivanová, E. (2018) of financial and non-financial assessment indicators;

- the three largest banks in the Slovak national banking

market are found to be efficient in both analysed years;

- Slovenská sporitel’ňa, a.s. is efficient in all the

models with a different combinations of inputs and outputs.

Bod’a, M. and SK 2005-2015 DEA - to reconcile both approaches (the production and

Piklová, Z. (2018) intermediation) in a two-stage manner and to avoid

black-box descriptions of banking production.

Bod’a, M. and SK 2000-2011 DEA - comparison of three different approaches of DEA;

Zimková E. (2015) - results of all approaches (service-oriented,

intermediation and profit-oriented approach)

give same similar results in most cases.

Zimková, E. (2014) SK 2012 DEA - paper calculates the super-efficiency as well and

managerial and regulatory recommendations are

then drawn - the banking management should

change their managerial procedures and adopt

enhanced-incentive policy and the regulatory body

should foresee an effort of the banking institutions

licensed by the local central bank to become the

branch office of the foreign bank.

Řepková, I. (2013b) SK 2003-2012 SFA - average cost and profit efficiency is decreasing;

- average cost efficiency ranges 29-92 %

and average profit efficiency ranges 56-93 %;

- small and medium banks are more efficient

than the largest banks in the Slovak banking market.

Stavárek, D. and SK 2001-2005 SFA - average efficiency is increased;

Šulganová, J. (2009) - better is to assume production process.

Source: author’s own processing, 2018

Based on the above findings, it can be concluded that the impact of the financial crisis on

the banks’ efficiency exists. The similar results could be expected in the doctoral dissertation

- banks’ efficiency increases in the period before the financial crisis associated with the in-

crease of the loans, privatization of banks, entry of foreign ownership, transfer of know-how

from abroad, more educated workers, low competition in the market and increase of provided

products and since 2008 the decrease which is in the context of the financial crisis. Also it

could be concluded that the size of the bank play the role.

So over all, it can be said that the DEA method is a very popular way of measuring ef-
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ficiency. In the previous text only some selected models and studies had been described. In

fact, the range of possible DEA use is much wider, but it is not possible to describe and cover

everything in the work. According to the literature overview, some assumptions were settled

and the lack of studies which deal with the whole period from 2005 to 2015 was found. More-

over, the literature which uses the alternative indices in the region of the VG countries was

not found. All these facts should be executed in the doctoral dissertation, which should serve

as a detailed analysis of the banking efficiency in the VG countries during the time period

2005-2015.

2.4 Summary

This chapter has introduced the general idea about the production possibilities in this area.

Also the qualification of production variables for production and two main approaches of their

identification are here defined. In the end the literature overview is mentioned in the text and

in the table.

28



3 Evaluation of financial systems in the Visegrad Group coun-

tries

Following subsection gives information about the current state of the financial sectors of

each country. This is important for better understanding and analysis of the calculation which

are done in Chapter 5.

3.1 The Czech Republic

The Czech Republic is a developed high-income economy, one of the most stable and

prosperous of the former Eastern Bloc countries. The banking sector of the Czech Republic

is characterized by a relatively high concentration and a prominent share of foreign capital.

The two-tier banking system was established in the Czech Republic on 1st January 1990.

The banking system was established by the division of the State Bank of Czechoslovakia

into a central bank and two commercial banks - Komerčnı́ banka and Všeobecná úvěrová

banka Bratislava. At that time there were 5 banks in the commercial banking market. The

banking services were limited. They did not meet the requirements of the newly-emerging

commercial market. After 1990, other banks (joint-stock companies) were established and

also Konsolidačnı́ banka was established, but it was established by the state. All banks have

to have a banking license so that they can actively do the business. The biggest number of

banks in the new Czech market was between years 1994 and 1995. There were 55 banks.

After this period, the number began to decrease gradually. The reason of the reduction was

the removal of the banking licenses from the bad banks, mergers or acquisitions.

The main problem of the Czech banking industry in that time was bad loans. Some of

these bad loans had been inherited from the past. These old bad loans were transferred into

commercial banks in a certain ratio. Also new bad loans were created as the reaction to the

new growing business sector. During the years 1996-2000 the volume of classified loans

was around 30 % of the total. At least the analysis and statistics were given these numbers.

However, the real number was probably higher. The truth is that there had been done many

transfers of bad loans to Konsolidačnı́ banka and numerous depreciations of these loans. The

costs had been usually taken over by the state. The total estimation of the scale of costs for

the time period 1990-1999 was 225 billion CZK (Transformačnı́ náklady pro ozdravenı́ a kon-

solidaci bankovnı́ho sektoru (1999)). In spite of these considerable expenditures, however, as
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mentioned above, there was an increase in bad loans again. There were many reasons, for

example a limited experience and lack skills of staff and bank management and the insuffi-

ciently developed legal system, which almost did not allow for the enforceability of the lien

law (especially in the real estate sector). And the worst was the belief that in the worst case

the state can always intervene. Part of the costs were also spent on building a branch network

of banks. The stabilization of the system was complicated because the business sector was

also at the beginning of its development and it was difficult to estimate the realities of the

new business plans. Many new banks wanted to succeed at any cost. They had aggressive

strategies (for example a moral hazard). As there was a lack of control by state and regulatory

institutions this all led to forced administration, the withdrawal of licenses from other banks,

and the establishment of a stabilization program. The cost of the second consolidation pro-

gram was estimated at approximately 516 billion CZK. The total costs were between 500-561

billion CZK as it was cleaned up by the revenues of the privatization (Transformačnı́ náklady

pro ozdravenı́ a konsolidaci bankovnı́ho sektoru (1999)).

Currently the banking system in the Czech Republic is formed by 58 banks, more pre-

cisely there are 17 banks, 23 branches of foreign banks, 5 building societies, 1 central bank,

3 credit unions, 1 savings and loan association and 8 savings associations. Major banks in the

Czech Republic are Česka Sporitelna (Erste Bank), Československá Obchodnı́ Banka (KBC),

Komerčnı́ Banka (Societe Generale), UniCredit Bank, Hypotečnı́ Banka, Raiffeisen Bank and

J&T Banka. There are 23 branches of foreign banks from 11 different countries in Czech

Republic, mainly from Austria (6) and Germany (4). In each of the last couple of years, one

new bank has opened (in 2015 two banks) and one bank has been closed. So it may be sais,

that the structure of the banking sector is relatively stable in the long run.

Česká národnı́ banka (Czech National Bank, CNB) is the supervisor of the financial mar-

ket in the Czech Republic. CNB is a part of the European System of Central Banks and is

involved in meeting its objectives and tasks. It is also part of the European System of Financial

Supervisors and cooperates with the European Systemic Risk Board and the European Finan-

cial Market Authority. Supervision activities focus on supervision of credit institutions, the

capital market, insurance, pension funds, payment institutions, electronic money institutions

and currency exchange offices.

The following Table 3.1 shows some of the most important macroeconomic and banking

indicators during the period 2005-2015.
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Table 3.1: Macroeconomic and banking indicators of the Czech Republic

year 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015

GDP [%] 6.2 7.5 5.0 1.7 -5.4 2.0 2.2 -0.9 -0.5 2.6 4.4

Inflation [%] 1.6 2.1 2.9 6.3 0.6 1.2 2.2 3.5 1.4 0.4 0.3

Balance of payment

[% of GDP] -2.1 -2.4 -4.6 -1.9 -2.3 -3.6 -2.1 -1.6 -0.5 0.2 0.2

Unemployment 7.9 7.1 5.3 4.4 6.7 7.3 6.7 7.0 7.0 6.1 5.1

ROE/ROA [%] 25.2/1.4 22.4/1.2 24.4/1.3 21.8/1.2 15.8/1.5 21.8/1.3 19.3/1.2 21.4/1.4 18.4/1.3 16.6/1.2 16.3/1.2

Annual growth of

loans total (%) 16.7 19.9 26.4 16.4 1.3 3.5 6.0 2.4 6.5 4.8 5.6

Classified loans

(% of total loans) 4.1 3.6 2.7 3.3 5.2 6.2 5.9 5.2 5.2 5.0 4.3

Capital adequacy (%) 11.3 10.0 10.3 11.7 12.7 14.1 14.2 16.4 17.8 18.0 19.0

Source: author’s own processing; Eurostat (2017); Czech National Bank (2017)

By 2005, the financial sector had stable performance in the Czech Republic. The de-

velopment in the financial sphere was the result of longer-term factors of a systemic nature -

privatization of large banks and clearing of bank balances by transferring and selling bad debts

to transformation institutions. Additionally, re-registration and reduction of investment com-

panies, funds and securities traders helped too. Financial market supervision has also been

strengthened and a single accounting for financial institutions has been introduced. Both busi-

nesses and households have started to make more use of active banking transactions (mortgage

loans). Some danger was hidden in determining the credit default rate. In general, it may be

said that improvement of the quality of risk management and emphasis on internal control sys-

tems has led to the strengthening of banks’ stability and the profitability of the sector. Also,

the introduction of the Debtor Credit Register was helpful. The capital adequacy of Czech

banks is much higher than required by the regulator. Banks increase capital most often in the

form of retained earnings.

Global economic growth continued also in 2005. There were 36 banks and 11 pension

funds at the time in the Czech Republic. The increase of subjects was due to a single EU

license. This has increased competition and the fight for customers in the deposit market.

Otherwise, entry into the EU did not affect the scope of foreign currency operations of banks

in the Czech Republic. Generally, banks have increased their direct banking channels. The

number of ATMs and the use of payment cards (both debit and credit cards) increased. The

positive situation in the Czech Republic is illustrated by external ratings in 2000-2005. Expo-

sures to non-resident banks has increased. Banks placed assets on foreign interbank markets.

31



Their receivables and payables to parent banks were growing. Banks performed 2.5 times

more cross-border loans and time deposits compared to domestic market activities during

2005. However, it can be said that domestic banks are cooperating with their parent banks or

their banking financial groups. This eliminates currency risk. Client deposits and long-term

CPs are the main sources of funding. The interbank market mainly finances branches of for-

eign banks and some medium banks that do not have sufficient client deposits. Net profit after

tax was CZK 39.4 billion in 2005. This gain was influenced by extraordinary revenues from

arbitration, sale of equity interests, a reduction in the contribution to the Deposit Insuran-

ce Fund and dividends received. Of the total number of 36 banks, 6 banks were bankrupt

(branches of banks with specialized activities). Dividends paid accounted for 41.5 % of net

profit in 2004, and continued repatriation of return to investor countries contributed to the

current account deficit (Financial Stability Report 2005).

The economy of the whole euro area had a positive development in 2006, and so in the

Czech Republic. The Czech koruna appreciated primarily by increase savings, endeavor to

increase revenues and thus to use more risky instruments (stocks, commodities, emerging

country bonds, credit derivatives). Foreign capital affected 97 % of bank assets. This year,

capital adequacy has fallen. Reasons can be found in lower net profit generation, high dividend

disbursements, and capital requirements growth due to credit growth. Paid dividends were

CZK 27.4 billion (historical maximum). The market risk was small. There has been an

increase in the number of households that could not repay their liabilities. After a period

of price stagnation between 2003 and 2005, real estate price growth was restored in 2006

(Financial Stability Report 2006).

The year 2007 can be seen from many points of view. In terms of financial stability, it

was a very successful year. The Czech crown was perceived as a “safe harbor”. There was a

further appreciation of the crown. In terms of indebtedness, it was not a good year. House-

holds increased their indebtedness by 35.1 %. The total debt of the population to financial

institutions exceeded CZK 800 billion. Despite the global aversion to risk, the Czech bank-

ing system did not change conditions. Significant international banking groups reported high

losses, directly or indirectly, related to the fall in prices of risky assets (primarily bonds cove-

red by non-repayable US mortgages and related securities). Czech financial institutions held

a minimum amount of these risky assets. The subsidiaries from the Czech Republic generated

revenues rather from retail banking (Financial Stability Report 2007).
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In 2008 there was a global recession and a drop in global demand. However, the balance of

the Czech Republic had not been burdened with toxic assets and had had sufficient liquidity.

Gradually, the problems of a number of companies with the repayment of commitments had

begun to emerge, and banks had begun to increase their credit risk. In response to these deve-

lopments, Czech banks tightened credit standards. The growth rate of household indebtedness

began to decline significantly. Nevertheless, year-on-year credit growth been 16.4 %, loans to

households had grown by 21 % (of which 75 % for housing). The share of outstanding loans

in total loans had increased to 3.2 %.

The CNB responded to the decline in market liquidity by introducing repurchase transac-

tions with the acceptance of government bonds as collateral. The CNB thus partially calmed

the situation on this market. The Czech Republic has not been forced to take any measures

to strengthen the solvency of the banking sector. However, activity on the interbank money

market has temporarily decreased and has been limited to maturities of less than one week.

The liquidity range (downloaded through two-week reps) had declined and the volatility of

short-term interest rates had increased. Nevertheless, the increased uncertainty in the interna-

tional financial markets had been reflected in a decline in investor confidence in the Central

and Eastern region of Europe (Financial Stability Report 2008/2009).

A worldwide recession started in 2009. A gradual recovery began in the second half of

the year. However, the dynamics of new loans for housing and consumption was still very

negative. Banks were able to cheaply finance their resources. They were making revenue

through low short-term interest rates. Losses from impaired loans were not so large. The net

profit of the Czech banking sector was 60 billion CZK in 2009. The Czech banking sector

had maintained a net creditor position abroad. The collaboration with parent banks was stable.

New measures has been adopted to increase liquidity and reduce risk premiums. The bad news

was the increased number of personal bankruptcies. Plus, the residential real estate market saw

a decline in apartment prices by about 14 % (Financial Stability Report 2009/2010).

There was no significant economic recovery in Europe during the year 2010. On the

other hand, the Czech Republic experienced a modest recovery and the non-financial corpora-

tions sector improved markedly. This was caused by increased demand from foreign partners.

However, the number of personal bankruptcies continued to grow (unfavorable situation in

the labor market). Thus, households were unable to repay the necessary expenses. Despite

the unfavorable situation, the capital adequacy was sufficient. The net income slightly fell this
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year. That was about 56 billion CZK (Financial Stability Report 2010/2011).

European countries were still identified as unbalanced in 2011. The Czech banking sector

continued with slight recovery in the market. Mortage loans grew as well as investment ac-

tivities in the commercial real estate sector. The Czech Republic tried to keep the credit risk

at an acceptable level. It meant to keep real interest rates on loans at relatively low levels.

This was related to the slow growth of real household and business incomes. Overall, default

loans falled (to 5.9 %). The number of mortgages and refinanced loans increased (low interest

rates). Even the rating of the Czech Republic increased. Domestic banks had significantly

increased holdings of domestic government bonds from 11 % of the balance sheet at the end

of 2008 to 15.1 % at the end of 2011 (Financial Stability Report 2011/2012).

Developments in both the global and Czech economy in 2012 has been disappointing.

Monetary policies has remained easy and major central banks has been continuing their un-

conventional support measures. The performance and financial position of the corporate sector

has deteriorated. The worsened income situation of households has affected credit risk only

slightly so far. Property prices and the number of property transactions continued to fall. Fi-

nancial sector developments in 2012 were positive despite the unfavorable economic situation.

The focus of financial investors on quality and liquidity has generated a risk of fundamental

overvaluation of some government and corporate bonds. The main risk to the banking sec-

tor has been a continuing recession (drop in profitability). The credit risk has stabilized, but

the outlook has not been very optimistic. The concentration of the portfolios of banks, in-

surance companies and pension funds on domestic government bonds has continued to rise.

According to the stress tests, banks, insurance companies and pension funds has been resilient

to shocks. The modest credit recovery has ended with the onset of the recession, and credit

growth has been subdued. The links between financial institutions has increased in the time.

A large proportion of banks’ assets has been held in government bonds (potential risk). The

property financing segment is a significant source of credit risk for banks (Financial Stability

Report 2012/2013).

The development of the world as well as the Czech economy did not meet expectations at

the beginning of the year 2013, but at the end of the year, there were a marked recovery. Mone-

tary policies remained easy (the Czech National Bank (CNB) used the exchange rate to ease

the monetary conditions). The financial condition of the corporate sector slightly improved

(depending on sector and corporation size). Households faced deteriorating real income, but

34



the fallen interest rates favorably affected their ability to repay. Property prices rose slightly

in 2013 (close to equilibrium values). The euro area financial sector was more stable, but the

situation remained fragile (uncertain economic recovery). The development in Czech finan-

cial sector in 2013 was mostly positive. A potential renewed recession represented a risk to

the banking sector (rise in credit losses and a drop in profitability). Credit risk stabilized. The

coverage of NPLs by provisions did not see sufficiently prudent from the aggregate perspec-

tive. According to the stress tests, banks and insurance companies were resilient to adverse

developments. Banks did not relax their credit standards, their risk margins did not decreased,

and the interest rate conditions had a strong countercyclical effect. The links between financial

market institutions increased, as did bank portfolios. The CNB regarded it as vital for banks

to be prudent in their lending activities and subsequent loan classification and provisioning.

The CNB was ready to introduce increased capital requirements for systemically important

banks (no future need to increase capital adequacy) (Financial Stability Report 2013/2014).

Advanced economies gradually recovered. Monetary policy in Europe remained very

loose. The financial condition of the non-financial corporate sector improved, but remained

differentiated. More favorable income conditions had a positive effect on household debt in-

dicators. Residential property prices risen, and activity in the commercial property market

strengthened. The resilience of the euro area financial sector strengthened. The Czech finan-

cial sector developed favorably. The historically low interest rates encouraged overvaluation

of some assets. The risk of weak demand decreased because of the financial surpluses gene-

rated by households and corporations. The risk of domestic property prices were low for

the present. A potential renewed recession and a long period of low interest rates remained

risks to the financial sector. Credit risk dropped slightly. The quality of NPLs decreased, but

other complementary indicators of credit risk suggest positive tendencies. According to the

stress tests, banks and insurance companies were still highly resilient. The Czech economy

bounced back from the bottom of the financial cycle, and the countercyclical capital buffer

rate remained at zero. Loans for house purchase became a potential source of systemic risk.

The CNB created a methodology for reviewing and assessing the systemic aspect of sovereign

exposure concentration, but without application of additional capital requirements under this

methodology over the next three years. The interconnectedness of financial institutions tended

to decrease. Banks had to be prudent in their lending activities and subsequent loan classifica-

tion, provisioning and NPL portfolio management. The CNB considered stabilization of the
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regulatory framework in the EU to be a priority (Financial Stability Report 2014/2015).

Economic growth remained weak in the euro area and mixed across the member countries

in 2015. The monetary policies of central banks remained very loose. The easing of monetary

and financial conditions fostered growth in loans. Total bank loans to the private sector rose

by almost 6 % year on year in 2015 and their rate of growth accelerated. The condition of

the corporate sector improved further and the sector’s debt remained relatively low despite

rising growth in bank loans. New loans to households (adjusted for re-fixation and refinanc-

ing), which increased by more than 20 % in 2015 (very low interest rates). Residential and

commercial property prices grew. The developments in the Czech financial sector was fa-

vorable. The main sources of risks were the fragility of the world economy and the related

environment of very low interest rates. The low interest rates were pressured by the profi-

tability of financial institutions. Generally, risks grew. The banking sector remained highly

resilient (credit risk decreased, but interest rate risk increased). The interconnectedness of

financial market institutions broadly unchanged and the structural component of systemic risk

remained low. The domestic financial system was exposed in stress tests to very adverse de-

velopments associated with a lengthy recession. According to the stress tests, banks has been

highly resilient, but pension management companies showed higher sensitivity to interest rate

risk. The Czech economy was still in a growth phase of the financial cycle and the counter-

cyclical buffer rate has been left at its current level of 0.5 % for the time being (Financial

Stability Report 2015/2016).

3.2 Hungary

Hungary is a high-income mixed economy. The Hungarian banking sector is dominated

by foreign-controlled banks from the neighboring countries, operating as universal banks.

Along with these banks, there are regional savings and mortgage banks and also building

societies.

As in other Central European countries, the “monobank” system was in Hungary. This sys-

tem was with the Magyar Nemzeti Bank (MNB) until 1989. Its main objective was to organize

state funding. The network of savings banks, Orszagos Takarekpenztar (OTP), performed the

role of collecting deposits from the population. It also provided loans. The decisions about

getting loans was managed centrally, according to political influences. The Central European

International Bank (CIB) was the only foreign-owned bank at that time. This bank interme-
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diated foreign transactions. The Hungarian state began to provide licenses to new banks in

1986. The first banks in the market were Citibank and Austrian Unicbank. These banks could

only provide services to large companies. They did not offer attention to retail clients. In the

following years, various branches of foreign banks were established. There were 40 banks

by the year 1993. 20 banks of these had different national shares. However, the portfolio

of state-owned loans (heritage of the MNB) gradually deteriorated. This led to banks’ capi-

tal adequacy being below the recommended values (even before privatization). Other bank

problems included inadequate credit risk management and control, low operational efficiency,

unnecessarily large organizational structure, low customer focus, and the lack of marketing

knowledge.

The Hungarian privatization program started in 1991. The aim was to improve the own-

ership structure and the entry of foreign capital. Adjustments for bad loans were set by law.

The loan was rated as a problem after 15 days and it was provisioned at 0-10 %. In 1992,

after the first wave of privatization, 105 billion HUF (Hungarian forints) of bad loans were

disbursed from banks. The second wave in 1993 focused on the capital adequacy of banks.

The state provided capital to companies. This led to 8 % level of capital adequacy. Banks’

capital increased by 100 billion HUF, that is 3 % of GDP. Conversely, banks were obligated

to keep training employees, improving technology and software. The worst loans were taken

from the banks into so-called “bad banks”. The total cost of privatization in the period from

1992 to 1994 amounted to 360 billion HUF. During this time, small banks usually failed or

merged. Large banks, thanks to state support, did not have these problems and they stayed on

the market. In 1997, the state’s share in banking institutions was only 25 %.

Another bigger problem occurred in Hungary during the financial crisis of 2009. Hungary

had serious problems before the outbreak of the financial crisis with large amounts of foreign

currency loans. Half of the received loans were linked to Swiss francs. When the forint

rate dropped, the interest rate in foreign currency grew and the Hungarian economy suffered

serious losses. In 2009, GDP was -10 %. Therefore, in the same year, conditions for the

provision of foreign currency loans were regulated (Government Decree 361/2009) and banks

were obliged to transfer foreign currency loans to their domestic currency.

Banking supervision is carried out by the Magyar Nemzeti Bank, which is also a central

bank and part of the European System of Central Banks. Its main objective is to achieve price

stability (Naeke, Bozsik, 2001).
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Currently the banking system in Hungary is formed by 102 banks, more precisely there

are 30 banks, 9 branches of foreign banks, 4 building societies, 1 central bank, 5 mortgage

banks and 53 savings banks. Major banks in Hungary are OTP Bank Nyrt., Erste Bank, K&H

Bank (KBC), MKB Bank (Bayerische Landesbank), CIB Bank (Intesa), Raiffeisen Bank and

UniCredit. There are 9 branches of foreign banks from 7 different countries in Hungary,

mainly from France (3). The structural changes in the Hungarian banking industry are not

stable as in the Czech Republic. For example, during years 2013 and 2014 there were no

banks coming or closing. In 2015, 6 banks opened and 52 banks closed.

The following Table 3.2 shows some of the most important macroeconomic and banking

indicators during the period 2005-2015.

Table 3.2: Macroeconomic and banking indicators of Hungary

year 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015

GDP [%] 4.8 4.0 0.6 1.1 -6.4 0.9 2.0 -1.1 2.4 4.3 3.4

Inflation [%] 3.5 4.0 7.9 6.0 4.0 4.7 3.9 5.7 1.7 0.0 0.1

Balance of payment

[% of GDP] -7.0 -7.1 -7.1 -7.0 -0.8 0.3 0.8 1.8 3.8 2.1 3.3

Unemployment 7.2 7.5 7.4 7.8 10.0 11.2 11.0 11.0 10.2 7.7 6.8

ROE/ROA [%] 23.3/1.9 22.7/1.9 17.5/1.4 11.3/0.9 9.1/0.7 0.5/0 -3.8/-0.3 -6.1/-0.5 -1.8/-0.2 -16.7/-0. 9 -0.1/-1.4

Annual growth of

loans total (%) 11.2 17.4 9.1 14.6 5.0 -6.6 -3.1 -5.9 -6.1 -0.9 -0.8

Classified loans

(% of total loans) 1.5 3.5 1.5 3.0 10.1 12.5 14.8 15.8 16.7 15.0 12.3

Capital adequacy (%) 11.4 9.9 8.2 8.8 10.1 11.0 11.4 16.4 17.0 16.9 20.0

Source: author’s own processing; Eurostat (2017); The Central Bank of Hungary (2017)

Hungary had joined the European Union in 2004. This had opened up many possibili-

ties. The new EU laws and regulations have been implemented. The Central Bank (Magyar

Nemzeti Bank) entered the European System of Central Banks (ESCB). The conditions for

lending to households were simplified. The problem, however, had been the inexperience

of Hungarian banks, for example with long-term mortgage loans and solvency of borrowers.

Nevertheless, the quality of the portfolio had been good (for example, new buildings had been

used as the covering). The banking sector felt that doubling the growth in mortgage lending

had been spacious. As has been mentioned, Hungarian banks were inexperienced and did not

think out the consequences. The high profitability was due to new mortgage lending fees and

interest yields. The interest income was high due to the country’s risk premium. The loans

were often denominated in a foreign currency due to a lower interest rate. Smaller businesses
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and households often chose foreign currency loans. They unknowingly faced exchange rate

risk (without reinsurance). They hoped for the early adoption of the Euro. In 2004, there were

several speculation attacks on the HUF course. The National Bank intervened to avoid the

high rate of volatility (Report of Financial Stability June 2004).

The provided loans grew further (more than half was in foreign currency). The competition

in the market increased and bank profits declined. The profit was primarily from the interest.

In year 2006, the HUF course began to weaken. The problem was the rising abroad and

domestic interest rates. In general, other problems started to emerge in Hungary - an increa-

sing current account deficit in the balance of payments, an increase of the forint risk premium

and derivative prices (credit default swaps). The rating of Hungary was also lowered. This re-

sulted in an increase in exchange rate, credit and political risk. The percentage of outstanding

loans grew. Most credit default adjustments were made for short-term foreign currency loans.

However, the quality of the portfolio had been above average in the EU.

The indebtedness involved households as well as the state. The state was primarily con-

cerned with building the infrastructure and borrowed a lot for these activities. The volatility of

the forint investments had further weakened the exchange rate. The short-term interest rates

raised. The National Bank intervened at the end of the year and had strengthened the forint. At

the same time, taxes and inflation were raised. This weakened the domestic demand. Banks

also raised costs of the hedge products due to the exchange rate volatility (Report of Financial

Stability April 2007).

The world financial crisis also affected Hungary in 2007. Hungary’s fiscal deficit had been

the largest in Central Europe. Hungarian bank liquidity began to show the first problems. The

quality of credit portfolios declined (denominated loans in foreign currency and weakening

course). Prices of food and oil rose. All of this led to increased the number of problems and

the number of borrowers. Hungarian banks did not take action, but vice versa. They recruited

new employees and tried to have new clients (so as not to reduce their profits from fees and

interest margins). Again, there was simplification and mitigation of new credit standards,

which increased the problems in the future.

The capital adequacy declined in 2007. Loans with 90 days maturity accounted for 1.5 %.

Domestic banks created a large number of products with a higher risk profile. They also

wanted to gain a larger market share with higher risk exposure (Report of Financial Stability

April 2008).
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The world financial crisis culminated in Hungary in 2008. The central bank, the Inter-

national Monetary Fund and the World Bank provided Hungary with a liquidity package of

20 billion EUR. 2 billion EUR financed the state deficit, 5 billion EUR were direct aid to

stabilize the banking sector, and EUR 6.9 billion were used as deposited as foreign reserves.

The rest came to the state guarantees for loans to small and medium-sized enterprises and

corporations (Magyarország Working Capital Credit Program, SME Credit Program, Venture

Capital Program).

The volatile exchange rate resulted in changes in the company’s assets. The companies

speculated accordingly. The exchange rate differences mainly affected small companies.

These companies did not secure against currency risk. Demand for credit declined. Banks

stopped offering some more risky products. Inter-group transactions also increased. The

reason was the hedging foreign currency transactions between daughter banks and daughters

(Report of Financial Stability (April 2009)).

The economic growth was also sluggish in 2009. This was due to the large government

indebtedness and a decline in corporate funding. The Hungarian Central Bank also tried

to remedy it. The central bank urged banks to tighten the lending conditions. Therefore,

companies shifted investment and they reduced wages and staff numbers. Again, this caused

a slowdown in the economy. The foreign economy was doing better. On the contrary, it

helped Hungary in some respects. The Country Risk premiums fell and the exchange rate

strengthened. Overall, the quality of the companies and household credit portfolio decreased

considerably. The loan adjustments doubled. The classified loans accounted for 10.1 %.

Banks were to optimize their balance sheets. Banks were profitable and the capital adequacy

was sufficient (Report of Financial Stability (April 2010)).

In 2010, banks further wrote off and sold their receivables to specialized factoring com-

panies. So they continued to optimize their balance. The classified loans increased to 12.5 %.

The banks continued to refuse to lend. There were concerns that the created provisions on

loans had not been large enough to cover any losses incurred. The banks did not want to

make provisions on loans. On the contrary, they raised interest on well-paying clients to cover

the loss of already written off loans. The government was interested in presentation of the

growth of foreign currency mortgage loans. They issued the XC 2010 law on the ban on mort-

gage lending in foreign currency for natural persons (August 2010). Banks’ earnings declined

rapidly, but the capital adequacy increased (Report of Financial Stability (April 2011)).
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Again, the year 2011 was disastrous for Hungary. Also, the world economy began to

decline. The foreign investors were not interested in joining the Hungarian market. The ban-

king sector primarily addressed problems with non-performing loans of households. In March

2011, the Hungarian National Bank issued 10-year and 30-year bonds worth 3 billion USD.

This funded 2/3 of the 2011 budget. Hungary was one of the few countries to avoid the real

estate crisis. The real estate prices had been almost the same during the entire period (prices

fell by 11 %, which is a small decline in the international comparison). Banks learned to han-

dle large portfolio of classified loans, deal with liquidation of companies, sell collateral, and

reduce the costs of enforcement proceedings. The complete credit registers for the household

sector was also introduced in 2011. The forint currency rate depreciated again. The Hungarian

Central Bank intervened against the fluctuations of the currency. Foreign exchange reserves

fell and liquidity fell at market as well. Maternity banks (UniCredit, Raiffeisen, Erste, etc.)

provided liquidity in the form of swaps. The Hungarian National Bank tried to help the eco-

nomy by reducing its minimum reserves, buying mortgage bonds and EUR/HUF, CHF/EUR

swap instruments. International financing was not possible (the general volatile global envi-

ronment, the crisis in Greece, etc.) The banking sector recorded a loss of 212 billion HUF in

2011 (Report of Financial Stability (April 2012)).

The banking sector’s operating environment remained adverse in 2012, with a weak in-

ternational economy, negatively affecting the sector and the Hungarian economy as a whole.

The capital position of the banking sector remained adequate, but some banks faced a mild

shortage of capital in a stress situation. The resilience of the Hungarian financial system in

terms of capital and liquidity was adequate, and improved markedly after the first half year of

2012. On the other hand, the financial system was only performing its function as a financial

intermediary to a very limited extent, as its low willingness to lend had a strongly pro-cyclical

impact on corporate lending. In 2012, de-leveraging of the Hungarian banking sector had

continued. Also the loan-to-deposit ratio declined close to the European average. The FX

swap exposure of the banking sector declined steadily in 2012, but its level was still high. The

Hungarian Central Bank initiated that banks to reduce and keep their off-balance-sheet open

positions to total assets under 15 %. During 2012, Hungary had to deal with the outflow of

foreign funds. This outflow was fastest in Hungary. External funds of the banking sector had

declined by 16 billion EUR between the beginning of the crisis and the end of 2012. How-

ever, the withdrawal of foreign funds were partly accompanied by domestic banks’ restrained

41



corporate lending: 20 % of the outflow was seen as an unfavorable development (Report on

Financial Stability (May 2013), Report on Financial Stability (November 2012)).

The EU Member States emerged more and more from the recession in 2013. However,

the recovery remained fragile and uneven - the threat of deflation, risks related to fiscal sus-

tainability or deteriorating portfolio quality and weak profitability of the EU banking sector.

The funding by banks and governments improved markedly in these countries. Real economic

trends in Hungary pointed towards growth and a decline in money market risks. The contin-

ued improvements in Hungary’s external balance position reduced the country’s vulnerability.

On the other hand, the country’s net external debt remained high. So, Hungary remained

vulnerable to external shocks. In order to mitigate these risks, the Hungarian Central Bank

restructured its toolkit in support of self-financing. House prices continued to decline in 2013.

In the beginning of the year 2013, the profitability of the banking sector remained low (at

end-June 2013, pre-tax profit amounted to 45 billion HUF). The net interest margin remained

at a high level (loan losses went to their performing customers). The asymmetry of profitabi-

lity within the banking sector was extremely high (17 banks had been loss-making and their

market share, based on the balance sheet total, amounted to nearly 40 % and 74 % of the total

profit originated from three banks, while the three banks with the highest losses accounted for

80 % of the gross loss of the banking sector as a whole). Financial enterprises posted a profit

again, after four years of losses. In second half of year 2013, banks’ already substantial liquid

assets expanded further, thereby reduced systemic liquidity risks. Banks decreased reliance on

external funds and in line with this decline the loan-to-deposit ratio dropped below 110 %. At

the same time, owing to outflows of deposits, the ratio had decreased at a far slower rate than

in previous years. The share of overnight deposits and current account balances in household

deposits increased significantly. This raised the liquidity risks (Report on Financial Stability

(November 2013); Financial Stability Report (May 2014)).

Despite the poor performance of the European economy (geopolitical tensions - Greece,

banking systems in the EU had low activity and weak profitability) over several years, in 2014

Hungary had managed to embark on a sustainable growth path. The favorable developments

seen in the real economy had a positive impact on the risk assessment of the country accu-

mulated from the past. However, risks evolving in the global economy, especially in Europe,

continued to pose significant downward risks for Hungary. The liquidity buffer of the Hunga-

rian banking system moved on an upward trend throughout 2014. It reached a historic high by
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the end of the year. That means that the Hungarian banks were resistant to the occurrence of a

more severe shock (to be able to satisfy the 10 % regulatory minimum calculated in proportion

to total assets). The liquidity buffer was still held in forint. This represented only a mode-

rate risk due to the conversion of foreign currency-denominated mortgage loans into forints.

The Solvency Stress Index signaled an improving shock absorption capacity compared to six

months previously. The capital injections and the conversion of the foreign currency mortgage

loans into forints helped. The average capital adequacy was high at the systemic level (more

then 9.25 %). This was good, however, there were still significant differences. A considerable

part of the capital buffers was concentrated at a few large banks (Financial Stability Report

(November 2014); Financial Stability Report (May 2015)).

In Europe, the macroeconomic environment continued to be weak and fiscal positions

remained fragile (the legacy of the crisis, Greek rescue package, the increasing uncertainty

surrounding the Chinese economy and geopolitical tensions). In spite of the uncertainty sur-

rounding global economic growth and the weak performance of the euro area economy, the

Hungarian economy was able to grow in 2015; the external balance improved further, and ear-

lier systemic risks declined considerably. The banking sector and the branches closed 2015

with a positive result, i.e. a profit of 30 billion HUF. The banking sector and the branches

closed 2015 with a positive result, i.e. a profit of 30 billion HUF. However the distribution

of income had been characterized by significant heterogeneity. The trends observed until the

middle of the year had continued during the whole year: rolling loan loss and other provi-

sioning requirements had continued to decline, while interest income had also continued its

gradual decrease. Operating costs as a proportion of assets had not become lower, but several

institutions had taken steps to increase cost-efficiency (the number of bank branches had been

down by 15 %). The capital position of the sector had been robust, with the capital adequacy

ratio standing at 20 % at end-2015. However, there is major asymmetry behind the capital po-

sition (11-27 %), which is satisfactory at system level (Financial Stability Report (November

2015); Financial Stability Report (May 2016)).

