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1. INTRODUCTION

Different characteristics of individual market structures determine differences in their eco-
nomic efficiency in general, and technical efficiency specifically. Technical efficiency
(TE) or input efficiency is achieved when companies combine inputs in a way that minimizes
the costs of a certain amount of output (Pindyck & Rubinfeld, 2005) or achieve maximum out-
put with available inputs (Primorac & Troskot, 2005). Technical efficiency includes scale effi-
ciency (SE) and pure technical efficiency (PTE). Pure technical efficiency reflects (in)efficien-
cy of operation, whereas scale efficiency reflects operating conditions (Cooper et al., 2007) In
other words, the first refers to the manager’s ability to use resources, and the second refers to
utilizing scale economies by operating at the point where the efficiency frontier manifests the
characteristics of constant returns to scale (Sufian, 2011).

Given that the banking sector is the backbone of financial markets in Central and Eastern Eu-
ropean (CEE) countries, its efficiency influences their costs of financial intermediation as well
as the general stability of the financial system (Novickyte & Drozdz, 2018). As a result, there
is a growing number of studies on the efficiency of the banking system in the aforementioned
countries (Andries & Ursu, 2016; Belke et al., 2016; Cevik et al., 2016; Diallo, 2018; Erina &
Erins, 2020; Kozak & Wierzbowska, 2019; Kutsomanoli-Filippaki et al., 2009; Repkova, 2014;
Roghanian et al., 2012; Stavarek, 2006; Yildirim & Philippatos, 2007; among others), in Croa-
tia (Davidovic et al., 2019; Gardijan Kedzo & Tuskan Sjaus, 2021; Hunjak & Jakovcevi¢, 2003;
Jemri¢ & Vujcié, 2002; Juréevié & Zaja, 2013; Pesa et al., 2021; Primorac & Troskot, 2005;
Tuskan & Stojanovic, 2016; Uckar & Petrovic, 2021; among others), but of course also wider.
Domestic studies (Gardijan Kedzo & Tuskan Sjaus, 2021; Jemri¢ & Vujci¢, 2002; Pesa et al.,
2021; Tuskan Sjaus, 2020; Uckar & Petrovic, 2021) indicate that the banking sector’s efficiency
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generally grew from the 1990s to the present, and that larger banks are more efficient than
small or medium-sized ones. At the same time, scientific and practical considerations point to
an oligopolistic market structure (Tipuri¢ et al., 2002), i.e., high concentration (Tuskan Sjaus &
Zubanovic, 2021) of the Croatian banking industry.

The general goal of the paper is derived from the introductory consideration of the paper’s sub-
ject, and it consists of the analysis and identification of the market structure of the banking sec-
tor in Croatia and the characteristics of its technical efficiency from 2009 to 2022, using descrip-
tive statistical analysis and the DEA method. Based on the empirical findings so far, the specif-
ic goals derived from the stated general goal have been shaped into the following hypotheses:

Hypothesis One: The banking sector in Croatia has an oligopolistic market structure in the pe-
riod from 2009 to 2022.

Hypothesis Two: The market structure of the banking sector in Croatia is technically efficient
in the period from 2009 to 2022.

Hypothesis Three: The levels and accomplishments of complete technical efficiency of cred-
it institutions in the banking sector in Croatia increased with their size in the period from 2009
to 2022.

Continuing from the introduction, the findings of the research are elaborated in the next chapters
of the paper. Starting with the development and structural-business features of the banking sector
in Croatia, the state and trend of its market structure are outlined in the second chapter. The third
chapter introduces the methodological framework, and the fourth chapter gives the findings of the
banking sector’s technical efficiency in Croatia in connection to its identified market structure.
The fifth chapter presents future research directions and the conclusion highlights the main find-
ings and implications and discusses the contributions and limitations of the paper.

2. CROATIA’S BANKING SECTOR DEVELOPMENT
AND STRUCTURAL-BUSINESS FEATURES

In the period from 2009 to 2022, there is a noticeable trend of consolidation of the banking sec-
tor, which is manifested by a decrease in the number of credit institutions (2009: 39; 2022: 22)
and net entry rates, as well as an increase in the minimum efficient scale and the share of enti-
ties that meet it, especially in terms of number of employees (2009: 20.51%; 2021: 29.17%; 2022:
27,27%), which consequently results in the growth of market concentration (HHI 2009: 1,319.75,
HHI 2012: 1,654.30). Although in the observed period all types of credit institutions recorded a de-
cline in their number, the intensity of these declines varies. The credit institution structure by type
illustrates banks’ growing dominance, i.e., the fall in the role of savings banks and house savings
banks in Croatia’s banking industry over time. The foregoing is a direct result, first and foremost,
of the expansion of financial markets and the introduction of new methods of meeting housing and
other needs (Leko, 2012). As aresult, 22 credit institutions existed in Croatia at the end of 2022, 21
of which were banks and one was a house savings bank, whereas no savings bank operated as of
March 2018. The banking sector’s size structure’ was dominated by small credit institutions, i.e.,

