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Abstract | The aim of the paper is to evaluate the relative efficiency of

Macedonian commercial banks by using the DEA technique window analysis.

Based on the profitability approach, two inputs and two outputs are selected for

our research. The sample consists of 14 commercial banks in Macedonia and the

observed period covers 11 years (2007-2017). According to the average efficiency

score for the whole observed period, the most efficient bank belongs to the

group of large banks, and also this group of banks show the highest efficiency.

The Macedonian banking sector as a whole shows the highest efficiency in 2007

(84.04%), and the lowest efficiency in 2011 (65.25%). In the period from 2007

to 2011 a decline in the efficiency that is related to the global financial crisis is

noted, from 2012 until 2016 the efficiency notes growth, and in 2017 compared

to 2016 a small decline is noted (2.28%). Findings from this research are

consistent with the factual situation in the Macedonian banking sector and they

give valuable information to regulators, policy makers and bank management

in the direction of further improvement of one of the most important indicators

of success for financial institutions, the efficiency.
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1. Introduction



The aim of the paper is to evaluate the relative

efficiency of Macedonian commercial banks

in the period from 2007 to 2017 by using the

DEA technique Window analysis.



2. The Macedonian banking sector

The financial system of Macedonia is

relatively simple and financial markets

are still underdeveloped. It is considered

to be a bank-based financial system

where banks play a crucial role in

financing the economic activities and

maintaining the financial stability of the

system, as well as the stability of other

institutional segments.

The banking sector plays a

significant role in the economic

development of any country and is

considered a backbone of the

country’s economy.

The banking system in the

developing countries, including in

Macedonia is underdeveloped

and relatively small compared with

those in highly developed

countries.



The characteristic of several

major banks to dominate the

banking sector is best known for

countries in transition.

The volume of banking intermediation

between domestic and foreign depositors

and potential investors in the real

economy remains low.

The volume of services and banking

products offered is also small.



The banks in Macedonia are

implementing a traditional

model in their operations, i.e.,

they collect deposits from the

domestic and private sector

and make placements (as

loans) in the domestic

households and companies.

The structure of the total

banking income in the most

of the researched period

(2007-2017) corresponds

with the traditional business

model in the operations of

the banks. Thus, net-interest

income with a share of 65%,

is the most significant in

the structure of total

revenues. (NBRM, 2018)



3. Literature review

Emrouznejad et al. (2008) published a bibliography on

DEA that consists of over 4000 research articles, and in

the following areas most of the applications are noted:

banking, education, healthcare and hospital efficiency.



Naumovska and Cvetkoska (2017) give a literature review of the application

of DEA methodology in measuring the relative efficiency of banks in:

• Bosnia and Hercegovina (Memic and Memic, 2013)

• Bulgaria (Nenovsky et al., 2008; Toci, 2009)

• Croacia (Jemric and Vujcic, 2002; Toci, 2009)

• the Czech Republic (Repkova, 2013)

• Greece (Varias and Sofianopoulou, 2012)

• Kosovo (Toci, 2009)

• Latvia and Lithuania (Titko and Jureviciene, 2014)

• Macedonia (Micajkova and Poposka, 2013)

• Montenegro (Toci, 2009)

• Poland (Kisielewska et al., 2005; Chudy et al., 2012)

• Serbia (Mihailovic et al., 2009, Savic et al., 2012) and

• Slovakia (Repkova, 2014)



The analyzed studies

were published after

the year 2000.

The period of one year

represents the shortest

covered period, while the

longest one is of twelve

years.

DEA, dynamic DEA, 

Window analysis, 

DEA and Malmquist

Index, financial 

ratios in combination 

with DEA, a 

traditional 

accounting approach 

and DEA, DEA and 

I-distance are used 

in these studies.

Input-oriented DEA 

models with CRS 

and VRS 

assumption are 

used in the majority 

of cases. 

The most frequently used 

approach is the 

intermediation 

approach; Inputs:   

deposits, employees 

(number of employees or 

employee costs) and 

fixed assets; Outputs: 

loans, investments in 

securities and net interest 

income.

Small banks are 

more efficient than the 

large banks in Bosnia 

and Herzegovina. 

Large banks are 

more efficient than 

small banks in 

Bulgaria, Latvia and 

Lithuania. 

Foreign banks are

more efficient than the

domestic banks in

Croatia and Bulgaria.
Naumovska and 

Cvetkoska (2017)



Hartman and Storbeck (1996)

have used the Window analysis

for investigating the development

of loan efficiency in 12 Swedish

banks in the period of 9 years.

