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ABSTRACT 

Banks are the most important financial institutions and intermediaries in any economy and they 

are especially important in bank-centric financial systems. In the Republic of Croatia, banks 

play a dominant role in the financial system, with total assets of 408,6 billion kuna and a share 

of almost 70% in the total assets of the financial sector in 2018. In such a bank-based financial 

system, the efficient and profitable operations of banks are even more important. Banking 

sectors impact the entire financial system and its stability, thus influencing the stability and 

growth of the national economy. Evaluating banks' performance is of key importance due to its 

strong and positive relationship with financial growth and stability. This article aims to present 

the leading non-parametric DEA methodology, its main application, advantages over 

traditional models and its limitations. Furthermore, the goal is to provide an extensive 

literature review, to elaborate and sublimate the findings regarding the efficiency of Croatian 

banks with the application of DEA and to raise awareness and knowledge of academics, 

practitioners and policymakers on how to measure banking efficiency. Ever since its 

introduction and development by Charnes et al. (1978), the application of DEA has noted 

continuous growth and interest from academics and practitioners all over the world. This 

article analyzes and presents 8 articles and researches of bank efficiency in Croatia, as well as 

12 cross-country studies (which also cover the Croatian banking sector). We have based our 

research primarily on the search for Croatian scientists who are registered in the Croatian 

scientific bibliography (CROSBI), but also the Croatian and non-Croatian researchers who 

authored a relevant DEA-related publication regarding the Croatian banking sector. The 

findings indicate that most of the studies were conducted for the period between 2002-2015, 

while there is a lack of research regarding the efficiency of the Croatian banking sector before 

the 2000s and after 2017. This fact will give guidance for future research in this area and will 

mark future trends of DEA applications in banking efficiency measurement and efficiency 

evaluation in general. 

Keywords: DEA, data envelopment analysis, literature review, Croatia, banking sector, bank 

efficiency, relative efficiency  

 

1. INTRODUCTION  

The banking sector plays an essential role in the economic growth and the prospects of any 

country and is „considered a backbone of the country's economy“ (Fotova Čiković & 

Cvetkoska, 2017). Taking into consideration the fact that financial systems in developing 

countries are bank-based, banks' performances and efficiency are crucial due to their pivotal 

role in the maintainance of the national financial stability (Tomičić et al., 2012).  
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Banks’ essential intermediary function of transferring the publics' deposits and savings into 

business and trade shows that banks are the main channels for savings and the allocation of 

credit (Sufian et al., 2016). Well-functioning banking systems „exert a first-order impact on 

economic growth and development“ (Barth et al., 2013). The assessment of bank efficiency is 

of key importance from both a microeconomic and a macroeconomic point of view, with a 

special emphasis on efficiency. Thus, efficiency is one of the most important indicators for the 

successful functioning of banks. It should not come as a surprise why the measurement of 

efficiency and performance of the banking industry, particularly in developing countries, has 

captivated the attention of various academics, researchers, practitioners and regulators and the 

interest in such research has increased substantially in recent years (Andries & Ursu, 2016; Peša 

et al., 2021). Over the past three decades, the global financial market and banks have been 

facing dramatic institutional transformations and substantial changes, respectively, due to the 

decline of entry barriers in the banking industry, as a result of liberalization and financial 

globalization, the fast development of information technology, the stricter legislation in banking 

(i.e. the changing macroprudential regulation and supervisory role) as well as the changes in 

clients' needs (Titko et al., 2014; Davidovic et al., 2019). Even though the unprecedented 

growth and dramatic transformations in the banking industry in developing countries are 

undeniable, the research and studies regarding the performance and efficiency of this industry 

is almost challenging (Khaksar et al., 2020). Therefore, the main goal of this article is an 

efficiency evaluation of the Croatian banking sector, i.e. providing an extensive literature 

review, elaborating and sublimating the findings regarding the efficiency of Croatian banks. 

Our findings will include a comparative analysis of different theoretical and empirical scientific 

studies regarding the Croatian banking sector, especially studies applying the DEA 

methodology. The DEA methodology has been increasingly popular among scholars due to the 

important insights it gives to the public, creditors, policymakers, bank management, 

stakeholders, and other academic scholars. The paper is structured as follows. Section 2 presents 

the DEA methodology. Section 3 gives a background on the Croatian banking sector since its 

foundation, while section 4 gives an overview of the application of DEA in the Croatian banking 

sector. Section 5 concludes this article. 