3.3 Poland

Poland is a developed high-income economy and also one of the most stable and prospe-

rous of the post-Communist countries. It is a regional economic leader of East-Central Europe,

which successfully made its transition from a centrally planned to a primarily market-based
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economy. Poland has a strong domestic market, low private debt, and flexible currency. The

Polish banking sector is dominated by foreign-controlled banks, with the presence of domes-

tic commercial banks; there are also two domestic cooperative banking groups operating in

Poland.

Before 1989 the “monobank” was in Poland as in other countries in the region. The two-

tier banking system was introduced in Poland in 1989. The banking market was consisted by

state banks (old) and universal banks (new). There were 9 universal banks and commercial

banks which arose from the central bank. In order to obtain a bank license, a bank only

needed a capital of 0.4 million zlotys. The state had tried to create as many private companies

as possible so the private companies could make up the majority in the new political regime.

This should have led to increased competitiveness in the banking sector. The insignificant

interest in Polish state-owned enterprises was small. The problem was also the low domestic

capital. So the state decided for quick privatization of state banks. However, as in other

countries, the current poor economic and banking situation in the state led to problems.

Troubleshooting support had to provide surveillance and supervisors. They were formed

under the Polish National Bank in 1992. Problems were related to the defaulting loans, which

were equal to 31 % in 1993. This was primarily due to the small experience of banks. Also

many new banks did not insure their deposits. The state tried to support banks. The state

issued government bonds to provide financial capital to banks. Banks thus created provisions

and their capital adequacy ratio was 12 %. Foreign investors (such as Kredyt Bank S.A.)

also appeared in Poland. They bought troubled banks to get to the new market with their

market share. This was possible thanks to moderate entry conditions into the banking sector

(small capital requirements). This resulted in a large number of small banks founded by

municipalities, power companies, etc. 9 Polish state banks were privatized in 1997. The

privatization took place through the first public offering of shares. The following years were

positive for the Polish economy. The economy grew, new forms of financing (stocks, bonds,

non-banking institutions) were found, there was less need for external financing, and people

took less bank loans. All state banks were privatized in 2000. Since 1997, Poland has had two

supervisory authorities: the Banking Supervision Commission and the Banking Supervision

General Inspectorate. Both are separate bodies under the National Bank (Lachowski, 1997).

Currently the banking system in Poland is formed by 660 banks, more precisely there are

37 banks, 22 branches of foreign banks, 1 central bank, 560 cooperative banks and 40 credit
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unions. Major banks in Poland are PKO Bank Polski, Bank Pekao (UniCredit), mBank (Com-

merzbank), ING Bank Ślaski S.A., Bank Zachodni WBK (Santander), Raiffeisen Polbank and

Bank Millennium (BC Portugues). There are 22 branches of foreign banks from 12 different

countries in Poland, mainly from France (3). The structural changes in banking industry are

now showing that more banks are closing than opening. In 2013 three banks opened (one of

these banks has already closed), but also four closed and the next two years approximately ten

banks closed during each of the year.

The following Table 3.3 shows some of the most important macroeconomic and banking

indicators during the period 2005-2015.

Table 3.3: Macroeconomic and banking indicators of Poland

year 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015

GDP [%] 3.5 6.3 7.1 4.2 2.7 2.6 5.0 1.6 1.5 3.3 4.0

Inflation [%] 2.2 1.3 2.6 4.2 4.0 2.6 3.9 3.7 0.8 0.1 -0.7

Balance of payment

[% of GDP] -2.6 -4.0 -6.3 -6.7 -4.0 -5.4 -5.2 -3.7 -1.3 -2.1 -0.6

Unemployment 17.9 13.9 9.6 7.1 8.1 9.7 9.7 10.1 10.3 9.0 7.5

ROE/ROA [%] 20.6/1.6 22.5/1.7 22.5/1.7 21.2/1.6 8.1/0.8 10.5/1.0 12.7/1.3 11.3/1.1 12.2/0.8 12.0/1.1 8.8/0.7

Annual growth of

loans total (%) 12.4 23.3 27.3 32.7 7.4 8.7 10.7 3.3 2.3 17.5 7.7

Classified loans

(% of total loans) 11.0 7.4 5.2 2.8 4.3 4.9 4.7 5.2 5.0 4.4 4.4

Capital adequacy (%) 14.4 12.9 12.5 10.1 12.7 13.9 11.7 14.8 15.8 14.7 15.6

Source: author’s own processing; Eurostat (2017); National Bank of Poland (2017)

In general, Poland had experienced a very good period before the year 2005. The Polish

GDP had been 5.3 % (the highest since 1997). The rate of Polish zloty (PLN) had also

appreciated. The number of household loans had grown thanks to low interest rates, low

inflation and large banking competition. Household debt had been around 33 %. This amount

had not been a problem. The problem had been that a large amount had been provided in a

foreign currency (a different terms). The gradual appreciation of the domestic currency rate

had encouraged this even more. The Polish banks had tried to prevent from doing so. Banks

had mitigated the conditions for lending (minimum income, a loan for 30 years, etc.), they

had provided loans up to 100 % of the value of the property, offered life insurance free of

charge, and had not charged mortgage refinancing. The use of credit cards had increased

as well. This had increased the net interest income of banks and the profit from financial

operations. A positive fact for banks had also been a reduction in corporate taxes (8 %)
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and a requirement for minimum reserve requirements. Most banks had invested the money

into securities or they had created new small branches in shopping centers, etc. In general,

improvement of the quality of the new loan portfolio was seen. In early 2004, the National

Bank had developed strong rating principles for collateral (Law 4/2004 of the Commission for

Banking Supervision) in response to a large increase in lending. AMRON database had been

created during this period. The database should have served as a credit register. The problem

was that the banks had not imported the all necessary data into it. Many small and medium-

sized companies had generated bad credit, but there had no been specific records (Financial

Stability Report 2004).

The economic growth from previous years continued in 2005, but to a lesser extent. The

growth of GDP was attributed to the EU accession. The loans also grew. However, it did

not yet cause any major problems. Due to the large number of banks, the competition led to

a further reduction in the conditions for lending to households. The larger problem was the

growing number of foreign currency loans. Polish banks had to secure these loans by deriva-

tives. The speculation increased prices of flats and houses by 15-20 % (Financial Stability

Report 2005).

The year 2006 was characterized by further indebtedness of households and companies.

The real estate prices rose again (up 60 %). Banks’ profit surprisingly increased in 2006. On

the other hand, the capital adequacy declined. A significant problem was seen in the increased

number of loan adjustments. The number of closed open bank positions also increased. All

this already indicated problems for the future (Financial Stability Report 2006).

As it has been mentioned before, Poland did not have a market of derivatives and Polish

banks were not active in this respect. So the upcoming crisis of 2007 was fully felt in Poland.

Polish banks did not have interaction with another foreign banks, compared to other countries.

They were not able to transfer the risk internationally. In the first half of the year 2007,

earnings of Polish banks increased, but in the second half of the year the earnings began to

stagnate. The same situation existed with the domestic currency. Interestingly, the number

of bad loans and the creation of specific commissions declined. At this time, Polish banks

increased their basic capital by 8 %. Banking costs grew by 12 %. That was due to wage

growth and further expansion of the branch network (Financial Stability Review - First half of

2007).

The year 2008 had been very specific by the decline of liquidity in the internal market.
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This was detected as a big risk. As an even greater risk, the loss of confidence among banks

was detected. This was a very big problem for Polish banks. They were unable to provide

loans. The foreign banks constantly shifted their capital from and to their subsidiaries, so there

was no possibility to find out what the bank was able afford. Banks had to use foreign capital

to finance. Interest margin increased. The net interest income declined and therefore the

primary income of banks declined as well. Fifteen Polish banks had the capital adequacy ratio

of 8 % (lowest boundary). Generally, the capital adequacy requirements increased. However,

aggregate profits of banks were high. On the other hand, the creation of risk commissions

doubled and banks did not pay dividends (Financial Stability Report - June 2008; Financial

Stability Report - October 2008).

In 2009, Poland was one of the few countries in Europe which had a positive GDP (1.6

%). Banks retained their past profits to increase their capital adequacy. There was no bank

which would be in loss, but the profits were much smaller. This had been caused by a large

number of bad loans. Banks tried to attract clients by a large number of deposit products. As

a result, deposits increased. The short-term liquidity increased as well, but it was not enough.

Also, the long-term liquidity was still problematic. Therefore, some parent banks provided

liquidity to their subsidiaries (Unicredit, ING Bank, Commerzbank, AIB, BCP, Citigroup,

KBC, Raiffeisen Bank) (Financial Stability Report - June 2009; Financial Stability Report -

December 2009).

Overall improvement in the economic situation occurred in 2010. The net profit increased

by 25 %. However, the profit was still small due to the credit risk. The mortgage market was

stabilized (the conditions for providing loans was tightened more). The number of foreign

currency loans for the households provided rose again. The Polish banks increased their

capital adequacy ratio (to 13.9 %). This reduced the credit risk. The net interest income of

Polish banks improved due to the high range of interest rates. However, small banks had

more and more accumulated surplus liquidity. Even though they should have distributed it

(Financial Stability Report - July 2010; Financial Stability Report - December 2010).

The year 2011 continued to be very good for the Polish banks. The interest income and

earnings generally grew. The cost of the credit risk was reduced (GDP grew by 4 % and house-

hold incomes by 1.2 %). However, the dividend policy was conducted cautiously. Again, the

conditions for granting loans were mitigated. The households and institutions still had aver-

sion to risk and fears of economies slowing down further. The course of EUR/PLN was
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very volatile. It supported the decline in liquidity (the higher requirements for foreign cur-

rency loans in connection with depreciation of Polish zloty). The capital adequacy increased

slightly. Receivables with default also increased slightly. The rating of banks was still very

good. None of the banks was supported by the government (Financial Stability Report - July

2011; Financial Stability Report - December 2011).

In year 2012, the current financial condition of the Polish banking sector was good. In the

first three quarters of 2012, the banking sector’s earnings did not change significantly from the

2011 record high. Also, there were still high capital levels and a continued lending growth.

However, the first effects of the decline in GDP growth (from 4.3 % in 2011 to 1.9 % in 2012)

were noticeable in some areas of banking business. The ratio of credit risk cost to assets rose

slightly in the second and third quarter of 2012 vs. 2011. However, net interest margin slightly

decreased in the period. It was associated with continuing strong competition for household

deposits. The quality of the portfolio of household loans were unchanged, and impaired loans’

growth were mainly affected housing loans. Most banks reduced the value of foreign funding

and at the same time developed their local deposit base. In the banking sector as a whole, the

buffer of liquid assets were substantially higher than unstable funding sources. The liquidity

position of individual banks were, however, distinctly discrepant (Financial Stability Report -

July 2012; Financial Stability Report - December 2012).

The Polish financial system functioned in a stable manner, and the condition of the banking

sector was favorable during the year 2012. The situation in the Polish economic environment

was the most important risk factor for the stability of the domestic financial system. Domes-

tic risk factors associated with a less favorable situation of some financial institutions was

less significant. Conditions in the economic environment of the Polish financial system im-

proved slightly. Poland’s economic growth remained low (from 1.9 % in 2012 to 0.5 % and

0.8 % in the first and second quarter of 2013, respectively). However, the first half of year

2013 was identified as the worst and it showed that this period of the most severe economic

slowdown ended. A relatively slow economic growth and restrained demand caused a stable,

albeit low level, lending growth. The consumer loan market showed signs of improvement.

Banks posted high earnings, however their profitability ratios fell. The decrease was mainly

driven by a diminishing net interest margin. The quality of loans to households and corporate

loans improved slightly. The sound capital position of banks were confirmed by the results

of stress tests, but individual banks were substantially discrepant, and some of them exhibited
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heightened sensitivity (certain smaller commercial banks and part of the cooperative banking

sector) (Financial Stability Report - July 2013; Financial Stability Report - December 2013).

The global economy grown at a moderate pace during the year 2014, with an increase in

the variation of growth trends across countries and regions. The euro area economies were

stagnant while an economic upturn continued in the United States. Poland’s economic contin-

ued to recover (acceleration of GDP) and, at the same time, the situation in the labour market

gradually improved. The situation in the Polish financial market was stable. In 2014, Poland

made structural change relating to the pension system reform, even so, there were no changes

in the valuation of market instruments and the turnover volumes in the period analysed, which

might have represented a significant risk factor for the banking sector functioning. The situ-

ation in the property market was close to equilibrium. However, in the commercial property

market, growing imbalances were observed. The Polish banking sector was stable (some

banks displayed increased sensitivity) and posed no risk to the financial system stability. The

structure and features of the Polish financial system stability were dominantly determined

by the situation in the banking sector. Banks’ capital adequacy was high and their liquidity

position was sound (confirmed by the results of stress tests). Most banks also accumulated

adequate liquidity buffers, allowing them to absorb even very strong liquidity shocks. The

banks’ good situation facilitated them to enhanced lending (more consumer loans and cor-

porate investment loans). Credit risk deemed the most significant risk borne by the banking

sector in Poland. Net interest margin resumed its growth following a period of decline asso-

ciated with a decrease in market interest rates. The quality of loans to the non-financial sector

showed a further gradual improvement. On the other hand, charges for impairment provisions

for some types of loans slightly reduced bank’s financial results (Financial Stability Report

2014 - July 2014; Financial Stability Report - January 2015).

In 2015, the global economy saw persistent recovery (moderate pace) accompanied by

continued diverging trends across countries and regions. Gradual improvement was observed

in the main region in the direct environment of the Polish economy, i.e. in the euro area. The

recovery strengthened in Central and Eastern Europe, particularly in the countries where no

significant macroeconomic imbalances had occurred, such as Poland, the Czech Republic and

Slovakia. In the Polish economy, positive trends observed in the previous years further conti-

nued. The level of Polish risk to financial system stability was still primarily determined by the

situation in the banking sector (the features and structure of the financial system in Poland).
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The credit risk was deemed the most significant risk borne by the banking sector in Poland. In

recent years banks’ assets grew slightly faster than the overall economy. As a consequence,

the size of the banking sector increased relatively to GDP. However, this ratio remains com-

paratively low (just over 90 % in September 2015), which indicates that the indebtedness of

the economy was not excessive. Assets of the cooperative banks were increasing at a slightly

higher pace than those of commercial banks (Financial Stability Report - July 2015; Financial

Stability Report - February 2016).

3.4 Slovakia

The banking sector of Slovakia is highly concentrated and is dominated by foreign-control-

led banks. Banks in Slovakia operate as universal banks. Slovakia is a member of the Euro-

pean Union since 2004 as the rest of the VG countries, but it is also a member of the Economic

Monetary Union since 2009.

In 1990, the situation in Slovakia was the same as in the Czech Republic, given the exis-

tence of Czechoslovakia. The demonopolization of the banking system happened and the

central bank and network of commercial banks (universal type with nationwide scope) were

established. The State Czechoslovak Bank was divided into Komerčnı́ banka, a.s., Praha;

Investment Bank, a.s., Prague and General Credit Bank, a.s., Bratislava. On January 1, 1993,

Czechoslovakia was divided. The National Bank of Slovakia was established in Slovakia.

Just as in the Czech Republic, the current legislation was bad in Slovakia. Most rules and

standards were created at runtime or ex post. Banks were capitally underestimated and their

share of risk-weighted assets was 0.84 - 1.22 %. In Slovakia, the 1990s had in the same trend

as other countries in the region. New loss loans were cumulated with the old from history and

the period of transformation. Konsolidačnı́ banka was financed by more than 30 billion SK.

In 1992, there were 15 commercial banks in Slovakia. All state monetary institutions were

privatized. The state had the share around 40-50 %. Large funds were spent on staff training,

technical and software equipment. In 1995, the National Bank of Slovakia issued rules for

the assessment of receivables. Receivables were divided into 5 categories by maturity. Based

on this, it was necessary to create adjustments. This was the result of the growth of bad

debts. Loss loans were, as part of the bank’s restructuring program, most often outsourced

to the Consolidation Agency. Since 1998, banks had focused on providing less risky loans.

In 2000, SKK 113 billion was disbursed to Konsolidačnı́ banka. Subsequently, privatization
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took place. Austrian, Italian and Belgian banks had the largest share of banks in Slovakia

(Tkáčová, 2001).

The privatization ended in the year 2002. The banking supervision is the responsibility

of the Slovak National Bank. In 2006, full financial market supervision was integrated into

the following areas: banking, insurance and pension savings. Since 2007, the Slovak Na-

tional Bank has also supervised financial market participants for securities and capital market

traders.

Currently the banking system in Slovakia is formed by 30 banks, more precisely there

are 13 banks, 16 branches of foreign banks and one central bank. Major banks in Slovakia

are Slovenska Sporitelna (Erste Bank), VUB Banka (Intesa), Tatra Banka (Raiffeisen), CSOB

(KBC), UniCredit Bank Czech Republic and Slovakia, Postova banka and Prima Banka (Penta

Group). There are 16 branches of foreign banks from 9 different countries in Slovakia, mainly

from the Czech Republic (5), Austria (3) and France (2). The structural changes in Slovakia

banking industry is stable, not too many closings or openings. Foreign capital is around 90 %.

The following Table 3.4 shows some of the most important macroeconomic and banking

indicators during the period 2005-2015.

Table 3.4: Macroeconomic and banking indicators of Slovakia

year 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015

GDP [%] 6.7 8.4 10.7 5.4 -5.6 4.8 3.4 1.5 1.4 2.5 3.8

Inflation 2.8 4.3 1.9 3.9 0.9 0.7 4.1 3.7 1.5 -0.1 -0.3

Balance of payment

[% of GDP] -10.6 -9.5 -5.9 -6.5 -3.4 -4.7 -5.0 0.9 1.9 1.1 0.2

Unemployment 16.4 13.5 11.2 9.6 12.1 14.5 13.7 14.0 14.2 13.2 11.5

ROE/ROA [%] 16.7/1.0 22.4/1.0 19.5/0.7 14.7/0.7 6.2/0.4 11.7/0.9 15.3/1.1 8.8/0.8 10.0/0.9 7.6/0.6 8.4 /0.9

Annual growth of

loans total (%) 181.3 -3.6 29.5 19.6 -23.3 2.7 4.0 3.2 5.4 7.0 8.2

Classified loans

(% of total loans) 5.0 3.2 2.5 2.5 5.3 5.8 5.6 5.2 5.1 5.3 5.0

Capital adequacy (%) 14.8 13.0 12.8 11.1 12.6 12.7 13.4 15.7 17.2 17.3 17.4

Source: author’s own processing; Eurostat (2017); National Bank of Slovakia (2017)

Europe had experienced global growth before the period before 2005. The Slovak banking

sector had grown as well. This situation was not even influenced by the accession of Slovakia

into the European Union. At this time, new bank branches or old redesigns were opened. New

mortgage centers emerged. The sources of financing these costs were primarily client deposit
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(87 %). Also another costs were associated with traffic. This plus the fall in interest rates,

it was a problem for banks. All this caused banking fees to increase (trading in securities

and investment banking). The number of mortgages provided also increased. Classified loans

accounted for 2.6 % of total loans. However, the time mismatch between assets and liabilities

began. Capital adequacy was sufficient. The share of repo transactions increased as a result

of the deterioration of the immediate liquidity. Overall, long-term and term deposits declined.

Deposit on almost non-interest in current accounts grew. At this time, deposits of foreign

banks also increased. This made Slovak banks sensitive to the exchange rate increased. How-

ever, in 2014 Slovak banks were profitable. Net profit increased as well as income from the

use of provisions (Analysis of the Slovak Banking Sector 2004).

In 2005, banks increased the number of loans and deposits provided to businesses and

households. The standards for providing credit were released and the interest rate were cut.

The household interest rate risk consisted in the fixation of most loans within one year. The

market risk was low and the foreign exchange risk was negligible. Securing was mostly

through currency derivatives. The foreign currency loans were loss-making. Banks had to

finance them from foreign banks. Fortunately, the government and households held the most

of the assets in banks. Funds from the interbank market were only 2-5 % of total assets. Banks

had mainly government securities. In the autumn of 2005, there was an increase in short-term

foreign capital (the pressure to appreciate the Slovak koruna before entering the Eurozone).

The increase in resources from foreign banks was 8 %. However, household loans in foreign

currency were only 1 %. Net profit was 13.9 billion SK (Report on the Results of the Slovak

Financial Sector Analysis for 2005).

The interest rates grew in 2006. Thus, banks increased the interest income. The capital

adequacy declined and the depreciation of receivables increased. The adjustments were less

formed. Banks showed a strong dependence on the economic cycle. Geographical diversifica-

tion of banking assets was minimal. The overall foreign exchange position was almost zero.

The volume of deposits of foreign banks and currency derivatives from the interbank market

were declining. The liquidity risk increased. The client deposits grew faster than the liquid

assets. Most of the long-term resources were government bonds. Net interest income rose to

17.8 billion SK (Report on the Results of the Slovak Financial Sector Analysis for 2006).

The growth trend in Slovak financial institutions continued even in 2007. The volume

of assets and provided loans increased primarily in the first half of the year. In the second
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half of the year, the growth slowed down due to the financial crisis. Banks had problems

with liquidity. They had to finance the credit activities from the client deposits and longer-

term securities. There was a further decrease in investments into securities and domestic

government bonds. Investments in foreign securities grew. The crisis did not hit the profits

from securities trading but it hit its revaluation gains. The banking sector wrote off more

loans in total than the previous year. Banks raised their share capital from subordinated debt

or profits from previous years. The volume of derivative trading grew (currency and interest

rate derivatives). The development in market risk was small and foreign exchange positions

were closed. In general, the value of capital adequacy was 12.8 % (3 banks had a critical

value of 8 %). The interest rates rose in the long run. Despite all the problems, the sector

was profitable (1.3 %). Small, medium and foreign affiliates had a lower profit. In addition,

the operating costs also increased (up 12 %, purchase of IT and costs with the introduction of

Euro) (The Analysis of the Slovak Financial Sector for the Year 2007).

The negative development of financial markets was modest for Slovakia as well as for the

Czech Republic. The economy had been export-oriented and the crisis had not showed up until

the fourth quarter. The crisis had mostly manifested in collective investment funds and pension

savings. The terms of credit had been tightened and the interest in loans had fallen in both

corporate and households sectors. The tightening had not influenced the households so much.

They had lost the interest themselves. The National Bank had cut the basic interest rate to

2.5 %. Banks had minimized the exposure against the innovative financial world instruments

that had been the biggest sources of the infection. As Slovakia had been also referred as a

“safe harbor”, the foreign deposits of banks had increased by 23 %. Due to the entry into

the Eurozone, the domestic currency had appreciated. The deposits had increased after the

introduction of Euro. Banks had become even more independent of sources and financial

markets. This had disadvantaged the use of the bond issues. There was enough cheap deposits

on the market. Bonds were more expensive sources. The profit was relatively high (0.51

billion EUR), mainly for large banks. Overall, the profit fell year-on-year by 5 % (Analysis

of the Slovak Financial Sector for the Year 2008).

In 2009, Slovakia, like other states, suffered from the global imbalances and loss of con-

fidence from the foreign financial markets. Slovakia had one of the highest unemployment

in the Eurozone in the time period (13.6 %). Households collected their deposits. They also

tried to reduce repayments, postpone payments or extend credit maturities. The big problem
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was the inability of developers to repay the liabilities to banks. Foreign institutions also col-

lected their deposits (9.9 billion EUR). As the Euro was introduced, the parent banks changed

the attitude to Slovakia. The parent banks collected the money and they even borrowed a

considerable amount of money. So, the subsidiary banks became creditors. Revenues from

the foreign exchange operations were almost zero with Euro. The profit of banks fell to 250

million EUR despite the reduction in operating costs and staff. Twelve banks (seven of then

were foreign branches) ended in a loss. Their loss was 92 million EUR. The volume of new

adjustments increased by 30 %. The bad credit grew faster than adjustments. However, the

system was stable in liquidity terms (Analysis of the Slovak Financial Sector for the Year

2009).

The positive development of international markets in 2010 significantly affected Slovakia.

The export of Slovakia significantly increased in this time. The confidence in business im-

proved. Small and medium-sized banks began to advance in the market thanks to more favo-

rable interest rates on deposits. These banks invested in foreign securities and they financed

foreign companies. This created more favorable interest rates. The loan standards fell due

to competitive struggle. The housing loans increased. Many of them were refinanced. Over-

all, the profitability of the entire Slovak banking sector doubled. Banks benefited from rising

volumes of loans and cheap deposits. The net income was 504 million EUR. The revenue from

fees increased year-on-year by 9 %. Banks covered almost all the costs of deposits through

the account maintenance and the payment transactions. Twelve banks were in profit and only

three banks were in a loss (investment losses in bonds) (Analysis of the Slovak Financial

Sector for the Year 2010).

The first half of the year 2011 had a positive trend. The second half of the year was

more problematic - the state debt crisis, the decline in economic growth, and the instability

of the banking sectors in individual countries. The problem of the debt crisis was also the

decline in government bond yields. The general problem was the negative perception of the

banking sector in the Eurozone. This was reflected in the downgrading of ratings. The risk was

specified as the unwillingness of parent banks to support their subsidiaries. This also happened

in Slovakia, although, as mentioned earlier, Slovak banks were dependent on their parent

banks minimally. Therefore they increased the number of risk-weighted assets. Nevertheless,

the net profit was 34 % higher (674 million EUR) (Analysis of the Slovak Financial Sector

for the Year 2011).

54



The economic environment of the financial sector remained uncertain during 2012. Al-

though financial markets calmed during the year, they did so mainly in response to measures

taken by the ECB, rather than due to expectations of an improvement in the macroeconomic

situation. Despite to all, the domestic financial sector managed to increase its activity in 2012,

particularly in the second half of the year. The household sector increased both their borrow-

ing and their investments in the financial sector. Consequently, the interconnections between

Slovak households and the financial sector were further deepened. In most segments of the

financial market the increase in activity was accompanied by even higher growth in inherent

funds. Household lending recovered (mainly housing loans grew), while corporate lending

fell slightly. Household demand for loans was stimulated by low interest rates and to some

extent also by stable property prices. The aggregate net profit of the banking sector in 2012,

according to data reported by banks, declined by almost one-third year-on-year. This was

explained by the imposition of an extraordinary banking levy and by an increase in credit risk

costs in the loan and guarantee portfolio. Plus interest rate margins continued to decline, while

elevated competition was reflected in higher retail deposit costs. The banking sector‘s capi-

tal adequacy ratio (CAR) increased in 2012 to its highest level since 2005 (profit from 2011,

increase in own funds and revaluation of debt securities in the available for-sale portfolio)

(Analysis of the Slovak Financial Sector for the Year 2012).

In 2013, the euro area economy grew (the recovery of the private sector demand and the

end of the negative trends in the labor market) and there was no significant turbulence on

the financial markets. The improved economic situation in the euro area helped support the

growth of the Slovak economy. The really good situation was reflected in the manufacturing

and construction industries, which triggered an increase in investment demand. As a result,

the credit spread and the volatility of the more risky assets were relatively low, and lower risk

assets continued to provide low returns. Although the external environment has improved, it is

fragile and subject to several risks - excessive public and private debt, and possible overvalua-

tion of certain risk assets or currencies. Another concern was related about asset quality in the

euro area banking sector, which is another cause of uncertainty. A comprehensive assessment

of the banking sector for 2014 was planned as part of the preparation of the banking union (as-

set quality, etc.). The uncertainty was still there. Retail loans dominated the domestic credit

market, while declining trend of corporate loans did not begin to moderate until the end of

the year. The interest rates were low and property prices stagnated. The share of small and

55



medium-sized banks in the market increased. The total profit of the banking sector increased.

This was attributable to strong growth in retail loans which resulted mainly in an increase in

banks‘ net interest income. On the other hand, there was a higher rise in non-performing loans

and an increase in credit risk costs in the retail sector. Since the rate of loan-loss provisioning

lagged behind the change in amount of non-performing loans, the domestic banking sector

continued to report relatively robust coverage of bad loans. Also, Slovak capital adequacy

ratio rose to 17.2 % in 2013. Nevertheless, the actual amount of capital in the domestic ban-

king sector declined, owing to the transformation of one of the largest banks (UniCredit) into

a branch of a foreign bank (Analysis of the Slovak Financial Sector 2013).

Euro area economic growth picked up moderately in 2014 - the labour market situation

improved, the euro to depreciate against the dollar and euro area exports increased (GDP

growth). Although the risks to financial stability had remain there. The questions if the reco-

very was robust enough, if the growth contributing to the consolidation of public finances was

enough or if the situation in Greece and Ukraine was serious. Slovak GDP also grew (house-

hold final consumption and labour market). Nevertheless, the Slovak economy remained to

a large extent dependent on developments in the euro area. Annual growth in retail loans

increased most since the financial crisis. The significant growth was observed in consumer

loans with a maturity of more than five years. The year-on-year growth for consumer loans in

total were 20 %. The outstanding amount of housing loans rose by 13.5 %. All these values

were high. There had been a lot of refinancing of mortgage loans with a zero rate of inte-

rest, but the principal was increased (property prices did not change so far). The outstanding

amount of non-performing household loans rose in 2014. However, the overall quality of the

household loan portfolio remained stable, thanks to the robust growth in new lending. Positive

developments from the view of risk included the lengthening of interest-rate fixation periods

and a moderate decline in average loan-to-value ratios. In response, Národná banka Sloven-

ska issued new recommendations. Demand for corporate loans increased moderately, plus

the credit standards were slightly eased. The average annual growth rate of corporate loans

was positive in 2014. Nevertheless, performance across sectors was heterogeneous and export

performance remained at its 2012 level. The amount of non-performing corporate loans was

volatile. Market risks in the banking sector stayed low, while liquidity deteriorated slightly

and concentration risk remained significant. The only increase in market risks was in banks’

sensitivity to a possible increase in interest rates. The profitability of the banking sector re-

56



mained flat in 2014. Although ongoing growth in retail lending contributed significantly to

banks’ profits, its impact was cancelled out mainly by falling rates of return on loans and

increases in credit risk costs, operating expenses, and levies. Banks’ capital ratios remained

elevated, which was important in terms of the stability (Analysis of the Slovak Financial Sec-

tor 2014).

Euro area economic growth continued to pick up in 2015. The euro area’s annual GDP

increased. It was supported by the falling oil prices on domestic consumption or by the ECB’s

significant monetary policy accommodation. But negative signals from the external environ-

ment were seen - slowing growth in emerging market economies (EMEs - Chine). Also the

low interest rates were a risk to financial stability or future negative impact on economic

growth. Household loan growth was the main trend in the Slovak financial sector (a new his-

torical high). The annual growth rate for retail loans was also the highest in the euro area. The

retail loan portfolio had a growth rate of 13.5 % (housing loans were the large share of the

loan). The annual rate of growth in consumer loans eased less (more than 16 %). The quality

of the banking sector’s retail loan portfolio had improved. The non-performing loan ratio fell

to 3.9 %. On the other hand, household debt continued to rise sharply. In 2015 the average

price of flats increased modestly (year-on-year by 7 %). In future, there problems with im-

balances of primary and secondary property market may be found. Lending to non-financial

corporation was higher than at any other time in the post-crisis period. The pick-up in the

credit market was related to the improving performance of the corporate sector and to brighte-

ning sentiment in the domestic economy. Furthermore, credit standards were eased (interest

margins, maturities and loan amounts). The quality of the corporate loan portfolio improved

(overall amount and ratio of non-performing loans decreased). Banks’ profits increased. It

was largely based on growth in lending and on decreases in funding costs and credit risk

costs. On the other hand, there was a significant decline in the rate of return on retail loans.

The outlook for profitability deteriorated for the next period - the problem of the traditional

business model of the Slovak banking sector. In 2015 all banks in Slovakia continued to meet

the minimum capital requirements (Analysis of the Slovak Financial Sector 2015).

3.5 Summary

Table 3.5 provides a summary and overall view of all chapter. Table 3.5 lists the major

positives, negatives and especially the key events that took place in the VG countries during
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the time period 2005 to 2015.

Table 3.5: Summary of the financial systems in the VG countries

The Czech Republic

positives large banks have been expanded and anchored

conservative approach to investing and large ČNB supervision => protection against the financial crisis

negatives ROE decreases (large banks) => reduction of profit - depreciation of banks’ bad investments

key events 2007 and 2011 - emergence of new small banks => innovations in banking

2009 - consistent austerity measures throughout the entire sector

Hungary

positives

negatives ROE is extremely volatile => great loss of banks (bad national economy and unstable currency)

government transfers banks into state hands

different approach to own resources

distrust depositors (problems with rate of loans; bonds)

banks have problems with liquidity issue (insufficient reserve for depositors)

key events (since) 2008 - instability of banking sector (bad GDP)

Poland

positives total assets are stable

total value of share of loans to deposits are stable

at the end of the period, the share of own funds had increased (higher volume of loans on total assets)

negatives very turbulent

ROE was volatile after financial crisis (decrease in profits), but now it is stabilized

banking is linked to macroeconomics and GDP

key events

Slovakia

positives share of funds on assets has a convex shape (last 5 years it is growing)

ration of loans and deposits is growing

negatives ROE has a steady decline - stagnation of balance amounts (total asset do not increase)

focus of lending at the expense of other financial transactions

key events 2007 and 2011 - large growth of financial groups (Penta)

2007 - hedging operations and legislative changes to the transition to the single European currency

1.1.2009 - transition to the Euro

Source: author’s own processing, 2017
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4 Description of applied methods and approaches

The basic theme of this doctoral dissertation is to measure efficiency and productivity

changes. This doctoral dissertation uses the non-parametric method - the Data Envelopment

Analysis. This is based on previous analyses which have detected that one of the most often

used method in the area of banking industry is the DEA method.

The following subsections of the doctoral dissertation aim to explain the theoretical basis

behind the methodology and approaches used. First, just a brief introduction into the used

methodology is given, then the basic DEA models are introduced. More precisely, there are

introduced two basic models - model by Charnes, Cooper, and Rhodes so called the CCR

model and model by Baker, Charnes, and Cooper model so called the BCC input oriented

models. The ability of allocation models to calculate the cost, technical, and allocative effi-

ciencies is also described. The next subsection is deals with total factor productivity indices.

The connection between efficiency and total factor productivity (TFP) is given as well as the

opportunities to divide the classical efficiency into more parts - technical efficiency, scale effi-

ciency, mix efficiency, and so on. The changes for all of these efficiencies are shown in the

following part. There is also a section which makes a link between DEA and TFP. And big

subsection deals with the introduction of classical and alternative TFP indices and its decom-

positions - Malmquist or Hicks-Moorsteen.

The above mentioned methods and approaches are used in the doctoral dissertation as well

as others - methods for statistical testing, DEA methods which deal with categorial variables

or missing values and so on.

4.1 Division of used methods

Nowadays there are many methods that can be used to measure efficiency and productivity

changes. However, the most used method is a frontier technique. The frontier technique

determines the distance of an each individual observation from an efficiency frontier. The

efficiency frontier is made up of fully efficient observations from the data set. The frontier

techniques may be divided into two ways. The first division depends on the definition of

a functional form for the technology (non-parametric and parametric approaches) and the

second one differ in the attitude to the error term (deterministic and stochastic approaches).

The first division, as it was mention earlier, is that the frontier techniques may be divided
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into parametric and non-parametric methods. The choice of estimation method has been and

always is an issue of debate, with some researchers preferring the parametric approach (i.e.

Berger (1993)) and others the non-parametric approach (i.e. Seiford and Thrall (1990)). Non-

parametric methods determine the efficiency evaluation of the organization relative to other

decision making units (DMUs) and they may be solved by mathematical programming tasks.

The main disadvantage of non-parametric approaches is their deterministic nature. For exam-

ple, DEA does not distinguish between technical inefficiency and statistical noise effects.

Parametric methods determine efficiency of the organization against some idealized bench-

mark. These methods require the definition of a specific functional form for the technology

and for the inefficiency error term, in other words, the specification of a cost function in order

to form the efficiency frontier, e.g., Cobb-Douglas function or trans-log function. These met-

hods require assumptions about the structure of the production technology, e.g., convexity (i.e.

efficient frontier includes all linear combination of dominant production unit). The definition

of the cost function is a disadvantage of the parametric methods. For more details see e.g.,

Coelli and Perelman (1999), Toloo (2006) or Murillo-Zamorano and Vega-Cervera (2001).

The second division is based, at it was mentioned, on the attitude of the error term. The

frontier techniques may be dived into deterministic and stochastic approaches. These ap-

proaches differ in the attitude to the error term. The deterministic approaches assume that

a whole deviation from the frontier is caused by the inefficiency. The stochastic approaches

assume that the deviation is caused by inefficiency and presented randomness. The stochastic

approaches take into account the external factors which may include operating environment,

econometric errors or others. It may cause some DMUs to be shifted above or below the effi-

ciency frontier. This can never happen if the deterministic approach is used. For more details,

see Schmidt (2007).

