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Abstract

Over the past decades, the rapid development of the airline industry has occurred
in the Middle East and particularly in the United Arab Emirates. The need for the
development of the aviation sector has emerged due to the strategically important
position that Middle East occupies as the central point between the eastern and
western hemispheres. Its major airlines, so called Middle East Big Three (MEB3) -
Emirates, Etihad and Qatar Airways, have become dominant in the region, as well as
across the globe, primarily thanks to the high quality of their services and globally
recognized brand. The focus of the assessment are the airlines’ non-financial
performance indicators, such as: the number of carried passengers and cargo, number
of employees, serving destinations, fleet size, etc. The analysis covered a period of
twelve years, starting from 2005 until 2016, which was characterized by the
expansion of these airlines. For each observed company, the efficiency was first
separately measured using the Data Envelopment Analysis (DEA) method, followed
by the dynamic analysis and measurement of their efficiencies using the DEA
Window analysis. In both cases, Emirates Airlines had the best performance.

Key words: performance evaluation, efficiency assessment, Middle East airlines,
DEA
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JUHAMUWYKHU MOJAEJI MEPEIHBA IIEPO@OPMAHCHU
BJIMCKOUCTOYHUX ABUO-KOMITAHUJA

Arncrpakr

Tocneamux ACLEHHU]a JOILIO j€ O HArJIOT pa3Boja aBHO-HHAYCTpHje Ha Biickom
HCTOKY, IPBEHCTBEHO y YjenumeHnM AparckuMm Emuparuma. [lotpeba 3a pasBojem
ABHO-CEKTOpa jaBHJIa Ce ycie] CTpaTeIIKH BaKHOT I0JIoXkKaja Koju biaucku mcTok 3a-
y3UMa Kao CpelMIlba Tayka u3Melhy MCTOYHEe M 3amanHe xemuchepe. Bennke aBuo-
KoMmmanuje, nomyt Emirates, Etihad u Qatar Airways, nocraie cy AOMHHAHTHE Ha
CBOjHUM JIOKQJTHAM ¥ MelyHapOoJIHUM TP>KHIITUMa, IPBEHCTBEHO 3axBasbyjyhu kBamm-
TETy yCIIy>KHE TIOHYJIe U ITI00ATHO MPENo3HaT/bHBOM OpeH/y. Y OKBHpPY €MIIMPHjCKOT
HCTpaXMBama Harjlacak je Ha OLeH! e()MKaCHOCTH IOMEHYTHX aBHO-KOMIIaHHWja, NMa-
jyhu y BUIy BUXOBe He(HMHAHCH]CKE HHAMKATOPE MOCIOBamba Kao IITO Cy: Opoj myT-
HUKa, OpOj JeCTHHAIM]ja, KOJUYMHA IPEBE3CHOT TepeTa UTA. AHaIU3a pa3MaTpa Imepu-
Ol 071 IBaHaeCT roauHa, KoHkpeTHHje ox 2005. mo 2016. roguHe, KOjU KapaKTEepHIIe
eKCITaH3MBaH Pa3BOj CBE TPU aBHO-KOMIIaHHje. 3a CBAaKy IOCMAaTpaHy KOMIIaHH]Y,
e(pUKaCHOCT je Hajipe noceOHO MepeHa MPUMEHOM MeTolie AHau3e 00aBHjama Moaa-
taka (DEA), HakOH Yera je MpUMCHCHA TUHAMHYKA aHATHM3a U MEPEHE HHUXOBHUX
edukacuoctr npumeHom DEA Window ananuze. YV o6a ciyuaja, Haj6osbe mepdop-
MaHce Mokasana je komnanuja Emirates Airlines.

Kibyune peun: BHIIEKpUTEpHjyMCKa aHaIN3a, eBalyanuja nepdopmaHcy,
epuxacHOCT aBHO-KoMmaHuja bimckor ncroka, DEA.

INTRODUCTION

The era of innovative technology, globalization, contemporary
lifestyle and increased income has contributed to the growing importance
of the air transportation globally. The high demand for air transport has
led to the emergence of numerous local and international airlines across
the globe, as well as towards the rapid expansion of the Middle East air-
lines. The three major Middle East airlines, Emirates, Etihad and Qatar
Airways dominate nowadays not only in the region, but also globally,
thanks to their extensive network coverage, superior service quality and
innovative business concepts.