 

2. DATA ENVELOPMENT ANALYSIS (DEA) 

Data Envelopment Analysis (DEA) is one of the most powerful mathematical programming 

methodologies and most commonly used non-parametric frontier methodologies for evaluation 

and measurement of relative efficiency among homogeneous DMUs (Decision Making Units). 

This methodology belongs to the Multi-Criteria Decision Aid methods and is commonly used 

to evaluate and measure the Technical Efficiency of a group of Decision Making Units (Fotova 

Čiković & Cvetkoska, 2017; Thanassoulis, 2001; Tsaples & Papathanasiou, 2020). Decision 

Making Units (DMUs) are any type of entities that use certain inputs to produce various forms 

of outputs (Rakocevic & Dragasevic, 2009). DMUs can be banks, hospitals, schools, 

universities, supermarkets, restaurants etc. (Tsaples & Papathanasiou, 2020). Data envelopment 

analysis is one of the most popular methods applied in measuring the efficiency of complex 

entities with diverse inputs and outputs. When measuring efficiency, there are two approaches 

used in the existing literature: the parametric and the non-parametric approach. It has been 

developed by Charnes et al. (1978) following Farell (1957), who is considered to be the founder 

of the technical, allocative, and overall efficiency measures and the non-parametric methods 

for estimating efficiency. In his seminal paper, Farrell (1957) has graphically presented the 

three efficiency measures in a single output case (Cvetkoska & Fotova Čiković, 2021). Later 

on, in 1978, Charnes, Cooper and Rhodes developed the primary DEA model, the CCR model 

and have presented the DMUs and isoquant graphically. This model assesses the total technical 

efficiency and the efficient frontier created to support this model is in the form of a convex 
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cone. Banker et al. (1984) have developed the BCC model, to assess the pure technical 

efficiency. In the BCC model, the visualized efficient frontier has a form of a convex hull 

(Cvetkoska & Fotova Čiković, 2021). Farell (1957) has defined two components of efficiency: 

technical efficiency and allocative efficiency. Technical efficiency measures the ability of an 

entity to maximize output with the given level of inputs and is a measure of DMUs performance 

relative to one another, i.e. how well each analysed DMU transforms the inputs into outputs 

(Rakocevic & Dragasevic, 2009). On the other hand, allocative efficiency measures the entity's 

ability to use different inputs in an optimal ratio relative to their prices with given production 

technology, i.e. to make use of inputs in the optimum quantity concerning price and production 

technology (Primorac & Troskot, 2005). When a company is perfectly efficient and if both 

technical and allocative efficiency is satisfied, the overall efficiency is also achieved (Maradin 

et al., 2018). DEA constructs an empirical frontier of efficiency, based on the input and output 

data achieved by the observed DMUs. The DMU that is efficient lies at the extreme frontier, 

while the inefficient one lies below this frontier (Charnes et al., 1994: 5-6; Fotova Čiković & 

Cvetkoska, 2017). The score for technical efficiency can take values between 0 and 1. A score 

of 1 (100%) is assigned to the highly efficient DMUs and a score below 1 implies relative 

inefficiency. DEA was initially introduced as a tool for measuring the effectiveness of non-

profit organisations, such as public schools and hospitals, where it is impossible to determine 

whether they are efficient based only on their input and output values. Later on, this method 

has found its application in many different sectors where the DMUs can be different private 

sector (through analysis of banks, private enterprises and even theme parks) (Škuflić et al., 

2013; Neralić and Gardijan Kedžo, 2018). For example, Bezić et al. (2013) have used DEA to 

assess the efficiency of the pharmaceutical industry in EU countries; Rabar (2010) has 

implemented DEA to measure the operating efficiency of Croatian hospitals; Gardijan & Kojić 

(2012) and Gardijan & Škrinjarić (2015) have used the DEA-based investment strategy to 

conclude the efficiency of the Croatian stock market; Bahovec & Neralić (2001) have assessed 

efficiency of agricultural production; Aristovnik & Obadić (2012) have investigated the 

technical efficiency of secondary education in Slovenia and Croatia and Ahec Šonje et al. 