Overall, each method has its advantages and disadvantages, which can be seen in Table 4.1,

below.

4.2 Data Envelopment Analysis

The Data Envelopment Analysis is the non-parametric approach to measure efficiency.

It is based on mathematical programming. This approach was first formulated by Farrell

(1957) as a single-input/output model with radial measure of technical efficiency without the

requirement of any price information. Farrell introduced concepts of the productivity and the
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Table 4.1: Comparison of DEA and SFA

Data Envelopment Analysis Stochastic Frontier Approach

Characteristics - non-parametric - parametric

- based on management science and operations - based on production theory in microeconomics

research - utilizes the technique of econometric estimation

- utilizes the technique of mathematical programming

Strengths - no need to assume a distributional form - accounts for measurement errors and random noises

the inefficiency term - can be used to conduct hypothesis testing

- no need to specify a functional form for - no need to assume constant or variable returns to scale

the production function

- can accommodate multiple outputs

Weaknesses - does not account for measurement errors and - need to specify a distributional form for the

random noises inefficiency term

- need to specify a functional form for the production

- cannot be used to conduct hypothesis testing directly function

- need to assume constant or variable returns to scale - more difficult to accommodate multiple outputs

Applicable contexts - multiple-output production - measurement errors and random noises are present

- non-profit service sector - single-output production

- behavioral assumption are difficult to justify - hypothesis testing regarding inefficiency and/or

production structure

Source: Chou et al. (2012), pp. 175

efficiency in his work. Farrell’s model was generalized into the multiple input/output case and

reformulated as a mathematical problem by Charnes et al. (1978).

The further development of DEA was very intense and was influenced by many researchers,

e.g., Handbook on Data Envelopment Analysis by Cooper et al. (2004) and their earlier publi-

cations. The great interest in DEA method might be explained by the fact that this method has

many advantages and it is well applicable. For example, DEA method may use multiple input

and output variables without any aggregation. This is suitable in applications where the price

information is not available or is hardly accessible, e.g., banking industry, health care. Also as

it was mentioned, DEA methods (as the non-parametric method) assumes that the production

function does not to be specified. The basic and important assumption for DEA method is

the assumption of the convexity - distinctive Free Disposable Hull (FDH) which envelops the

data.

The principle of DEA use might be simply described in two steps. First, the efficiency

frontier has to be computed. Second, the efficiency scores of all DMUs have to be obtained

and identified. Then the inefficient DMUs could be compared with efficient counterparts.
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These inefficient DMUs have to lie below the efficient frontier. Figure 4.1 presents the simple

case of DEA - one input and one output. Before the efficiency frontier is computed, the

decision on the assumption of production has to be made (based on theory for the field of use)

- Constant Return to Scale (CRS) or Variable Return to Scale (VRS).

In Figure 4.1 the efficiency frontiers for both assumptions are presented. The VRS convex

hull envelops the data more tightly than the CRS frontier. It is seen that more DMUs are

efficient under the VRS than under the CRS technology. The advantage of the VRS over the

CRS is that inefficient DMUs are compared only to DMUs of a similar size and the obtained

efficiency values are not confounded by the scale efficiency affects. On the other hand it

could be said that the VRS imposes too weak assumptions on the technology. In Figure 4.1

as a result observations B and C become newly efficient under the VRS. The observation A

is efficient under both assumptions. In Figure 4.1 only one inefficient DMU - D. D could be

compared to its respective efficient counterparts and its efficiency level could be obtained as

well - ED′′/ED or ED′/ED; for the CRS and the VRS technology respectively.

Figure 4.1: DEA with one input and one output

Source: author’s own processing, 2017

The classic DEA method determines the score of technical efficiency (TE). DMUs on
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the efficiency frontier (efficient DMUs) may be known as the Pareto-efficient DMUs. The

efficiency may be measured as input or output oriented. The decision depends on the purpose

of the study or the general idea of efficiency evaluation.

The input oriented model represents a model where the Pareto-efficient DMUs use a mini-

mum possible amount of controllable productive input sources to generate outputs. The ineffi-

cient DMUs may be moved to the efficiency frontier by reducing the consumption of certain

input or inputs. In the output oriented model, DMUs have to produce the maximum amount

of controllable outputs by a given amount of inputs. In this case, the inefficient DMUs may be

shifted to the efficient frontier by increasing the certain output or outputs. All Pareto-efficient

DMUs have a benchmark efficiency score equal to unity (DMU A in Figure 4.1). These DMUs

are not able to improve any input or output without deterioration of other input or output. If

the DMUs are not Pareto-efficient, the efficiency score is in the interval [0, 1) (DMU D in

Figure 4.1). The last type of models are non-oriented (additive) models. These models are

based on the optimal mix of inputs and outputs.

The one criterion for the classification of DEA approaches is the possible orientation, as it

is mentioned above. In input oriented DEA model, the technical efficiency of production unit

is measured as follows:

Θinput =
minimum input

actual input
. (4.1)

Another criterion for the DEA models may be distribution into allocation and non-alloca-

tion DEA models. The difference of these two models is in the use of the information about

the price of inputs/outputs. The non-allocation DEA models determine the technical efficiency

of each DMUs without using any information on prices. The technical efficiency evaluates

the physical transformation of production inputs to outputs relative to other DMUs with the

use of the certain technologies. The allocative models, on the other hand, needs to know the

prices. Both types of models are described closely in the following subsections.

4.2.1 Non-allocation DEA models

The non-allocation DEA models should be divided into:

• CCR model presented in the work by Charnes et al. (1978);

• BCC model presented in the work by Banker et al. (1984).
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The CCR DEA model by Charnes et al. (1978) was developed based on the assumption

of the constant returns to scale. The CCR model assumes a strong disposability of inputs and

outputs and also the convexity of the production possibility set. The application of the CCR

model provides the technical efficiency score for each DMU. It also gives information about

input and output slacks and a reference set for the efficient DMUs. The doctoral dissertation

is, inter alia, dealing with the input oriented CCR model. Note, this model is referred as a

CCR-I model.

To define the CCR-I model, let assume n DMUs (j = 1, 2, ..., n). Each DMU is producing

y ∈ Rs
+ different quantity of outputs by using x ∈ Rm

+ different quantity of inputs. Variable

xij is denoted as the amount of the ith input used by the DMU j (i = 1, 2, ...,m). Variable

yrj expresses the amount of the rth output produced by the DMU j (r = 1, 2, ..., s). A li-

near combination of multiple inputs and multiple outputs for each DMU allows to obtain the

technical efficiency for the target ’o’ by solving the following fractional programming model:

max
µ,v

ho(µ, v) =
virtual output

o

virtual input
o

=

s
∑

r=1

µryro

m
∑

i=1

vixio

s.t.

s
∑

r=1

µryrj

m
∑

i=1

vixij

≤ 1, j = 1, ..., n

µr ≥ ε, r = 1, ..., s

vi ≥ ε, i = 1, ...,m,

(4.2)

where yro is the amount of the rth output produced by the DMUo, xio is the amount of the ith

input used by the DMUo, µr is the weight given to output r, vi is the weight given to input i

and ε is a non-Archimedean (infinitesimal) constant (ε > 0).

The results obtained by solving the optimization problem (4.2) provide weights for all

inputs and outputs that maximize the proportion of a virtual output to a virtual input for DMUo.

The first constraint of the problem (4.2) indicates that the ratio of virtual output to the virtual

input for each DMU must be less than or equal to 1. The maximum efficiency score f ∗

o is

equal to 1.

Charnes and Cooper (1962) developed a transformation from fractional programming

problem to an equivalent linear programming problem. This form is called a multiplier form
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of CCR-I model and it is as follows9:

max
µ,v

fo(µ) =
s
∑

r=1

µryro

s.t.

m
∑

i=1

vixio = 1

s
∑

r=1

µryrj −

m
∑

i=1

vixij ≤ 0, j = 1, ..., n

µr ≥ ε, r = 1, ..., s

vi ≥ ε, i = 1, ...,m.

(4.3)

Since the number of limitation for the primary model (4.3) is very high - (n + s + m + 1).

Charnes et al. (1978) also created a dual program to the primary model (4.3). The dual

program is in an envelopment form (4.4) as follows:

min
θCCR,λ,s+,s−

go(θ
CCR, s+, s−) = θCCR

o − ε
(

s
∑

r=1

s+

r +
m
∑

i=1

s−i

)

s.t.
n
∑

j=1

λjxij + s−i = θCCR
o xio, i = 1, ...,m

n
∑

j=1

λjyrj − s+

i = yro, r = 1, ..., s

λj ≥ 0, j = 1, ..., n

s+
r , s−i ≥ 0

0 < ε ≤ 1.

(4.4)

The dual model (4.4) has only (m + s) constraints. It is easier for the calculation.

The value θCCR
o in model (4.4) corresponds to the technical efficiency of the DMUo. It

represents the largest possible radial contraction that is proportionally applied to the DMUo’s

inputs in order to project it to a point of the efficient frontier. If the value θCCR
o is smaller

than one for some DMU, then the DMU is inefficient. s−i and s+
r are input and output slacks,

respectively. The input slack represents the input excess. The output slack shows the shortfall

in the production of output r.

The BCC DEA model by Banker et al. has been developed as an extension of the CCR

model. The difference is in the production assumption. The BCC model is defined with the

assumption of variable returns to scale. The advantage of the BCC model is that the technical

9model M1 - model CRS
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efficiency of this model may be divided into the pure technical efficiency (PTE) and the scale

efficiency (SE). Note, the input oriented BCC model is referred to as BCC-I model. The

BCC-I model measures the pure technical efficiency of the DMUo by solving the primary

optimization problem in the multiplier form as follows10:

max
µ,v

fo(µ, µo) =
s
∑

r=1

µryro − µo

s.t.

m
∑

i=1

vixio = 1

s
∑

r=1

µryrj −
m
∑

i=1

vixij − µo ≤ 0, j = 1, ..., n

µr ≥ ε, r = 1, ..., s

vi ≥ ε, i = 1, ...,m

µo free in sign

(4.5)

or in the dual form, expressed in envelopment form as follows:

min
θBCC ,λ,s+,s−

go(θ
BCC , s+, s−) = θBCC

o − ε
(

m
∑

i=1

s−i +
s
∑

r=1

s+

r

)

s.t.

(4.6)

n
∑

j=1

λjxij + s−i = θBCC
o xio, i = 1, ...,m

n
∑

j=1

λjyrj − s+

i = yro, r = 1, ..., s

n
∑

j=1

λj = 1, j = 1, ..., n

λj ≥ 0

s+
r , s−i ≥ 0.

The primary models (4.3) and (4.5) differ just in one variable - the free variable µo in the

BCC-I model (4.5). The free variable is used in both types of orientation. The dual models

(4.4) and (4.6) differ in one constraint. BCC-I model (4.6) has one additional constraint:
∑n

j=1
λj = 1. This additional constraint is same for input oriented and output oriented mo-

dels. It supposes that the feasible area of the BCC models is a subset of the CCR models. The

relationship between the optimal objective values of the CCR-I model and the BCC-I model

is following:

10model M2 - model VRS
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θ∗BCC
o ≥ θ∗CCR

o .

The value of scale efficiency for DMUo is given by the following relationship:

SE = θ∗CCR
o /θ∗BCC

o . (4.7)

The group of the non-allocation models includes the CCR and the BCC models with the

CRS and the VRS assumptions, respectively. Also it includes the additive models, the mul-

tiplicative models and the slack-based measures (SBM) models (Kumar and Gulati, 2014).

These models are not used in the doctoral dissertation, so they are just briefly mentioned

below.

The additive models (Pareto-Koopmans models) are not based on the orientation. They

provide a non-oriented measurements. These models simultaneously reduce inputs and aug-

ment outputs by taking the slacks. For example, Charnes et al. (1985) mentioned this group

of models in their publications.

The multiplicative models were devoted by Charnes et al. (1982). These models measure

the efficiency as the ratio of the weighted multiplicative product of outputs divided by the

weighted multiplicative product of inputs in order to account for interdependencies between

input or output.

The slack-based measures models were first presented by Tone (2001). Tone was exami-

ning inputs/outputs individually contrary to the radial approach that assumes the proportional

changes in inputs/outputs. The scalar measure deals directly with the input excesses and the

output shortfalls increasing in each input and output slack. The measure is determined only

by its reference set. It means, it is not affected by statistics over the whole data set.

Note, all the mentioned models can also be output oriented. Since this doctoral dissertation

deals primarily with input oriented models, these models are not listed here.

4.2.2 Allocation DEA models

The allocation DEA models are used to minimize cost and maximize revenue and profit

in the same time. In as much as the doctoral dissertation is focused on the cost efficiency, the

allocation DEA models are introduced also.

The calculation of the traditional cost efficiency (CE) assumes the knowledge of input

market prices for each DMU. If the objective of the DMU is to minimize the cost, then the

measure of the cost efficiency is provided by the following ratio:
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CEo =
minimum cost

actual cost
=

∑m
i=1

po
i x̃∗

io
∑m

i=1
po

i xio

, (4.8)

where po
i is the unit price of ith input for DMUo, x̃∗

iois the optimal quantity of ith input for

DMUo that minimizes the cost, xio is the actual value of the ith input for DMUo. The ratio

CEo of (4.8) is situated in the interval between 0 and 1.

Farrell (1957) in his work estimated that the input oriented technical efficiency is just one

component of the cost efficiency. The second component of the input oriented CE is the input

oriented allocative efficiency (AE). AE reflects the ability of DMU to choose the inputs in

optimal proportions given by their respective prices. Therefore, AE expresses whether the

examined DMU uses the right mix of inputs due to their relative prices. AE is defined as a

residual component of the cost efficiency of each DMU and is obtained as follows:

AE = CE/TE. (4.9)

Note, in order to be cost efficient, the DMU must become technically efficient first.

The traditional cost efficiency by the linear programming problem is as follows:

min
λ,x̃

m
∑

i=1

po
i x̃io

s.t.

n
∑

j=1

λjxij ≤ x̃io, i = 1, ...,m

n
∑

j=1

λjyrj ≥ yro, r = 1, ..., s

λj, x̃io ≥ 0, j = 1, ..., n,

(4.10)

where po
i is the unit price of ith input for DMUo, x̃io is the quantity of ith input for DMUo that

minimizes the cost, x̃∗

io is the optimal value of x̃io, xij is the actual value of the ith input for

jth DMU. In the cost efficiency model the unit cost for the DMUo has to be fixed at po and

the cost-minimizing input-bundle x̃∗ = (x∗

1o, x
∗

2o, ..., x
∗

mo) that produces the output yro, is to

be found.

Note, model (4.10) is the CRS input oriented cost efficiency model. The model (4.10)

could be extended into the VRS case by adding the constraint :
∑n

j=1
λj = 1.

4.2.3 DEA for missing data

There exist many improvements of the classical DEA models. To deal with the issue of

missing data (interval data in this case) the special model has to be used. This special model
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is defined below. As an inspiration, the model of Smirlis et al. (2006) has been used. Their

model was done for the output oriented DEA model, so the transformation was needed - input

oriented DEA model with the VRS assumption.

Assume, there are n DMUs, each using m inputs to produce s outputs. For any unit j

(j = 1, ..., n), the level of its rth output (r = 1, ..., s) is denoted by yrj and by xij the level of

its mth input (i = 1, ...,m). Unlike the original DEA model, the interval DEA assumes that

some of the crisp input xij and output yrj values are not known and for them, it is only known

that they lie within bounded intervals, i.e. xij ∈ [xL
ij, x

U
ij] and yrj ∈ [yL

rj, y
U
rj], with the upper

and lower bounds of the intervals xL
ij , xU

ij , yL
rj , yU

rj to be strictly positive constants.

To be able to introduce the intervals instead of exact data into the model (4.5), some

transformation should be done.

The values xij and yrj are expressed in terms of new variables sij and trj , respectively, to

convert the non-linear model to a linear one. These new variables locate the level of inputs

and outputs within the bounded intervals [xL
ij, x

U
ij] and [yL

rj, y
U
rj], respectively, as follows:

xij = xL
ij + sij(x

U
ij − xL

ij), i = 1, ...,m; j = 1, ..., n with 0 ≤ sij ≤ 1,

yrj = yL
rj + trj(y

U
rj − yL

rj) r = 1, ..., s; j = 1, ..., n with 0 ≤ trj ≤ 1.

Applying the above transformation to model (4.5), the following linear model is obtained:

max fo =
∑s

r=1
µr

(

yL
rjo + trjo(y

U
rjo − yL

rjo)
)

− µo

s.t.
∑m

i=1
vi

(

xL
ijo + sijo(x

U
ijo − xL

ijo)
)

= 1
∑s

r=1
µr

(

yL
rj + trj(y

U
rj − yL

rj)
)

−
∑m

i=1
vi

(

xL
ij + sij(x

U
ij − xL

ij)
)

− µo ≤ 0, j = 1, ..., n

vi ≥ ε, 0 ≤ sij ≤ 1, i = 1, ...,m

µr ≥ ε, 0 ≤ trj ≤ 1, r = 1, ..., s

µo free in sign.

(4.11)

It can be seen that for inputs and outputs, there are new terms visij and µrtrj , respectively.

These new terms may be replaced by new variables qij = visij and prj = µrtrj which meet
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the needed conditions. The model (4.11) can be rewritten as follows11:

max fo =
∑s

r=1

(

µry
L
rjo + prjo(y

U
rjo − yL

rjo)
)

− µo

s.t.
∑m

i=1

(

vix
L
ijo + qijo(x

U
ijo − xL

ijo)
)

= 1
∑s

r=1
µry

L
rj +

∑s
r=1

prj(y
U
rj − yL

rj)−
∑m

i=1
vix

L
ij −

∑m
i=1

qij(x
U
ij − xL

ij) − µo ≤ 0, j = 1, ..., n

qij − vi ≤ 0, i = 1, ...,m

prj − µr ≤ 0, r = 1, ..., s

vi, µr ≥ ε, ∀ i, r

qij, prj ≥ 0, ∀ i, r, j

µo free in sign.

(4.12)

In model (4.12), variables under estimation are the weights µr, vi and the new variables qij ,

prj that denote the level of input and output values within the bounded intervals. For more

details see Smirlis et al. (2006). This model may be done for the CRS assumption as well

(model without the constant µo, see the model M3 in Annex)12.

4.2.4 DEA with dual-role variable

Another improvement of the classical DEA models is to involve in the calculation not just

the classical variables (inputs and outputs), but include also a so-called “dual-role variable”.

The idea of the dual-role variable is that this variable is treated as both the input variable and

the output variable within the classical DEA framework. There have been many researches

in this topic. For example, Beasley (1990, 1995) had studied the efficiency of university

departments. This study had treated research funding on both sides of variables. Beasley had

introduced the model, based on CCR input oriented (linearized) model that was probably the

11model M4 - Model with Missing Data VRS
12model M3 - Model with Missing Data CRS
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most intuitive for the issue at that time. The model is as follows:

max fo =
s
∑

r=1

µryro + γwo

s.t.

m
∑

i=1

vixio + βwo = 1

s
∑

r=1

µryrj + γwj −

m
∑

i=1

vixij − βwj ≤ 0, j = 1, ..., n

µr ≥ ε, r = 1, ..., s

vi ≥ ε, i = 1, ...,m

γ, β ≥ ε,

(4.13)

where members j of a set of n DMUs are to be evaluated in terms of s output variables

Yj = (yrj)
s
r=1, i input variables Xj = (xij)

m
i=1 and the particular variable (for example,

research income, deposits etc.) which is held by each DMU in the amount wj , and serves as

both an input variable and output variable.

Although the model (4.13) looked good, there were some major issues. One problem was

in the absence of constraint on multipliers {µr} and {vi}, each DMU is calculated as fully

efficient (100 %). If the model (4.13) is solved, all DMUs are seen efficient (see the proof in

work by Cook et al. (2006)). The second problem is the logical/illogical structure of the input

oriented structure of model (4.13). In the case, if DMU had efficiency score of f , then all

inputs, including wo, were reduced by 1 − f . On the other hand, this factor was not included

on the output side where wo was not reduced. Thus, model (4.13) treated wo differently on the

input from on the output side.

The correction of model structure (4.13) was improved by many authors in many different

ways. In this dissertation thesis, the idea from the work by Banker and Morey (1986) and

Cook et al. (2006) had been taken. The idea was to treat the dual-role variable wo in a different

manner. Specifically, since wo served as the output variable, and was hence generally expected

to remain at its current level in the input oriented setting, it should be treated as being a non-

discretionary variable on the input side. This perspective of the proper form of the dual-factor
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model (4.14) is given by:

max fo =

s
∑

r=1

µryro + γwo − βwo

m
∑

i=1

vixio

s.t.

s
∑

r=1

µryrj + γwj − βwj

m
∑

i=1

vixij

≤ 1, j = 1, ..., n

µr ≥ ε, r = 1, ..., s

vi ≥ ε, i = 1, ...,m

γ, β ≥ ε,

(4.14)

where wo can serve as input variable or output variable and γ and β are weights for the dual-

role variable. Based on work by Banker and Morey (1986) and their study of exogenously

fixed or non-discretionary variables, the input variable was moved to output side, but with the

opposite sign.

The model (4.14) should be linearized as usually and the programming form of the prob-

lem (4.14) is as followed13:

max fo =
s
∑

r=1

µryro + γwo − βwo

s.t.

m
∑

i=1

vixio = 1

s
∑

r=1

µryrj + γwj −

m
∑

i=1

vixij − βwj ≤ 0, j = 1, ..., n

µr ≥ ε, r = 1, ..., s

vi ≥ ε, i = 1, ...,m

γ, β ≥ ε.

(4.15)

The model (4.15) is at the optimum if γ∗β∗ = 0. The proof may be seen in work by Cook

et al. (2006). According to this, it has been obvious that there has existed three possibilities

in regard to the sign of γ∗ − β∗, where γ∗ and β∗ are the optimal values of the model (4.15);

γ∗ − β∗ > 0, = 0, < 0. The sign of γ∗ − β∗, could have important implications when the

dual-role variable has been a resource that could be allocated across the DMUs. The aspect of

the sign of γ∗ − β∗ could be a comment based on the standard (no dual-role factors present)

13model M5 - Model with Dual-Role Variables Model
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Variable Returns to Scale model of Banker et al. (1984). More precisely, the three cases

should be examined in regard to the sign of µo, which identifies the VRS status the BCC. For

more details, see the work by Cook et al. (2006). Generally, the cases as it follows:

• if γ∗ − β∗ < 0 then the dual-role variable is “behaving like the input variable”, hence

less of this variable would improve its performance of efficiency ratio (in case of the

VRS model, the sign of µo > 0);

• if γ∗ − β∗ > 0 then the dual-role variable is “behaving like the output variable”, hence

more of the variable is better, and would lead to an increase in efficiency (in case of the

VRS model, the sign of µo < 0);

• if γ∗ − β∗ = 0, then the dual-role variable is at an equilibrium or optimal level (in case

of the VRS model, the sign of µo = 0).

All of this information should be calculated for the future use - the reallocation of a dual-role

variable by looking individual DMUs or pairs.

4.2.5 DEA with risk variable

There are two views on how to treat the risk: exogenously or endogenously. The results

with exogenous treatment (Ataullah et al., 2004; Chang and Chiu, 2006) showed that the

efficiency level is significantly correlated with the risk indicators. The second treatment was

in order to analyse banks’ efficiency (Chiu and Chen, 2008; Girardone et al., 2004). However,

the majority of studies adopted the overdue loan ratio as the substitute variable for risks.

Certainly this does not reflect the characteristic of uncertainty that risks display. The risk is

defined as the uncertainty and the degree of risk varies with the asset value fluctuation and the

manager’s attitude toward the risk. The risk may bring profit or loss to the asset value. In this

context the basic function of capital helps to cover the possible loss incurred by taking risks.

There are many ways to include the risk component into the model. For example, there are

studies which employ the Value at Risk (VaR) based on the New Basel Capital Accord (Basel

II) (Kao and Liu, 2000; Chen et al., 2013) or there are studies which use so called demography

risk, which conclude many variables - age, gender, income and so on (Cooper et al., 2014).

According to the situation in which there is measured banking industries from four countries,

the demography risk variable is used.
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Different types of the DEA models have been seen which had treated as usual variables

(input or output variables), but also special models have been created, for example see work by

Kao and Liu (2000) and Chen et al. (2013) based on the slack-based measure of efficiency by

Tone (2001). In this case, the model previous model with missing (interval data) and dual-role

variables are used.

4.2.6 Overall model

The new models, which combines the previous knowledge of basic DEA models and spe-

cial DEA models (4.12) and (4.15), are introduced in this part of the section. There are new

models and they bring a new contribution to the environment of missing data, risk variables

and dual-role variables. Such models have not been previously developed, and these models

are the biggest contribution of the doctoral dissertation.

Assume, there are n DMUs, each using m inputs to produce s outputs. For any unit j

(j = 1, ..., n), the level of its rth output (r = 1, ..., s) is denoted by yrj and by xij the level

of its mth input (i = 1, ...,m). Plus, there is the particular variable (for example, research

income, deposits etc.) which is held by each DMU in the amount wj , and serves as both an

input variable and output variable. Unlike the original DEA model, the interval DEA assumes

that some of the crisp input xij , output yrj and dual-role wj values are not known and for them,

it is only known that they lie within bounded intervals, i.e. xij ∈ [xL
ij, x

U
ij], yrj ∈ [yL

rj, y
U
rj] and

wj ∈ [wL
j , wU

j ], with the upper and lower bounds of the intervals xL
ij , xU

ij , yL
rj , yU

rj , wL
j , wU

j to

be strictly positive constants.

To be able to introduce the intervals instead of exact data into the model (4.5), some

transformation should be done.

The values xij , yrj and wj are expressed in terms of new variables sij , prj and bj , respec-

tively, to convert the non-linear model to a linear one. These new variables locate the level of

inputs and outputs within the bounded intervals [xL
ij, x

U
ij], [yL

rj, y
U
rj] and wL

j , wU
j , respectively,

as follow:

xij = xL
ij + sij(x

U
ij − xL

ij), i = 1, ...,m; j = 1, ..., n with 0 ≤ sij ≤ 1,

yrj = yL
rj + trj(y

U
rj − yL

rj) r = 1, ..., s; j = 1, ..., n with 0 ≤ trj ≤ 1,

wj = wL
j + bj(w

U
j − wL

j ) j = 1, ..., n with 0 ≤ bj ≤ 1.

Applying all the information and above transformation, the following models are obtained.
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I. model - where the dual-role variable is not precisely known:

max fo =
∑s

r=1
µr

(

yL
rjo + trjo(y

U
rjo − yL

rjo)
)

+

γ
(

wL
o + bjo(w

U
o − wL

o )
)

− β
(

wL
o + bjo(w

U
o − wL

o )
)

s.t.
∑m

i=1
vi

(

xL
ijo + sijo(x

U
ijo − xL

ijo)
)

= 1
∑s

r=1
µr

(

yL
rj + trj(y

U
rj − yL

rj)
)

−
∑m

i=1
vi

(

xL
ij + sij(x

U
ij − xL

ij)
)

+

γ
(

wL
j + bj(w

U
j − wL

j )
)

− β
(

wL
j + bj(w

U
j − wL

j )
)

≤ 0, j = 1, ..., n

vi ≥ ε, 0 ≤ sij ≤ 1, i = 1, ...,m

µj ≥ ε, 0 ≤ trj ≤ 1, r = 1, ..., s

γj, βj ≥ ε, 0 ≤ bj ≤ 1.

(4.16)

It can be seen that for inputs, outputs and dual-role variables, there are new terms visij ,

µrtrj , γbj and βbj , respectively. These new terms may be replaced by new variables qij =

visij , prj = µrtrj , cj = γbj and dj = βbj which meet the needed conditions. The model

(4.16) can be rewritten as follows14:

max fo =
∑s

r=1

(

µry
L
rjo + prjo(y

U
rjo − yL

rjo)
)

+

γwL
o + cjo(w

U
o − wL

o ) − βwL
o − djo(w

U
o − wL

o )

s.t.
∑m

i=1

(

vix
L
ijo + qijo(x

U
ijo − xL

ijo)
)

= 1
∑s

r=1

(

µry
L
rj + prj(y

U
rj − yL

rj)
)

−
∑m

i=1

(

vix
L
ij + qij(x

U
ij − xL

ij)
)

+

γwL
j + cj(w

U
j − wL

j ) − βwL
j − dj(w

U
j − wL

j ) ≤ 0, j = 1, ..., n

qij − vi ≤ 0, i = 1, ...,m

prj − µr ≤ 0, r = 1, ..., s

cj − γj ≤ 0, ∀ j

dj − βj ≤ 0, ∀ j

ui, µr, γ, β ≥ ε, ∀ i, r,

qij, prj, cj, dj ≥ 0 ∀ i, r, j.

(4.17)

14model M6 - Model with Risk Variable I
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II. model - where the dual-role variable is precisely known15:

max fo(µ, µo) =
∑s

r=1

(

µry
L
rjo + prjo(y

U
rjo − yL

rjo)
)

+ γwo − βwo

s.t.
∑m

i=1

(

vix
L
ijo + qijo(x

U
ijo − xL

ijo)
)

= 1
∑s

r=1
µry

L
rj +

∑s
r=1

prj(y
U
rj − yL

rj)−
∑m

i=1
vix

L
ij −

∑m
i=1

qij(x
U
ij − xL

ij) + γwo − βwo ≤ 0, j = 1, ..., n

qij − vi ≤ 0, i = 1, ...,m

prj − µr ≤ 0, r = 1, ..., s

ui, µr, γ, β ≥ ε, ∀ i, r

qij, prj ≥ 0, ∀ i, r, j.

(4.18)

Variables have the same meaning as in the I. model. Only just the dual-role variable is pre-

cisely known. The variable wo is not in the interval.

Note, models (4.17) a (4.18) are models with the CRS assumption, but they can be easily

extended to model with the VRS assumption, see the list of models in the end of the doctoral

dissertation.

4.3 Total factor productivity indices

Generally, the productivity of one output and one input organization is defined as a ration

of output over input. The principle becomes more complex in the presence of multiple in-

put/output case. Let there are n DMUs observed during T time periods with each using inputs

xt
j = (xt

1j, x
t
2j, ..., x

t
mj)

′ and producing outputs yt
j = (yt

1j, y
t
2j, ..., y

t
sj)

′, where j = 1, 2, ..., n

is a DMU index, t = 1, 2, ..., T denotes a respective time period, and m and s are the num-

bers of inputs and outputs, respectively. O’Donnell (2008) is formally defining the total factor

productivity as followed:

TFPt
j =

Y t
j

X t
j

, (4.19)

where Y t
j ≡ Y (yt

j) is an aggregate output, X t
j ≡ X(xt

j) is an aggregate input, and Y (·)

and X(·) are non-negative, non-decreasing and linearly-homogenous aggregator functions,

respectively. The associated index number that measures the TFP of the DMUj in period t

with the TFP of DMUl in period r is following:

TFP
r,t
l,j =

TFPt
j

TFPr
l

=
Y t

j /X t
j

Y r
l /Xr

l

=
Y t

j /Y r
l

X t
j/X

r
l

=
Y r,t

l,j

Xr,t
l,j

, (4.20)

15model M7 - Model with Risk Variable II
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where Y r,t
l,j ≡ Y t

j /Y r
l is an output quantity index and Xr,t

l,j ≡ X t
j/X

r
l is an input quantity index.

Thus, TFP growth can be expressed as a measure of output growth divided by a measure of

input growth.

There are known different aggregator functions which give rise to different TFP index. If

input and output prices are known, the aggregate quantities can be computed by employing

Paasche, Laspeyres, Fisher, Tornqvist Indices. Otherwise, Malmquist, and Hicks-Moorsteen

Indices relying on distance functions can be employed. However, O’Donnell (2011a) in

this work have shown that all of these fail the transitivity test and thus cannot be used for

multi-temporal and multilateral comparisons. Meanwhile, Lowe, Färe-Primont, and geomet-

ric Young Indices are suitable for such comparisons. Indeed, it relies on non-linear weighting

functions and normalised shadow prices (O’Donnell, 2011a). According to this information,

the doctoral dissertation deals with the Malmquist index and the Hicks-Moorsteen index. All

these indices do not need the input and output prices. The Malmquist index will be used to

compare the results of this study with other studies. The Hicks-Moorsteen index will be used

as new in this field and will be compared with the Malmquist index and each other to see if

failing the transitivity assumption gives really different results for this case of study.

The class of non-negative, non-decreasing and linearly homogeneous aggregator functions

for Malmquistrl (4.21), Malmquisttj (4.22), Hicks-Moorsteen (4.23), respectively, are follow-

ing:

Y (y) = DO(xr
l ,y, r) and X(x) = DI(x,yr

l , r), (4.21)

Y (y) = DO(xt
j,y, t) and X(x) = DI(x,yt

j, t), (4.22)

Y (y) = [DO(xr
l ,y, r), DO(xt

j,y, t)]1/2 and X(x) = [DI(x,yr
l , r), DI(x,yt

j, t)]
1/2, (4.23)

and where x0 and y0 are vectors of quantities, t0 denotes a representative time period and

DO(·) and DI(·) are Shephard (1972) output and input distance functions. The aggregator

functions of inputs and outputs (4.21) to (4.23) are so-named because they are substituted into

(4.19) and (4.20) the give rise to the following TFP indices:

TFP
r,t
l,j =

DO(xr
l ,y

t
j, r)

DO(xr
l ,y

r
l , r)

DI(x
r
l ,y

r
l , r)

DI(xt
j,y

r
l , r)

, (4.24)

TFP
r,t
l,j =

DO(xt
j,y

t
j, t)

DO(xt
j,y

r
l , t)

DI(x
r
l ,y

t
j, t)

DI(xt
j,y

t
j, t)

, (4.25)

TFP
r,t
l,j =

(

DO(xr
l ,y

t
j, r)

DO(xr
l ,y

r
l , r)

DI(x
r
l ,y

r
l , r)

DI(xt
j,y

r
l , r)

DO(xt
j,y

t
j, t)

DO(xt
j,y

r
l , t)

DI(x
r
l ,y

t
j, t)

DI(xt
j,y

t
j, t)

)1/2

, (4.26)
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where (4.24) is Malmquistrl , (4.25) is Malmquisttj , (4.26) is Hicks-Moorsteen.

It refers to the indices (4.24) and (4.25) as Malmquistrl and Malmquisttj indices because the

component output quantity and input quantity indices are the organization-specific Malmquist

indices defined by Caves et al. (1982). Färe and other authors (e.g., Färe et al. (1997), Ray

and Desli (1997)) made further development of this index. The index defined by (4.26) was

first proposed by Bjurek (1996) but is commonly known as a Hicks-Moorsteen index because

it is the geometric average of two indices that Diewert (1992) attributed to Hicks (1961) and

Moorsteen (1961).

4.3.1 Measures of efficiency by TFP

The change in TFP defined in equation (4.20) can be further analysed by decomposing

it into certain terms describing efficiency and productivity changes. O’Donnell (2008) had

showed in his work that the TFP index can be decomposed into the two terms describing TFP

efficiency (TFPE) change and technology change (TC). He also had defined another types of

efficiencies based on the TFP. In case of DMU j in period t their are following:

TFPEt
j =

TFPt
j

TFPt∗ , (4.27)

output oriented technical efficiency

OTEt
j =

Y t
j /X t

j

Y
t

j/X
t
j

=
Y t

j

Y
t

j

= DO(xt
j,y

t
j, t), (4.28)

output oriented scale efficiency

OSEt
j =

Y
t

j/X
t
j

Ỹ t
j /X̃ t

j

, (4.29)

output oriented mix efficiency

OMEt
j =

Y
t

j/X
t
j

Ŷ t
j /X t

j

=
Y

t

j

Ŷ t
j

, (4.30)

residual output oriented scale efficiency

ROSEt
j =

Ŷ t
j /X t

j

TFPt∗ , (4.31)

input oriented technical efficiency

ITEt
j =

Y t
j /X t

j

Y t
j /X

t

j

=
X

t

j

X t
j

= DI(x
t
j,y

t
j, t)

−1, (4.32)
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input oriented scale efficiency

ISEt
j =

Y t
j /X

t

j

Ỹ t
j /X̃ t

j

, (4.33)

input oriented mix efficiency

IMEt
j =

Yjt/X
t

j

Y t
j /X̂ t

j

=
X̂ t

j

X
t

j

, (4.34)

residual input oriented scale efficiency

RISEt
j =

Y t
j /X̂ t

j

TFPt∗ , (4.35)

residual mix efficiency

RMEt
j =

Ỹ t
j /X̃ t

j

TFPt∗ , (4.36)

where TFPt∗ denotes the maximum TFP that is possible using the technology available in

period t, Y
t

j ≡ Y t
j DO(xt

j,y
t
j, t)

−1 is the maximum aggregate output possible when using xt
j

to produce a scalar multiple of yt
j , X

t

j ≡ X t
jDI(x

t
j,y

t
j, t)

−1 is the minimum aggregate input

possible when using a scalar multiple of xt
j to produce yt

j , Ŷ t
j is the maximum aggregate

output possible when using xt
j to produce any output vector, X̂ t

j is the minimum aggregate

input possible when using any input vector to produce yt
j , Ỹ t

j is the aggregate output obtained

when TFP is maximized subject to the constraint that the output vectors are scalar multiples

of yt
j , X̃ t

j is the aggregate input obtained when TFP is maximized subject to the constraint

that the input vectors are scalar multiples of xt
j .