The subject of this research is the efficiency assessment of the
three mentioned airlines over the past twelve years. For the purpose of the
analysis, DEA methodology was applied in order to compare the systems
that operate under similar conditions. The aim of the study is to conduct a
comprehensive analysis of the airlines’ efficiency based on the 5 non-
financial parameters, i.e. the chosen key performance indicators. It is ex-
pected that the obtained results will help their senior management better
understand the current airline position with regard to their past perfor-
mance, as well as towards their competitors. Besides that, it is expected
that the results of the analysis will indicate which performance dimen-
sions still need to be improved and which are at a satisfactory level in
case of each airline. The data set for the analysis was obtained from the
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airlines’ annual reports over the period of twelve years. The parameters
that were taken into account are non-financial performance indicators,
which together with the financial ones reflect the overall efficiency of the
airlines’ operations.

Literature review

DEA is a specifically designed tool for measuring the efficiency of
complex entities that have various inputs and outputs, with the aim to
achieve maximum outputs with minimally engaged inputs. Banker,
Cummins, & Klumpes (2010) are of the opinion that the non-parametric
methods, such as DEA, can identify the best practices based on the per-
formance evaluation of the organizations within a particular business ar-
ea. Compared to the traditional financial indicators, DEA is considered to
be the superior tool as it summarizes multiple performance indicators into
a single measure that embraces the diversity of the observed units (com-
panies) under one multidimensional framework. Numerous studies at-
tempted to assess the efficiency in different business areas using DEA
methodology, such as the banking sector (Paradi et al, 2004; Asaftei &
Kumbhakar, 2008), the traffic sector where DEA was used to assess the
efficiency of the rail network in the UK (Kennedy & Smith, 2004), as
well as the road transport efficiency in Norway (Odeck & Alkadi, 2004).

When it comes to the airline industry, performance management is
a crucial tool for the efficient management of all the aspects of the mod-
ern airlines’ businesses. This was evidenced by the numerous previous
studies that have made significant practical and theoretical contribution
towards this field of research (Scheraga, 2004; Barbot et al, 2008; Tsaur,
Chang & Yen, 2002; Grafton et al, 2010; Tung et al, 2011; Yayla-Kullu
& Tansitpong, 2013; Groen et al 2012; Han et al, 2012; Baker, 2013).
When it comes to DEA application in the airline industry, authors Yayla-
Kullu and Tansitpong (2013) were focused in their study on the service
guality evaluation of the twelve American airlines, while authors Coli,
Nissi and Rapposelli (2011) implemented DEA in order to evaluate the
performance of an Italian airline. When it comes to the evaluation of
Middle East airlines, two studies can be distinguished — one by Massarat
and Jha (2014) and the other by authors Surovitskikh and Lubbe (2008).
Massarat and Jha (2014) were evaluating the passengers’ perception of
the service quality of two UAE airlines - Etihad and Air Arabia, using the
SERVQUAL model. On the other hand, Surovitskikh and Lubbe (2008)
were focused on the positioning of the four Middle East airlines - Emir-
ates, Etihad, Qatar Airways and Gulf Air, in the South African business
and leisure travel environment in their study. However, none of the previ-
ously conducted studies has evaluated the performance of the three
aforementioned airlines using the same parameters and methodology.
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METHODOLOGY

The Data Envelopment Analysis (DEA) is a mathematical, non-
parametric approach used to calculate the efficiency without requiring
specific functional form (Charnes et al, 1994). Accordingly, DEA is used
to evaluate decision making units (DMUs) by converging multiple inputs
into a single “virtual” input and multiple outputs into a single “virtual”
output by using weighed coefficients. DEA has proven to be an adequate
technique for assessing the efficiency of non-profit organizations, since
the financial performance indicators, such as revenue and profit, cannot
be used to measure the efficiency of such organizations. DEA is a meas-
ure of the relative efficiency, since it is based on the benchmarking of the
observed DMU:s that are being compared to each other. Within the model,
all the data related to input and output variables for each DMU;s are being
inserted into a specific linear program in order to obtain the efficiency of
DMUs. The efficiency is being calculated as the ratio of the weighed sum
of the outputs and weighed sum of the inputs, with the ranges from 0 to 1.
Any deviation from that range is being attributed to the excess of the out-
puts or lack of the inputs. Within DEA, the weights are assigned to the
input and output variables based on optimization, showing their signifi-
cance. However, when it comes to other multi-criteria methods, it is the
decision maker who determines the weights of the chosen inputs and out-
puts in advance. Charnes et al. (1978) also highlighted that it does not re-
quire a formal approach to determine the weights during the efficiency
evaluation. What matters is the identification of the inputs and outputs
that will be considered, as well as their minimum weights. More about the
basic principles of DEA application can be found in Dyson (2001), Sarkis,
(2002), Sherman, H. D., Zhu, J. (2006), Cook and Seiford (2009).