(2018) have investigated the efficiency of public expenditure on education in Croatia; Vitezić 

et al. (2016) have measured the efficiency of public health services and Lukić & Hadrović Zekić 

(2019) have evaluated the efficiency of trade companies in Serbia. Furthermore, DEA has been 

used in assessing the efficiency in the tourism industry (Cvetkoska & Barišić, 2017). DEA has 

become increasingly accepted and widely used in measuring efficiency in different national 

banking industries (Maletić et al., 2013; Yang, 2009; Pancurova et al., 2013; Naumovska & 

Cvetkoska, 2014; Staub et al., 2010) since it allows comparison of the relative efficiency of 

banks by determining the efficient banks as benchmarks and by measuring the inefficiencies in 

input combinations (slack variables) in other banks relative to the selected benchmark (Jemrić 

& Vujčić, 2002). Sari (2019) has structured a study based on 135 comparative studies 

encompassing the period 2008-2017 from over 30 countries. The study introduces the 

application of various mathematical techniques including multi-criteria decision-making 

methods in bank efficiency evaluation. 60 studies out of 135 have been using the DEA 

methodology, which proves the dominance of the DEA methodology among other quantitative 

methods in measuring bank efficiency. Although there have been numerous examples of the 

application of the bank and their branches efficiency measurement with DEA methodology ever 

since its introduction in 1978, this method has not been widely used in the banking sector of 

the Republic of Croatia up until 2005. According to Hunjak & Jakovčević (2001), this is due to 

some subjective reasons (such as the required supplementary education of management for the 

whole potential of the obtained information through the use of this method to be utilized to the 

full extent), but also several objective reasons resulting from its main limitation; the main 

condition for the method to be used is the required number of entities to be compared must be 
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at least three times that of the total number of inputs and outputs. Since it only makes sense for 

the similar entities to be compared (banks with the similar structure of activities and operating 

in a similar environment), and bearing in mind the number of banks operating in Croatia as well 

as the possible number of similarity-based bank clusters, the direct benefit of this method 

implementation would be hard to achieve. According to Jemrić et al. (2002), DEA could be 

perceived as an alternative to regression analysis. While regression analysis relies on central 

tendencies, DEA is based on extreme observations. The greatest advantage of this econometric 

frontier approach is that, unlike parametric methods, it can incorporate multiple inputs and 

outputs without imposing any functional form on data or making assumptions of inefficiency 

(Paço & Pérez, 2013). DEA presents valuable information for the bank management, interested 

public and academics. One of the main reasons for its popularity is that it can be used for small 

samples (Gardener et al., 2011). However, it should be noted that DEA has its downsides (it 

performs a mutual comparison of DMUs, but not their comparison with the “theoretical 

maximum”) and should primarily be used as a diagnostic tool and it cannot transform the 

inefficient units into efficient (Maletić et al., 2013). Furthermore, Jemrić et al. (2002) state that 

the main disadvantage of DEA is the sensitivity of the frontier to extreme observations and 

measurement errors due to the basic assumption that random errors do not exist and that all 

deviations from the frontier indicate inefficiency. However, based on the article of Škuflić et 

al. (2013), DEA's advantages (no required knowledge of the explicit functional form linking 

inputs and outputs nor a priori determination of input and output weights, the characterisation 

of each DMU by a single result of relative efficiency, the identification of the sources and 

amounts of inefficiency in each input and each output and the proposition of possible 

improvements to inefficient DMUs based on achieved results of efficient DMUs) outweigh its 

limitations.  

 

2.1. Basic DEA models  

The two basic models that are most commonly used in DEA researches are the CCR and the 

BCC models. These models have been named by the initials of their authors. Namely, the CCR 

model is a Charnes-Cooper-Rhodes model, while the BCC is a Banker-Charnes-Cooper model. 

The main distinction between these two basic models is the built assumption. The CCR model 

is built on the constant-return-to-scale (CRS) assumption, whereas the BCC model focuses on 

the assumption of variable-return-to-scale (VRS) activities (Škuflić et al., 2013). Namely, in 

the CCR model, the main assumption is that there will be a proportional increase in output 

variables based on the input variables. This model has proven to be less effective in some 

industries, and therefore Banker et al. (1984) have introduced the BCC model, which is an 

upgrade of the CCR model and where the variable yields per range are present, meaning that 

the increase in the input variable does not affect changes in the output variables proportionally 

(Gržeta, 2020). In addition, DEA models have two possible orientations: the input or the output 

orientation, as an adjustment to the chosen organisational strategy. That means that a DEA 

model can be constructed either to minimize inputs or to maximize outputs. The input 

orientation focuses on reducing the input amounts as much as possible while not changing the 

present levels of output, while an output orientation is focused on maximizing the output levels 

without increasing the use of inputs (Anayiotos et al., 2010; Savić et al., 2012; Škuflić et al., 

2013). A distinction in DEA models can be made through three dimensions: intermediation, 

profitability and production, and each dimension reveals the main areas of the bank's activity. 