Remark, TFP as well all its decomposition (4.27) - (4.36) are in range 〈0, 1〉.

Note, the technical efficiency measures given by (4.28) and (4.32) are usually attributed to

Farrell (1957), the scale efficiency measures given by (4.29) and (4.33) are the conventional

measures defined by, for example, Balk (1998). The remaining measures of efficiency were

first defined by O’Donnell (2008).

In the next work, O’Donnell (2010) had defined another measure of efficiency, this is

following :

output oriented scale-mix efficiency

OSMEt
j = OMEt

j × ROSEt
j = OSEt

j × RMEt
j, (4.37)

input oriented scale-mix efficiency

ISMEt
j = IMEt

j × RISEt
j = ISEt

j × RMEt
j. (4.38)
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Note, the range for these two measures are same as before.

Figure 4.2 and Figure 4.3 illustrate the relationship between measures of productivity and

efficiency (relationship from (4.27) to (4.38)). In both figures, the curve passing through point

D is what O’Donnell (2008) refers to as a mix-restricted frontier - it is the boundary of the set

of all technically-feasible aggregate input-output combinations that have the same input and

output mix as the firm operating at point A. An unrestricted production frontier is the curve

passing through point E - it is the boundary of the production possibilities set that is available

to firms when all mix restrictions are relaxed. In work by O’Donnell (2008) it can be seen

how measures of TFP and efficiency can be expressed in terms of slopes of rays in aggregate

quantity space.

For example in Figure 4.2, the TFP of the organization operating at point A is defined as

TFPt
j = Y t

j /X t
j = slope 0A. The measure of TFP efficiency is defined by (4.27) is TFPt

j =

TFPt
j/TFPt∗ = slope 0A/slope 0E. The measure of residual output oriented scale efficiency

defined by (4.31) is ROSEt
j = (Ŷ t

j /X t
j)/TFPt∗= slope0V/slope0E. And so on, for more details

see O’Donnell (2008). The same description may be given for Figure 4.3.

In Figure 4.2 and Figure 4.3 the “stars” represent:

• *1 scale mix inefficiency,

• *2 technical inefficiency,

• *3 residual mix inefficiency,

• *4 scale inefficiency,

• *5 residual scale inefficiency and

• *6 mix inefficiency.
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Figure 4.2: Output oriented Measures of Efficiency for a Multiple-Input/Output Organization

Source: author’s own processing based on O’Donnell (2011b), 2017
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Figure 4.3: Input oriented Measures of Efficiency for a Multiple-Input/Output Organization

Source: author’s own processing based on O’Donnell (2011b), 2017
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4.3.2 The components of TFP change

O’Donnell (2008) refers to TFP indices that can be expressed in terms of aggregate quan-

tities as in equation (4.20) as being multiplicatively-complete. All such TFP indices can be

decomposed into a measure of technical change and various measures of efficiency change.

The simplest way to see this is to rewrite the equation (4.27) as TFPt
j = TFPt∗ × TFPEt

j . A

similar equation holds for DMUl in period r: TFPr
l = TFPr∗×TFPEr

l . It follows that the TFP

index (4.20) can be decomposed as:

TFP
r,t
l,j =

TFPt
j

TFPr
l

=

(

TFPt∗

TFPr∗

)(

TFPEt
j

TFPEr
l

)

. (4.39)

The first term in parentheses on the left-hand side of (4.39) measures the technology

change. It means the change in the maximum TFP over time. The second term is a mea-

sure of overall efficiency change. Equations (4.28) to (4.38) can be used to effect an even

finer decomposition of TFP change than the simple decomposition given by equation (4.39).

For example, finer output oriented decompositions are as follows:

TFP
r,t
l,j =

(

TFPt∗

TFPr∗

)(

OTEt
j

OTEr
l

)(

OSMEt
j

OSMEr
l

)

, (4.40)

TFP
r,t
l,j =

(

TFPt∗

TFPr∗

)(

OTEt
j

OTEr
l

)(

OSMt
j

OSMr
l

)(

RMEt
j

RMEr
l

)

, (4.41)

TFP
r,t
l,j =

(

TFPt∗

TFPr∗

)(

OTEt
j

OTEr
l

)(

OMEt
j

OMEr
l

)(

ROSEt
j

ROSEr
l

)

. (4.42)

Depending on whether TFPt∗/TFPr∗ is greater or less than 1, it can quantify the extent of

technical improvement or technical decline, respectively. If it is equal to 1 the situation does

not change. The same explanation is for all other ratios.

4.3.3 Estimation using DEA

To estimate and decompose Malmquistrl , Malmquisttj and Hicks-Moorsteen indices the

production technology has to be estimated. As the doctoral dissertation deals mainly with the

DEA models. The production technology will be estimated by the DEA linear programs, as it

could be seen for example in work by O’Donnell (2011b). The DEA output and input distance

functions which represent the technology available in period t take the following form:

DO(xt
j,y

t
j, t) = (yt

j
′α)/(γ + xt

j
′β) (4.43)

83



and

DI(x
t
j,y

t
j, t) = (xt

j
′η)/(yt

j
′φ − δ). (4.44)

The standard output oriented DEA problem involves selecting values of the unknown pa-

rameters in (4.43) in order to minimize (OTEt
j)

−1 = DO(xt
j,y

t
j, t)

−1. The standard input

oriented problem involves selecting values of the unknown parameters in (4.44) in order to

maximize ITEt
j = DI(x

t
j,y

t
j, t)

−1. The final linear programs are as following:

DO(xt
j,y

t
j, t)

−1 = (OTEt
j)

−1 = min
α,γ,β

{γ+xt
j
′β : γι+X ′β ≥ Y ′α;yt

j
′α = 1; α ≥ 0; β ≥ 0}

(4.45)

and

DI(x
t
j,y

t
j, t)

−1 = ITEt
j = max

φ,δ,η
{yt

j
′φ − δ : Y ′φ ≤ δι + X ′η;xt

j
′η = 1; φ ≥ 0; η ≥ 0},

(4.46)

where Y is a m × Mt matrix of observed outputs, X is a s × Mt matrix of observed inputs,

ι is an Mt × 1 unit vector, and Mt denotes the number of observations used to estimate the

frontier in period t. These two linear programs compute productivity indices and measure the

efficiency change.

Note, the input or output oriented measures of efficiency can be also estimated by the

means of dual DEA models (envelopment models).

Productivity indices

Malmquistrl , Malmquisttj and Hicks-Moorsteen aggregates are estimated by first solving the

following variants of linear programs (4.45) and (4.46):

Malmquistrl

DO(xr
l ,y

t
j, s)

−1 = min
α,γ,β

{γ + xr
l
′β : γι + X ′β ≥ Y ′α;yt

j
′α = 1; α ≥ 0; β ≥ 0} (4.47)

DI(x
t
j,y

r
l , t)

−1 = max
φ,δ,η

{yr
l
′φ − δ : Y ′φ ≤ δι + X ′η;xt

j
′η = 1; φ ≥ 0; η ≥ 0}, (4.48)

Malmquisttj

DO(xt
j,y

r
l , s)

−1 = min
α,γ,β

{γ + xt
j
′β : γι + X ′β ≥ Y ′α;yr

l
′α = 1; α ≥ 0; β ≥ 0} (4.49)

DI(x
r
l ,y

t
j, t)

−1 = max
φ,δ,η

{yt
j
′φ − δ : Y ′φ ≤ δι + X ′η;xr

l
′η = 1; φ ≥ 0; η ≥ 0}, (4.50)
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Aggregate outputs and inputs are then estimated as following:

Malmquistrl

Y t
j = (yt

j
′αr

l )/(γ
r
l + xr

l
′βr

l ) and X t
j = (xt

j
′ηr

l )/(y
r
l
′φr

l − δr
l ), (4.51)

Malmquisttj

Y r
l = (yr

l
′αt

j)/(γ
t
j + xt

j
′βt

j) and Xr
l = (xr

l
′ηt

j)/(y
t
j
′φt

j − δt
j), (4.52)

where αr
l , βr

l , γr
l , δr

l , ηr
l and φr

l solve (4.47) and (4.48) and αjt, βt
j , γt

j , δt
j , ηt

j and φt
j solve

(4.49) and (4.50).Each of the linear programs (4.47) to (4.50) allows the technology to exhibit

variable returns to scale. If the technology is assumed to exhibit constant returns to scale then

sets γ = δ = 0.

Technical and Scale Efficiency

Technical efficiency measures are obtained by solving the following dual LPs:

OTEt
j = Y t

j /Y
t

j = DO(xt
j,y

t
j, t) = min

λ,θ
{λ−1 : λyt

j ≤ Y θ; Xθ ≤ xt
j; θ

′ι = 1; θ ≥ 0}

(4.53)

and

ITEt
j = X

t

j/X
t
j = DI(x

t
j,y

t
j, t)

−1 = min
ρ,θ

{ρ : Y θ ≥ yt
j; ρxt

j ≥ Xθ; θ′ι = 1; θ ≥ 0}

(4.54)

where θ is an Mt × 1 vector. To estimate measures of technical efficiency under the CRS

assumption, the constraint θ′ι = 1 is removed and it is solved:

OTE
t,CRS
j = HO(xt

j,y
t
j, t) = min

λ,θ
{λ−1 : λyt

j ≤ Y θ; Xθ ≤ xt
j; θ ≥ 0} (4.55)

and

ITE
t,CRS
j = HI(x

t
j,y

t
j, t)

−1 = min
ρ,θ

{ρ : Y θ ≥ yt
j; ρxt

j ≥ Xθ; θ ≥ 0} (4.56)

Measures of scale efficiency are then computed as

OSEt
j = OTE

t,CRS
j /OTEt

j (4.57)

and

ISEt
j = ITE

t,CRS
j /ITEt

j. (4.58)

85



Mix Efficiency

Measures of mix efficiency are defined by equations (4.30) and (4.34). Estimates of Ŷ t
j , X̂ t

j ,

Ŷ r
l and X̂r

l are obtained by solving the following LPs:

Ŷ t
j = max

θ,y
{Y (y) : yt

j ≤ Y θ; Xθ ≤ xt
j; θ

′ι = 1; θ ≥ 0} (4.59)

and

X̂ t
j = max

θ,x
{X(x) : Y θ ≥ yt

j;x
t
j ≥ Xθ; θ′ι = 1; θ ≥ 0}. (4.60)

For any aggregator function, LP (4.59) gives the maximum aggregate output that can be

produced using xt
j (i.e., the maximum aggregate output that DMU j in period t could produce

using its input vector), while LP (4.60) gives the minimum aggregate input that can produce

yt
j (i.e., the minimum aggregate input that could be used by DMU j in period t to produce its

output vector).

Malmquistrl and Malmquisttj estimates are obtained by replacing Y (y) and X(x) with

functions (4.51) to (4.52). Hicks-Moorsteen estimates are obtained by taking the geometric

average of the Malmquistrl and Malmquisttj estimates.

Other Efficiency and Productivity Measures

The maximum TFP in period t is computed as:

TFPt∗ = max
j

{Y t
j /X t

j}. (4.61)

Other efficiency and productivity measures are computed residually:

TFPt
j = Y t

j /X t
j , (4.62)

TFPEt
j = TFPt

j/TFPt∗, (4.63)

ROSEt
j = (Ŷ t

j /X t
j)/TFPt∗, (4.64)

RISEt
j = (Y t

j /X̂ t
j)/TFPt∗, (4.65)

OSMEt
j = OMEt

j × ROSEt
j, (4.66)

ISMEt
j = IMEt

j × RIMEt
j, (4.67)

RMEt
j =

TFPEt
j

OTEt
jOSEt

j

. (4.68)

Again, results for Hicks-Moorsteen indices are computed as geometric averages of the

Malmquistrl and Malmquisttj indices as appropriate.
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4.4 Summary

This chapter summarizes all the methods used in the doctoral dissertation. First, the basic

and familiar DEA models are introduced. Then these DEA models are further extended and

combined to meet the needed requirements for measuring efficiency in financial institutions.

Finally, the overall models were introduced. The second part of the chapter deals with the

alternative total factor productivity indices. These total factor productivity indices are used

based on the best selected DEA model. In the next chapter, these models are applied and the

best model for the given issue is selected based on application results.

In future, there should be used different types of models, for example models by Toloo et

al. (2017) or Wang et al. (2005a).

Note, all the models had been calculated by the author in software General Algebraic

Modeling System (GAMS).
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5 Analysis and evaluation of banking efficiency in Visegrad

Group countries

Evaluation of banking efficiency in Visegrad Group countries can be done for one time

period or for longer periods of time. In longer time periods, the analysis of change in produc-

tion may be done. The production changes are generally more interesting for economists and

specialists. To provide the correct results, the correct models and variables have to be used.

As the banking industry is problematic, the identification of right variables (input, output,

demographic or risk variables) is important. Based on the well-selected variables and right

assumptions the correct models have to be used, tested and analysed. The consistent overall

process of the empirical part and its use of different methods for examining the issues of the

doctoral dissertation is shown in Figure 5.1.

Figure 5.1: The structure of DEA model in accordance with initial goals and conclusion.

Source: author’s own processing, 2017
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The use of total factor productivity indices based on the best DEA model had been done

in the second part of the application section.

5.1 General models and specification of data

This subsection is focused on analysis and specification of variables which should be

used for efficiency analysis of banks in Visegrad Group countries. The question about general

structure of models is answered as well as some specifications of some variables.

5.1.1 Selection of input and output variables

The selection of input and output variables depends on the understanding of environment

and purpose in the economic system which is analysed. In this case, the environment is the

banking industry in VG countries. The process of globalization brings financial liberalization.

However, the control of the capital inflow and outflow must be in line with the market eco-

nomy and under control. There are limitations of financial vulnerability. The literature that is

dedicated to the efficiency evaluation of banks is based on two approaches. Both approaches

are based on the classical macroeconomic theory of the firm (banks) and they vary with the

specification of banking activities.

First, the production approach has appeared. It is sometimes called the service provision

or the value added approach. This approach has been founded by Benston (1965). Benston

based the approach on the assumption that banks provide services to customers. The output

variables of the production units are services provided to customers, which are represented

by the number and the type of processed documents, transactions or special provided services

over the considered period. The input variables are labour material, space and information

systems expressed in terms of physical units or associated cost. The disadvantage of this

approach is that it focuses only on operating cost and it ignores interest expenses. Also it is

hard to find data for this approach.

The second approach is known as the intermediation approach, sometimes referred as the

assets approach. This approach had been proposed in work by Sealy and Lindley (1977). The

authors examine banks such as financial intermediaries channeling funds between depositors

and creditors. Banks are seen as production units that produce intermediation services through

the collection of deposits or other liabilities. They are also interested in the use of interest-

earning assets and loans, securities and similar investments. This approach includes operating
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cost and interest cost as the deposits are included in the model as input variable.

Authors Berger and Humphrey (1997) criticize in their work both of these approaches.

Overall, they rather recommend the intermediation approach for efficiency evaluation of banks

and efficiency measurements of banking sectors. The reason is mainly in the fact that mana-

gement of banks tries to reduce just costs and they do not reduce the non-interest expenses.

Based on this and other scientific literature this doctoral dissertation uses the intermediation

approach.

Even if the approach for the selection of variables is selected (in this case it is the interme-

diation approach), there are still some questions about the exact variables. The approach gives

just the basic idea of what kind of variables should be used. The exact variables are not listed

anywhere. According to the previous research by other specialists there have been selected

following variables which are closely described in Table 5.1:

• input variables - physical capital, labor, loanable funds;

• output variables - loans, investments, non-interest income.

The three input variables are the basic input variables for the intermediation approach. In

case of output variables there are three variables. The first two variables are basic and the third

(non-interest income) is not standard for this approach. To see if the third output variable is

useful for the evaluation of banking efficiency there have been formulated two basic models -

Model A and Model B.

These models have the three same input variables (physical capital, labor, loanable funds)

but a different number of output variables. In Model A there are three outputs (loans, in-

vestments, non-interest income) and in Model B there are just two output variables (loans,

investments). The structure of both models is illustrated in Figure 5.2 and Figure 5.3.

Figure 5.2: The structure of Model A

Source: author’s own processing, 2018
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Figure 5.3: The structure of Model B

Source: author’s own processing, 2018

Model B is the standard model of the intermediation approach. It provides the assessment

of banks efficiency in terms of financial intermediation only. The disadvantage of this model

is that it does not take into account the non-traditional activities. The influence of the third

output variable - non-interest income, is found by comparing the results of Model A and Model

B for the evaluation of the bank efficiency or eventually the intensity of the development of

this indicator.

More precisely, Model A describes the situation that most banks and financial institutions

regard non-interest income as one of the stable sources of bank revenues. In general, the

banking industry believes increasing the ratio of non-interest incomes to operating incomes

can not only improve profitability but also reduce the risk to the bank. That is why Model A

should provide better results. On the other hand, there are studies, for example by DeYoung

and Roland (2001), Stiroh (2004) and DeYoung and Rice (2004) where this is not true, so this

variable should be tested, as well as the whole Model A.

5.1.2 Processing input and output variables

The required data set of input and output variables has been collected from Bankscope16.

In Table 5.1 is seen a more precise description of input and output variables. All variables,

besides the number of employees, are in thousand Euros. This doctoral dissertation analyzes

the time period between the years 2005 and 2015.

During the time period there have been many banks in the region of Visegrad Group coun-

tries. Not all of the banks have been at the market whole period. Some banks have been closed

or just have been opened during the mentioned period. As it was mentioned before, one of the

assumption for methods which are used in the doctoral dissertation is that decision making

units (banks in this case) have to be homogenous during whole time period. According to

16https://bankscope.bvdinfo.com/
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Table 5.1: Description of input and output variables and input prices.

Variables Description in the balance sheet Unit of measurement

Input Variables

Labour (x1 - EMP) Total number of employees of the entity Number

Physical capital (x2 - FA) Fixed assets = Tangible + Intangible assets Thousands of Euro

Loanable funds (x3 - DEP) Deposits + Short term funding Thousands of Euro

Input prices

Price of Labour (p1 - p EMP) Personnel expenses Thousands of Euro

Price of Physical capital (p2 - p FA) Other operating expenses Thousands of Euro

Price of Loanable funds (p3 - p DEP) Interest expense on customer deposits Thousands of Euro

Output Variables

Loans (y1 - LOA) Loans and advances to banks Thousands of Euro

Investments (y2 - SEC) Other securities Thousands of Euro

Non-interest income (y3 - NEA) Total incomes of bank besides interest incomes Thousands of Euro

Source: author’s own processing, 2018

this assumption the selection of banks for the time period between 2005 and 2015 had to be

done. There have been found 24 banks where all needed input, output and price variables have

been available. There also have been found 11 banks which were missing from one to three

variables in the time period (banks with more missing variables have been removed). As these

missing variables can be replaced17, there have been detected 35 banks for the analysis. A list

of specific 35 Visegrad banks is in Annex 1 in Table 6.1. There are 11 banks from the Czech

Republic (CZ) and Poland (PL), also there are 7 banks from Hungary (HU) and 6 banks from

Slovakia (SK) for the whole period.

The banks are each classified separately, by the size and by the country where they are

located. The classification by size is made on the basis of quartile value of total assets18:

• micro banks - total assets is less than quartile Q1;

• small banks - total assets is equal or higher than quartile Q1 and less than median Q2;

• medium banks - total assets is between median Q2 and quartile Q3;

• large banks - total assets is greater than quartile Q3.

17Method for replacing missing values are: regression, trend and series mean value.
18This variable was not missing for any bank.

92



Table 5.2 shows the number of banks according to the size of total assets during time

period from 2005 to 2015. The frequency of distribution looks stable. 9 banks are micro and

9 banks are large during the whole time period. The number of small and medium banks is

9 and 8. Only in the years 2007, 2012 and 2013 there is change. 8 banks are small and 9

banks are medium. Generally, micro and large banks are the same during the time period. The

bigger fluctuation is between small and medium banks. More details are seen in Table 6.2 in

Annex 2.

Table 5.2: The number of banks by the size

Bank size Quartile value of total assets

year micro small medium lage FA Q1 FA Q2 FA Q3

2005 9 9 8 9 1 225 569 4 108 172 7 573 487

2006 9 9 8 9 1 367 595 5 288 690 8 265 217

2007 9 8 9 9 1 552 928 6 119 296 10 087 722

2008 9 9 8 9 1 809 603 6 736 914 11 528 615

2009 9 9 8 9 1 595 841 6 411 710 11 124 615

2010 9 9 8 9 2 019 475 6 515 442 11 182 595

2011 9 9 8 9 2 287 887 7 015 869 11 160 318

2012 9 8 9 9 2 926 343 7 207 597 11 950 197

2013 9 8 9 9 2 989 867 6 217 294 12 641 216

2014 9 9 8 9 2 922 878 5 998 731 12 985 887

2015 9 9 8 9 2 416 698 6 165 951 14 110 182

Source: author’s own processing, 2017

When the basic input, output and price variables are defined and all types of distributions

are set, the first analysis for both basic models (Model A and Model B) is done. The first ana-

lysis tests how the results are different if different methods have been used for the replacement

of missing values.

5.2 Empirical results for models with replaced values

As it is said in the previous subsection, in the data set are banks which are missing some

values for the analysis. It means that in some input, output or price variable is one, two or
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three19 measurements which are missing. There exist many methods which may be used to

replace missing data. In the methodology of DEA there are also special models which may

work with missing values. In this doctoral dissertation, the special DEA method uses intervals

of the missing value. This is in the next subsection. To define the intervals for the missing

values and see how the different methods may influence the results of DEA methods, this

analysis is made.

The doctoral dissertation is using three kinds of different methods how to replace the

missing. The methods are following:

• series mean value;

• trend value;

• regression value.

All three methods have been used to create new variables and for all of them the basic

DEA models have been used. More precisely, have been done the CRS and the VRS basic

models plus there have been dome both Model A and Model B. That gives 12 models have

been created. The next two subsections give a brief analysis for these CRS and VRS basic

models to see if there is significant difference between the results of these two methods.

5.2.1 Empirical results of CRS model

The models in this subsection are Model A and Model B with assumption of Constant

Return to Scale20. More precisely, there are 6 models:

• Model A

– with series mean values, this model is identified as model ACM;

– with trend values, this model is identified as model ACT;

– regression values, this model is identified as model ACR;

• Model B

19If the DMU (bank) was missing more then three missing measurements in the variable, the DMU (bank) has

been removed from the data set.
20Model used is closely introduced in Chapter 3. Also, its mathematical notation is in a List of Models. This

model is denoted as Model CRS.
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– with series mean values, this model is identified as model BCM;

– with trend values, this model is identified as model BCT;

– regression values, this model is identified as model BCR.

Model A

The number of efficient DMUs (banks) during the whole time period is the same for all types

of Model A. These DMUs are DMU 23 and DMU 27. DMU 23 is PPF banka a.s. from

the Czech Republic and DMU 27 is RBS Bank (Polska) SA from Poland. PPF banka a.s.

(DMU 23) is a bank which belongs to the group of micro (2005-2008) and small (2009-2015)

banks. For this bank there were all values. RBS Bank (Polska) SA (DMU 27) is a bank which

belongs to the group of micro banks. Also there was one missing value for the first input

variable which was replaced.

The rest of the result are similar for all three models. Table 5.3 shows the average of

efficiency for all DMUs. It is seen that models ACT and ACR have the same results. Results

of ACM model are close or the same as well. For example in years 2007, 2008, 2009, 2010

and 2012 are the same.

Table 5.3: Average of efficiency for all Models A with CRS assumption

2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015

ACM 0.6454 0.6717 0.5737 0.5167 0.7059 0.6101 0.6078 0.6656 0.6730 0.5773 0.5768

ACT 0.6522 0.6738 0.5737 0.5167 0.7059 0.6101 0.6072 0.6656 0.6742 0.5774 0.5817

ACR 0.6522 0.6738 0.5737 0.5167 0.7059 0.6101 0.6072 0.6656 0.6742 0.5774 0.5817

Source: author’s own processing, 2017

Table 6.3 in Annex 3 gives more detailed analysis for Models A. Averages of efficiency are

seen for DMUs in all Models A distributed by size and country. From Table 5.3 and Table 6.3

it is seen that the results are similar and a different technique for replacing missing value does

not make a significant difference for this kind of model.

Model B

Models B seem to be more pessimistic. There is only one DMU efficient during the whole pe-

riod. It is the DMU 23. This is PPF banka a.s. from the Czech Republic. There are also three

DMUs which are efficient during almost whole period. It means there are one or two ineffi-

cient years during the period. These DMUs are DMU 7, 27 and 30. DMU 7 is Ceskomoravska
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Zarucni a Rozvojova Banka a.s.-Czech Moravian Guarantee and Develpoment Bank from the

Czech Republic. DMU 27 is RBS Bank (Polska) SA from Poland. This bank was efficient in

Model A. DMU 30 is Stavebni Sporitelna Ceske Sporitelny as also from the Czech Republic.

Table 5.4 shows results for all Models B with different replacement of missing values and

CRS assumption. It is seen that all results are similar. Only in years 2005, 2006, 2011, 2014

and 2015 are some small different among the models. It is important to say that differences

are just small.

Table 5.4: Average of efficiency for all Models B with CRS assumption

2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015

BCM 0.4770 0.5300 0.5082 0.2933 0.5552 0.5636 0.5260 0.5990 0.5922 0.4896 0.5228

BCT 0.4773 0.5323 0.5082 0.2933 0.5552 0.5636 0.5257 0.5990 0.5922 0.4900 0.5289

BCR 0.4773 0.5323 0.5082 0.2933 0.5552 0.5636 0.5252 0.5990 0.5922 0.4896 0.5289

Source: author’s own processing, 2017

Again, more precise results may be seen in Table 6.4 in Annex 4.

From Table 5.3 and Table 5.4 it can be seen that there is a difference between Model A and

Model B. It means that the special output variable - non-interest income y3, is important and it

affects the efficiency. Generally, Model A is giving a higher efficiency score than Model B. It

is interesting that in Table 5.3 models ACT and ACR give the same results during the whole

period and model ACM is the same only in some years. On the other hand, in Table 5.4 it

can be seen that this is not the same. For example, models BCM and BCR have the same

efficiency score in 2014 and in 2015 the same efficiency score is for models BCT and BCR.

This shows that a different method for replacing missing values influences the results.

5.2.2 Empirical results of VRS model

The models from the previous subsection have the assumption of the Constant Return to

Scale. This subsection presents results for Model A and Model B with the assumption of the

Variable Return to Scale21. Again there are 6 models:

• Model A

21The used model is closely introduced in Chapter 3. Also, its mathematical notation is in a List of Models.

This model is denoted as Model VRS.
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– with series mean values, this model is identified as model AVM;

– with trend values, this model is identified as model AVT;

– regression values, this model is identified as model AVR;

• Model B

– with series mean values, this model is identified as model BVM;

– with trend values, this model is identified as model BVT;

– regression values, this model is identified as model BVR.

Before the results for each type of Model A and Model B are closely analysed, it is im-

portant to see if the general assumption between models with CRS and VRS is satisfied. The

assumption means that the efficiency score for models with constant variable return is smaller

than the efficiency score for model with VRS. In other words, models with VRS have to have

the same or more efficient DMUs. This assumption is met so generally Model A and Model B

are defined correctly.

Model A

The number of efficient DMUs (banks) during the whole time period for all types of Models

A is 7. These DMUs are the following banks:

• DMU 1 - Bank Handlowy w Warszawie S.A. from Poland;

• DMU 8 - Ceskoslovenska Obchodni Banka A.S.- CSOB from the Czech Republic;

• DMU 10 - CSOB Stavebna Sporitelna from Slovakia;

• DMU 14 - ING Bank Slaski S.A. - Capital Group from Poland;

• DMU 21 - OTP Bank Plc from Hungary;

• DMU 23 - PPF banka a.s. from the Czech Republic (this bank is efficient also for CRS

assumption);

• DMU 27 - RBS Bank (Polska) SA from Poland (this bank is efficient also for CRS

assumption).

97



The Table 5.5 shows averages of efficiencies for all Models A with VRS assumption.

These efficiencies are higher in comparison with CRS models. Again, models AVT and AVR

have the same results. Model AVM gives the same (2007, 2008, 2009, 2010, 2012, 2013,

2014) or insignificantly different results. The different efficiency scores are generally smaller.

Only in the year 2012 it may be seen that the efficiency score by model AVM is higher then

efficiency score given by AVT and AVR model. This again shows that different methods for

replacing the missing values may cost some differences.

Table 5.5: Average of efficiency for all Models A with VRS assumption

2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015

AVM 0.7937 0.8156 0.7621 0.7380 0.8171 0.7449 0.7749 0.8125 0.7993 0.7425 0.7859

AVT 0.8012 0.8168 0.7621 0.7380 0.8171 0.7449 0.7737 0.8125 0.7993 0.7425 0.7863

AVR 0.8012 0.8168 0.7621 0.7380 0.8171 0.7449 0.7737 0.8125 0.7993 0.7425 0.7863

Source: author’s own processing, 2017

A more detailed analysis is in Table 6.5 in Annex 5.

Model B

The number of efficient DMUs for these types of models is different for the first two models

and the last one. Models BVM and BVT have 4 efficient DMUs during the whole time period

and model BVR has just 3 efficient DMUs.

In case of BVM and BVT models the efficient DMUs are following banks:

• DMU 6 - Ceska Sporitelna a.s. from the Czech Republic;

• DMU 8 - Ceskoslovenska Obchodni Banka A.S.- CSOB from the Czech Republic;

• DMU 10 - CSOB from Slovakia;

• DMU 23 - PPF banka a.s. from the Czech Republic (this bank is efficient also for CRS

assumption).

In case of BVR model the efficient DMUs are same (DMU 8, 10 and 23), just the DMU 6

is not efficient during the whole period. More precisely, in year 2011 is not efficient, but it is

really close to it. The efficient score is equal to 0.9826.
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Table 5.6 shows the average of efficiency for all Models B with VRS assumption. Table 5.6

shows that BVM model gives insignificantly different results. These results are still close to

the results of BVT and BVR models. Overall, from Table 5.6 it can be see that the efficiency

score is lower than the Table 5.5. Again, it means that it can be concluded that the special

output variable - the non-interest income (y3), is important and it affects the efficiency, as well

as the different values of replacement of missing values.

Table 5.6: Average of efficiency for all Models B with VRS assumption

2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015

BVM 0.5855 0.6451 0.6145 0.4855 0.6251 0.6236 0.6375 0.6786 0.7165 0.6485 0.7264

BVT 0.5895 0.6469 0.6145 0.4854 0.6251 0.6236 0.6361 0.6713 0.7165 0.6485 0.7272

BVR 0.5895 0.6469 0.6145 0.4854 0.6251 0.6236 0.6361 0.6713 0.7165 0.6485 0.7272

Source: author’s own processing, 2017

Again, more detailed analysis is in Table 6.6 in Annex 6.

5.2.3 Conclusion of CRS and VRS models

Results of all types of Models A and Models B give useful information. The two most

essential pieces of information are:

• the special output variable - non-interest income (y3), change the efficiency score so this

variable is important to measure the efficiency of the financial institutions;

• different values of the replaced values (by various methods) also influence the efficiency

score.

The following subsection is dealing with the importance of the special output variable -

non-interest income (y3). The second item of information is used. As all the results are similar

and close to each other, it was decided that the highest and the lowest value of the replaced

value will be used for the following DEA models. These models are used if there exist missing

values and the missing values are known in some interval. As there is no way to decide which

method of replacement is the best one, the highest and the lowest value of the replaced method

is taken and it is defined as the interval.
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5.3 Empirical results for models with intervals values

In the previous subsection it is found that results are different for Model A and Model B.

So far, there is no determination which one is better. To find out which one is better, more

and new information is needed. The new model uses the DEA model for missing values. This

used model is closely introduced in Chapter 3. Also, its mathematical notation is in a List of

Models. This model is denoted as Model with Missing Data with CRS or VRS assumption.

Missing values are represented by an interval. The interval is defined by the highest and lowest

value of replaced values (highest and lowest value from the value of series mean value, trend

value and regression value). To specify the best model for the banking industry in Visegrad

Group countries, more accurate information are needed.

5.3.1 Empirical results of CRS model

First the influence of non-traditional activities has to be detected. A development of the

share of non-traditional activities can be characterized by using the following indicator:

Share NEA = 100 ·
NEA

LOA + SEC + NEA
= 100 ·

y3

y1 + y2 + y3

.

The development of an average level of Share NEA indicator is shown in Figure 5.4 for

all four size groups. The development of an average share of non-traditional activities is in

a range from 10.71 % to 15.16 % with an average level of 12.18 %. There is an apparent

increasing trend until the crisis in 2008. Then the decrease is present until 2011 and afterward

the indicator rises again. The same development exists for big banks. Overall, the develop-

ment of the rest of the banks is similar. Only the ends of the time period are slightly different

- the development of small banks decreases, the development of micro banks is stable and the

development of small banks is increases after a stable period.

Figure 5.5 gives the same information as Figure 5.4 but the classification is by country.

The highest average level of the Share NEA is in Hungary (around 22 %). However, the

percentage significantly decreases (from 27.36 % to 14.43 %). The lowest average level of

the Share NEA is in the Czech Republic (around 7 %). Its trend increases (from 6.12 % to

14.79 %). Polish and Slovak banks exist with the growing trend. It is interesting that in the

end of the time period (in year 2015) the average level of the Share NEA has a similar value

for all countries (around 15 %).

The majority of studies, which focus on non-traditional activities in the banking sector,

include the non-traditional activities into the model as output. It has good impact on the
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Figure 5.4: The development of non-traditional share activities depending on size of banks

Source: author’s own processing, 2017

Figure 5.5: The development of non-traditional share activities depending on country

Source: author’s own processing, 2017

average efficiency and productivity score. These conclusions can be seen in a significant

studies by Isik and Hassan (2003) for the Turkish banking industry for the time period 1981-

1990, Huang and Chen (2006) for the cost efficiency of Taiwanese banks in the time period

1992-2004 and for example Casu and Girardon (2005) examined the productivity of European

banks in the time period from 1994 to 2000 where the inclusion of non-traditional activities
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had increased the level of productivity. All this was due to the technological change rather

than the efficiency change.

According to the literature, the inclusion of non-traditional activities should be the right

for analysis of the banking sector. To see if the assumption is correct, the influence of non-

traditional activities for non-allocation and allocative DEA models has to be examined. All

mentioned models are input oriented DEA models for missing values. Models are formulated

under Constant Return to Scale (CRS; see Section 4). The output vector of Model A includes

the non-traditional activities - non-earning assets (NEA, y3). Model B does not include NEA.

The technical efficiencies of the Model A (A TE CRS) as the cost efficiencies (A CE CRS)

and allocative efficiencies (A AE CRS) are calculated. Similarly, calculations for Model B

are done (B TE CRS, B CE CRS, B AE CRS). The results are summarized in Table 5.7 and

graphical representation is shown in Figure 5.6 and Figure 5.7.