Asmild et al. (2004) have

combined the Window analysis

with the Malmquist indexes in the

study regarding the Canadian

banking industry.

Kisielewska et al. (2005) have

used Window analysis and

Malmquist indexes in order to

analyze the performances of 10

large commercial banks in Poland

in the period from 1995-2003.

Savic et al. (2012) have used the

Window analysis for measuring

the efficiency of 28 commercial

banks in the period from 2005 to

2011.

Literature review – DEA Window analysis in banking



There are a few studies regarding the measurement of the relative

efficiency of the commercial banks in Macedonia:

• Cvetkoska (2008)

• Micajkova and Poposka (2013)

• Naumovska and Cvetkoska (2017) and

• Čiković and Cvetkoska (2017)



Micajkova and Poposka (2013):

• sample: 15 banks; period: 2008-2011; two DEA models: the CCR

and the BCC, which are input-oriented; intermediation approach

is applied; 2 inputs: total deposits received and labor costs; 2

outputs: loans to banks and customers and investments; the

highest pure efficiency scores were noted in the group of large

banks.



Naumovska and Cvetkoska (2014):

1. have compared the indicators of efficiency of the Macedonian

banking sector with those of the countries of Central and

Southeastern Europe in the period from 2003 to 2012;

2. have estimated the relative efficiency of 14 Macedonian

commercial banks in the period from 2007 to 2013 by using the

output-oriented CCR DEA model; 2 inputs: deposits and

operating costs; 2 outputs: loans and net-interest income; the

average efficiency of the Macedonian banking sector has been

the highest in 2008 (90.35%) and the lowest in 2012 (79.83%).



Čiković and Cvetkoska (2017):

• sample: 14 banks; period: 2008-2015; intermediation approach;

3 inputs: total deposits, interest costs and operating costs (costs for

salaries, amortization, administrative costs and other operating

costs); 3 outputs: total loans, interest income and non-interest

income (fee and commission income and other operating income);

Window analysis; 28.57% of the banks have an overall efficiency

by years that is higher than 95%; the group of large banks has the

highest efficiency in the Macedonian banking sector.



4. Methodology

The DEA technique Window

analysis is used under VRS

assumption based on the

Banker-Charnes-Cooper

(BCC) model.

The name of this technique and its

basic concept are associated with

Klopp (1985).

It enables the number of

DMUs to be increased and

the changes in the efficiency

of the DMUs to be observed

over time.

,

In Window analysis the following symbols 

and formulas are used (Cooper et al., 

2007, pp. 326-327): n – the number of 

DMUs, k – the number of periods, p –
length of window (p≤k), p=(k+1)/2, w - the 

number of windows (w=k-p+1), the 

number of DMUs in each window is 

calculated according to the formula: np, 

while the number of “different” DMUs is 
calculated through the formula: npw



5. Data

The sample for analysis consist 

of 14 commercial banks in 

Macedonia.

The Macedonian Bank for

Development Promotion is not

included in our analysis

because it is not comparable

with other banks: it has a specific

function in the sector and works

on different principles than the

commercial banks.

Inputs: interest and non-interest

costs;

Outputs: interest and non-

interest incomes.

We have used data from the

revised financial statements

for the selected inputs and

outputs for each commercial

bank in the observed period

(2007-2017)



6. Results and analysis

• 14 commercial banks (n=14), 11 years are considered (k=11), the
length of the window is 6 years (p=6), the number of windows is 6
(w=6), in each window there are 84 banks, and the number of
“different banks” is 504.

• DEA Solver Pro 11.0



Table 1. Average efficiency of the commercial banks in Macedonia, by years



Table 2. Overall efficiency (by windows and by years) of Macedonian

commercial banks



Figure 1. Variation through Window (row-wise averages of results)



7. Conclusion

Considering the globalization and

internalization of businesses and banks,

the inception of new banking

technologies as well as the continuous

process of M&A in banking, the

commercial banks in Macedonia would

have to offer higher efficiency in the

future, in order to survive these modern

trends.

Findings from the research are

consistent with the factual situation in

the Macedonian banking sector and they

give valuable information to regulators,

policy makers and bank management in

the direction of further improvement of

one of the most important indicators of

success for financial institutions, the

efficiency.



T

H

A

N

K

Y

O

U



QUESTIONS & COMMENTS