As banks account for the most important financial intermediation, their key activity is to seek 

efficiency in the allocation of their resources (deposits, loans etc.). In addition, banks operate 

for a profit and they operate efficiently and do risk management to be profitable. Finally, the 

production approach views banks as a producer of products and services with the use of using 

labour, capital and other resources as inputs to produce various banking products and services 
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(deposits, loans and other services) as outputs (Novickyte et al., 2018; Maradin et al., 2018; 

Anayiotos et al., 2010). Considering the advantages and the disadvantages of the DEA 

methodology, as well as the basic DEA models and the possible model orientations, we proceed 

with a brief introduction to the Croatian banking sector and the extensive literature review 

regarding this sector with DEA thereafter.  

 

2.2. Background of the Croatian banking sector 

After gaining independence in the early 1990s, Croatia had to transform its banking system by 

establishing new standards of market-based banking practice (Jemrić & Vujčić, 2002). The 

socialist legacy has left many problems in Croatia, most of which were resolved over the years 

(Galac & Kraft, 2001). The former socialist countries, which were driven by central planning, 

were faced with „disruptive financial meltdowns“, that imposed restructuring and 

transformation of their bank-based financial sectors. The Croatian banking market and financial 

sector were no exception and had to go through with these “tectonic” structural changes 

(Davidovic et al., 2019). According to Jovancevic (1999), the break-up of ex-Yugoslavia and 

thus the break up of the Yugoslavian monetary system has caused insolvency in technical terms 

for Croatian banks. The crucial reforms that had to be undertaken in the banking sector started 

in 1991 with „measures aimed at freeing banks from accumulated bad loans“. At the start of its 

transition from socialism to capitalism in the early 1990s, Croatia had 26 state-owned banks. 

To promote competition, like many other transition countries, Croatia allowed relatively free 

entry to the banking market. By 1994, the total number of banks had reached 49, and by 1997, 

the total number of commercial banks reached 60. However, the relatively free entry led to a 

credit boom and failure of many of these new banks during the banking crisis of 1998-99 (Kraft 

& Galac 2007). By end-2000, the number of banks was down to 43. The entrance of foreign 

banks and thus, the intensification of competition caused the inevitable reduction of interest 

rates and prices of banking services, together with the radical change of the market and the 

market scene. According to Tipurić et al. (2002), the number of banks was decreasing as a result 

of the processes of mergers and acquisitions of individual smaller banks to large ones. During 

the period of 20 years (from 1990 to 2010), a lot of domestic banks also became foreign banks. 

At the end of 2010, there were 32 banks in Croatia. The predictions of further M&A processes 

has come true especially among small and medium-sized banks (Kraft, Hofler & Payne, 2002; 

Kraft & Galac, 2007; Tomičić et al., 2012). During the transition period, major changes in the 

number of banks as well as in the ownership structure of the banking sector have occurred 

(Stojčić, 2012). The Croatian banking sector has undergone substantial institutional 

transformations over the last two to three decades, becoming a „more propulsive and 

competitive sector“ with a significant contribution to social stability and economic development 

(Pervan et al., 2015). The Croatian financial system today is a bank-centric continental system 

and banks play the vital role of transferring funds to the economy by approving loans and 

enabling payments. Thus, the banking sector is a pillar for the national economy and its stability, 

because of the important role in the financing of economic activity (Kordić & Višković, 2017). 

It is characterized by a very high concentration (with the five largest banks controlling over 

80% of total banking assets). More than 90% of the assets in the banking sector are in foreign 

ownership. Banks in Italian ownership constitute almost half of the total bank assets (48.9%), 

while banks in Austrian ownership are second, with a share in total bank assets of 29.9% (Banks 

bulletin, 2019; Peša et al., 2021). Furthermore, the corporate governance of banks has a crucial 

role in creating investor confidence and an efficient market (Tomičić et al., 2012). Ultimately, 

the efficiency of Croatian banks is vital because it affects the soundness of the financial sector 

and the viability of the whole monetary system. This is the reason why the measurement of 

relative efficiency with the application of DEA methodology in the banking sector in Croatia is 

the main focus of this article. 
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3. APPLICATION OF DEA METHODOLOGY IN THE CROATIAN BANKING 