Table 5.7: Average efficiencies for analysed banks in time period 2005-2015

model Model A Model B

year A TE CRS A CE CRS A AE CRS B TE CRS B CE CRS B AE CRS

2005 0.6447 0.5564 0.8631 0.4717 0.4055 0.8597

2006 0.6690 0.5484 0.8197 0.5298 0.4075 0.7692

2007 0.5664 0.5359 0.9462 0.4991 0.4673 0.9362

2008 0.4868 0.4742 0.9741 0.2933 0.2648 0.9028

2009 0.6898 0.6003 0.8702 0.5506 0.5234 0.9506

2010 0.5977 0.5795 0.9696 0.5623 0.5387 0.9580

2011 0.6054 0.5563 0.9189 0.5233 0.4741 0.9059

2012 0.6575 0.6098 0.9275 0.5913 0.5420 0.9166

2013 0.6658 0.6304 0.9468 0.5839 0.5396 0.9242

2014 0.5701 0.5529 0.9698 0.4854 0.4667 0.9615

2015 0.5723 0.5259 0.9190 0.5281 0.4692 0.8886

min 0.4868 0.4742 0.8197 0.2933 0.2648 0.7692

max 0.6898 0.6304 0.9741 0.5913 0.5420 0.9615

mean 0.6114 0.5609 0.9204 0.5108 0.4635 0.9067

Source: author’s own processing, 2017

Note: TE (technical efficiency), CE (cost efficiency), AE (allocative efficiency)

The results indicate that the average technical efficiency of surveyed banks is always
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higher for Model A. A TE CRS is in range from 0.4868 to 0.6898 and B TE CRS is in range

from 0.2933 to 0.5913. The same applies to cost efficiency and allocative efficiency.

The range of A CE CRS is between 0.4742 and 0.6304 and the range of B CE CRS is

between 0.2648 and 0.5420. Allocative efficiency for Model A is 0.8197 − 0.9741 and for

Model B is 0.3601 − 0.7304. These findings lead to the conclusion that exclusion of non-

traditional activities (Model B) leads to an underestimation of true efficiency of banks.

Figure 5.6 shows the development of all efficiencies for Model A. A TE CRS and A CE-

CRS have a slightly downward trend until 2008. Then the trend of efficiencies increases until

2013 and subsequently falls again. The trend of A AE CRS is different. A AE CRS increases

for almost the entire time period.

The case of Model B is seen in Figure 5.7. The decline of B TE CRS and B CE CRS is

more intensive, as well as the increase. Also there is no increase in the end of the time period

as it is in Model A. On the other hand B AE CRS has a very similar trend as A AE CRS.

In the beginning of the time period B AE CRS looks more volatile than A AE CRS. After

the year 2009 it is vice versa. Generally, the average value of B AE CRS is always smaller

than the average values of A AE CRS. Only in the year 2009 the average value of B AE CRS

(0.9506) is higher than A AE CRS (0.8702).

Figure 5.6: The development of A TE CRS, A CE CRS and A AE CRS

Source: author’s own processing, 2017

A detailed analysis pointed out that the main reason of low technical inefficiency is the

need to reduce the number of employees and fixed assets in comparison with efficient banks
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Figure 5.7: The development of B TE CRS, B CE CRS and B AE CRS

Source: author’s own processing, 2017

up an average of 55 %. Analysis of the cost efficiency showed that it is necessary to reduce

other operating expenses by up to 65 %, personal expenses by 50 % and interest expenses on

customer deposits by 25 %.

The inclusion of non-traditional activities allows banks to obtain unbiased estimations of

average efficiency scores. It contributes to reduced cost inefficiency in employing best prac-

tice production methods and to achieve the maximum outputs from minimum cost of inputs,

especially during and immediately after the financial crisis. The results are in line with Isik

and Hassan (2003), Kumar and Gulati (2014) and Košak et al. (2009).

Statistical testing

The non-parametric test22 has been used to test the statistical significance of both models.

Results of the statistical test are in Table 5.8. Results are for non-parametric Wilcoxon Signed

Ranks Test. The null hypothesis23 for this test compares the differences in the median of

efficiencies for Model A and Model B. Tests have confirmed that the null hypothesis is rejected

for technical, cost and allocative efficiency at 5 % level of significance.

Note: Other non-parametric tests may be used as well - Sign test, Kendall rank correlation

coefficient.

22Non-parametric test is using small sample size, ranged data and mean/average vales.
23The null hypothesis: the differences in the median of efficiency for Models A and Model B are statistically

equal.
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Table 5.8: Wilcoxon Signed Ranks Test for Model A and Model B

EFF TE CRS EFF CE CRS EFF AE CRS

H0: The median of differences A EFF - B EFF = 0.

No. of negative ranks 11 11 10

No. of positive ranks 0 0 1

z-statistic -2.936 -2.934 -1.956

Sig. (2-tailed) 0.003 0.003 0.050

Inference reject H0 reject H0 reject H0

Source: author’s own processing, 2017

Note: EFF TE = technical efficiency, EFF CE = cost efficiency, EFF AE = allocative efficiency for CRS

For better understanding of the inclusion of the non-traditional activities into the output

vector of banks, the efficiency is examined according to the size of banks and regional juris-

diction (by country).

Detailed descriptions of Model A and Model B with CRS assumption divided by size

Figure 5.8 shows the results of average TE, CE and EA for Model A with non-traditional

activities and Model B without non-traditional activities for the time period 2005-2015 ac-

cording to the size of banks. The graphs confirm that omission of non-traditional activities

(by TE and AE) leads to the underestimation of efficiency. In the terms of the average tech-

nical and allocative score of banks’ efficiency by both models under CRS assumption, banks

may be arranged as follows:

TE small banks > TE big banks > TE micro banks > TE medium banks;

AE big banks > AE small banks > AE micro banks > AE medium banks.

According to TE and AE the order is the same for both models. Medium banks have the

smallest TE and AE and micro banks have the penultimate TE and AE. CE does not give such

clear results. TE and AE for Model A is always higher than TE and AE for Model B. This does

not work for CE. CE is higher for medium banks for Model B and also the order of banks for

each model is different:

A CE big banks > A CE micro banks > A CE medium banks > A CE small banks

B CE big banks > B CE medium banks > B CE micro banks > B CE small banks
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Big banks have the highest CE and small banks have the lowest CE. The order of micro and

medium banks is different.

Figure 5.8: Average of TE, CE and AE efficiency under CRS assumption

Source: author’s own processing, 2017

Due to the previous analysis of the share of the non-traditional activities in the overall

output according to the size of the banks, Figure 5.8 shows interesting conclusions. Small

banks with the lowest share of non-traditional activities (average 6.78 %) have the highest

average technical efficiency for Model A (0.67) and Model B (0.61). However, medium banks

with the highest share of non-traditional activities (average 18.46 %) have the lowest average

technical efficiency for Model A (0.52) and Model B (0.38). The difference between Model A

and Model B is seen more for medium banks. A similar situation is also observed for average

allocation efficiency. Results are different for average cost efficiency. The lowest share of

non-traditional activities corresponds to small banks where average cost efficiency is lowest.

The second highest share of non-traditional activities is for big banks and these banks have the

highest average average cost efficiency. But still it can be said that average cost efficiency for

Model A is higher for Model B, only for medium banks the average is slightly insignificantly

different (the difference is 0.01). So overall these results confirm that the inclusion of the non-

traditional activities, such as the output of services provided by banks, is correct. Otherwise,

there is a bias estimation. It is also necessary to take into account the size of banks and the

share of non-traditional activities in total output.

Following Figures 5.9, 5.10, 5.11 and 5.12 show development of average technical, cost
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and allocative efficiencies of banks according to their size in time period 2005-2015. Table 6.7

in Annex 7 and Table 6.8 in Annex 8 give more details about all these figures. Figure 5.9

shows development of all types of average efficiencies. Average technical and cost efficiencies

for Model A are higher than for Model B during the whole period. The trend of average

technical efficiency is similar for both models. Average cost efficiency for Model A is more

stable than average volatile cost efficiency of Model B. Average allocative efficiencies for

both models are higher that the other two. Generally, average allocative efficiency for Model

A is again higher, but in 2005 and 2009 average allocative efficiency for Model B is a little

bit higher (A AE CRS2005 = 0.9342, B AE CRS2005 = 0.9453 and A AE CRS2009 = 0.9098,

B AE CRS2009 = 0.9345). Trend for average cost efficiency in now more volatile for Model A.

Figure 5.9: Development of all efficiencies for micro banks

Source: author’s own processing, 2018

Figure 5.10 for small banks supports the hypothesis that small banks have the highest av-

erage level of technical and cost efficiency. Since 2008, after the decline caused by the crisis,

both average efficiencies are increasing. Against it, average allocative efficiency increases

during whole time period and there is not seen any big decrease, not even during time of cri-

sis. Differences between both models are not very significant, even in the time of financial

crisis.

Medium banks (Figure 5.11) have the lowest technical and allocative efficiencies. Again,

differences between both models are not very significant. Just in 2009, it is seen that Model A

107



Figure 5.10: Development of all efficiencies for small banks

Source: author’s own processing, 2018

has a big deflection in average technical and allocative efficiency. The time around the finan-

cial crisis is seen more for Model B. Otherwise, all efficiencies look stable.

Figure 5.11: Development of all efficiencies for medium banks

Source: author’s own processing, 2018

The presented Figure 5.12 for big banks shows that differences between Model A and

Model B models are not significant. It can be said that efficiencies for big banks correspond

the most. Again, it is seen that Model B undervalue cost and technical efficiencies.
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Figure 5.12: Development of all efficiencies for big banks

Source: author’s own processing, 2018

Overall, the obtained results demonstrate that small banks are most technically efficient.

They are followed by big banks, micro banks and the least technically efficient are medium

banks. A similar situation applies to allocative efficiency. Only the place of most and se-

cond most efficient changed. The greatest differences between technical and allocative effi-

ciencies of Model A and Model B have appeared for medium banks, where the share of the

non-traditional activities is the highest in the output vector. The situation of cost efficiency

is slightly problematic, but the highest and lowest efficient banks are precisely known. Most

cost efficient are big banks and least cost efficient are small banks.

Detailed descriptions of Model A and Model B with CRS assumption divided by country

Figure 5.13 shows the results of average TE, CE and EA for Model A with non-traditional

activities and Model B without non-traditional activities for the time period 2005-2015 ac-

cording to country. The graphs confirm that omission of non-traditional activities leads to the

underestimation of efficiency. Only in case of Hungarian banks it can be see that average cost

efficiency for Model B is a little higher (difference is equal to 0.01).

In the terms of average technical efficiency Model A and Model B give the following

results:

A TE CZ banks > A TE SK banks > A TE PL banks > A TE HU banks,
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B TE CZ banks > B TE PL banks > B TE SK banks > B TE HU banks.

As it is seen, results of both models give similar conclusions. The most technically efficient

banks are banks in the Czech Republic. These banks have the lowest share of non-traditional

activities, see Figure 5.5. The least technically efficient banks are in Hungary. These banks

have the highest share of non-traditional activities. The position of banks from Poland and Slo-

vakia are different according to the model. Model A prefers banks from Slovakia (A TE SK

= 0.59) and Model B prefers bank from Poland (B TE PL = 0.49).

In the terms of average cost efficiency Model A and Model B again do not give exact

results. The least efficient are banks from the Czech Republic with the lowest share of non-

traditional activities, this is clear. The problem is with the most efficient and second most

efficient banks. The results are the following:

A CE PL banks > A CE HU banks > A CE SK banks > A CE CZ banks

B CE HU banks > B CE PL banks > B CE SK banks > B CE CZ banks

Banks from Hungary (B CE HU = 0.95) (with the highest share of non-traditional activities)

are preferred by Model B. Polish banks (A CE PL = 0.95) seem to be more efficient according

to Model A. The share of non-traditional activities of Polish banks are second highest. It is

interesting that the value of average cost efficiency for both countries is the same.

Results in terms of allocation efficiency are the same as the result in terms of technical

efficiency. See following Figure 5.13.

So overall the previous analysis for banks according to country and the share of the non-

traditional activities shows interesting conclusions, see Figure 5.5 and Figure 5.13. Czech

banks with the lowest share of non-traditional activities (average 7.16 %) have the highest

average technical and allocative efficiency for Model A (TE = 0.74, AE = 0.65) and Model B

(TE = 0.71, AE = 0.60). Hungarian banks with the highest share of non-traditional activities

(average 22.22 %) have the lowest average technical and allocative efficiency for Model A

(TE = 0.55, AE = 0.38) and Model B (TE = 0.52, AE = 0.36). Average cost efficiency is

highest for Polish and Hungarian banks. It depends on the type of model, but the results

are close, more precisely in the interval between 0.93 and 0.95. It is interesting that in case

of Hungarian banks, Model B (0.95) gives slightly higher results than Model A (0.94). The

lowest average cost efficiency is detected for banks from the Czech Republic. The biggest

difference between Model A and Model B is seen for banks from Hungary. On the other

hand, the smallest difference between both models is seen for the Czech banks. But again
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Figure 5.13: Average of TE, CE and AE efficiency under condition of CRS by regions

Source: author’s own processing, 2017

these results confirm that the inclusion of the non-traditional activities, such as the output of

services provided by banks, is correct. Otherwise, there is a bias estimation.

Following Figures 5.14, 5.15, 5.16 and 5.17 show development of average technical, cost

and allocative efficiencies of banks according to their country in the time period 2005-2015.

Table 6.7 in Annex 7 and Table 6.8 in Annex 8 give more details about all these figures.

Figure 5.14: Development of all efficiencies for Czech banks

Source: author’s own processing, 2018
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Figure 5.14 shows development of all types of average efficiencies for Czech banks. All

average technical and cost efficiencies for Model A are higher than for Model B during the

whole period. Trends of both efficiencies are the same - first they decline until 2008 and then

they increase again. The first increase is steep (after the financial crisis) and then trends in-

crease slowly. Average allocation efficiency in 2009 is higher for Model B but for the rest of

the time Model A has a higher average allocative efficiency. The share of non-traditional ac-

tivities is lowest for Czech banks. Allocative and technical efficiencies are the highest among

all Visegrad Group countries. The difference among all types of efficiencies is smallest.

Figure 5.15 shows all types of efficiencies for Hungarian banks which have the biggest

share of non-traditional activities. On the other hand the average technical and allocative

efficiencies are smallest. Average cost efficiencies are highest by Model B and second highest

by Model A. Average cost efficiency is very much stable, specially if it is compared to average

technical and allocative efficiencies which have an increasing trend during whole period.

Figure 5.15: Development of all efficiencies for Hungarian banks

Source: author’s own processing, 2018

Figure 5.15 shows all types of efficiencies for Hungarian banks which have the biggest

share of non-traditional activities. On the other hand the average technical and allocative

efficiencies are smallest. Average cost efficiencies are highest by Model B and second highest

by Model A. Average cost efficiency is very much stable, specially if it is compared to average
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technical and allocative efficiencies which have an increasing trend during whole period.

Polish banks and their average efficiencies are seen in Figure 5.16. It is seen that differ-

ences between both models are not very significant. Actually, it is seen that the differences are

smallest among all countries. As the Polish banks have similar results as the Hungarian banks,

it may be assumed that results for both countries are similar. However, this is not entirely true.

Model B be similar, but Model A is less volatile. Especially it is seen in the year 2009 for cost

efficiencies.

Figure 5.16: Development of all efficiencies for Polish banks

Source: author’s own processing, 2018

Figure 5.17 presents results for banks from Slovakia. In the beginning of the time period

all types of average efficiencies are close to each other. After the financial crisis (the year

2008) allocative efficiencies remain stable (in interval 0.8 - 1.0) and technical and cost effi-

ciencies decline. But the differences between both models are not very significant. Generally

Model A has a higher efficiency score for average technical and cost efficiencies. In case of

average allocative efficiency it depends on each year - the time period between 2009 and 2014

gives a higher score for Model B.
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Figure 5.17: Development of all efficiencies for Slovak banks

Source: author’s own processing, 2018

More detailed analysis for each bank is given later in Chapter 4.

Overall analysis of Model A with CRS assumption with missing values divided by coun-

try and size

Previous analysis showed that the better model is probably Model A. It does not give

undervalued results for the field of study. For this reason, detailed analysis for Model A is

following. There is information about the share of non-traditional activities and all types of

efficiencies by size and country. Simultaneously, the number of banks according to size and

country is given. This all is given for each year of the time period on average . This should

give a better picture about the connections of each factor in the banking industry in Visegrad

Group countries. All his information are in following Table 5.9.

The lowest share of non-traditional activities by size and country is detected for small

banks from the Czech Republic (2005-2014). In year 2015 the lowest share of non-traditional

activities by country is detected for Hungarian banks. The difference between the share of

non-traditional activities for Hungary and the Czech Republic is small (-0.36 %). So generally

it appears that small Czech banks are banks with the lowest share of non-traditional activities.

Also it appears that these small Czech banks are generally highly technical and cost efficient.
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On the other hand, allocative efficiency is lowest for these banks.

Table 5.9: Overall results for Model A with CRS assumption

2005 CZ HU PL SK A TE A CE A AE NEA

micro banks 3 4 2 0.6874 0.6421 0.9342 10.94

small banks 5 1 1 2 0.6593 0.4879 0.7401 7.39

medium banks 1 4 1 2 0.5442 0.4972 0.9137 14.00

big banks 2 2 5 0.6873 0.6076 0.8841 13.13

A TE 0.8352 0.4966 0.5520 0.7228

A CE 0.6370 0.4678 0.5057 0.6334

A AE 0.7626 0.9421 0.9162 0.8764

NEA 6.12 27.36 12.07 9.22

2006 CZ HU PL SK A TE A CE A AE NEA

micro banks 3 4 2 0.6396 0.5638 0.8815 11.16

small banks 5 1 1 2 0.7838 0.5676 0.7241 8.79

medium banks 1 4 1 2 0.5157 0.4446 0.8621 14.42

big banks 2 2 5 0.7527 0.6211 0.8252 14.55

A TE 0.8285 0.4689 0.5999 0.8358

A CE 0.5952 0.4301 0.4974 0.7494

A AE 0.7185 0.9172 0.8291 0.8966

NEA 7.40 23.86 12.13 12.26

2007 CZ HU PL SK A TE A CE A AE NEA

micro banks 3 4 2 0.5314 0.4957 0.9330 13.88

small banks 5 1 2 0.7289 0.6581 0.9028 8.09

medium banks 6 1 2 0.4351 0.4223 0.9705 21.71

big banks 3 1 5 0.5932 0.5832 0.9832 17.55

A TE 0.7483 0.3612 0.4897 0.7504

A CE 0.6580 0.3558 0.4785 0.7303

A AE 0.8794 0.9850 0.9771 0.9732

NEA 9.16 28.34 13.90 14.82
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2008 CZ HU PL SK A TE A CE A AE NEA

micro banks 3 3 3 0.4577 0.5037 1.1004 13.33

small banks 5 1 2 1 0.5588 0.4745 0.8490 5.71

medium banks 1 3 2 2 0.4062 0.3943 0.9705 16.53

big banks 2 3 4 0.5298 0.5259 0.9925 16.50

A TE 0.5609 0.3903 0.4753 0.5077

A CE 0.5473 0.3817 0.4490 0.5194

A AE 0.9757 0.9778 0.9445 1.0229

NEA 7.06 22.44 13.04 12.48

2009 CZ HU PL SK A TE A CE A AE NEA

micro banks 2 4 3 0.6516 0.5928 0.9098 8.61

small banks 6 1 1 1 0.7597 0.6221 0.8189 7.16

medium banks 1 3 2 2 0.6313 0.4839 0.7665 16.65

big banks 2 3 4 0.7175 0.7103 0.9900 17.50

A TE 0.7905 0.6341 0.6131 0.7357

A CE 0.6839 0.4889 0.5695 0.6614

A AE 0.8651 0.7710 0.9288 0.8989

NEA 5.63 21.34 15.15 12.24

2010 CZ HU PL SK A TE A CE A AE NEA

micro banks 2 4 3 0.5661 0.5549 0.9802 10.06

small banks 6 1 1 1 0.6405 0.5992 0.9355 7.73

medium banks 1 4 1 2 0.4862 0.4766 0.9804 17.70

big banks 2 2 5 0.7076 0.6965 0.9843 14.64

A TE 0.7081 0.4843 0.5921 0.5698

A CE 0.6790 0.4720 0.5821 0.5462

A AE 0.9590 0.9746 0.9831 0.9587

NEA 6.46 21.20 17.09 9.03

2011 CZ HU PL SK A TE A CE A AE NEA

micro banks 2 3 4 0.6576 0.5763 0.8765 9.93

small banks 6 1 2 0.6170 0.5678 0.9202 4.88

medium banks 5 1 2 0.4958 0.4724 0.9528 22.05

big banks 3 1 5 0.6531 0.6084 0.9315 13.33

A TE 0.7326 0.5193 0.5783 0.5551

A CE 0.6601 0.4951 0.5329 0.5040

A AE 0.9010 0.9533 0.9215 0.9080

NEA 4.18 24.70 15.67 11.29
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2012 CZ HU PL SK A TE A CE A AE NEA

micro banks 1 4 4 0.6726 0.6094 0.9060 14.21

small banks 6 1 1 0.6841 0.6171 0.9020 4.83

medium banks 1 5 1 2 0.5834 0.5541 0.9498 20.07

big banks 3 1 5 0.6869 0.6567 0.9561 16.49

A TE 0.7533 0.6500 0.6222 0.5744

A CE 0.6697 0.6259 0.5962 0.5193

A AE 0.8890 0.9629 0.9582 0.9040

NEA 5.43 20.66 22.00 9.44

2013 CZ HU PL SK A TE A CE A AE NEA

micro banks 2 3 4 0.6605 0.6237 0.9443 13.48

small banks 5 1 2 0.6922 0.6263 0.9048 4.81

medium banks 1 5 1 2 0.5874 0.5689 0.9685 19.24

big banks 3 1 5 0.7217 0.7028 0.9738 15.53

A TE 0.7102 0.6966 0.6759 0.5459

A CE 0.6484 0.6726 0.6628 0.5065

A AE 0.9129 0.9654 0.9807 0.9279

NEA 5.81 18.13 16.85 12.59

2014 CZ HU PL SK A TE A CE A AE NEA

micro banks 2 3 4 0.5579 0.5458 0.9784 13.50

small banks 5 2 2 0.5778 0.5546 0.9597 4.65

medium banks 1 4 1 2 0.5179 0.4991 0.9637 22.58

big banks 3 1 5 0.6258 0.6114 0.9770 20.30

A TE 0.6413 0.6770 0.5637 0.3837

A CE 0.6167 0.6498 0.5545 0.3727

A AE 0.9617 0.9598 0.9837 0.9714

NEA 6.71 21.90 14.99 16.91

2015 CZ HU PL SK A TE A CE A AE NEA

micro banks 2 3 4 0.6751 0.5766 0.8540 13.45

small banks 5 2 2 0.6622 0.5853 0.8839 10.51

medium banks 1 4 1 2 0.5097 0.4775 0.9369 18.13

big banks 3 1 5 0.4646 0.4695 1.0000 21.01

A TE 0.8201 0.7072 0.4485 0.3613

A CE 0.7329 0.6626 0.4422 0.3003

A AE 0.8937 0.9369 0.9862 0.8311

NEA 14.79 14.43 15.16 16.77

Source: author’s own processing, 2017

The highest share of non-traditional activities by size and country is the same for banks
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from Hungary. In 2005, 2007, 2008, 2010-2014 these banks are medium size. In 2006 and

2009 banks with the highest share of non-traditional activities are from Hungary and they are

large size. In 2015 there is change. Banks with the highest share of non-traditional activities

are from Slovakia, but the size is similar - large size. Generally it could be said that Hun-

garian medium and large banks have the lowest technical and cost efficiencies. The value of

allocative efficiency is not highest for these banks, but it can be named as the second highest.

5.3.2 Empirical results of VRS model

The previous empirical analysis was based on CRS assumption. That case showed that

probably Model A is better. In the case of DEA there is also a different assumption - Variable

Return to Scale assumption for technology. To see how this assumption changed the results

and which assumption is better, the new analysis has to be done. The following subsection

provides all needed analysis.

The LCS’scale deficiency index (LCSSDI) was published by López-Cortés and Snowden

(1998). The LCSSDI is used for the examination of the form of scale, in this case, for the

form of scale in the VG banking. It could be calculated as followed:

LCS’scale deficiency index = Banks with DRS
Banks with IRS + Banks with DRS

.

LCSSDI reflects the proportion of banks that are characterized by decreasing return to

scale (DRS) to the total number of scale-deficient banks. If the value of the index is greater

than 0.5, then a large number of scale deficient banks experience DRS. While the value is

less than 0.5, it indicates than a larger number of banks experience IRS. The numbers of

CRS, DRS, IRS units and calculated LCSSDI for the Model A and the Model B are shown in

Table 5.10 for the whole period.

LCSSDI reflects the proportion of banks that are characterized by decreasing return to

scale (DRS) to the total number of scale-deficient banks. If the value of the index is greater

than 0.5, then a large number of scale deficient banks experience DRS. While the value is less

than 0.5, it indicates than a larger number of banks experience IRS. The numbers of CRS,

DRS, IRS units and calculated LCSSDI for Model A and Model B are shown in Table 5.10 for

whole time period.

From Table 5.10 it can be seen that Model A with non-traditional activities has the score

of LCSSDI from 53.57 % to 76.92 %. The mean value is 63.14 %. LCSSDI score of Model B

without non-traditional activities is lower. The range is from 32.14 % and 75.86 % and with
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Table 5.10: LCSSDI for Model A and Model B

A RTS B RTS

year DRS CRS IRS DRS CRS IRS A LCSSDI [%] B LCSSDI [%]

2005 20 8 7 20 6 9 74.07 68.97

2006 20 9 6 22 6 7 76.92 75.86

2007 17 9 9 17 8 10 65.38 62.96

2008 18 7 10 17 5 13 64.29 56.67

2009 15 9 11 20 6 9 57.69 68.97

2010 16 7 12 14 7 14 57.14 50.00

2011 16 7 12 12 6 17 57.14 41.38

2012 16 7 12 9 7 19 57.14 32.14

2013 15 7 13 14 7 14 53.57 50.00

2014 18 4 13 22 3 10 58.06 68.75

2015 19 9 7 19 9 7 73.08 73.08

min 53.57 32.14

max 76.92 75.86

mean 63.14 58.98

mean value equal to 58.98 %. These results support the idea that Model A should be with the

assumption of the Variable Return to Scale. LCSSDI is higher then 50 % during the whole

time period. Model B is more complicated. LCSSDI is smaller than 50 % for two years (2011

and 2012). Also in 2010 and 2013 LCSSDI is equal to 50 %. So there is no clear answer. But

it can be assumed that Model B is also better with VRS assumption. LCSSDI is greater than

50 % for 7 years (more then 60 % of time period).

Over all, it appears that the most appropriate model for future use is Model A with VRS

assumption. This model does not underestimate the efficiency score. Model A with VRS

assumption in following analysis is denoted as A VRS (input oriented DEA model with miss-

ing values, VRS assumption and non-traditional activities). In Annex 9 in Table 6.9 general

results for Model A with VRS assumption are given.

Note, in Annex 10 in Table 6.10 general results for Model B with VRS assumption are

given to see how this model underestimates the result. Model B is denoted as B VRS (input
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oriented DEA model with missing values, VRS and without non-traditional activities).

Overall analysis of Model A with VRS assumption with missing values

Tabel 5.11 shows the average efficiencies for all banks for each year of time period and

also overall average efficiencies for whole time period. A TE VRS is in range from 0.7352

to 0.8083. The lowest value of technical efficiency is in the year 2008. This is not surprising,

as this is the year of financial crisis. This value is smaller than the average (0.7753) but the

difference is small (0.04). It means that technical efficiency is rather around 75 % than around

80 %. The range of A CE VRS is from 0.6319 to 0.7369. This range is much bigger than

for technical average efficiency. The lowest value is again in the year 2008 and the overall

average is closer to minimum. The maximum value of cost efficiency is in year 2013 when

the allocative efficiency is highest as well. A AE VRS has the highest range of efficiencies -

0.8395-0.9330.

Table 5.11: Average efficiencies for analysed banks in time period 2005-2015

year A TE VRS A CE VRS A AE VRS

2005 0.7935 0.7116 0.8967

2006 0.8075 0.6983 0.8647

2007 0.7595 0.6883 0.9062

2008 0.7352 0.6319 0.8595

2009 0.8083 0.6785 0.8395

2010 0.7375 0.6611 0.8964

2011 0.7691 0.6991 0.9090

2012 0.8065 0.7163 0.8882

2013 0.7899 0.7369 0.9330

2014 0.7383 0.6868 0.9302

2015 0.7825 0.7165 0.9157

min 0.7352 0.6319 0.8395

max 0.8083 0.7369 0.9330

mean 0.7753 0.6932 0.8945

Source: author’s own processing, 2017

Note: TE (technical efficiency), CE (cost efficiency), AE (allocative efficiency)

More detailed analysis for these efficiencies is seen in Figure 5.18. The trend of all effi-
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ciencies may be described as constant. Changes between the years 2005 and 2015 are small.

The difference of A TE VRS is 1 % and difference of A CE VRS is even smaller and equal

to -0.5 %. Difference of A AE VRS is also in negative value, but it is bigger. It is equal to

-1,9 %. Variability of A AE VRS is opposite to variability of A TE VRS and A CE VRS.

The course of both A TE VRS and A CE VRS is similar. It is also seen that the position of

efficiencies is same as for models before - highest values are for allocative efficiencies. They

are followed by technical and smallest values are for cost efficiencies.

Figure 5.18: Development of all efficiencies for Model A with VRS assumption

Source: author’s own processing, 2017

The following Figures 5.19 and 5.20 show the development of technical, cost and alloca-

tion efficiency under the condition of VRS by size and by country.

Figure 5.19 by size shows that in this case the lowest technical efficiency is seen for

medium banks. Medium banks have also the lowest cost and allocative efficiencies. The

highest values are for big banks. In the case of big banks it is surprising that all types of

efficiencies are close to each other. Generally the difference is much bigger. It is interesting

also that even medium and small banks have an almost similar value of the average techni-

cal efficiencies. The value of the average allocative efficiency of small banks is closer to big

banks.

Figure 5.20 by country shows that the most technically efficient banks are from the Czech

Republic and the least efficient are banks from Slovakia. According to cost efficiency it ap-

pears that the most efficient are banks again from the Czech Republic, but the least efficient are
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Figure 5.19: Average of TE, CE and AE efficiency under condition of VRS by size

Source: author’s own processing, 2017

Figure 5.20: Average of TE, CE and AE efficiency under under condition of VRS by country

Source: author’s own processing, 2017

in this time banks from Hungary. The highest value of allocative efficiency is seen for banks

from Slovakia followed by banks from the Czech Republic, Hungary and the least allocative
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efficient are banks in Poland.

The following Table 5.12 gives an overall analysis of the situation in Visegrad Group

countries for banking industry in time period 2005-2015. The analysis is given from both

point of view - size and country. The results are not so clear as in the case of Model A with

CRS assumption.

Table 5.12: Overall results for Model A with VRS assumption

2005 CZ HU PL SK A TE A CE A AE

micro banks 3 4 2 0.9138 0.8289 0.9070

small banks 5 1 1 2 0.6821 0.5837 0.8557

medium banks 1 4 1 2 0.7344 0.6266 0.8532

big banks 2 2 5 0.8587 0.8339 0.9710

A TE 0.9394 0.6800 0.7502 0.7729

A CE 0.8072 0.5752 0.6962 0.7535

A AE 0.8593 0.8459 0.9279 0.9749

2006 CZ HU PL SK A TE A CE A AE

micro banks 3 4 2 0.8548 0.6711 0.7851

small banks 5 1 1 2 0.8173 0.7536 0.9220

medium banks 1 4 1 2 0.6649 0.5485 0.8249

big banks 2 2 5 0.8959 0.8345 0.9314

A TE 0.8913 0.6351 0.8079 0.8909

A CE 0.8254 0.5076 0.6570 0.8338

A AE 0.9260 0.7992 0.8131 0.9359

2007 CZ HU PL SK A TE A CE A AE

micro banks 3 4 2 0.7416 0.6522 0.8794

small banks 5 1 2 0.7877 0.7355 0.9337

medium banks 6 1 2 0.6100 0.5336 0.8747

big banks 3 1 5 0.9113 0.8522 0.9352

A TE 0.8570 0.5713 0.7612 0.8450

A CE 0.7781 0.4870 0.6832 0.8342

A AE 0.9078 0.8524 0.8975 0.9872

2008 CZ HU PL SK A TE A CE A AE

micro banks 3 3 3 0.7890 0.6631 0.8404

small banks 5 1 2 1 0.6103 0.5481 0.8981

medium banks 1 3 2 2 0.6422 0.5018 0.7813

big banks 2 3 4 0.9307 0.8524 0.9159

A TE 0.8252 0.5820 0.7516 0.7506

A CE 0.7420 0.4475 0.6130 0.7445

A AE 0.8992 0.7689 0.8157 0.9920
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2009 CZ HU PL SK A TE A CE A AE

micro banks 2 4 3 0.8380 0.6701 0.7996

small banks 6 1 1 1 0.7771 0.6821 0.8777

medium banks 1 3 2 2 0.7061 0.5130 0.7265

big banks 2 3 4 0.9142 0.8763 0.9585

A TE 0.8950 0.7507 0.7478 0.8427

A CE 0.8137 0.5466 0.6306 0.7158

A AE 0.9092 0.7281 0.8433 0.8494

2010 CZ HU PL SK A TE A CE A AE

micro banks 2 4 3 0.7163 0.6489 0.9059

small banks 6 1 1 1 0.6466 0.6141 0.9497

medium banks 1 4 1 2 0.6762 0.5271 0.7795

big banks 2 2 5 0.9355 0.8867 0.9479

A TE 0.7882 0.7020 0.7941 0.6038

A CE 0.7531 0.5824 0.6743 0.5822

A AE 0.9554 0.8295 0.8491 0.9642

2011 CZ HU PL SK A TE A CE A AE

micro banks 2 3 4 0.8124 0.7064 0.8695

small banks 6 1 2 0.6356 0.6029 0.9485

medium banks 5 1 2 0.7358 0.6673 0.9069

big banks 3 1 5 0.9162 0.8362 0.9127

A TE 0.8403 0.7964 0.7908 0.5966

A CE 0.7589 0.7642 0.6844 0.5638

A AE 0.9031 0.9596 0.8654 0.9450

2012 CZ HU PL SK A TE A CE A AE

micro banks 1 4 4 0.7933 0.7422 0.9355

small banks 6 1 1 0.7057 0.6445 0.9133

medium banks 1 5 1 2 0.7661 0.6057 0.7906

big banks 3 1 5 0.9808 0.8920 0.9095

A TE 0.8466 0.7973 0.9071 0.6030

A CE 0.7495 0.7315 0.7549 0.5843

A AE 0.8854 0.9175 0.8323 0.9690
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2013 CZ HU PL SK A TE A CE A AE

micro banks 2 3 4 0.7989 0.7757 0.9709

small banks 5 1 2 0.7091 0.6530 0.9209

medium banks 1 5 1 2 0.7095 0.6151 0.8669

big banks 3 1 5 0.9569 0.9279 0.9697

A TE 0.8312 0.7642 0.8858 0.6060

A CE 0.7509 0.7329 0.8165 0.5938

A AE 0.9034 0.9591 0.9218 0.9800

2014 CZ HU PL SK A TE A CE A AE

micro banks 2 3 4 0.7782 0.7482 0.9614

small banks 5 2 2 0.6400 0.6109 0.9546

medium banks 1 4 1 2 0.6075 0.5207 0.8571

big banks 3 1 5 0.9609 0.9064 0.9433

A TE 0.8086 0.6929 0.8749 0.4930

A CE 0.7464 0.6699 0.7762 0.4851

A AE 0.9230 0.9668 0.8872 0.9839

2015 CZ HU PL SK A TE A CE A AE

micro banks 2 3 4 0.8116 0.7654 0.9430

small banks 5 2 2 0.6994 0.6419 0.9178

medium banks 1 4 1 2 0.7255 0.6382 0.8797

big banks 3 1 5 0.9028 0.8300 0.9193

A TE 0.9738 0.9072 0.7904 0.4330

A CE 0.9022 0.8743 0.6733 0.4174

A AE 0.9265 0.9638 0.8519 0.9640

Source: author’s own processing, 2017

It is seen that the highest technical efficiency during the whole time period is for two coun-

tries and also two types of size. More precisely, the Czech Republic is the most technically

efficient in years 2005-2009, 2011 and 2015. In the rest of the cases banks from Poland are

efficient. Also it can be said that mostly big banks are technically efficient. Only in 2005, the

most technically efficient were micro banks. The lowest technical efficiency is more compli-

cated. In first period, from 2005 to 2008 the lowest technical efficient banks are from Hungary.