¢ The size of banks is determined based on the share of their assets in the total assets of the banking sector. Small

banks have a share of assets in the banking sector that is less than 1%, medium-sized banks have a share that
is greater than 1% but less than 5%, and large banks have a share that is greater than 5%. (Sverko et al., 2012)
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banks, whose number declined from 23 in 2009 to 13 in the most recent year, 2022, due to bank-
ruptcies, liquidations, and mergers and takeovers. The number of medium-sized banks ranged
from two (from 2018 to 2022) to four (2008; 2013; 2014), while the number of large banks stayed
constant at six. Finally, in terms of credit institution ownership structure, foreign banks domi-
nate throughout the period, although their proportion in the structure reduces over time (Hrvats-
ka narodna banka [HNB], 2023a, 2023b). According to data from the end of 2022, 12 credit insti-
tutions are foreign-owned, while 10 are domestically owned, seven of which are privately owned
and three of which are state-owned (Hrvatska narodna banka [HNB], 2023c).

The banking sector in Croatia in the observed period, but in the preceding periods, is also
characterized by the linking of credit institutions into national (Croatian Banking Association
(CBA) since 1999) and international (e.g., European Banking Federation (EBF) since 2013) as-
sociations and by the differentiation of substitutable services (Rupci¢ & Superina Gudelj, 2021),
particularly driven by the progressive application of advanced information and communications
technology (ICT). The rising usage of ICT, along with other variables, undoubtedly has an im-
pact on the profitability of Croatia’s banking sector. Profitability during the period in consider-
ation, measured by Return on Assets (ROA) and Return on Equity (ROE), ranged from -1.14%
and -9.00% in 2015 to 1.37% and 9.82% in 2019, with fourteen-year averages in the observed pe-
riod of 0.75% and 5.41%. Banks and credit institutions mainly are generally deemed profitable
if their ROA values are at least 1% and their ROE values are greater than 10% (Jurcevi¢ & Zaja,
2013). Accordingly, it can be concluded that on average the mentioned traditional requirements
are not met. However, what is positive is that in the last five years, except for 2020, the ROA val-
ues are in line, and the ROE values are almost in line with the stated requirements.

Following the presented development and structural-business features, it can be concluded,
according to Tipuri¢ et al. (2002) and Tuskan Sjaus and Zubanovi¢ (2021), the existence and
strengthening of the oligopolistic market structure of the banking sector in Croatia during the
period from 2009 to 2022 and, accordingly, the hypothesis one is accepted.

3. METHODOLOGICAL FRAMEWORK FOR ANALYSING
THE EFFICIENCY OF CROATIS’S BANKING SECTOR

Data Envelopment Analysis (DEA) is used to examine the technical efficiency of the banking
sector’s market structure in Croatia from 2009 to 2022. The method was chosen based on the
rare analyses of banking efficiency in Croatia using the aforementioned method, which they
carried out in their papers Jemri¢ and Vuj¢i¢ (2002), Juréevié¢ and Zaja (2013), Tuskan and Sto-
janovi¢ (2016), Davidovic et al. (2019), Pesa et al. (2021), Uckar and Petrovi¢ (2021), Tuskan
Sjaus (2020) and Gardijan Kedzo and Tuskan Sjaus (2021).

In order to determine the TE, PTE, and SE for the banking sector in Croatia for each year, this
paper, based on similar domestic (e.g., Gardijan Kedzo & Tuskan Sjaus, 2021; Jemri¢ & Vujcic,
2002; Pesa et al., 2021; Tuskan Sjaus, 2020; Uckar & Petrovi¢, 2021) and foreign studies (Repk-
ova, 2014; Sufian, 2011; among others), both the Charnes-Cooper-Rhodes (CCR) and the Bank-
er-Charnes-Cooper (BCC) input-directed models (CCR-I and BCC-I) were used. Both models
were chosen precisely to enable the decomposition of TE into PTE and SE, and their focus on
inputs was chosen because, although the banking market is not competitive, management in the
banking sector has a greater ability to influence input minimization than output maximization
(Uckar & Petrovic, 2021). Therefore, the decision-making units (DMUSs) included in the analysis
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are (managers of) credit institutions (banks, savings banks, and housing savings banks) that op-
erated in Croatia throughout certain years of the observed period.