SECTOR  

Although DEA was initially developed as a tool for measuring the efficiency of production 

units that produce a real output using real inputs, the method made a breakthrough in many 

different industries where the DMUs can be different (Cvetkoska et al., 2021; Neralić & 

Gardijan Kedžo, 2019). The global literature review shows that DEA has found its most crucial 

role in assessing bank efficiency and has been extensively applied to such researches. However, 

there is a limited number of studies that analyse the efficiency of banks in developing and 

emerging countries. Namely, Andries & Ursu (2016) explore the efficiency of the EU-27 

countries; Staub, Souza and Tabak (2010) research the cost, technical and allocative efficiency 

for Brazilian banks in the period 2000-2007. Interestingly, even less of these studies are focused 

on the banks in Central and Eastern Europe (Andries & Cocris, 2010; Cvetkoska & Savić, 2017; 

Fotova Čiković & Cvetkoska, 2017; Naumovska & Cvetkoska, 2014; Naumovska & 

Cvetkoska, 2016; Grmanova & Ivanova, 2018; Efendić, 2017; Toci, 2009; Micajkova & 

Poposka, 2013; Repkova, 2014; Savić, Radosavljević & Ilijevski, 2012; Pavković, Cesarec & 

Stojanović, 2018). When browsing the CROSBI (the Croatian Scientific Bibliography) 

database with the keyword „DEA“, a total of 128 studies were found. On the other hand, when 

the keywords „DEA“ and „banking“ were used, 13 publications were found. Only 6 of them 

were regarding the Croatian banking sector, while the others were cross-country studies or 

analysing foreign banking sectors. Even though the Croatian banking sector has been 

thoroughly researched (with 2065 papers with the keyword „bank“ or „banking“ on CROSBI), 

the DEA methodology seems to be neglected by the Croatian academics and researchers. This 

article gives a comprehensive literature review and could serve as a stepping stone and a 

promotion of the DEA methodology that could lead to further empirical application of the DEA 

in the Croatian banking sector. An extensive review of the literature published from 1978 to 

2018 regarding the Croatian market and/or written by Croatian authors has been systemized 

with the paper of Neralić & Gardijan Kedžo (2019), motivated by the 40th anniversary of DEA. 

The studies using DEA methodology to evaluate the relative efficiency of the banking sector in 

Croatia and their findings follow. Jemrić & Vujčić (2002) were among the first scholars to 

implement the DEA in the banking sector in Croatia. Their study analyses commercial banks 

in Croatia in the period from 1995 to 2000. They have implemented the input-oriented CCR 

and BCC DEA model. The results from the CCR model reflected lower bank efficiency (the 

average banking efficiency in 1995 was 0.445 and 0.745 in 2000) than the BCC model (0.777 

in 1995 to 0.852 in 2000). They found foreign banks to be on average more efficient than 

domestic banks, while new banks to be more efficient than old ones. Jurčević & Mihelja Žaja 

(2013) have investigated efficiency among banks and insurance companies using DEA and 

accounting indicators. They have used the CCR and BCC output-oriented models with the 

intermediation approach. They have selected interest expenses, non-interest expenses, other 

expenses as inputs and interest incomes, non-interest incomes, and other incomes from business 

activity as outputs. The observed period is 2005 to 2010. Their findings show that bank 

efficiency has been declining since 2007 and the lowest efficiency scores are noted in 2008 

(with only 10 efficient DMUs). Kordić & Višković (2018) have observed and calculated the 

relative efficiency of the Croatian banking sector in 2016. They have applied the input-oriented 

CCR and BCC models. The selected inputs are interest costs, commission and fee costs, and 

general and administrative costs and amortization, while the outputs are interest revenues and 

noninterest revenues i.e., commission and fee revenues. Their findings present that 11 out of 24 

banks are efficient in 2016. However, they did not find a statistically significant difference with 

the ownership of the banks. Pavković, Cesarec & Stojanović (2018) have applied the CCR and 

BCC output-oriented models, with an intermediation approach. The observed period is 2004-

2016.  
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They have selected deposits and total equity as inputs and loans and income from fees and 

commissions as outputs. Their findings suggest that the group of large banks is most efficient 

when using the BCC model, while medium-sized banks are most efficient when using the CCR 

model. They have found “small-sized banks to be the least efficient bank group in Croatia”. 

The study of Davidovic, Uzelac & Zelenovic (2019) has provided new insights in regard to the 

impact of EU accession on bank efficiency. They have implemented the variable returns to scale 

BCC output-oriented model and A-P super-efficiency model with an intermediation approach. 