In 2009 Polish banks are worst and then the lowest technically efficient become banks from

125



Slovakia. According to the size, (lowest efficient) small (2005, 2008, 2010-2013, 2015) and

medium banks are problematic.

Cost efficiency is very variable. Mainly the Czech Republic is most cost efficient (2005,

2009, 2010, 2015) then it is followed by Polish (2012-2014) and Slovak (2006-2008) banks.

Also Hungarian banks are the most cost efficient, but it is only in the year 2011. The least cost

efficient are banks from Slovakia and Hungary. In first part of time period (2005-2009) the

least cost efficient are banks from Hungary. The other half is in the case of Slovakia (2010-

2015). The least cost efficient are mainly medium banks and sometimes small ones (2005,

2011). In the case of the most cost efficient banks it is easy - big banks are the most cost

efficient during the whole time period.

The last information is about allocative efficiencies. Generally, Slovak banks are the most

allocative efficient. Only in 2009 (the Czech Republic) and 2011 (Hungary) is it different.

From the size point of view, the time period may be divided into 2 periods. In the first part

(2005-2009) the most allocative efficient banks are big. In the second time period there are

two sizes - small (2010, 2011, 2014) and micro banks. The least allocative efficient are mainly

medium banks. The rule is disrupted only in years 2006 and 2011 by micro banks. Hungarian

banks are again least allocative efficient for the first time period (until 2010). Then the Polish

banks are mainly in this category.

Comparison of Model A with CRS and VRS assumption with missing values

Table 5.13 summarizes average technical (A TE CRS), pure technical (A TE VRS), both

costs (A CE CRS, A CE VRS), both allocative (A AE CRS, A AE VRS) and scale effi-

ciency (A SE) scores of Model A for whole time period.

If technical and pure technical efficiencies are compared, it is seen that pure technical

efficiency is higher, about 26 %. The average value of A CE VRS is about 23 % higher than

the average value of A CE CRS. It is interesting that the value of A AE VRS is smaller then

A AE CRS. The difference is just 2 %. This problem will be analysed further.

It is seen that A CE VRS is in the range from 0.6319 to 0.7369 (higher than the range

of A CE CRS). The average value of A CE VRS is 0.6932. It is around 69 %. This gives a

general picture about the typical bank in the sample. More precisely, the average bank may

produce the same level of outputs by using only 69 % of the actual cost incurred if it was

producing at the cost frontier rather than at its current location. On the other hand, the average
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Table 5.13: Average efficiencies for Model A with both assumptions in time period 2005-2015

year A TE CRS A CE CRS A AE CRS A TE VRS A CE VRS A AE CRS A SE

2005 0.6447 0.5564 0.8631 0.7935 0.7116 0.8967 0.8124

2006 0.6690 0.5484 0.8197 0.8075 0.6983 0.8647 0.8285

2007 0.5664 0.5359 0.9462 0.7595 0.6883 0.9062 0.7458

2008 0.4868 0.4742 0.9741 0.7352 0.6319 0.8595 0.6622

2009 0.6898 0.6003 0.8702 0.8083 0.6785 0.8395 0.8535

2010 0.5977 0.5795 0.9696 0.7375 0.6611 0.8964 0.8105

2011 0.6054 0.5563 0.9189 0.7691 0.6991 0.9090 0.7872

2012 0.6575 0.6098 0.9275 0.8065 0.7163 0.8882 0.8152

2013 0.6658 0.6304 0.9468 0.7899 0.7369 0.9330 0.8430

2014 0.5701 0.5529 0.9698 0.7383 0.6868 0.9302 0.7721

2015 0.5723 0.5259 0.9190 0.7825 0.7165 0.9157 0.7313

min 0.4868 0.4742 0.8197 0.7352 0.6319 0.8395 0.6622

max 0.6898 0.6304 0.9741 0.8083 0.7369 0.9330 0.8535

mean 0.6114 0.5609 0.9204 0.7753 0.6932 0.8945 0.7887

Source: author’s own processing, 2017

Note: TE CRS (technical efficiency), TE VRS (pure technical efficiency), CE (cost efficiency), AE (allocative

efficiency), SE (scale efficiency)

bank is also cost inefficient (31 %) so the average bank would incur 31 % more resources and,

thus, incurred more cost to produce the same output relative to the best practice bank.

Figure 5.21 shows the development of average efficiencies for Model A with both assump-

tions in the time period 2005-2015. It is interesting to see how the assumption of return to

scale influence the development of efficiencies. In the case of technical efficiency it is seen

that the development of model with CRS assumption is more volatile than the model with VRS

assumption. Otherwise the trend of the development is same for both assumptions. A similar

situation is seen for cost efficiencies. Only in the end of the period is the trend different. In

case of CRS assumption the trend is decreasing at the end of the period and conversely it is

increasing for VRS assumption. During whole time period, the model with VRS assumption

gives higher results than the model with CRS assumption. The situation for allocative effi-

ciencies is much more interesting. In the first two years the situation is opposite (CRS gives

higher values than VRS) and in the years 2011, 2013 and 2015 values of efficiencies are close

to each other.
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Figure 5.21: Average efficiencies for Model A with both assumptions in time period 2005-

2015

Source: author’s own processing, 2017

Figures 5.22 and 5.23 show the average of TE, CE and AE efficiency under both conditions

by size and country.

In Figure 5.22 it is seen that TE and AE efficiencies of the model with VRS are always

higher than efficiencies of the model with the Constant Return to Scale (the model CRS).

The difference is biggest for big banks and smallest for small banks. On the other hand,

CE efficiency of the model VRS always has lower values than the model CRS. The biggest

difference is for medium banks and smallest for big banks. It is also seen that the model VRS

gives more consistent results - medium banks have all the lowest efficiencies and big banks

have the highest efficiencies. The model CRS generally gives the same results but not so

uniformly.

Figure 5.23 represents a similar situation as the previous figure. Banks are there divided

by country. Again it is seen that TE and AE efficiencies are highest and CE efficiency is low-

est for the model VRS than for the model CRS. In this case, the results are not so uniform.

Still, the model VRS gives duller results - banks from the Czech Republic have all highest

types of efficiencies and Hungarian banks have the lowest efficiencies. Czech banks are the

best by TE and CE efficiencies by the model CRS and hungarian banks are worst by TE and
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Figure 5.22: Average of TE, CE and AE efficiency under both conditions by size

Source: author’s own processing, 2017

CE efficiencies by the same model so the results are again the same, but there is not uniformity.

Figure 5.23: Average of TE, CE and AE efficiency under both conditions by country

Source: author’s own processing, 2017

5.3.3 Conclusion of Model A with CRS and VRS assumption

The results of Models A with VRS and CRS assumptions give more important information.

The most essential information is:

• the model with the VRS assumption is more appropriate for the financial industry.
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Based on previous analyses and the identification that a more appropriate model for a

given area is Model A with the VRS assumption. This model has been used in the next

modification. This modification uses the VRS assumption for the possibility of introducing a

dual-role variable based on the model (4.15) from Chapter 4.2.4.

5.4 Empirical results for models with dual-role variables

According to the selection of input and output variables which had been chosen there

should generally not be a problem with the identification if the variable is really an input

or output variable. In this case, banks are seen as intermediators. It means that they are

institutions that accept deposits from diverse types of depositors and with the help of fixed

capital these funds are converted to loans to various economic subjects. The problematic

variable - deposits - should have its position as input variable for sure. On the other hand,

there are still many discussions about this. To see that the chosen model is treating the variable

deposit correctly, three types of models have been calculated and compared.

First, Models A with the VRS assumption of the previous subsection is compared with

the same type of the model, but the variable deposits are on the output side. Plus, these two

models are compared with Model 4.17 from Chapter 4.25. This Model 4.17 is a model, in

which a dual-role variable is not precisely known, in other words - the dual-role variable is

known in an interval.

In Table 5.14 are seen the average efficiencies for all three models - the models where the

deposits are as the dual-variable, the output variable or the input variable, respectively. The

average efficiencies are presented for each year in the time period from 2005 to 2015. There

are three types of the average efficiencies, as usual. First, the overall average of all financial

institutions called as efficiency are introduced. Then the efficiencies based on size and origin

of the financial institution are introduced.
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Table 5.14: Comparison of models with different use of deposit variable

Model with deposit as dual-role output input dual-role output input dual-role output input

2005 2006 2007

efficiency 0.5294 0.4617 0.7935 0.5275 0.4265 0.8075 0.5180 0.4744 0.7595

micro 0.8569 0.7069 0.9138 0.7464 0.6102 0.8548 0.6836 0.5671 0.7416

small 0.4804 0.3810 0.6821 0.5798 0.3930 0.8173 0.4939 0.4281 0.7877

medium 0.4843 0.4860 0.7344 0.4107 0.4069 0.6649 0.3763 0.3824 0.6100

big 0.4103 0.3570 0.8587 0.4318 0.3276 0.8959 0.5691 0.5382 0.9113

CZ 0.8605 0.6527 0.9394 0.7627 0.5147 0.8913 0.5887 0.5916 0.8570

HU 0.4408 0.4382 0.6800 0.4184 0.3861 0.6351 0.3783 0.3896 0.5713

PL 0.4619 0.4170 0.7502 0.4932 0.4179 0.8079 0.6016 0.4965 0.7612

SK 0.3836 0.3230 0.7729 0.4438 0.3642 0.8909 0.4281 0.3605 0.8450

Model with deposit as dual-role output input dual-role output input dual-role output input

2008 2009 2010

efficiency 0.4747 0.4408 0.7352 0.5652 0.4595 0.8083 0.4186 0.3741 0.7375

micro 0.5450 0.4961 0.7890 0.5804 0.5010 0.8380 0.4960 0.4208 0.7163

small 0.4589 0.3966 0.6103 0.6241 0.4875 0.7771 0.3666 0.3666 0.6466

medium 0.4079 0.4079 0.6422 0.4221 0.3633 0.7061 0.3864 0.3862 0.6762

big 0.5699 0.5353 0.9307 0.6591 0.5073 0.9142 0.4621 0.3759 0.9355

CZ 0.6832 0.6199 0.8252 0.7021 0.6081 0.8950 0.5342 0.5333 0.7882

HU 0.3546 0.3546 0.5820 0.5354 0.4622 0.7507 0.3854 0.3851 0.7020

PL 0.4478 0.4194 0.7516 0.5146 0.3896 0.7478 0.4774 0.3679 0.7941

SK 0.4497 0.3968 0.7506 0.4758 0.3749 0.8427 0.2446 0.2294 0.6038

Model with deposit as dual-role output input dual-role output input dual-role output input

2011 2012 2013

efficiency 0.4670 0.4421 0.7691 0.4081 0.3967 0.8065 0.4464 0.3666 0.7899

micro 0.6029 0.5564 0.8124 0.5173 0.5408 0.7933 0.5588 0.5391 0.7989

small 0.3849 0.3836 0.6356 0.3503 0.3723 0.7057 0.3990 0.3997 0.7091

medium 0.4646 0.4646 0.7358 0.3607 0.3647 0.7661 0.3497 0.2650 0.7095

big 0.4849 0.4412 0.9162 0.4809 0.4307 0.9808 0.5188 0.3833 0.9569

CZ 0.6235 0.6288 0.8403 0.5823 0.6222 0.8466 0.6127 0.6129 0.8312

HU 0.4921 0.4877 0.7964 0.3202 0.3020 0.7973 0.2493 0.1942 0.7642

PL 0.4791 0.4165 0.7908 0.5118 0.4756 0.9071 0.6057 0.4181 0.8858

SK 0.2597 0.2597 0.5966 0.2021 0.2128 0.6030 0.2615 0.2538 0.6060

Model with deposit as dual-role output input dual-role output input

2014 2015

efficiency 0.5370 0.3552 0.7383 0.5671 0.5444 0.7825

micro 0.5382 0.5150 0.7782 0.6278 0.6056 0.8116

small 0.3512 0.3261 0.6400 0.6130 0.5490 0.6994

medium 0.5589 0.2058 0.6075 0.4912 0.4761 0.7255

big 0.7676 0.4628 0.9609 0.6316 0.6241 0.9028

CZ 0.6539 0.5391 0.8086 0.8372 0.7728 0.9738

HU 0.3400 0.1180 0.6929 0.4764 0.4321 0.9072

PL 0.6941 0.4792 0.8749 0.5980 0.5965 0.7904

SK 0.3547 0.2514 0.4930 0.3424 0.3463 0.4330

Source: author’s own processing, 2017
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Based on results, it is clear that the model with deposit as input variable has always the

highest average efficiency. This model has been used since the beginning of the doctoral

dissertation as the best one. This model is also analogous with the definition for the interme-

diation approach. Generally, the model in which the deposit variable is defined as the output

variable has the lowest average efficiency. The model in which the deposit variable is defined

as dual-role variable has average efficiency somewhere between (TE output <TE dual-role

< TE input). It follows that the model with the deposit variable as the dual-role variable had

placed this variable more often into the side of input variable. It means, that it is better to use

the original model based on the intermediation approach (deposit variable on input side).

The information described above is applied to overall efficiency over the entire period and

this could be said generally for most of the different “species” of efficiencies. Interestingly, in

size distribution, it can be seen that financial institutions that are medium-sized are not always

that. In years 2005, 2007 and 2012, efficiencies are greater for a model where the deposit is

defined as output variable than for a model where the deposit is defined as a dual variable.

In year 2008, the values were same. This means that in the case of medium size financial

institutions the deposit variables are a highly discussed component and there is need to pay

them close attention. And also that the deposit variables should not be taken for all financial

institutions at the same weight but should be settled according to their size, which in this case

depends on the size of the final asset.

Conclusion of models with dual-role variables

Based on the results, it is confirmed that the most appropriate method is to use the inter-

mediation approach, so that the deposit variable is defined on the input variables side. This

variable helps maximize outputs, which is in line with most of the work that focuses on finan-

cial institutions.

5.5 Empirical results for models with risk variable

Risk is a special case of uncertainty. In this doctoral dissertation, the risk variables are

presented as the risk environment on the input or output side, as it is outlined below. It can be

viewed from many perspectives, e.g. exogenously or endogenously as in Ataullah et al. (2004)

Chang and Chiu, (2006) and Chiu and Chen (2008), in other words - what exactly to express.

More precisely, risk variables can have many forms and representations. As with classical
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variables (input and output variables), it is important to think about their contribution to the

model, its interpretation and its classification (input or output variables). There are studies

using VaR based on Basel II (Kao and Liu, 2000, Chen et al., 2013), age, gender, income, etc.

(Cooper et al. or GDP (Lábaj et al., 2013). Everything depends on the situation that solves

the work.

On the basis of this awareness, two versions of risk variables are presented in the disserta-

tion thesis, which are as follows:

• demography risk;

• financial risk.

In the following two subsections both approaches are presented and in the third subsection

the results of the best model and approach are discussed.

5.5.1 Models with demography risk variables

General demographic risk consists of many variables, such as: age, gender, marital status

and family status, investment experience or income. In Cooper et al. (2014), a questionnaire is

used and all these variables can be used for a part of the demographic risk. In this dissertation

thesis it was not possible to use questionnaires. We used variables that can be derived from

the basic statistics 24. More specifically, the demographic risk for each country was identified

by two variables - GDP and/or average wages (average wage of the employee in the country)

for each country in each year.

After identifying the variable of demographic risk (GDP and average wage), it is important

to determine its position in the model (input, output or dual variable). It is well known that

greater wealth and income are associated with greater tolerance of financial risk as investment

losses are easier to compensate, as seen in Cooper et al. (2014), Finke and Huston (2003),

Grable and Lytton (2003) or Hallahan et al. (2004). So, the logical risk variable is in this

type of model on the output page. However, when there is a discussion at conferences on

a similar topic, there are always different opinions whether this is a good position (financial

institutions are used by all people, and generally people do not like the risk or they do not

consider so much the country’s GDP or the average wage in their analysis/minds). In order to

24Eurostat
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find the most suitable position of the risk variable or variables, three models were used in the

dissertation thesis.

The three models are based on the overall model from the Chapter 4.2.6, more precisely

based on the Model 4.18 with dual-role variable which is precisely known. Three models

follow:

• model with risk variable - GDP of each country;

• model with risk variable - average wage of each country;

• model with two risk variables - GDP and average wage.

This model is shown in the illustration below in Figure 5.24. The risk variables that are

tested for their position are shown in italics25.

Figure 5.24: The structure of model with demographic risk

Source: author’s own processing, 2018

Table 5.15 compares these three models and the so called classic model which is the best

model so far - the model with missing values with the deposit variable on input side with the

VRS assumption.

In Table 5.15 are seen average efficiencies for all four above mentioned models. Again,

there are average efficiencies for each year in the time period from 2005 to 2015. There are

three types of the average efficiencies, as usual. First, the over all average of all financial

institutions called as efficiency is shown. Then the efficiencies based on size and origin of the

financial institution are introduced.

The first analysis, which is not mentioned in Table 5.15, has found that it is appropriate

(almost 90 % of calculations) to place the demographic risk variable of any type on output side

(as output variable). Therefore, it is confirmed that greater wealth and income are associated

25The Figure 5.24 solves the question of the position of one or two risk variables, which is subsequently

resolved that GDP and average wage (or both) should always be on the output side.
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with greater tolerance of financial risk as investment losses are easier to replace, as seen in

Cooper et al. (2004), Finke and Huston (2003), Grable and Lytton (2003) or Hallahan et al.

(2004).

Table 5.15: Comparison of models with different risk variables in time period 2005-2015

GDP wage both classic GDP wage both classic GDP wage both classic

2005 2006 2007

efficiency 0.8086 0.8075 0.9004 0.7935 0.8160 0.8092 0.8889 0.8075 0.7895 0.7786 0.8488 0.7595

micro 0.8715 0.9247 0.9864 0.9138 0.8583 0.8639 0.9392 0.8548 0.8546 0.7605 0.8890 0.7416

small 0.7280 0.6985 0.8297 0.6821 0.8428 0.8321 0.8938 0.8173 0.8522 0.8214 0.8701 0.7877

medium 0.7766 0.7433 0.8516 0.7344 0.7003 0.6628 0.7619 0.6649 0.6210 0.6122 0.6655 0.6100

big 0.8638 0.8774 0.9370 0.8587 0.8603 0.8799 0.9598 0.8959 0.8365 0.9355 0.9815 0.9113

CZ 0.9074 0.9564 0.9624 0.9394 0.8951 0.9091 0.9173 0.8913 0.8917 0.8844 0.9196 0.8570

HU 0.7298 0.6965 0.7456 0.6800 0.6747 0.6316 0.6918 0.6351 0.5915 0.5710 0.6384 0.5713

PL 0.7444 0.7603 0.8999 0.7502 0.7660 0.7964 0.9544 0.8079 0.7711 0.7868 0.8696 0.7612

SK 0.8587 0.7858 0.9938 0.7729 0.9649 0.8984 0.9872 0.8909 0.9239 0.8681 0.9774 0.8450

GDP wage both classic GDP wage both classic GDP wage both classic

2008 2009 2010

efficiency 0.7778 0.7507 0.8414 0.7352 0.8541 0.8187 0.8834 0.8083 0.7602 0.7481 0.8827 0.7375

micro 0.8186 0.8181 0.8442 0.7890 0.9141 0.8435 0.9219 0.8380 0.7665 0.7238 0.8724 0.7163

small 0.6722 0.6194 0.7735 0.6103 0.8035 0.7870 0.8505 0.7771 0.6548 0.6491 0.7950 0.6466

medium 0.7495 0.6650 0.7921 0.6422 0.7924 0.7261 0.8162 0.7061 0.7351 0.6927 0.9200 0.6762

big 0.8841 0.9298 0.9625 0.9307 0.9067 0.9198 0.9431 0.9142 0.9017 0.9543 0.9556 0.9355

CZ 0.8434 0.8347 0.8607 0.8252 0.9022 0.9013 0.9076 0.8950 0.7852 0.7876 0.7995 0.7882

HU 0.7474 0.6101 0.7629 0.5820 0.8103 0.7681 0.8263 0.7507 0.8338 0.7276 0.8713 0.7020

PL 0.7383 0.7634 0.8212 0.7516 0.8119 0.7623 0.8464 0.7478 0.7815 0.8110 0.9179 0.7941

SK 0.7731 0.7633 0.9460 0.7506 0.9013 0.8427 0.9828 0.8427 0.6115 0.6066 1.0000 0.6038

GDP wage both classic GDP wage both classic GDP wage both classic

2011 2012 2013

efficiency 0.8028 0.7834 0.9148 0.7691 0.7966 0.8144 0.9132 0.8065 0.8179 0.7945 0.9370 0.7899

micro 0.9009 0.8247 0.9449 0.8124 0.8305 0.7955 0.9280 0.7933 0.8338 0.8197 0.9492 0.7989

small 0.6575 0.6462 0.7807 0.6356 0.7100 0.7155 0.8030 0.7057 0.7294 0.7160 0.8548 0.7091

medium 0.8104 0.7715 0.9730 0.7358 0.7658 0.7776 0.9356 0.7661 0.7908 0.7047 0.9517 0.7095

big 0.8664 0.9146 0.9827 0.9162 0.8878 0.9889 1.0000 0.9808 0.9268 0.9506 1.0000 0.9569

CZ 0.8573 0.8504 0.8775 0.8403 0.8472 0.8549 0.8604 0.8466 0.8405 0.8434 0.8567 0.8312

HU 0.8306 0.8419 0.8846 0.7964 0.8525 0.8072 0.8740 0.7973 0.8775 0.7805 0.9362 0.7642

PL 0.7816 0.7973 0.9417 0.7908 0.8072 0.9192 0.9720 0.9071 0.8795 0.8784 1.0214 0.8858

SK 0.7185 0.6000 0.9740 0.5966 0.6416 0.6031 0.9559 0.6030 0.6272 0.6047 0.9439 0.6060

GDP wage both classic GDP wage both classic

2014 2015

efficiency 0.7452 0.7400 0.9192 0.7383 0.7873 0.7825 0.9828 0.7825

micro 0.7979 0.7907 0.9413 0.7782 0.8114 0.8197 1.0000 0.8116

small 0.6873 0.6718 0.8575 0.6400 0.6667 0.6923 0.9349 0.6994

medium 0.6475 0.6019 0.8804 0.6075 0.8405 0.7331 1.0000 0.7255

big 0.8550 0.9166 1.0000 0.9609 0.8513 0.8949 1.0000 0.9028

CZ 0.8440 0.8477 0.8706 0.8086 0.9719 0.9727 0.9746 0.9738

HU 0.7809 0.7014 0.8645 0.6929 0.9616 0.9217 1.0000 0.9072

PL 0.7865 0.8302 0.9639 0.8749 0.7174 0.7836 0.9710 0.7904

SK 0.5087 0.4975 1.0000 0.4930 0.5025 0.4328 1.0000 0.4330

Source: author’s own processing, 2017
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The results of the Table 5.15 for overall mean efficiency show that the highest efficiency

score is always given for a model with two demographic risk variables - GDP and average

wage. Other results are also unambiguous, i.e. apart from 2012 and 2015, there are minor

differences that will be described below. In general, the overall average efficiency is said to

be the highest for two demographic risk variables, followed by a model with a demographic

risk variable - GDP, then a model with a demographic risk variable - an average wage and

ultimately a classical model. As already mentioned, in 2012 and 2015 it was different. More

specifically, in 2012 the efficiency of the model with a demographic risk variable - GDP had

the lowest score. In 2015, all values of efficiency for models with one demographic risk

variable and the classical model were very similar if not equal. However, these changes are

only occasional, even in the overall results, so they can be considered as generally valid. Thus,

it can be deduced that demographic risk variables are important for analysis. However, it is

inappropriate to use two variables of the same type, as the efficiency score is very high and

therefore many DMUs are efficient and there is no room for improvement or recommendations

for improvement. Also, when analysing the correlation between variables, it can be seen that

the variable - average wage is contained in the GDP variable. This is to be seen in the fact

that the classic model and the new model are only very close to demographic variables - the

average wage.

From the perspective of the origin and size of financial institutions, the results were not as

clear (except for the demographic risk variable as the output variable). Based on an analysis of

the origin of financial institutions, it was found that the efficiency score of financial institutions

is higher for Hungarian and Slovak financial institutions if GDP is used as a demographic risk

variable, while in the case of Czech and Polish financial institutions with the average wage

demographic risk variables have higher efficiency score. Very interesting results were based

on the size of financial institutions. For micro, small and medium-sized financial institutions,

it is true that the demographic risk variable - GDP brought the highest efficiency score, but it is

the opposite for large financial institutions. The highest efficiency score in most cases is with

the average wage the demographic risk variable. It appears, that the big financial institutions

are more dependent on client wages than other types, which rather depends on the overall

situation of states.

However, the demographic risk variable is not exactly what would cover all the require-

ments of this doctoral dissertation. GDP and average wage are not so much associated with
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financial institutions from this point of view and therefore, the following subchapter with the

so-called financial risk variable is presented and the results of this part are not further investi-

gated.

5.5.2 Models with financial risk variables

As with demographic risk, financial risk can be expressed in different ways. For exam-

ple, the inclusion of the VaR under the New Basel II (Basel II) as described in Kao and Liu

(2000) and Chen et al. (2013), or credit rating, such as Caldis (2007) or at least in works

where credit ratings and DEA models were compared, Chiu et al. (2009) and Iazzolino et al.

(2013). Based on this research, the first step was to work with the variable - country credit

ratings. The three main agencies had been analysed: Standard& Poor’s, Fitch, and Moody’s.

The rating of Moody’s Agency is even listed in Table 5.16 26, but during the analysis of these

credit ratings the so-called Country Risk rating has been found. And this Country Risk rating

appeared to be the best choice as a financial risk variable. In future, the credit ratings will be

used as well, but due to the length of work, only this one rating was chosen27.

Country Risk

Country Risk or more precisely, Euromoney Country Risk (ECR) is an online community

of economic and political experts that provides real time scores in 15 categories that relate to

economic, structural and political risk. The consensus expert scores, combined with data from

the IMF/ World Bank on debt indicators, a survey of debt syndicate managers at international

banks on access to capital and Moody’s/Fitch credit ratings create the Euromoney Country

Risk score (100) for 187 individual countries28.

ECR, or from this time so-called Country Risk, evaluates the investment risk of a country,

such as risk of default on a bond, risk of losing direct investment, risk to global business

relations etc, by taking a qualitative model, which seeks an expert opinion on risk variables

within a country (70 % weighting) and combining it with three basic quantitative values (30 %

weighting). More information about the calculation of the calculation of the Country Risk may

be found in the web www.euromoneycountryrisk.com.

26Ratings of these three agencies are very similar, what each number means can be found on the web side of

agency Moody’s and Trading economy.
27Country Risk is even used by the credit agencies.
28quoted from www.euromoneycountryrisk.com
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Country Risk is displayed on a 100 point scale, with 100 being nearly devoid of any

risk, and 0 being completely exposed to every risk. This means that it is precisely set that

this variable, the financial risk variable, Country Risk has to be set on the output side of the

model. The values of the Country Risk are seen in Table 5.16. Looking at Table 5.16, it

is clear that Country Risk and Moody’s ratings provide similar information for the Czech

Republic, Hungary and Slovakia. For the Czech Republic, both indicators are more or less

stable (around 78 and A1), as is the case for Slovakia (73 and A1-A2). Hungary’s Country

Risk reduces (worsens), as does Moody’s rating. Only in Poland we see that Moody’s rating is

stable, but Country Risk is improving. However, it can be seen that Country Risk is a relevant

variable and can be used for that analysis.

Table 5.16: Country Risk and credit rating

2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015

Country Risk

Czech Republic 76.45 79.00 77.93 79.94 79.12 78.83 80.23 78.18 78.34 79.11 79.85

Hungary 78.62 79.96 78.09 76.81 72.71 72.97 72.91 70.79 70.48 68.98 68.26

Poland 66.99 65.68 68.44 72.22 74.6 76.05 76.77 77.48 76.54 77.37 77.05

Slovakia 74.39 74.35 74.9 76.25 73.5 74.94 74.26 74.5 73.95 74.29 72.14

Moody’s Agency

Czech Republic A1 A1 A1 A1 A1 A1 A1 A1 A1 A1 A1

Hungary A1 A1/A2 A2 A3 Baa1 Baa1/Baa3 Ba1 Ba1 Ba1 Ba1 Ba1

Poland A2 A2 A2 A2 A2 A2 A2 A2 A2 A2 A-

Slovakia A2 A2/A1 A1 A1 A1 A1 A1 A2 A2 A2 A2

Source: https://www.euromoneycountryrisk.com/ and https://countryeconomy.com/ratings, 2018

For better illustration, the calculated model is shown in Figure 5.25. The financial risk

variable on output side as the last one - Country Risk. The model 4.12 with deposit on the

input side and financial risk variable on the output side is used.

Figure 5.25: The structure of model with financial risk

Source: author’s own processing, 2018
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Table 5.17 provides results for the model in Figure 5.25, plus there is the result of the

average efficiency of the classic model for the opportunity to compare the results. The rest of

the classical model can be seen in Table 5.15.

Table 5.17: Results of models with financial risk variable in time period 2005-2015

2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015

efficiency - model with risk variable

0.6985 0.7287 0.6317 0.5733 0.7491 0.6454 0.6567 0.7033 0.7195 0.6565 0.6125

efficiency - classical model

0.7935 0.8075 0.7595 0.7352 0.8083 0.7375 0.7691 0.8065 0.7899 0.7383 0.7825

micro 0.9155 0.8552 0.7357 0.7878 0.8416 0.7223 0.8180 0.7914 0.8055 0.7622 0.7985

small 0.6706 0.8065 0.7728 0.5853 0.7761 0.6476 0.6763 0.7447 0.7600 0.7036 0.6823

medium 0.5445 0.5190 0.4517 0.4171 0.6491 0.4928 0.4974 0.5900 0.5904 0.5298 0.5118

big 0.6927 0.7587 0.5975 0.5424 0.7310 0.7303 0.6552 0.6902 0.7255 0.6386 0.4947

CZ 0.8885 0.8559 0.7937 0.6662 0.8233 0.7472 0.7918 0.8236 0.7969 0.7668 0.8546

HU 0.4968 0.4722 0.3689 0.4009 0.6606 0.4927 0.5221 0.6507 0.6968 0.6876 0.7102

PL 0.6629 0.7413 0.6397 0.5956 0.7046 0.6867 0.6704 0.6813 0.7284 0.6416 0.5064

SK 0.7361 0.8726 0.7610 0.6165 0.8163 0.6033 0.5863 0.6113 0.6056 0.4882 0.3965

Source: author’s own processing, 2018

The surprising finding in Table 5.17 is that the average efficiency score of the model with

the risk variable is lower than the average efficiency score of the classical model (classical

variable and missing values) for the whole period. These same results apply to most sub-

groups. In previous analyses, it has always been clear and possible to classify all institutions

for the entire period based on the size and the efficiency score (e.g. micro banks have less

efficiency score than small banks, etc.). The same applies to financial institutions by origin.

In this case, it is not. Given the impossibility of describing this situation, there are two figures

that better describe the situation - Figure 5.26 for financial institutions based on origin and

Figure 5.27 for financial institutions by size.

Figure 5.26 and Figure 5.27 describe the order of the average efficient score, where 1 is

the highest score and 4 is the lowest score. On the basis of the origin it can be clearly stated

that only the Czech Republic and Poland have more or less an invariable value. In the case

of the Czech Republic, it can be seen that the score is almost always the highest throughout

the period. Poland ranks between second or third during the whole time period. Hungary

has strengthened its position over the period and Slovakia weakens. These results support
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Figure 5.26: Average risk efficiency score for financial institutions based on origin

Source: author’s own processing, 2018

the theory that the Czech Republic is the best of all the measured states. It also supports the

position of Poland. However, improving the position of Hungary during the period is slightly

surprising. It should be recalled that, in the given period, Hungary sought to liberalize the

policy of financial institutions and solve the problem of currency fixation on the Swiss franc.

The deteriorating situation in Slovakia can then be explained by the euro’s income and tighter

EU quotas on the basis of the adoption of the euro.

Figure 5.27: Average risk efficiency score for financial institutions based on size

Source: author’s own processing, 2018

In the case of the risk efficiency score based on size, Figure 5.27, the situation is somewhat

easier. While the results are not the same for the entire period, they keep the trends. Micro
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banks have the highest efficient score, followed by small banks, big banks, and medium banks

have the lowest efficient scores. These results are similar to previous analyses. For example,

the lowest efficient score is the average bank. This may be due to the fact that medium-

sized financial institutions are not currently so-called trends. The population in the monitored

countries focuses only on the tradition. This means on the large financial institutions that

are for long time in the individual countries. Or they focus on the new financial trends of

new small institutions without many branches (that is, they are classified into small and micro

banks).

Overall, these results are analogous with the course of the economic, political and histori-

cal process described in the preceding chapters. It also coincides with the results of previous

analysis and research, and it is therefore possible to say that the inclusion of a financial eco-

nomic variable is appropriate and will provide us with more information, such as changes in

efficiency in the countries of Hungary and Slovakia.

5.5.3 Conclusion of models with risk variables

Based on the overall analysis, it can be concluded that risk variables are appropriate for a

better understanding of the situation in financial institutions. However, it is necessary to focus

on a specific area. More specifically, whether it is needed to use demographic or financial risk

variables. In the case of financial institution analysis it is for sure the use of the financial risk

variable. The variable Country Risk has been define as the best financial risk variable so far,

but in future work it would be interesting to look at other types of ratings or values which

describe the financial risk (VaR etc.).

5.6 Empirical results for total factor productivity indices

Based on the previous analysis, the best model for the analysis is the model with the

deposit variable on the input side with the VRS assumption and with the financial risk variable

as the Country Risk variable on the output side. This model had been chosen as the best model

for the following calculating of the total factor productivity indices by the classical index -

Malmquist index; and the alternative index - Hicks index.

The mathematical description of both factor productivity indices is in Chapter 4.3. In this

chapter there are compared just average differences of technical efficiencies always between

two years during the whole time period from 2005 to 2015. Different types of average effi-
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ciencies are only in tables in Annex 11 and Annex 12. In this chapter, there are introduced

nine graphs. The first one gives the idea about the over all average factor productivity of the

Malmquist and Hicks index. The following four are average factor productivity of Malmquist

and Hicks indices based on size. The last four graphs are average factor productivity of the

Malmquist and Hicks indices based on origin.

Figure 5.28: Average factor productivity of Malmquist and Hicks index for whole period

Source: author’s own processing, 2017

Figure 5.28 shows the results of average factor productivity over all financial institutions

of the Malmquist and Hicks index for whole time period from 2005 to 2015. It is seen, that

the Hicks index gives the highest results, but the development is similar. This is generally

true for all solutions. Generally speaking, productivity developments are the same whether

the traditional or alternative productivity index is used, but the Hicks index gives higher, more

positive values. Comparing the course of both indices as well as comparing the real situation,

it is probably better to use the alternative index - the Hicks index. The course of both indices

is very similar, but the Hicks index responds better to the edge situation. That is, in the

area around 1. More precisely, it better describes when the situation actually improves and

stagnates.

Figure 5.29 shows the results of average factor productivity of big, medium, small and
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micro financial institutions of Malmquist and Hicks index for whole time period from 2005 to

2015. Again, it is seen that the development is similar, mainly for big and micro size financial

institutions. The biggest difference is seen for the financial institutions. This difference in the

beginning of the time period is mainly cost by technical efficiency. For more details, see the

Annex 11 and Annex 12.

Figure 5.29: Average factor productivity of Malmquist and Hicks index for whole period for

big, medium, small and micro size financial institutions

Source: author’s own processing, 2017

Figure 5.30 shows the results of average factor productivity of the Czech, Hungarian,

Polish and Slovakia origin financial institutions of Malmquist and Hicks index for whole time

period from 2005 to 2015. The development of efficiencies is similar even for the financial

institutions based on origin. It is good to mention that the smallest difference is in the case of

Polish financial institutions. In case of the Czech financial institutions the biggest difference

is in the beginning of the time period. This time is the time of the financial crisis and it is

known that the Czech Republic changed a lot during this time. Also, it is seen in the closer

analysis that the technical analysis is the cause of the difference. In the case of Hungarian

financial institutions the biggest difference is in the end of the time period. This is caused

by the change of the Hungarian government and its behavior towards financial institutions.
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Slovak financial institutions report that their values are closest, especially in the 2010 period.