Based on the literature review in the field of bank efficiency research, four equivalent approach-
es to identifying input and output dominate - the production, the intermediation, the added val-
ue and the operating or profit-oriented approach (Drake et al., 2006; Sufian, 2011). While the
first two approaches apply the traditional microeconomic theory of the company to banking and
differ only in the specification of banking activities, the last two approaches go a step further
and modify the classical theory by incorporating some specific banking activities. The suita-
bility of each approach varies depending on the circumstances (Sufian, 2011). Based on the fact
that banks in Croatia are of a universal type and perform a variety of activities, as well as for
practical reasons of ensuring comparability with previous studies (e.g., Jemri¢ & Vujcic, 2002;
Juréevi¢ & Zaja, 2013; Pesa et al., 2021; Tuskan & Stojanovi¢, 2016; Tuskan Sjaus, 2020; Udkar
& Petrovic, 2021), the inputs and outputs are determined using the operating approach. Follow-
ing the operating approach’s cost and income management perspective, each decision maker,
i.e., credit institution has four inputs: (I1) interest costs, (I2) commission and fee costs, (I3) oth-
er non-interest costs, and (I4) general administrative costs and depreciation, and three outputs:
(O1) interest income, (0O2) commission and fee income, and (O3) other non-interest income.

Annual data on defined inputs and outputs of all credit institutions in Croatia during the ob-
served period were used, which were extracted from the Croatian National Bank’s Bulletin on
Banks for individual years from 2010 to 2019 and from financial statements of credit institu-
tions for years 2018 to 2022. The descriptive statistics of the input and output variables used to
build the DEA model are available upon request.

4. TECHNICAL EFFICIENCY OF THE CROATIA’S BANKING SECTOR

The results of applying the CCR-I model (Table 1), which assumes constant returns to scale,
show that the banking sector’s average annual global TE ranged from 0.8793 (2016) to 0.9725
(2022), with a fourteen-year average of 0.9283. As a result, the period’s average relative ineffi-
ciency, that is average surplus of inputs in relation to the need for inputs when operating at the
limit of efficiency, is 7.84%. Large banks have the highest average TE, whereas small banks
have the lowest. The number of credit institutions operating on the efficiency limit, i.e., those
that are technically efficient, as well as those whose TE is at or above the TE average, rang-
es from 15 (2016) to 24 (2011) and on average accounts for more than half (58, 65%) of the to-
tal number of credit institutions during the observed period. The size of credit institutions de-
termines their representation in the set of technically efficient credit institutions. Based on
fourteen-year averages, large banks dominate the set of technically efficient credit institutions
(79.76%), followed by medium-sized banks (68.45%), and finally small banks (43.39%). Sav-
ings banks (72.22%) and housing savings banks (78.10%) have comparable participation rates.
In terms of the coefficient of variation, the volatility of credit institutions in the covered peri-
od does not exceed 20%. The year 2016 was the most volatile (19.29%), characterized by the al-
ready mentioned, least favourable remaining efficiency indicators.

Although the results of the local PTE analysis revealed by the BCC-I model (Table 2) based
on the assumption of variable returns to scale inherently show higher levels of efficiency, the
main findings are consistent with those of the CCR-I model. From 2009 to 2022, the banking
sector’s average annual local PTE fluctuated between 0.8997 (2015) and 0.9972 (2022), with a
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fourteen-year average of 0.9505. In comparison to operations at the efficiency limit, this implies
that the period’s average relative inefficiency or the average excess of inputs is 5.31%. On aver-
age, the largest PTE is achieved by large banks, and the smallest by small banks. Except in 2015
(48.48%), the number of credit institutions operating on the efficiency frontier, characterized by
PTE, is larger than 50%, with a period average of 2/3 (66.95%). This figure, as well as the num-
ber of credit institutions with PTEs equal to or higher than the PTE average, fluctuates between
16 (2015) and 26 (2011). As with TE, the presence of efficient credit institutions is highest in
the large bank group (fourteen-year average: 90.48%), followed by medium-sized banks (four-
teen-year average: 82.14%), and lowest in the small bank group (fourteen-year average 50.33%).
Savings banks and housing savings banks are represented by 88.89% and 84.29% of their total
number. Considering the elimination of SE effects, PTE volatility is consistently lower than TE
volatility, implying that more credit institutions are closer to the average PTE than to the aver-
age TE. The highest PTE volatility was recorded in 2014 when it was 14.47%.

Finally, the findings of the SE analyses (Table 3), as a quotient of TE and PTE, identify the move-
ment of the average SE of the banking sector in the examined period in the range of 0.9573 (2016)
and 0.9876 (2017) and, correspondingly, with a high temporal average of 0.9758. Large banks
achieve the greatest average SE ratings, whereas small banks achieve the lowest. Higher SE val-
ues compared to PTE, along with other measures, imply that the SE impact, while not by much,
outperforms the local PTE effect in determining the total, that is, the global TE. Specifically, com-
pared to the achievement of economies of scale and reaching the optimum point characterized by
constant returns to scale, the average relative inefficiency in the covered period is only 2.48%.
Although SE is generally more favourable, compared to TE and PTE, it is achieved by a smaller
number of credit institutions. Specifically, from 43.59% to 79.17% of them, depending on the year,
that is, on average 58.27% in total, 49.46% in the category of small banks, 66.67% in the group of
medium-sized banks, and 73.81% large banks. And the frequencies of savings banks (44.44%) and
housing savings banks (63.81%) are consistently lower. Parallel with TE and PTE, the variability
of SE is in overall the lowest, with a maximum of 15.25% in 2016.