They have selected interest and non-interest expenses as inputs and interest and non-interest 

revenues as outputs. The analysed period is from 2006 to 2015. Their findings suggest the 

Global financial crisis harmed the Croatian banking system, with the overall efficiency 

dropping by about 3%. However, they found that the EU membership has influenced Croatian 

banks positively and that they have benefited from it through the lower interest rates for the 

intra-bank borrowings. Furthermore, they suggest that the EU membership has boosted their 

efficiency by 45%. In addition, they found the largest banks and state-owned banks to 

permanently be more efficient than the privately owned banks. Maradin, Olgić-Draženović & 

Benković (2018) focus on the Croatian banking sector with a literature review where they cite 

asset value, number of employees, interest and non-interest income, deposits and loans as 

variables that should be used in the DEA model as indicators of business success. Their findings 

suggest that foreign banks are on average more efficient than domestic banks; new banks are 

more efficient than old banks; small banks were globally efficient, but large banks appear to be 

locally efficient when VRS was applied. Novak & Hsu (2020) have assessed the efficiency of 

the Croatian banks in the period after the EU succession of Croatia in 2013 (2014 – 2018). They 

have used an output-oriented DEA model (CCR) to determine the efficiency of the banks in 

Croatia. The selected inputs are interest and non-interest revenues, while the selected outputs 

are interest and non-interest expenses. Their findings imply that the efficiency level of large 

and medium-sized banks increased from the year 2014 to 2018. The average efficiency scores 

in the Croatian banks from the years 2014 to 2018 were on the scale of 0.5 to 1. They conclude 

their study with the finding that banking efficiency in Croatia increased after Croatia joined the 

EU. Peša, Mate and Prvonožec (2021) have implemented DEA under VRS (variable return to 

scale) assumption by using different pairs of inputs and outputs in the input-oriented models on 

a sample of 20 commercial banks. The observed period is one year: 2019. They also apply the 

Kolmogorov-Smirnov test to define the selection of appropriate variables to be included in 

future models for evaluating bank efficiency. Their results show that the group of large banks 

has noted the highest efficiency results. However, their second hypothesis that deposits and 

loans ought to be used as key variables in the DEA model to measure the efficiency of Croatian 

banks wasn't confirmed. They also address the need for future research to identify significant 

variables which can affect bank efficiency performance. Other than the studies presented this 

section, the authors have also come across a few papers regarding the Croatian banking sector 

using other methodologies such as Fourier-flexible frontier cost function in the period from 

1994-2000 (Kraft, Hofler and Payne, 2002), a stochastic-frontier analysis study for 1994 and 

1995 (Kraft & Tırtıroglu, 1998), a frontier analysis for calculating calculate each Croatian bank-

specific X-efficiency between 1994 and 2014 (Huljak, 2015), the Malmquist TFP index for 

measuring the efficiency and productivity of banks in from 2000 to 2003 (Primorac & Troskot, 

2005) and the profitability model for Croatian banks by using the first-differenced GMM 

estimator int he period from 2002-2010 (Pervan et al., 2015).  

 

3.1. Cross-country studies implementing the DEA methodology 

Even though the Croatian banking sector has received quite impressive attention from scholars 

and researchers when it comes to the implementation of the DEA methodology solely for 

analysing the Croatian commercial banks, compared to other national banking sectors 
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(Cvetkoska et al., 2021), there are many more cross-country studies that analyse and measure 

the efficiency and performance of banking sectors, which also cover the Croatian banking 

sector. Grigorian and Manole (2002) have analysed the banking efficiency of 17 transition 

countries in the period from 1995 to 1998. They implemented the standard DEA methodology 

to measure the MCMY efficiency frontier with the value-added approach. They have selected 

labor, fixed assets and interest expenditures as inputs, while revenues, net loans and liquid 

assets as the first set of outputs and deposits, net loans and liquid assets as the second set of 

outputs. Their findings show that Croatian commercial banks produced the best outcome in 

terms of revenue-based index in 1997. What is most interesting about their findings is that 

privatization of banks does not guarantee a statistically significant improvement in efficiency 

of banks. Tomova (2005) has conducted a study implementing DEA for analysing the efficiency 

of banks in 12 countries. She performed DEA separately for a sample of banks in CEE for the 

period 1993-2002 and for a pooled sample of banks in CEE and selected old EU Member states 