This can be a way of entering the EU and preparing for the euro changeover.

Figure 5.30: Average factor productivity of Malmquist and Hicks index for whole period for

CZ, HU, PL and SK origin of financial institutions

Source: author’s own processing, 2017

Conclusion of models with risk variables

Both the classic and the alternative total factor productivity indices are suitable for use

in the financial institutions. However, the question which index is more meaningful can not

be answered precisely. The results are very similar. At least, the trend of both indices are

similar. Generally, the alternative index, Hicks index provides lower score. From economical

point of view, the alternative index expresses the changes during the period more preciesly.

This is based on the previous analysis, where it was seen that the lowest efficiency score with

the financial risk variable provided better results according to the economical, political and

historical analysis.

5.7 Summary

At the beginning of the Chapter 5, three partial scientific questions were identified (see

Figure 5.1). The calculation for all of them was done. In the beginning, the model with the
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VRS assumption was identified as the better for the financial industry. Then the question about

the dual-role was decided. The variable deposit was defined as the input variable. Finally, the

risk variable was solved. From many different types of variables and ideas, the best was

identified as the Country risk variable. This best model was used for the analysis by the

Malmquist index and Hicks index.

Overall empirical results were also compared with other analysis and research and the

results are comparable. For example, it is seen that average efficiency slightly decreased

within the period 2005-2011. But the significant decrease in efficiency in 2012 and later

was a result of the financial crisis. This finding confirms results of Palečková (2015) for VG

countries or Anayiotos et al. (2010) where the efficiency development is presented for the

period during the crisis.

For all calculated models, it was also confirmed that the values of efficiency computed

by models with VRS assumption reach higher values than efficiency computed by the model

with CRS assumption. This is analogous to a lot of research, for example Stavárek (2005),

Palečková (2015), etc. And it is also a confirmation of the basic assumption of the correctness

of the DEA models. As in other research, from Stavárek (2005) to Palečková (2015), the

intermediate approach for the financial institution was chosen where the deposits should be

on input side. This had been increased by the findings of the risk variables - demographic and

financial risk variables. The findings from these analyses could not been compared so well,

because there is no such research for these variables, but the findings were generally the same

as for the basic variables, see below.

As in work by Palečková (2015), it was found that the Czech financial sector was generally

the most efficient under the assumptions of the CRS. On the other hand, this financial sector

was the most efficient even under the VRS assumption. Palečková (2015) for example, as

the most efficient sector under the assumptions of the VRS identified the Hungarian financial

sector. She connects this result to the size of the banks, which is analogous to results of

this research, where the best Hungarian financial institutions are medium. This is supported

by her assertion that especially large Hungarian banks in the market have improperly chosen

their size. The least efficient were the Polish and Slovak banking sectors. These results are

consistent with the conclusion of Stavárek and Polouček (2004), Stavárek (2005), Melecký

and Stanı́čková (2012) or Palečková (2015) who evaluated the Czech financial industry as the

most efficient. The reason for the inefficiency of the financial institutions is the excess of
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clients’ deposits in banks’ balance sheets. To improve the efficiency of a financial institution,

they should reduce deposits in balance sheets and reduce assets. Financial institutions should

orient to the reduction of their inputs rather than increasing their outputs (the reduction of

inputs would lead to higher efficiency more than increasing of outputs).

Based on analysis of financial efficiency of the group of large, medium, small and micro

financial institutions in VG countries as well as in the Czech Republic, Hungary, Polish and

Slovakia, results show that the group of small financial institutions was the most efficient

under the CRS assumption and the group of big financial institutions was the most efficient

under the CRS assumption. The group of big financial institution was the most efficient in

Poland. In the Czech Republic and Slovakia, small and micro financial institutions were the

most efficient and large banks were the most efficient in Hungary. These results are slightly

different than work by Palečková (2015), Řepková 2014 and Řepková (2013b), but similar to

Nikiel and Opiela (2002) and the results from the 1990s. The problem of different results with

work by Palečková and Řepková may be caused also by the different scale (these works have

just 3 sizes).

The rest of the doctoral dissertation can not be compared with other research for the same

environment, as these models and approaches are new. However, even the models with the

risk variable/variables provides a similar results. At lest, the trend and overall results are

similar, for example, the Czech financial institutions are the best, the Hungarian improves

during the time period and so on. The use of the Malmquist and Hicks index in one time is

also new for a new type of model (model with the risk variable). The Hicks index provides

a slightly lower score then the Malmquist index. Again their results support the results of

all analysis (development of DEA score) and the economic development so they may provide

good information. Still, more analysis has to be done in future to see which one is better.
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6 Conclusion

The financial sector is an important part of today’s economic system. The financial sector

has an extreme impact on both macroeconomics and microeconomics. Banking and other fi-

nancial institutions play a significant role. For example, they affect the allocation of financial

resources. Banks and financial institutions have to be efficient if they want to properly allo-

cate the economic resources. Nowadays, the global interconnection of all participants in the

financial sector brings both advantages (easier mobility capital, more efficient allocation of

resource, lower prices for consumers and so on) and disadvantages. If the economy of some

country or region is not healthy, the impact of the unhealthy and inefficient financial sector

may have a great effect on each individual participant and also on the entire economic system.

That is why monitoring, analysing and better understanding of the situation in the bank-

ing and financial sector should lead to minimizing the problems. More precisely, efficiency

measurements of the banking and financial sector determine the performance of all evaluated

units (banks and financial institutions) and it helps them to detect different possibilities to

improve. These measurements provide valuable knowledge to the market regulators and give

them material for their decisions. The responsible institutions are able to set better rules for

management and supervision in the financial sector if they know the real state of the efficiency

score compared to others.

This doctoral dissertation focuses on the creation of new DEA model/models which will

serve to better monitor, analyse and understand to the situation in the financial sector of the

VG countries. In other words, the main goal of the doctoral dissertation is to create or modify

the basic DEA models based on the needs of the financial environment, and apply these new

models to evaluate the financial sector in the Visegrad Group countries during the time period

2005-2015. The theoretical part of this doctoral dissertation is done in Chapter 3. There are

introduced a two new models - model M6 - Model with Risk Variable I and model M7 - Model

with Risk Variable II. The practical part is solved in Chapter 4.

Four scientific questions are defined to achieve the main aim. These scientific questions

are also solved in this doctoral dissertation. All these questions are solved mathematically

in Chapter 4 and applied in Chapter 5. However, before their mathematical solution, it is

necessary to solve the model variables and the assumption of return to scale. For the selection

of variables, a classic intermediation approach and a model that is extended by non-traditional
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activities is used. The second mentioned model with non-traditional activities is found to be

more relevant to the issue. The assumption of return to scale is also drawn and there is seen

a first signs of the VRS confirmation, but still both versions are tested in the following first

scientific question. The first scientific question deals with the general problem of the financial

institutions - missing data and that means to deal with the DEA models for missing variables.

The problem of missing parameters is solved by DEA models with data in the interval. These

intervals are obtained by several estimates - regressions, averages, etc. Based on the close

analysis of all different models with missing data and a different assumption for the return

to scale (CRS and VRS) or a different set of input and output variables, there is found one,

the best version of the model - the model with the VRS assumption. This model is used and

modified again to solve the second scientific question. More specifically, how to deal with

the idea that some input or output variables may be in both positions (as input and output

variables in one time - in this case the deposits). The special DEA model with the dual-role

variable has been managed. This model has shown that the deposits should really be on the

input side. However, this improved DEA model with the dual-role variable has been used in

the third scientific question for another modification. This question deals with the problem

of the risk variable - a variable which may have a different position, but the goal is to put

this special variable into the model to provide more information about the environment of the

financial institutions and risks which may occur in the region. Based on these three scientific

question, two new models are defined in subsection 5.5. One of this models is used farther

for the last scientific question. Which of the two indices (the classical total productive index

(Malmquist) or the alternative total productive index (Hicks)) gives more information and has

better tangible values. The last scientific question has not been completely solved. Based on

previous research, it was assumed that the alternative index should be more advantageous, but

with the use of the new model, there was no such calculation. In the end, the results of a new

calculation were the slightly similar - the alternative index provides the lower score then the

classical, but the trend has been same. However, the new models have met expectations and

they have expanded opportunities for better understanding the situation of the analysis in the

VG countries and their financial sector.

In the future, it would be appropriate to extend the database of financial institutions in

terms of time and quantity. It would also be worthwhile exploring other options for dual-

role variables. The possibility of using deposits as a dual-role variable (as variable of input
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and output position) is contemplated in the present case based on the percentage distribution,

which should be related to the size of the financial institutions. Extending other risk factors

would also be appropriate, for example as some fuzzy variables or VaR. Also, the fourth

scientific question has to be analysed closely.
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[28] Bod’a, M. and Z. Piklová. The Production or Intermediation Approach?: It Matters.

Contemporary Trends and Challenges in Finance. 2018, pp. 111-120.
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[105] Hančlová, J. and L. Chytilová. The impact of inclusion of non-traditional activities

on efficiencies in European banking industry using the CCR-I model. In: Proceedings of

the 11th International Conference on Strategic Management and its Support by Informa-
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[154] Řepková, I. Estimation of the cost and profit efficiency of the Slovak banking sector. In:

Proceedings of 9th International Scientific Conference Financial Management of Firms
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revue, 2012, 15(3), pp. 145-156. ISSN: 1212-3951.
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vix
L
ijo + qijo(x

U
ijo − xL

ijo)
)

= 1
∑s

r=1
µry

L
rj +

∑s
r=1

prj(y
U
rj − yL

rj)−
∑m

i=1
vix

L
ij −

∑m
i=1

qij(x
U
ij − xL

ij) + γwo − βwo ≤ 0, j = 1, ..., n

qij − vi ≤ 0, i = 1, ...,m

prj − µr ≤ 0, r = 1, ..., s

ui, µr, γ, β ≥ ε, ∀ i, r

qij, prj,≥ 0, ∀ i, r, j.

- with the VRS assumption

max fo(µ, µo) =
∑s

r=1

(

µry
L
rjo + prjo(y

U
rjo − yL

rjo)
)

+ γwo − βwo − µo

s.t.
∑m

i=1

(

vix
L
ijo + qijo(x

U
ijo − xL

ijo)
)

= 1
∑s

r=1
µry

L
rj +

∑s
r=1

prj(y
U
rj − yL

rj)−
∑m

i=1
vix

L
ij −

∑m
i=1

qij(x
U
ij − xL

ij) + γwo − βwo − µo ≤ 0, j = 1, ..., n

qij − vi ≤ 0, i = 1, ...,m

prj − µr ≤ 0, r = 1, ..., s

ui, µr, γ, β ≥ ε, ∀ i, r

qij, prj,≥ 0, ∀ i, r, j

µo free in sign.
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Annex 1

Table 6.1: List of analysed banks.

# DMU Name of Bank Country

DMU01 Bank Handlowy w Warszawie S.A. PL

DMU02 Bank Millennium PL

DMU03 Bank Ochrony Srodowiska SA - BOS SA-Bank Ochrony Srodowiska Capital Group PL

DMU04 Bank Polska Kasa Opieki SA-Bank Pekao SA PL

DMU05 Bank Zachodni WBK S.A. PL

DMU06 Ceska Sporitelna a.s. CZ

DMU07 Ceskomoravska Zarucni a Rozvojova Banka a.s.-Czech Moravian Guarantee and Develpoment Bank CZ

DMU08 Ceskoslovenska Obchodni Banka A.S.- CSOB CZ

DMU09 CIB Bank Ltd-CIB Bank Zrt HU

DMU10 CSOB from Slovakia SK

DMU11 Erste Bank Hungary Nyrt HU

DMU12 Expobank CZ a.s. CZ

DMU13 Hypotecni banka a.s. CZ

DMU14 ING Bank Slaski S.A. - Capital Group PL

DMU15 J&T Banka as CZ

DMU16 K&H Bank Zrt HU

DMU17 MBank Hipoteczny SA PL

DMU18 mBank SA PL

DMU19 MKB Bank Zrt HU

DMU20 Modra pyramida stavebni sporitelna as CZ

DMU21 OTP Bank Plc HU

DMU22 OTP Banka Slovensko, as SK

DMU23 PPF banka a.s. CZ

DMU24 Prima banka Slovensko a.s. SK

DMU25 Raiffeisen Bank Zrt HU

DMU26 Raiffeisen stavebni sporitelna AS CZ

DMU27 RBS Bank (Polska) SA PL

DMU28 Sberbank Slovensko, as SK

DMU29 SGB Bank SA PL

DMU30 Stavebni Sporitelna Ceske Sporitelny as CZ

DMU31 Tatra Banka a.s. SK

DMU32 Unicredit Bank Czech Republic and Slovakia AS CZ

DMU33 UniCredit Bank Hungary Zrt HU

DMU34 Volkswagen Bank Polska PL

DMU35 Vseobecna Uverova Banka a.s. SK

Source: author’s own processing, 2017
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Annex 2

Table 6.2: Distribution of banks according to the size.

DMU of Bank 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015

DMU01 L L L E E E E E E E E

DMU02 E E E E E L L L L L L

DMU03 S S S S S S S S S S S

DMU04 L L L L L L L L L L L

DMU05 L L L L L L L L L L L

DMU06 L L L L L L L L L L L

DMU07 S S S S S S M S S S M

DMU08 L L L L L L L L L L L

DMU09 E E E L E E E E E S S

DMU10 M M M M M M M M M M M

DMU11 E E E E E E E E E S S

DMU12 M M M M M M M M M M M

DMU13 S S S S S S S E E E E

DMU14 L L L L L L L L L L L

DMU15 M M M M M M S S S S S

DMU16 L L E L L L E E E E E

DMU17 M M M M M M M M M M M

DMU18 L L L L L L L L L L L

DMU19 E E E E L E E E E E E

DMU20 S S S S S S S S S S S

DMU21 L L L L L L L L L L L

DMU22 S S S M M M M M M M M

DMU23 M M M M S S S S S S S

DMU24 S S S S S S M M M M M

DMU25 E E E E E E E E E E E

DMU26 S S S S S S S S M M S

DMU27 M M M S M M M M M M M

DMU28 M M M M M M M M M M M

DMU29 M M M M M M S M S S S

DMU30 S S S S S S S S S S S

DMU31 E E E E E E E E E E E

DMU32 E E L E E E L L L L L

DMU33 S S E S S S S S S E E

DMU34 M M M M M M M M M M M

DMU35 E E E E E E E E E E E

Source: author’s own processing, 2017

Note: M = Micro Bank, S = Small Bank, E = Medium bank, L = Large Bank
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Annex 3

Table 6.3: Averages of efficiencies for Models A

ACM

2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015

efficiency 0.6454 0.6717 0.5737 0.5167 0.7059 0.6101 0.6078 0.6656 0.6730 0.5773 0.5768

micro 0.6874 0.6423 0.5319 0.5507 0.6869 0.5795 0.6576 0.6726 0.6606 0.5579 0.6741

small 0.6593 0.7861 0.7347 0.5588 0.7655 0.6487 0.6211 0.6920 0.6922 0.5876 0.6569

medium 0.5442 0.5170 0.4517 0.4171 0.6500 0.4928 0.4991 0.5971 0.6098 0.5233 0.5027

big 0.6905 0.7575 0.5975 0.5424 0.7198 0.7303 0.6551 0.6976 0.7276 0.6406 0.4898

CZ 0.8352 0.8323 0.7542 0.6407 0.7935 0.7261 0.7333 0.7563 0.7133 0.6492 0.8399

HU 0.4976 0.4706 0.3689 0.4009 0.6487 0.4926 0.5243 0.6644 0.7234 0.6845 0.6949

PL 0.5533 0.6023 0.4992 0.4824 0.6189 0.6008 0.5786 0.6248 0.6772 0.5743 0.4575

SK 0.7228 0.8388 0.7504 0.5315 0.8001 0.5853 0.5604 0.5924 0.5497 0.3855 0.3566

ACT

2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015

efficiency 0.6522 0.6738 0.5737 0.5167 0.7059 0.6101 0.6072 0.6656 0.6742 0.5774 0.5817

micro 0.6874 0.6423 0.5319 0.5507 0.6869 0.5795 0.6576 0.6726 0.6606 0.5579 0.6751

small 0.6604 0.7933 0.7347 0.5588 0.7655 0.6487 0.6206 0.6920 0.6968 0.5876 0.6622

medium 0.5730 0.5184 0.4517 0.4171 0.6500 0.4928 0.4984 0.5971 0.6101 0.5233 0.5115

big 0.6855 0.7578 0.5975 0.5424 0.7198 0.7303 0.6538 0.6976 0.7276 0.6407 0.4937

CZ 0.8365 0.8393 0.7542 0.6407 0.7935 0.7261 0.7327 0.7563 0.7172 0.6492 0.8430

HU 0.5277 0.4709 0.3689 0.4009 0.6487 0.4926 0.5238 0.6644 0.7234 0.6845 0.7102

PL 0.5499 0.6024 0.4992 0.4824 0.6189 0.6008 0.5783 0.6248 0.6774 0.5743 0.4585

SK 0.7233 0.8399 0.7504 0.5315 0.8001 0.5853 0.5590 0.5924 0.5497 0.3855 0.3613

ACR

2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015

efficiency 0.6522 0.6738 0.5737 0.5167 0.7059 0.6101 0.6072 0.6656 0.6742 0.5774 0.5817

micro 0.6874 0.6423 0.5319 0.5507 0.6869 0.5795 0.6576 0.6726 0.6606 0.5579 0.6751

small 0.6604 0.7933 0.7347 0.5588 0.7655 0.6487 0.6206 0.6920 0.6968 0.5876 0.6622

medium 0.5730 0.5184 0.4517 0.4171 0.6500 0.4928 0.4984 0.5971 0.6101 0.5233 0.5115

big 0.6855 0.7578 0.5975 0.5424 0.7198 0.7303 0.6538 0.6976 0.7276 0.6407 0.4937

CZ 0.8365 0.8393 0.7542 0.6407 0.7935 0.7261 0.7327 0.7563 0.7172 0.6492 0.8430

HU 0.5277 0.4709 0.3689 0.4009 0.6487 0.4926 0.5238 0.6644 0.7234 0.6845 0.7102

PL 0.5499 0.6024 0.4992 0.4824 0.6189 0.6008 0.5783 0.6248 0.6774 0.5743 0.4585

SK 0.7233 0.8399 0.7504 0.5315 0.8001 0.5853 0.5590 0.5924 0.5497 0.3855 0.3613

Source: author’s own processing, 2017
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Annex 4

Table 6.4: Averages of efficiencies for Models B

BCM

2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015

efficiency 0.4770 0.5300 0.5082 0.2933 0.5552 0.5636 0.5260 0.5990 0.5922 0.4896 0.5228

micro 0.5106 0.4800 0.4689 0.3136 0.5266 0.5553 0.5729 0.6376 0.6044 0.5125 0.5989

small 0.5369 0.6640 0.6546 0.4533 0.6468 0.6408 0.5950 0.6727 0.6680 0.5531 0.6458

medium 0.3415 0.3962 0.3808 0.1854 0.4194 0.3884 0.3606 0.4560 0.4473 0.3764 0.4387

big 0.5326 0.6051 0.5526 0.2668 0.6449 0.7006 0.5971 0.6387 0.6601 0.5231 0.4318

CZ 0.8191 0.8131 0.7495 0.4997 0.6848 0.7073 0.7048 0.7351 0.6863 0.6219 0.8221

HU 0.2450 0.3339 0.3022 0.1425 0.4085 0.3677 0.3633 0.4816 0.5373 0.4079 0.5811

PL 0.4371 0.4539 0.4641 0.2644 0.5489 0.5916 0.5179 0.5805 0.6128 0.5324 0.4072

SK 0.4517 0.5510 0.5396 0.3098 0.5522 0.5598 0.4874 0.5623 0.4752 0.3351 0.3188

BCT

2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015

efficiency 0.4773 0.5323 0.5082 0.2933 0.5552 0.5636 0.5257 0.5990 0.5922 0.4900 0.5289

micro 0.5115 0.4801 0.4689 0.3136 0.5266 0.5553 0.5750 0.6376 0.6044 0.5139 0.6014

small 0.5336 0.6705 0.6546 0.4533 0.6468 0.6408 0.5942 0.6727 0.6680 0.5531 0.6501

medium 0.3429 0.3984 0.3808 0.1854 0.4194 0.3884 0.3596 0.4560 0.4473 0.3764 0.4462

big 0.5347 0.6063 0.5526 0.2668 0.6450 0.7006 0.5960 0.6387 0.6601 0.5231 0.4400

CZ 0.8158 0.8203 0.7495 0.4997 0.6848 0.7073 0.7045 0.7351 0.6863 0.6233 0.8236

HU 0.2460 0.3346 0.3022 0.1425 0.4085 0.3677 0.3623 0.4816 0.5373 0.4079 0.5938

PL 0.4378 0.4547 0.4641 0.2644 0.5489 0.5916 0.5176 0.5805 0.6129 0.5324 0.4120

SK 0.4539 0.5528 0.5396 0.3098 0.5522 0.5598 0.4883 0.5623 0.4752 0.3351 0.3242

BCR

2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015

efficiency 0.4773 0.5323 0.5082 0.2933 0.5552 0.5636 0.5252 0.5990 0.5922 0.4896 0.5289

micro 0.5115 0.4801 0.4689 0.3136 0.5266 0.5553 0.5729 0.6376 0.6044 0.5125 0.6014

small 0.5336 0.6705 0.6546 0.4533 0.6468 0.6408 0.5942 0.6727 0.6680 0.5531 0.6501

medium 0.3429 0.3984 0.3808 0.1854 0.4194 0.3884 0.3596 0.4560 0.4473 0.3764 0.4462

big 0.5347 0.6063 0.5526 0.2668 0.6450 0.7006 0.5960 0.6387 0.6601 0.5231 0.4400

CZ 0.8158 0.8203 0.7495 0.4997 0.6848 0.7073 0.7045 0.7351 0.6863 0.6219 0.8236

HU 0.2460 0.3346 0.3022 0.1425 0.4085 0.3677 0.3623 0.4816 0.5373 0.4079 0.5938

PL 0.4378 0.4547 0.4641 0.2644 0.5489 0.5916 0.5176 0.5805 0.6129 0.5324 0.4120

SK 0.4539 0.5528 0.5396 0.3098 0.5522 0.5598 0.4857 0.5623 0.4752 0.3351 0.3242

Source: author’s own processing, 2017
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Annex 5

Table 6.5: Averages of efficiencies for Models A

AVM

2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015

efficiency 0.7937 0.8156 0.7621 0.7380 0.8171 0.7449 0.7749 0.8125 0.7993 0.7425 0.7859

micro 0.9139 0.8568 0.7508 0.7934 0.8382 0.7197 0.8124 0.7933 0.8035 0.7817 0.8253

small 0.6821 0.8176 0.7882 0.6103 0.7870 0.6540 0.6370 0.7057 0.7134 0.6400 0.6983

medium 0.7344 0.6923 0.6100 0.6487 0.7240 0.6778 0.7390 0.7854 0.7376 0.6198 0.7260

big 0.8595 0.8959 0.9116 0.9307 0.9207 0.9550 0.9378 0.9872 0.9569 0.9609 0.9037

CZ 0.9394 0.8933 0.8573 0.8289 0.9011 0.7911 0.8403 0.8466 0.8389 0.8139 0.9738

HU 0.6800 0.6651 0.5713 0.5820 0.7658 0.7044 0.7996 0.8008 0.7777 0.7004 0.9071

PL 0.7508 0.8079 0.7690 0.7516 0.7592 0.8126 0.8048 0.9157 0.8995 0.8751 0.8021

SK 0.7729 0.8909 0.8454 0.7608 0.8427 0.6070 0.6007 0.6155 0.6083 0.4971 0.4323

AVT

2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015

efficiency 0.8012 0.8168 0.7621 0.7380 0.8171 0.7449 0.7737 0.8125 0.7993 0.7425 0.7863

micro 0.9187 0.8568 0.7508 0.7934 0.8382 0.7197 0.8124 0.7933 0.8035 0.7817 0.8253

small 0.6878 0.8225 0.7882 0.6103 0.7870 0.6540 0.6363 0.7057 0.7134 0.6400 0.6996

medium 0.7389 0.6923 0.6100 0.6487 0.7240 0.6778 0.7370 0.7854 0.7376 0.6198 0.7261

big 0.8748 0.8959 0.9116 0.9307 0.9207 0.9550 0.9355 0.9872 0.9569 0.9609 0.9037

CZ 0.9466 0.8976 0.8573 0.8289 0.9011 0.7911 0.8403 0.8466 0.8389 0.8139 0.9738

HU 0.6950 0.6651 0.5713 0.5820 0.7658 0.7044 0.7989 0.8007 0.7777 0.7004 0.9072

PL 0.7569 0.8079 0.7690 0.7516 0.7592 0.8126 0.8032 0.9157 0.8995 0.8751 0.8021

SK 0.7733 0.8909 0.8454 0.7608 0.8427 0.6070 0.5981 0.6155 0.6083 0.4971 0.4334

AVR

2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015

efficiency 0.8012 0.8168 0.7621 0.7380 0.8171 0.7449 0.7737 0.8125 0.7993 0.7425 0.7863

micro 0.9187 0.8568 0.7508 0.7934 0.8382 0.7197 0.8124 0.7933 0.8035 0.7817 0.8253

small 0.6878 0.8225 0.7882 0.6103 0.7870 0.6540 0.6363 0.7057 0.7134 0.6400 0.6996

medium 0.7389 0.6923 0.6100 0.6487 0.7240 0.6778 0.7370 0.7854 0.7376 0.6198 0.7261

big 0.8748 0.8959 0.9116 0.9307 0.9207 0.9550 0.9355 0.9872 0.9569 0.9609 0.9037

CZ 0.9466 0.8976 0.8573 0.8289 0.9011 0.7911 0.8403 0.8466 0.8389 0.8139 0.9738

HU 0.6950 0.6651 0.5713 0.5820 0.7658 0.7044 0.7989 0.8007 0.7777 0.7004 0.9072

PL 0.7569 0.8079 0.7690 0.7516 0.7592 0.8126 0.8032 0.9157 0.8995 0.8751 0.8021

SK 0.7733 0.8909 0.8454 0.7608 0.8427 0.6070 0.5981 0.6155 0.6083 0.4971 0.4334

Source: author’s own processing, 2017
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Annex 6

Table 6.6: Averages of efficiencies for Models B

BVM

2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015

efficiency 0.5855 0.6451 0.6145 0.4855 0.6251 0.6236 0.6375 0.6786 0.7165 0.6485 0.7264

micro 0.7602 0.7434 0.6759 0.5733 0.6432 0.6742 0.7578 0.7452 0.7318 0.7261 0.7362

small 0.5537 0.6964 0.6958 0.5078 0.6578 0.6470 0.6147 0.6929 0.6911 0.6100 0.6887

medium 0.3999 0.4679 0.3979 0.2770 0.4548 0.4136 0.4267 0.4994 0.5222 0.4478 0.6322

big 0.6693 0.6899 0.7261 0.6472 0.7659 0.8010 0.7949 0.7949 0.9635 0.8556 0.8555

CZ 0.9358 0.8925 0.8605 0.7786 0.7925 0.7781 0.8270 0.8288 0.8186 0.8052 0.9738

HU 0.2675 0.3734 0.3050 0.2074 0.4430 0.3906 0.4329 0.5613 0.5871 0.4221 0.7452

PL 0.6487 0.6774 0.6859 0.5175 0.6391 0.7006 0.6916 0.6771 0.8367 0.8614 0.7525

SK 0.5124 0.6158 0.6135 0.4901 0.5807 0.5797 0.5353 0.5892 0.5329 0.4275 0.3862

BVT

2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015

efficiency 0.5895 0.6469 0.6145 0.4854 0.6251 0.6236 0.6361 0.6713 0.7165 0.6485 0.7272

micro 0.7696 0.7435 0.6759 0.5730 0.6432 0.6742 0.7578 0.7452 0.7318 0.7261 0.7370

small 0.5575 0.7032 0.6958 0.5078 0.6578 0.6470 0.6140 0.6929 0.6911 0.6100 0.6908

medium 0.4027 0.4679 0.3979 0.2770 0.4548 0.4136 0.4254 0.4994 0.5221 0.4478 0.6322

big 0.6697 0.6903 0.7261 0.6472 0.7659 0.8010 0.7908 0.7621 0.9636 0.8556 0.8555

CZ 0.9430 0.8971 0.8605 0.7786 0.7925 0.7781 0.8270 0.8288 0.8186 0.8052 0.9738

HU 0.2705 0.3736 0.3050 0.2074 0.4430 0.3906 0.4305 0.5317 0.5870 0.4221 0.7452

PL 0.6522 0.6774 0.6859 0.5173 0.6391 0.7006 0.6904 0.6771 0.8366 0.8614 0.7525

SK 0.5135 0.6191 0.6135 0.4901 0.5807 0.5797 0.5333 0.5892 0.5329 0.4275 0.3886

BVR

2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015

efficiency 0.5895 0.6469 0.6145 0.4854 0.6251 0.6236 0.6361 0.6713 0.7165 0.6485 0.7272

micro 0.7696 0.7435 0.6759 0.5730 0.6432 0.6742 0.7578 0.7452 0.7318 0.7261 0.7370

small 0.5575 0.7032 0.6958 0.5078 0.6578 0.6470 0.6140 0.6929 0.6911 0.6100 0.6908

medium 0.4027 0.4679 0.3979 0.2770 0.4548 0.4136 0.4254 0.4994 0.5221 0.4478 0.6322

big 0.6697 0.6903 0.7261 0.6472 0.7659 0.8010 0.7908 0.7621 0.9636 0.8556 0.8555

CZ 0.9430 0.8971 0.8605 0.7786 0.7925 0.7781 0.8270 0.8288 0.8186 0.8052 0.9738

HU 0.2705 0.3736 0.3050 0.2074 0.4430 0.3906 0.4305 0.5317 0.5870 0.4221 0.7452

PL 0.6522 0.6774 0.6859 0.5173 0.6391 0.7006 0.6904 0.6771 0.8366 0.8614 0.7525

SK 0.5135 0.6191 0.6135 0.4901 0.5807 0.5797 0.5333 0.5892 0.5329 0.4275 0.3886

Source: author’s own processing, 2017
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Table 6.7: Averages of efficiencies for Model A with missing values

Technical

2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015

efficiency 0.6447 0.6690 0.5664 0.4868 0.6898 0.5977 0.6054 0.6575 0.6658 0.5701 0.5723

micro 0.6874 0.6396 0.5314 0.4577 0.6516 0.5661 0.6576 0.6726 0.6605 0.5579 0.6751

small 0.6593 0.7838 0.7289 0.5588 0.7597 0.6405 0.6170 0.6841 0.6922 0.5778 0.6622

medium 0.5442 0.5157 0.4351 0.4062 0.6313 0.4862 0.4958 0.5834 0.5874 0.5179 0.5097

big 0.6873 0.7527 0.5932 0.5298 0.7175 0.7076 0.6531 0.6869 0.7217 0.6258 0.4646

CZ 0.8352 0.8285 0.7483 0.5609 0.7905 0.7081 0.7326 0.7533 0.7102 0.6413 0.8201

HU 0.4966 0.4689 0.3612 0.3903 0.6341 0.4843 0.5193 0.6500 0.6966 0.6770 0.7072

PL 0.5520 0.5999 0.4897 0.4753 0.6131 0.5921 0.5783 0.6222 0.6759 0.5637 0.4485

SK 0.7228 0.8358 0.7504 0.5077 0.7357 0.5698 0.5551 0.5744 0.5459 0.3837 0.3613

Cost

2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015

efficiency 0.5564 0.5484 0.5359 0.4742 0.6003 0.5795 0.5563 0.6098 0.6304 0.5529 0.5259

micro 0.6421 0.5638 0.4957 0.5037 0.5928 0.5549 0.5763 0.6094 0.6237 0.5458 0.5766

small 0.4879 0.5676 0.6581 0.4745 0.6221 0.5992 0.5678 0.6171 0.6263 0.5546 0.5853

medium 0.4972 0.4446 0.4223 0.3943 0.4839 0.4766 0.4724 0.5541 0.5689 0.4991 0.4775

big 0.6076 0.6211 0.5832 0.5259 0.7103 0.6965 0.6084 0.6567 0.7028 0.6114 0.4695

CZ 0.6370 0.5952 0.6580 0.5473 0.6839 0.6790 0.6601 0.6697 0.6484 0.6167 0.7329

HU 0.4678 0.4301 0.3558 0.3817 0.4889 0.4720 0.4951 0.6259 0.6726 0.6498 0.6626

PL 0.5057 0.4974 0.4785 0.4490 0.5695 0.5821 0.5329 0.5962 0.6628 0.5545 0.4422

SK 0.6334 0.7494 0.7303 0.5194 0.6614 0.5462 0.5040 0.5193 0.5065 0.3727 0.3003

Allocative

2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015

efficiency 0.8631 0.8197 0.9462 0.9741 0.8702 0.9696 0.9189 0.9275 0.9468 0.9698 0.9190

micro 0.9342 0.8815 0.9330 1.1004 0.9098 0.9802 0.8765 0.9060 0.9443 0.9784 0.8540

small 0.7401 0.7241 0.9028 0.8490 0.8189 0.9355 0.9202 0.9020 0.9048 0.9597 0.8839

medium 0.9137 0.8621 0.9705 0.9705 0.7665 0.9804 0.9528 0.9498 0.9685 0.9637 0.9369

big 0.8841 0.8252 0.9832 0.9925 0.9900 0.9843 0.9315 0.9561 0.9738 0.9770 1.0106

CZ 0.7626 0.7185 0.8794 0.9757 0.8651 0.9590 0.9010 0.8890 0.9129 0.9617 0.8937

HU 0.9421 0.9172 0.9850 0.9778 0.7710 0.9746 0.9533 0.9629 0.9654 0.9598 0.9369

PL 0.9162 0.8291 0.9771 0.9445 0.9288 0.9831 0.9215 0.9582 0.9807 0.9837 0.9862

SK 0.8764 0.8966 0.9732 1.0229 0.8989 0.9587 0.9080 0.9040 0.9279 0.9714 0.8311

Source: author’s own processing, 2017
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Annex 8

Table 6.8: Averages of efficiencies for Model B with missing values

Technical

2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015

efficiency 0.4717 0.5298 0.4991 0.2933 0.5506 0.5623 0.5233 0.5913 0.5839 0.4854 0.5281

micro 0.4958 0.4800 0.4689 0.3136 0.5258 0.5549 0.5729 0.6134 0.6027 0.5125 0.5979

small 0.5316 0.6640 0.6529 0.4533 0.6427 0.6405 0.5919 0.6727 0.6680 0.5455 0.6501

medium 0.3412 0.3962 0.3531 0.1854 0.4140 0.3884 0.3581 0.4539 0.4387 0.3729 0.4462

big 0.5310 0.6040 0.5526 0.2668 0.6365 0.6951 0.5920 0.6339 0.6374 0.5169 0.4400

CZ 0.8119 0.8131 0.7476 0.4997 0.6847 0.7071 0.7039 0.7336 0.6847 0.6144 0.8236

HU 0.2448 0.3339 0.2858 0.1425 0.4033 0.3663 0.3602 0.4796 0.5171 0.4063 0.5939

PL 0.4366 0.4532 0.4641 0.2644 0.5404 0.5887 0.5164 0.5778 0.6062 0.5282 0.4100

SK 0.4316 0.5510 0.5213 0.3098 0.5496 0.5598 0.4813 0.5306 0.4688 0.3319 0.3242

Cost

2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015

efficiency 0.4055 0.4075 0.4673 0.2648 0.5234 0.5387 0.4741 0.5420 0.5396 0.4667 0.4692

micro 0.4687 0.4001 0.4225 0.2682 0.4914 0.5224 0.4724 0.5472 0.5392 0.4869 0.4869

small 0.3644 0.4256 0.5899 0.3691 0.5793 0.5992 0.5422 0.6018 0.6004 0.5236 0.5593

medium 0.3120 0.3194 0.3402 0.1809 0.4089 0.3785 0.3414 0.4231 0.4173 0.3581 0.4163

big 0.4928 0.4933 0.5429 0.2632 0.6274 0.6835 0.5570 0.6027 0.6099 0.5045 0.4220

CZ 0.6040 0.5560 0.6398 0.3935 0.6272 0.6664 0.6343 0.6434 0.6008 0.5767 0.6699

HU 0.2362 0.2774 0.2797 0.1408 0.3995 0.3570 0.3428 0.4587 0.4947 0.3878 0.5536

PL 0.4042 0.3680 0.4524 0.2485 0.5113 0.5658 0.4529 0.5267 0.5764 0.5196 0.4000

SK 0.3690 0.4352 0.5073 0.3008 0.5376 0.5387 0.4413 0.5069 0.4346 0.3225 0.2700

Allocative

2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015

efficiency 0.8597 0.7692 0.9362 0.9028 0.9506 0.9580 0.9059 0.9166 0.9242 0.9615 0.8886

micro 0.9453 0.8336 0.9011 0.8552 0.9345 0.9414 0.8246 0.8922 0.8948 0.9500 0.8144

small 0.6855 0.6410 0.9036 0.8142 0.9014 0.9355 0.9160 0.8946 0.8988 0.9598 0.8603

medium 0.9143 0.8063 0.9634 0.9756 0.9877 0.9745 0.9534 0.9320 0.9511 0.9602 0.9329

big 0.9282 0.8167 0.9824 0.9863 0.9856 0.9834 0.9408 0.9508 0.9570 0.9760 0.9591

CZ 0.7439 0.6838 0.8558 0.7874 0.9160 0.9424 0.9011 0.8771 0.8776 0.9387 0.8134

HU 0.9651 0.8309 0.9787 0.9878 0.9904 0.9746 0.9517 0.9564 0.9566 0.9544 0.9322

PL 0.9257 0.8120 0.9747 0.9395 0.9462 0.9610 0.8770 0.9116 0.9508 0.9838 0.9755

SK 0.8551 0.7898 0.9732 0.9709 0.9782 0.9623 0.9168 0.9554 0.9270 0.9718 0.8328

Source: author’s own processing, 2017
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Annex 9