In all observed years, two credit institutions achieve full TE, full PTE, and therefore full SE:
Hrvatska posStanska banka d. d. and Zagrebacka banka d.d. Accordingly, these credit institu-
tions are considered absolutely technically efficient. Similarly, for the period from 2009 to 2018,
Gardijan Kedzo and Tuskan Sjaus (2021) detected the dominance of Erste&Steiermirkische
Bank d. d. and Zagrebacka banka d.d. Furthermore, the temporal trends of TE, PTE, and SE
are broadly consistent with one another, as well as with the movements of ROA and ROE dur-
ing the observed period. The above points to the agreement between the results of the efficiency
evaluation using the non-parametric DEA method and traditional (profit) efficiency measures.

Based on the presented results of the analysis of the technical efficiency of the banking sector
in Croatia for the period from 2009 to 2022, hypotheses two and three are accepted. Also, the
results are consistent with the findings of Pesa et al. (2021) and Uckar and Petrovi¢ (2021), and
in the context of hypothesis two, to a greater extent, with the findings of Gardijan Kedzo and
Tuskan Sjaus (2021), and in the context of hypothesis three, predominantly with the findings of
Jemri¢ and Vujci¢ (2002).
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5. FUTURE RESEARCH DIRECTIONS

Given the extent of this paper, it is suggested to channel future research in the direction of analys-
ing other dimensions of efficiency: dynamic efficiency, inherent in oligopoly and monopoly mar-
kets, and allocative and cost efficiency. Furthermore, it is suggested that future research take into
account other limitations of this study, particularly the sensitivity of the results to the methodologi-
cal approach (choice of method and input and output) and the absence of identification of the char-
acter of returns to scale. Also, this research can be extended temporally, sectorally and geograph-
ically, by analysing an even longer period in order to comparatively monitor changes in efficiency
over time within the same and between different sectors in one or more countries. Finally, there are
numerous possibilities for extending the research on the relation to market structure — efficiency —
business and economic performance.

6. CONCLUSION

The banking sector is the backbone of financial markets and economies of CEE countries, including
Croatia. Consequently, the efficiency of its market structure affects the performance of the financial
and economic system in general. For this reason, the purpose of the paper was to determine the mar-
ket structure of the banking sector in Croatia and the characteristics of its TE for the period from 2009
to 2022 using descriptive statistical analysis and the DEA method. Based on the descriptive analysis,
consistent with hypothesis one, an oligopolistic market structure with characteristics of growing con-
solidation was established. The results of the technical efficiency analysis using the DEA method re-
veal the persistence of a relatively high average TE, as well as its components: PTE and SE. Full to-
tal TE (58.65 %), PTE (66.95 %) and SE (58.27 %) were achieved on average in the observed peri-
od by more than half of the credit institutions. It is concluded, following hypothesis two, that on aver-
age managers use bank resources efficiently and are more successful in exploiting economies of scale,
which synergistically determines a relatively high average TE. At the same time, as assumed by hy-
pothesis three, the aforementioned efficiencies generally grow and are achieved more frequently the
larger the size of the bank, that is, the credit institution. Thus, large banks achieve the highest levels
and most often achieve full PTE, SE and overall TE. The opposite is true for small banks. Additional-
ly, the results of the analysis reveal relatively low to moderate volatility of average (in)efficiencies (TE,
PTE and SE) and equal degrees of homogeneity between PTE and SE of credit institutions.

The findings imply that small banks in Croatia could increase efficiency by using inputs more ration-
ally and assuming growing returns to scale, by exploiting economies of scale. With the aforemen-
tioned assumption, positive effects on efficiency can be achieved by changing the volume of opera-
tions through internal growth or further consolidation in the sector. The study suggests that to take
advantage of cost advantages due to the use of economies of scale, efficient banks should absorb in-
efficient banks. In addition to the aforementioned implications aimed at improving static TE, long-
term efficiency improvements can also result from innovative banks that develop and introduce new
technologies.

Despite the detected limitations, this research is valuable because it stands out among the rare exist-
ing related studies in Croatia in its spatial and temporal coverage, covering the entire banking sector
for the longest period. In this way, it contributes to existing studies on the efficiency of the banking
sector in Croatia and beyond, while providing a foothold for future research. The practical contribu-
tion of the paper is in the implications of the research results for the bank’s management, the central
bank, the association of banks, the government, and other bodies in the financial market.
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