(France, Portugal and Spain). The overall average efficiency for France and Portugal was 

unexpectedly lower in some years than that of CEE banking systems. Namely, Toci (2009) has 

been among the first researchers to conduct a cross-country study where he investigates the 

efficiency of the banking sectors of Southeastern Europe (Bulgaria, Croatia, Kosovo and 

Montenegro) in the period from 2002 to 2005. His study implemented both CRS and VRS 

models DEA models (intermediation approach) plus the Malmquist Total Factor Productivity 

Change Index. He has used deposits and total costs as inputs, and loans net of provisions and 

total revenues as outputs. His findings regarding the Croatian banking sector show that the 

average efficiency for the sector as a whole increased from 0.728 in 2002 to 0.834 in 2003 and 

remained stable thereafter. Foreign banks continued to improve their intermediation efficiency, 

unlike domestic banks. Anayiotos et al. (2010) implement a DEA methodology (intermediation 

approach) in the efficiency assessment of 125 large commercial banks from 14 emerging 

European countries. They provide estimates for the relative efficiency of banks before the pre-

crisis boom, just before the 2008 crisis, and after the crisis. Total capital, interest expense and 

operating expense were chosen as inputs, while total loans, pre-tax profit and securities 

portfolio were chosen as outputs. They did not succeed in finding any efficiency gains for the 

observed banking sectors. However, what they succeeded in was the findings that efficiency 

results before the recent crisis were strongly linked to the host country’s level of development 

and that foreign-owned banks were more efficient than domestic banks. Toci & Hashi (2013) 

have conducted a study where they employed DEA and Malmquist Index to investigate the 

intermediation efficiency of banks in four SEE countries: Bulgaria, Croatia, Kosovo and 

Montenegro in the period 2002-2005. The selected inputs are deposits and total costs while 

loans net of provisions and total revenues are outputs. Their findings imply a presence of large-

scale inefficiencies in the Croatian banking sector. Furthermore, they found that foreign banks 

were more efficient than domestic banks and larger banks were found to be more efficient than 

small banks. Pancurova & Lyocsa (2013) analyzed a sample of 11 Central and Eastern 

European Countries (CEEC) over the 2005–2008 period. In their study, they supplement a cost-

efficiency Data Envelopment Analysis (DEA) model with a revenue efficiency model. The 

intermediation approach was adopted and the inputs were total deposits and total costs, whereas 

total loans and other earning assets were selected as outputs. What they found was that foreign 

banks in CEEC are more cost-efficient but less revenue efficient than domestic banks. Tuškan 

& Stojanović (2016) have applied both the CCR and BCC DEA output-oriented models under 

the profitability approach. They have analysed a sample of 28 European banking systems in the 

period from 2008 to 2012. They have used ROA, ROE, and CIR (Cost to Income Ratio) 

indicators, as well as the DEA methodology with interest expenses and total operating expenses 

as inputs, and interest income and total operating income as outputs. Their results regarding the 

Croatian banking system show the lowest average relative efficiency in 2012, while highest in 
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2008 (according to the CCR model), whereas BCC-model has shown the lowest average 

efficiency in 2009. Nurboja & Košak (2017) have analysed and compared the efficiency of 

banking sectors in selected EU and non-EU countries using the SFA model approach and their 

findings suggest differences in efficiency which were related to the EU membership (i.e. 

commercial bank sin EU countries note higher cost efficiency than in non-EU countries). 

Degl’Innocenti et al. (2017) have examined the efficiencies of banking sectors of 9 new EU 

members in CEE countries (Bulgaria, Croatia, Czech Republic, Estonia, Hungary, Latvia, 

Lithuania, Poland, and Romania) using a window-based weight assurance region (WAR) 

approach over the period 2004–2015. Their results indicate a low level of efficiency over the 

entire period of analysis, especially for Eastern European and Balkan countries in comparison 

with the Central European countries. Gržeta (2020) has applied the BCC DEA input-oriented 

model with the VRS assumption for assessing the technical relative efficiency of 104 

commercial banks from 11 Central and Eastern Europan countries in the period from 2006 to 

2015. In his paper, funding, fixed assets, personnel expenses and expenses on value 

adjustments, and provisions have been selected as inputs, while loans, net provisions, and other 

earning assets as outputs. The average relative efficiencies for the entire observed data set of 

commercial banks is 0.8848, of which the relative efficiencies of small banks, on average, are 

0.8542, while the relative efficiencies of medium-sized banks are 0.9039, and he concludes that 

middle-sized banks show higher relative efficiency than small banks. However, when viewed 

by country, he presents differences in efficiencies. Croatia is in the penultimate place, just ahead 

of Romania with an average relative efficiency of 0.8317 for all the active commercial banks. 