Table 6.9: Averages of efficiencies for Model A with missing values and VRS assumption

Technical

2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015

efficiency 0.7935 0.8075 0.7595 0.7352 0.8083 0.7375 0.7691 0.8065 0.7899 0.7383 0.7825

micro 0.9138 0.8548 0.7416 0.7890 0.8380 0.7163 0.8124 0.7933 0.7989 0.7782 0.8116

small 0.6821 0.8173 0.7877 0.6103 0.7771 0.6466 0.6356 0.7057 0.7091 0.6400 0.6994

medium 0.7344 0.6649 0.6100 0.6422 0.7061 0.6762 0.7358 0.7661 0.7095 0.6075 0.7255

big 0.8587 0.8959 0.9113 0.9307 0.9142 0.9355 0.9162 0.9808 0.9569 0.9609 0.9028

CZ 0.9394 0.8913 0.8570 0.8252 0.8950 0.7882 0.8403 0.8466 0.8312 0.8086 0.9738

HU 0.6800 0.6351 0.5713 0.5820 0.7507 0.7020 0.7964 0.7973 0.7642 0.6929 0.9072

PL 0.7502 0.8079 0.7612 0.7516 0.7478 0.7941 0.7908 0.9071 0.8858 0.8749 0.7904

SK 0.7729 0.8909 0.8450 0.7506 0.8427 0.6038 0.5966 0.6030 0.6060 0.4930 0.4330

Cost

2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015

efficiency 0.7116 0.6983 0.6883 0.6319 0.6785 0.6611 0.6991 0.7163 0.7369 0.6868 0.7165

micro 0.8289 0.6711 0.6522 0.6631 0.6701 0.6489 0.7064 0.7422 0.7757 0.7482 0.7654

small 0.5837 0.7536 0.7355 0.5481 0.6821 0.6141 0.6029 0.6445 0.6530 0.6109 0.6419

medium 0.6266 0.5485 0.5336 0.5018 0.5130 0.5271 0.6673 0.6057 0.6151 0.5207 0.6382

big 0.8339 0.8345 0.8522 0.8524 0.8763 0.8867 0.8362 0.8920 0.9279 0.9064 0.8300

CZ 0.8072 0.8254 0.7781 0.7420 0.8137 0.7531 0.7589 0.7495 0.7509 0.7464 0.9022

HU 0.5752 0.5076 0.4870 0.4475 0.5466 0.5824 0.7642 0.7315 0.7329 0.6699 0.8743

PL 0.6962 0.6570 0.6832 0.6130 0.6306 0.6743 0.6844 0.7549 0.8165 0.7762 0.6733

SK 0.7535 0.8338 0.8342 0.7445 0.7158 0.5822 0.5638 0.5843 0.5938 0.4851 0.4174

Allocative

2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015

efficiency 0.8967 0.8647 0.9062 0.8595 0.8395 0.8964 0.9090 0.8882 0.9330 0.9302 0.9157

micro 0.9070 0.7851 0.8794 0.8404 0.7996 0.9059 0.8695 0.9355 0.9709 0.9614 0.9430

small 0.8557 0.9220 0.9337 0.8981 0.8777 0.9497 0.9485 0.9133 0.9209 0.9546 0.9178

medium 0.8532 0.8249 0.8747 0.7813 0.7265 0.7795 0.9069 0.7906 0.8669 0.8571 0.8797

big 0.9710 0.9314 0.9352 0.9159 0.9585 0.9479 0.9127 0.9095 0.9697 0.9433 0.9193

CZ 0.8593 0.9260 0.9078 0.8992 0.9092 0.9554 0.9031 0.8854 0.9034 0.9230 0.9265

HU 0.8459 0.7992 0.8524 0.7689 0.7281 0.8295 0.9596 0.9175 0.9591 0.9668 0.9638

PL 0.9279 0.8131 0.8975 0.8157 0.8433 0.8491 0.8654 0.8323 0.9218 0.8872 0.8519

SK 0.9749 0.9359 0.9872 0.9920 0.8494 0.9642 0.9450 0.9690 0.9800 0.9839 0.9640

Source: author’s own processing, 2017
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Table 6.10: Averages of efficiencies for Model B with missing values and VRS assumption

Technical

2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 mean

efficiency 0.5864 0.6444 0.6107 0.4817 0.6214 0.6211 0.6271 0.6686 0.7025 0.6463 0.7161 0.6297

micro 0.7648 0.7434 0.6759 0.5696 0.6427 0.6742 0.7578 0.7448 0.7318 0.7259 0.7207 0.7047

small 0.5535 0.6952 0.6943 0.5078 0.6532 0.6466 0.6131 0.6929 0.6911 0.6100 0.6906 0.6408

medium 0.3999 0.4677 0.3948 0.2770 0.4505 0.4131 0.4167 0.4919 0.5116 0.4459 0.6296 0.4453

big 0.6693 0.6886 0.7152 0.6319 0.7608 0.7899 0.7631 0.7608 0.9089 0.8481 0.8272 0.7604

CZ 0.9358 0.8925 0.8542 0.7587 0.7869 0.7781 0.8270 0.8288 0.8186 0.8027 0.9567 0.8400

HU 0.2675 0.3726 0.3023 0.2074 0.4396 0.3897 0.4134 0.5226 0.5747 0.4212 0.7426 0.4231

PL 0.6519 0.6762 0.6824 0.5180 0.6364 0.6926 0.6782 0.6759 0.8027 0.8562 0.7329 0.6912

SK 0.5121 0.6154 0.6115 0.4901 0.5778 0.5797 0.5316 0.5892 0.5255 0.4275 0.3867 0.5316

Cost

2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 mean

efficiency 0.5298 0.5672 0.5686 0.4268 0.5836 0.5791 0.5499 0.6061 0.6353 0.5919 0.6569 0.5723

micro 0.6695 0.5470 0.5697 0.4233 0.5378 0.5934 0.6159 0.6744 0.6820 0.6741 0.6584 0.6041

small 0.4603 0.6338 0.6499 0.4446 0.6346 0.6141 0.5762 0.6282 0.6366 0.5824 0.6207 0.5892

medium 0.3720 0.4231 0.3803 0.2666 0.4406 0.3852 0.3526 0.4282 0.4330 0.3770 0.5630 0.4020

big 0.6608 0.6829 0.7097 0.6277 0.7475 0.7659 0.6955 0.7158 0.8306 0.7888 0.7957 0.7292

CZ 0.8061 0.8179 0.7576 0.6202 0.7626 0.7434 0.7380 0.7292 0.7128 0.7175 0.8657 0.7519

HU 0.2581 0.3354 0.2968 0.2000 0.4273 0.3665 0.3593 0.4799 0.5440 0.4064 0.7250 0.3999

PL 0.5970 0.5617 0.6243 0.4458 0.5531 0.6152 0.5602 0.6049 0.7008 0.7463 0.6385 0.6043

SK 0.4564 0.5446 0.6042 0.4811 0.5672 0.5594 0.5092 0.5693 0.5151 0.4217 0.3719 0.5091

Allocative

2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 mean

efficiency 0.9035 0.8801 0.9310 0.8861 0.9392 0.9324 0.8769 0.9066 0.9043 0.9158 0.9174 0.9085

micro 0.8754 0.7358 0.8429 0.7432 0.8369 0.8802 0.8127 0.9055 0.9319 0.9286 0.9136 0.8552

small 0.8315 0.9117 0.9361 0.8756 0.9716 0.9497 0.9398 0.9067 0.9212 0.9547 0.8988 0.9179

medium 0.9301 0.9046 0.9632 0.9627 0.9782 0.9325 0.8462 0.8706 0.8462 0.8455 0.8941 0.9067

big 0.9873 0.9918 0.9923 0.9932 0.9825 0.9696 0.9114 0.9408 0.9138 0.9301 0.9618 0.9613

CZ 0.8613 0.9165 0.8868 0.8175 0.9691 0.9555 0.8923 0.8798 0.8707 0.8938 0.9049 0.8953

HU 0.9649 0.9003 0.9817 0.9645 0.9720 0.9403 0.8691 0.9182 0.9465 0.9647 0.9763 0.9453

PL 0.9157 0.8306 0.9148 0.8605 0.8692 0.8882 0.8260 0.8949 0.8731 0.8716 0.8712 0.8742

SK 0.8912 0.8849 0.9880 0.9818 0.9817 0.9650 0.9579 0.9662 0.9802 0.9865 0.9616 0.9586

Source: author’s own processing, 2017
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Table 6.11: Average efficiencies of Malmquist index

dQ dX dTFP dTech dTFPE dITE dISE dIME dRISE dISME dRME

2005-2006 overall 0.8626 1.1626 0.7420 0.9332 0.7951 1.0277 1.0132 1.0484 0.7380 0.7737 0.7636

micro 0.6636 1.1571 0.5735 0.9041 0.6344 0.9376 0.9966 1.0124 0.6683 0.6766 0.6789

small 0.7926 1.1178 0.7091 0.8195 0.8652 1.1982 0.9952 1.0927 0.6608 0.7221 0.7256

medium 0.9885 1.1896 0.8310 1.0405 0.7987 0.9427 1.0078 1.0970 0.7723 0.8472 0.8407

big 1.0812 1.1904 0.9082 0.9955 0.9123 1.0433 1.0537 1.0003 0.8742 0.8745 0.8299

CZ 0.8257 1.1690 0.7063 0.8925 0.7914 0.9507 1.0481 1.0635 0.7828 0.8325 0.7943

HU 1.1617 1.2616 0.9209 1.1220 0.8207 0.9782 0.9689 1.0927 0.7679 0.8390 0.8660

PL 0.7554 1.1262 0.6707 0.9553 0.7022 1.0769 1.0112 1.0271 0.6348 0.6520 0.6448

SK 0.8425 1.1093 0.7595 0.7823 0.9708 1.1526 1.0069 1.0101 0.8338 0.8423 0.8366

2006-2007 overall 0.9851 1.3893 0.7091 0.8524 0.8319 0.9344 0.9038 1.0527 0.8457 0.8902 0.9851

micro 0.7497 1.2874 0.5824 0.7165 0.8128 0.8762 0.9451 1.1209 0.8276 0.9276 0.9815

small 1.0148 1.3968 0.7265 0.6943 1.0463 0.9641 0.9619 1.0336 1.0501 1.0853 1.1283

medium 1.0980 1.6170 0.6790 1.1887 0.5712 0.8811 0.9564 1.0367 0.6253 0.6483 0.6779

big 1.1410 1.3030 0.8757 0.9264 0.9453 1.0175 0.7721 1.0206 0.9103 0.9290 1.2033

CZ 0.9090 1.6432 0.5532 0.6270 0.8823 0.9597 0.9382 1.0099 0.9104 0.9194 0.9799

HU 1.0593 1.2769 0.8296 1.6617 0.4992 0.8589 0.8950 1.0421 0.5578 0.5813 0.6495

PL 1.0213 1.3814 0.7393 0.8498 0.8700 0.9519 0.8560 1.1241 0.8131 0.9140 1.0678

SK 0.9816 1.1389 0.8619 0.6908 1.2478 0.9489 0.9428 1.0191 1.2902 1.3149 1.3947

2007-2008 overall 0.9093 1.1369 0.7998 0.9283 0.8615 0.9684 0.9384 1.0356 0.8590 0.8896 0.9480

micro 1.1976 1.1154 1.0736 0.8704 1.2334 1.0568 0.9797 1.0348 1.1279 1.1671 1.1914

small 0.8061 1.2623 0.6386 1.1288 0.5658 0.7746 0.9897 1.0457 0.6984 0.7304 0.7380

medium 0.9438 1.1052 0.8540 0.6760 1.2634 1.0636 0.8974 1.0387 1.1436 1.1879 1.3236

big 0.7533 1.0703 0.7038 1.0795 0.6520 1.0209 0.8866 1.0237 0.6239 0.6387 0.7203

CZ 0.9004 1.2502 0.7202 1.0721 0.6718 0.9672 0.8781 1.0492 0.6620 0.6945 0.7910

HU 0.8708 1.0929 0.7967 0.8199 0.9717 1.0188 1.0877 1.0500 0.9084 0.9538 0.8769

PL 1.0276 1.0606 0.9688 0.9160 1.0577 0.9773 1.0046 1.0300 1.0508 1.0823 1.0773

SK 0.7781 1.1360 0.6849 0.8447 0.8110 0.8998 0.7871 1.0050 0.8967 0.9012 1.1450

2008-2009 overall 0.7706 1.0122 0.7613 0.5453 1.3963 1.0993 1.2348 1.1012 1.1535 1.2701 1.0287

micro 0.4632 1.0893 0.4252 0.4664 0.9116 1.0562 1.1809 1.0822 0.7975 0.8631 0.7309

small 0.9445 1.0319 0.9153 0.4774 1.9173 1.2814 1.0609 1.2834 1.1658 1.4962 1.4104

medium 0.8738 0.9123 0.9578 0.5604 1.7091 1.0896 1.3934 1.0228 1.5336 1.5686 1.1257

big 0.9353 1.0117 0.9244 0.7104 1.3013 0.9893 1.3497 1.0266 1.2813 1.3154 0.9746

CZ 0.7240 1.1484 0.6304 0.4588 1.3741 1.0831 1.1467 1.1076 1.1454 1.2687 1.1063

HU 1.1003 0.9526 1.1550 0.5219 2.2131 1.2898 1.2264 1.0469 1.6390 1.7159 1.3991

PL 0.7502 0.9990 0.7510 0.6274 1.1970 1.0036 1.2705 1.0153 1.1747 1.1928 0.9388

SK 0.5988 0.8828 0.6783 0.6089 1.1140 1.1077 1.3528 1.3410 0.7499 1.0056 0.7434
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dQ dX dTFP dTech dTFPE dITE dISE dIME dRISE dISME dRME

2009-2010 overall 0.8993 1.0313 0.8720 1.2030 0.7249 0.9091 0.9451 1.0713 0.7443 0.7974 0.8437

micro 0.8023 1.0490 0.7649 0.9187 0.8326 0.8548 0.9815 1.0918 0.8922 0.9741 0.9925

small 0.8838 1.0667 0.8285 0.9007 0.9199 0.8268 1.0197 1.1492 0.9681 1.1125 1.0910

medium 0.9661 0.9463 1.0209 1.7379 0.5875 0.9566 0.8049 1.0550 0.5821 0.6141 0.7630

big 0.9625 1.0582 0.9095 1.5171 0.5995 1.0161 0.9727 0.9936 0.5938 0.5900 0.6065

CZ 0.9192 1.1231 0.8184 1.0073 0.8125 0.8779 1.0367 1.0989 0.8422 0.9254 0.8927

HU 0.9148 0.9467 0.9663 1.8366 0.5261 0.9352 0.8165 1.0453 0.5382 0.5626 0.6890

PL 0.9862 1.0206 0.9663 1.2115 0.7976 1.0527 0.9176 1.0100 0.7502 0.7577 0.8257

SK 0.7154 0.9938 0.7199 1.0035 0.7173 0.7166 0.9984 1.1727 0.8536 1.0010 1.0026

2010-2011 overall 0.8989 1.0194 0.8818 1.0682 0.8255 1.0428 0.9665 1.0549 0.7504 0.7916 0.8190

micro 1.0384 1.1396 0.9112 1.0918 0.8346 1.1342 1.0061 0.9651 0.7624 0.7358 0.7314

small 0.8233 0.9762 0.8434 1.0157 0.8303 0.9829 0.9801 1.0475 0.8064 0.8448 0.8619

medium 1.0038 0.9867 1.0173 1.1078 0.9183 1.0882 0.9371 1.2247 0.6891 0.8439 0.9005

big 0.7700 0.9800 0.7857 1.0641 0.7384 0.9794 0.9413 1.0168 0.7415 0.7540 0.8010

CZ 0.8767 1.1141 0.7869 1.1285 0.6973 1.0661 0.9551 0.9907 0.6602 0.6541 0.6848

HU 1.0242 0.9624 1.0642 1.1286 0.9429 1.1343 0.9464 1.1140 0.7462 0.8312 0.8784

PL 0.8231 0.9722 0.8467 0.9926 0.8529 0.9959 0.9805 1.0611 0.8072 0.8565 0.8735

SK 0.9496 1.0102 0.9400 1.0363 0.9071 0.9879 0.9863 1.0987 0.8357 0.9182 0.9310

2011-2012 overall 1.0257 1.0971 0.9349 0.9329 1.0020 1.0496 1.0345 1.0267 0.9299 0.9547 0.9229

micro 0.9994 1.1440 0.8736 0.9644 0.9059 0.9765 1.0475 1.0125 0.9163 0.9277 0.8857

small 1.1686 1.1806 0.9899 0.9752 1.0150 1.1103 0.9986 0.9737 0.9388 0.9141 0.9154

medium 0.9864 1.0114 0.9753 0.8445 1.1550 1.0451 1.1261 1.1329 0.9755 1.1052 0.9814

big 0.9564 1.0512 0.9099 0.9434 0.9645 1.0705 0.9814 1.0057 0.8958 0.9009 0.9180

CZ 1.0508 1.1780 0.8920 1.0191 0.8753 1.0075 1.0207 0.9995 0.8692 0.8688 0.8512

HU 0.9595 1.0025 0.9571 0.8191 1.1684 1.0055 1.2434 1.0642 1.0920 1.1621 0.9346

PL 1.1052 1.1018 1.0031 0.9827 1.0207 1.1471 0.9379 1.0299 0.8639 0.8898 0.9487

SK 0.9249 1.0616 0.8712 0.8396 1.0377 1.0107 1.0237 1.0281 0.9986 1.0267 1.0029

2012-2013 overall 0.9205 1.0682 0.8618 0.9831 0.8765 0.9798 1.0335 1.0123 0.8837 0.8946 0.8655

micro 0.9234 1.2053 0.7661 1.0457 0.7326 1.0124 0.9700 0.9592 0.7544 0.7237 0.7460

small 0.9301 1.0053 0.9252 0.9046 1.0227 1.0047 1.0071 1.0181 0.9998 1.0179 1.0108

medium 0.8659 0.9555 0.9062 1.0192 0.8890 0.9226 1.0913 1.0233 0.9417 0.9636 0.8830

big 0.9590 1.1107 0.8634 0.9729 0.8875 0.9757 1.0769 1.0523 0.8645 0.9097 0.8447

CZ 0.9152 1.1530 0.7938 0.9862 0.8048 0.9861 0.9561 0.9639 0.8467 0.8162 0.8537

HU 0.8685 0.9161 0.9480 0.9426 1.0057 0.9543 1.1230 1.0273 1.0259 1.0539 0.9385

PL 0.9469 1.0859 0.8720 1.0210 0.8540 0.9765 1.1124 1.0490 0.8337 0.8746 0.7862

SK 0.9456 1.0781 0.8771 0.9580 0.9156 1.0050 0.9457 1.0198 0.8934 0.9111 0.9634
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dQ dX dTFP dTech dTFPE dITE dISE dIME dRISE dISME dRME

2013-2014 overall 0.8925 1.0093 0.8843 1.1835 0.7472 0.9354 0.9153 1.0266 0.7782 0.7988 0.8728

micro 0.9061 1.0570 0.8573 1.1188 0.7663 0.9689 0.8718 1.0011 0.7899 0.7909 0.9072

small 0.8901 1.0227 0.8704 1.1133 0.7818 0.9026 0.9248 1.0295 0.8414 0.8662 0.9366

medium 0.9344 0.9356 0.9987 1.2950 0.7712 0.8640 1.0204 1.0721 0.8325 0.8925 0.8747

big 0.8462 1.0175 0.8317 1.2285 0.6771 1.0041 0.8635 1.0099 0.6677 0.6743 0.7809

CZ 0.8424 0.9658 0.8722 1.1973 0.7285 0.9750 0.9261 1.0509 0.7109 0.7471 0.8068

HU 0.8749 0.9529 0.9181 1.1534 0.7960 0.9067 1.0718 1.0352 0.8480 0.8778 0.8191

PL 1.0224 1.0798 0.9469 1.2308 0.7693 0.9877 0.8444 1.0085 0.7723 0.7789 0.9224

SK 0.7918 1.0340 0.7657 1.1108 0.6894 0.8135 0.8640 1.0059 0.8424 0.8474 0.9808

2014-2015 overall 0.7330 1.1092 0.6613 0.9028 0.1625 1.0627 0.9587 1.0521 0.1493 0.1534 0.1570

micro 0.7258 1.1547 0.6285 0.8785 0.0401 1.0606 1.1410 1.1179 0.0391 0.0391 0.0340

small 0.4320 1.0528 0.4114 0.6842 0.6005 1.0928 1.0487 1.0297 0.5338 0.5495 0.5240

medium 0.9806 1.1649 0.8418 1.0825 0.2700 1.1844 0.8335 1.0564 0.2109 0.2279 0.2587

big 0.9697 1.0747 0.9023 1.1007 0.1135 0.9405 0.8337 1.0081 0.1173 0.1183 0.1391

CZ 0.4766 1.0859 0.4398 0.7014 0.0553 1.1965 1.0987 1.1647 0.0446 0.0474 0.0438

HU 0.9218 1.1775 0.7828 0.9216 0.2477 1.3093 0.8008 0.9765 0.1888 0.1892 0.2218

PL 0.9323 1.1266 0.8276 1.0823 0.1526 0.9167 0.8829 1.0069 0.1626 0.1637 0.1789

SK 0.7945 1.0453 0.7601 0.9432 0.8058 0.8792 1.0710 1.0323 0.8880 0.9166 0.8559

Source: author’s own processing, 2017
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Annex 12

Table 6.12: Average efficiencies of Hicks index

dQ dX dTFP dTech dTFPE dITE dISE dIME dRISE dISME dRME

2005-2006 overall 1.1117 1.0928 1.0173 0.9963 1.0211 1.0277 1.0132 0.9906 1.0029 0.9935 0.9806

micro 1.0132 1.0812 0.9371 0.9710 0.9651 0.9376 0.9966 0.9528 1.0804 1.0294 1.0328

small 1.1873 1.0399 1.1418 0.8551 1.3352 1.1982 0.9952 1.0329 1.0789 1.1144 1.1198

medium 1.0749 1.1578 0.9284 1.1104 0.8361 0.9427 1.0078 0.9905 0.8955 0.8870 0.8801

big 1.1767 1.1025 1.0673 1.0818 0.9866 1.0433 1.0537 0.9881 0.9571 0.9457 0.8975

CZ 0.9594 1.0410 0.9216 1.0045 0.9175 0.9507 1.0481 1.0243 0.9423 0.9652 0.9209

HU 1.2103 1.2210 0.9912 1.1063 0.8960 0.9782 0.9689 0.9841 0.9307 0.9160 0.9454

PL 1.1062 1.0853 1.0192 0.9977 1.0215 1.0769 1.0112 0.9678 0.9802 0.9486 0.9381

SK 1.3309 1.0626 1.2525 0.8665 1.4454 1.1526 1.0069 0.9801 1.2796 1.2540 1.2455

2006-2007 overall 1.1987 1.2433 0.9641 1.2971 0.7433 0.9344 0.9038 0.9930 0.8011 0.7955 0.8802

micro 1.0823 1.1281 0.9594 0.9738 0.9853 0.8762 0.9451 1.0192 1.1033 1.1245 1.1898

small 1.1606 1.2537 0.9258 0.9223 1.0038 0.9641 0.9619 0.9783 1.0643 1.0413 1.0825

medium 1.3183 1.4286 0.9228 1.4736 0.6262 0.8811 0.9564 0.9952 0.7142 0.7107 0.7432

big 1.2602 1.2013 1.0490 2.1693 0.4836 1.0175 0.7721 0.9800 0.4849 0.4752 0.6155

CZ 1.1403 1.3438 0.8486 0.9058 0.9368 0.9597 0.9382 0.9504 1.0271 0.9762 1.0405

HU 1.1663 1.2293 0.9488 2.5537 0.3715 0.8589 0.8950 0.9829 0.4401 0.4326 0.4833

PL 1.3480 1.2381 1.0888 1.4877 0.7319 0.9519 0.8560 1.0372 0.7413 0.7689 0.8983

SK 1.0938 1.1013 0.9933 0.8839 1.1237 0.9489 0.9428 1.0054 1.1779 1.1843 1.2561

2007-2008 overall 1.2040 1.0741 1.1210 1.3288 0.8436 0.9684 0.9384 0.9820 0.8870 0.8711 0.9283

micro 1.3757 1.0257 1.3412 1.4200 0.9445 1.0568 0.9797 1.0111 0.8840 0.8938 0.9123

small 1.5674 1.2115 1.2938 2.0353 0.6357 0.7746 0.9897 0.9037 0.9081 0.8206 0.8292

medium 1.0336 1.0697 0.9663 0.9560 1.0107 1.0636 0.8974 1.0164 0.9350 0.9503 1.0589

big 0.9269 1.0007 0.9262 1.0878 0.8515 1.0209 0.8866 1.0052 0.8297 0.8341 0.9407

CZ 1.5857 1.1337 1.3987 1.9850 0.7046 0.9672 0.8781 0.9796 0.7438 0.7285 0.8296

HU 0.9792 1.0512 0.9316 0.8031 1.1600 1.0188 1.0877 1.0199 1.1165 1.1386 1.0468

PL 1.1935 1.0176 1.1728 1.2781 0.9176 0.9773 1.0046 1.0143 0.9257 0.9389 0.9346

SK 0.9398 1.1014 0.8533 1.2302 0.6936 0.8998 0.7871 0.8897 0.8663 0.7708 0.9793

2008-2009 overall 0.9197 0.9655 0.9526 0.4791 1.9882 1.0993 1.2348 1.0169 1.7786 1.8087 1.4648

micro 0.6972 1.0025 0.6954 0.4664 1.4909 1.0562 1.1809 0.9965 1.4165 1.4116 1.1953

small 1.0314 0.9756 1.0572 0.4893 2.1607 1.2814 1.0609 1.0683 1.5785 1.6862 1.5895

medium 0.9544 0.9066 1.0528 0.5038 2.0897 1.0896 1.3934 0.9981 1.9215 1.9179 1.3764

big 1.0469 0.9730 1.0760 0.4610 2.3342 0.9893 1.3497 1.0043 2.3494 2.3595 1.7481

CZ 0.9250 1.0237 0.9036 0.4267 2.1177 1.0831 1.1467 1.0230 1.9112 1.9552 1.7050

HU 1.1420 0.9456 1.2077 0.4752 2.5412 1.2898 1.2264 0.9992 1.9719 1.9702 1.6065

PL 0.8698 0.9798 0.8877 0.4746 1.8705 1.0036 1.2705 0.9936 1.8758 1.8638 1.4670

SK 0.7833 0.8648 0.9058 0.6089 1.4876 1.1077 1.3528 1.0711 1.2538 1.3429 0.9927
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dQ dX dTFP dTech dTFPE dITE dISE dIME dRISE dISME dRME

2009-2010 overall 1.0239 0.9971 1.0269 1.4814 0.6932 0.9091 0.9451 0.9963 0.7653 0.7625 0.8068

micro 1.0063 1.0364 0.9709 1.5078 0.6440 0.8548 0.9815 0.9981 0.7548 0.7534 0.7676

small 1.0474 1.0170 1.0299 1.2790 0.8053 0.8268 1.0197 0.9587 1.0158 0.9739 0.9551

medium 0.9927 0.9160 1.0838 1.6019 0.6765 0.9566 0.8049 1.0334 0.6844 0.7073 0.8787

big 1.0469 1.0141 1.0323 1.5727 0.6564 1.0161 0.9727 1.0006 0.6457 0.6460 0.6641

CZ 1.1323 1.0675 1.0607 1.3038 0.8135 0.8779 1.0367 1.0009 0.9258 0.9267 0.8939

HU 0.9518 0.9075 1.0488 2.0375 0.5147 0.9352 0.8165 1.0387 0.5299 0.5504 0.6740

PL 1.1681 0.9965 1.1723 1.3835 0.8473 1.0527 0.9176 1.0071 0.7992 0.8049 0.8771

SK 0.7282 0.9830 0.7408 1.4632 0.5063 0.7166 0.9984 0.9228 0.7655 0.7065 0.7076

2010-2011 overall 1.0089 0.9593 1.0517 1.1214 0.9378 1.0428 0.9665 1.0132 0.8876 0.8993 0.9305

micro 1.1938 1.0050 1.1879 1.0997 1.0802 1.1342 1.0061 1.0690 0.8908 0.9523 0.9466

small 0.9161 0.9622 0.9521 1.0937 0.8705 0.9829 0.9801 0.9591 0.9235 0.8857 0.9037

medium 1.0906 0.9293 1.1735 1.1982 0.9793 1.0882 0.9371 1.0708 0.8405 0.9000 0.9604

big 0.8761 0.9389 0.9331 1.1054 0.8441 0.9794 0.9413 0.9659 0.8923 0.8619 0.9157

CZ 1.0382 1.0080 1.0299 1.1755 0.8762 1.0661 0.9551 0.9970 0.8244 0.8219 0.8605

HU 1.1234 0.9269 1.2120 1.2350 0.9814 1.1343 0.9464 1.0356 0.8354 0.8651 0.9142

PL 0.9052 0.9148 0.9895 1.0307 0.9600 0.9959 0.9805 1.0067 0.9577 0.9640 0.9832

SK 1.0300 0.9946 1.0356 1.0728 0.9654 0.9879 0.9863 1.0295 0.9492 0.9772 0.9908

2011-2012 overall 1.1608 1.0396 1.1166 0.9545 1.1699 1.0496 1.0345 0.9790 1.1384 1.1146 1.0775

micro 1.1881 1.0677 1.1128 0.9028 1.2326 0.9765 1.0475 1.0051 1.2558 1.2622 1.2050

small 1.2992 1.0590 1.2268 0.9868 1.2431 1.1103 0.9986 0.9424 1.1881 1.1196 1.1212

medium 1.0623 1.0006 1.0616 0.9039 1.1745 1.0451 1.1261 0.9725 1.1557 1.1239 0.9980

big 1.0964 1.0278 1.0667 1.0245 1.0412 1.0705 0.9814 0.9967 0.9759 0.9727 0.9911

CZ 1.2253 1.0618 1.1540 1.0199 1.1315 1.0075 1.0207 0.9707 1.1571 1.1231 1.1004

HU 1.0403 0.9852 1.0559 0.8688 1.2154 1.0055 1.2434 0.9890 1.2223 1.2088 0.9722

PL 1.2792 1.0805 1.1839 0.9903 1.1955 1.1471 0.9379 0.9713 1.0729 1.0422 1.1111

SK 0.9996 0.9918 1.0079 0.8818 1.1430 1.0107 1.0237 0.9974 1.1339 1.1309 1.1047

2012-2013 overall 1.0214 1.0056 1.0156 1.0591 0.9590 0.9798 1.0335 0.9875 0.9912 0.9787 0.9470

micro 1.0823 1.0599 1.0211 1.0915 0.9355 1.0124 0.9700 0.9791 0.9438 0.9241 0.9527

small 0.9655 0.9830 0.9822 1.0202 0.9628 1.0047 1.0071 0.9910 0.9669 0.9583 0.9515

medium 0.9322 0.9309 1.0014 1.0261 0.9759 0.9226 1.0913 0.9595 1.1025 1.0578 0.9693

big 1.1059 1.0454 1.0578 1.0972 0.9641 0.9757 1.0769 1.0180 0.9707 0.9881 0.9175

CZ 1.0105 1.0333 0.9780 1.1346 0.8620 0.9861 0.9561 0.9541 0.9163 0.8742 0.9143

HU 0.8979 0.8941 1.0042 0.9680 1.0374 0.9543 1.1230 0.9753 1.1145 1.0870 0.9680

PL 1.0584 1.0224 1.0352 1.0870 0.9523 0.9765 1.1124 1.0207 0.9555 0.9752 0.8766

SK 1.1340 1.0648 1.0650 0.9882 1.0777 1.0050 0.9457 1.0042 1.0678 1.0723 1.1339
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dQ dX dTFP dTech dTFPE dITE dISE dIME dRISE dISME dRME

2013-2014 overall 1.0556 0.9785 1.0788 1.3331 0.8093 0.9354 0.9153 0.9939 0.8705 0.8652 0.9452

micro 1.0578 0.9824 1.0767 1.2632 0.8524 0.9689 0.8718 0.9962 0.8831 0.8797 1.0091

small 1.0626 0.9975 1.0652 1.2248 0.8698 0.9026 0.9248 0.9808 0.9824 0.9636 1.0419

medium 1.0675 0.9438 1.1310 1.4166 0.7984 0.8640 1.0204 1.0084 0.9164 0.9241 0.9055

big 1.0363 0.9872 1.0497 1.4508 0.7236 1.0041 0.8635 0.9920 0.7264 0.7206 0.8345

CZ 0.9431 0.9186 1.0266 1.3228 0.7761 0.9750 0.9261 0.9925 0.8019 0.7960 0.8595

HU 1.2617 0.9495 1.3288 1.2259 1.0839 0.9067 1.0718 0.9976 1.1982 1.1954 1.1153

PL 1.1159 1.0344 1.0789 1.4600 0.7389 0.9877 0.8444 0.9906 0.7552 0.7482 0.8860

SK 0.9523 1.0277 0.9265 1.2620 0.7342 0.8135 0.8640 0.9981 0.9042 0.9024 1.0445

2014-2015 overall 0.9540 1.0049 0.9563 0.8709 0.0719 1.0627 0.9587 1.0030 0.0706 0.0671 0.0686

micro 1.0306 1.0301 1.0420 0.9637 0.0375 1.0606 1.1410 1.0476 0.0487 0.0364 0.0342

small 0.6431 0.8854 0.7265 0.7289 0.9966 1.0928 1.0487 0.9938 0.9177 0.9120 0.8696

medium 1.2034 1.1053 1.0887 0.8746 0.1209 1.1844 0.8335 0.9886 0.1033 0.1065 0.1150

big 1.0655 1.0252 1.0393 1.1099 0.0058 0.9405 0.8337 0.9864 0.0056 0.0056 0.0063

CZ 0.7860 0.9019 0.8716 0.5530 0.0441 1.1965 1.0987 1.0566 0.0375 0.0379 0.0341

HU 1.1230 1.1125 1.0094 0.8873 0.0825 1.3093 0.8008 0.9452 0.0631 0.0630 0.0678

PL 1.0369 1.0342 1.0026 1.0307 0.0348 0.9167 0.8829 0.9862 0.0362 0.0362 0.0400

SK 0.9655 1.0380 0.9798 1.1970 0.8545 0.8792 1.0710 1.0086 0.8712 0.9973 1.0649

Source: author’s own processing, 2017
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