Kozak (2020) has applied the stochastic frontier approach (SFA) to investigate the profit 

efficiency scores of 108 banks operating in eleven CEE countries (among which he analysed 

16 Croatian banks) in the period from 2005 to 2017. The results show that the Croatian banking 

sector has an average profit efficiency score of 83.8%. He has also found that efficiency scores 

dropped in the period of the financial crisis 2007-2009 and the crisis of public finance in the 

euro area 2012-2013. The latest cross-country study has been published by Cvetkoska, Fotova 

Čiković and Tasheva (2021). In their study, the authors measure the relative efficiency of 

commercial banks in three developing countries deriving from ex-Yugoslavia (Croatia, Serbia, 

and North Macedonia) in the period of five years (2015-2019). They have used interest and 

non-interest expenses as inputs, and interest and non-interest revenue as outputs. In their study, 

they implemented the output-oriented BCC model. Their findings show that 36.3% of 

Macedonian banks, 18.2% of Serbian banks, and 42.1% of Croatian banks are relative-efficient 

for the whole observed period, and most of the relative-efficient banks for the whole observed 

period are large banks. They also presume that Croatian banks have experienced positive 

implications of EU accession in July 2013, which is equivalent to the findings of Novak et al. 

(2020) and Davidović et al. (2019). 

 

4. CONCLUSION  

Banks are the most important financial institutions and intermediaries worldwide. 

Notwithstanding, banks' performance, profitability and efficiency notably contribute to the 

economic growth and stability of the whole financial system (Pavković et al., 2018). The 

efficient operating of banks is vital in any economy and especially vital in developing countries 

like Croatia. High capitalization and liquidity remain the basic characteristics of the banking 

system of the Republic of Croatia. However, a challenging period is ahead for the banking 

system in Croatia. The COVID-19 pandemic has caused unfavorable economic trends and a 

significant materialization of credit risk. Croatian banks are expected to experience losses due 

to lower revenues and impairment on financial assets that would significantly lower their 

profitability (Financial Stability, 2020). This is the reason why at this point the efficiency of 

banks is even more important.  
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Based on the extensive literature review, this article focuses both on DEA theory and empirical 

evidence with application in the evaluation of the banking sector’s performance and efficiency 

in Croatia. Most of the studies were conducted for the time frame between 2002-2015, while 

there is a lack of research regarding the efficiency of the Croatian banking sector before the 

2000s and after 2017. DEA methodology is an excellent non-parametric method that gives 

insights regarding banking efficiency and provides important information for the bank 

management, creditors, investors, regulatory bodies, academics, researchers and other 

stakeholders. There is a limited number of studies that analyse and measure the efficiency of 

Croatian banks and we hope that this article would impact a change in that statistics soon. The 

main goal of this article is to present the application of DEA in the Croatian banking sectors. 

The authors have analysed and presented a total of 8 articles. In this article, authors have 

included papers that can be accessed on Google Scholar, CROSBI (the Croatian scientific 

bibliography), and via personal contacts with researchers from Croatia. Furthermore, 12 cross-

country studies were analysed and their findings were presented. In our reviewed literature, 

both CCR and BCC models have been used in the studies regarding the Croatian banking sector. 

Following is a summary of our findings: on average, foreign banks were most efficient and 

more efficient than domestic banks; new banks were averagely more efficient than old banks; 

large banks are the most profitable and most efficient banks' group using variable returns to 

scale (BCC model), while the medium-sized banks appear most efficient using constant returns 

to scale (CCR model); EU membership has brought vast advantages for Croatian banks in terms 

of efficiency; and finally, in terms of size, on average, the group of large banks has noted highest 

efficiency results, whereas the group of small banks the lowest efficiency results. The 

conclusion from this extensive literature review is that there is a gap in the literature regarding 

the comparison of the efficiencies of banking sectors in non-EU and EU countries, as well as a 

comparison of the banking sectors efficiencies in the Balkan countries and the region of South-

Eastern Europe. Finally, this article should be considered as solid ground and a stepping stone 

for further literature reviews as well as empirical studies of the efficiency of the Croatian 

banking sector by implementing the leading non-parametric approach DEA.  
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