Unlike the majority of the previously conducted studies that were
using financial indicators to evaluate airline efficiency (Scheraga, 2004;
Barbot et al, 2008; Fethi et al, 2000), this study focuses on the non-
financial ones. Accordingly, three inputs (humber of employees, aircrafts
and destinations) and two outputs (number of carried passengers and car-
go) were identified, which appear in every airline annual report, as well
as in the literature related to performance evaluation of the airlines
(Singh, 2011; Barros, Peypoch, 2009). The chosen parameters are the
most common non-financial indicators, which together with the financial
ones, provide a composite picture of the overall airline operations. The
conducted analysis covers a period of twelve years, which represent
twelve decision-making units (DMUs). In order to carry out the analysis,
DEAFrontier software was used.
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THE STRUCTURE OF THE RESEARCH PROBLEM

The Impact of the Middle Eastern Airlines on the Development
of the Contemporary Air Transport

The three major Middle Eastern airlines - Emirates, Qatar and Eti-
had Airways, so called MEB3, have been in the limelight of the world’s
aviation scene during the past three decades primarily thanks to their in-
novative business concepts and rapid expansion. Their local markets have
developed from small seaports to the big contemporary metropolis, which
possess large international airports operated by air carriers from all over
the world. Their hubs that operate on the 24/7 regime is what significantly
distinguishes them from their competitors, as they do not close even dur-
ing night hours. All of them were established by the local governments
that provide extensive financial and operational support in every aspect.

Thanks to their unique geographical position, as well as the rapid
modernization of the region, Middle Eastern carriers enjoy numerous
benefits comparing to the carriers from other continents. According to Al-
Sayeh (2014), Etihad and Qatar Airways will double the number of car-
ried passengers by 2020, while Emirates will continue to be the largest
airline in terms of the carried passengers, although with a bit of a slower
growth rate (Table 4).

Table 1. The expected number of carried passengers in 2013-2020 by

MEB3 carriers
2013 2020 Increase (%)
Emirates 49,963,632 88,023,780 76%
Etihad 13,505,634 27,907,404 107%
Qatar 21,581,064 47,401,579 120%

Source: Al-Sayeh, 2014

In the past decades, MEB3 carriers have completely changed the
image of the contemporary aviation thanks to the innovative business
concepts and the high level of service quality, leaving a significant impact
on other airlines around the world. Considering their wide network cover-
age, they have mainly impacted the routes across the Middle East region,
as well as in Asia and some parts of Africa, which were previously con-
trolled by other airlines.
Below are some of their common characteristics:
= Their individual size matches or exceeds the size of the major
European airlines, such as British Airways and Lufthansa;

= Massive future fleet orders of Airbus A380 & 787 Boeing
Dreamliner;

= Favorable geographic position;

= The availability of government financial support;
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Competitive fares;

Modernized fleet and high quality products and services;

The fiscal, economic and planning constraints do not exist for
the three Gulf carriers;

Their home base airports operate on an unrestricted 365 days
24/7 regime;

They rely on the long lasting internationally accepted concept
of bilateralism to achieve their business goals;

Thanks to the SWOT analysis conducted by the Mott MacDonald
Company (2011), the following strengths, weaknesses, opportunities and
threats were observed for MEB3 carriers:

Strengths

Concerted backing and direction for the airline and airports of
the three airlines from their respective governments;
Availability of financial backing;

High standard of service and established reputations;
Geographic position in relation to the major world markets;
Lack of organized labour;

Identification of hitherto underserved markets;

Modern fleets and committed forward order books;
Unconstrained home bases with commitment for future expansion
and development and ability to leverage hub model at limited cost,
but with maximum benefit;

Weaknesses

Small home markets;

Heavy reliance on ex-patriot labour;

Inability to serve some major markets: Europe to North
America and South America;

Growing competition for same markets from hubs only a few
hundred kilometres apart;

Opportunities

Deregulation of world air transport market;

Changes to the airline ownership and control rules in Europe
and the USA allowing one or more of the carriers to buy a US
or European affiliate;

Continued constraint on the development of the airport
infrastructure, particularly runways in Europe at the major
hub airports;

Association with major oil producing states;

Threats

Any extension of the Arab spring rebellion into the Gulf region;
Instability in Iran and Saudi Arabia.
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The development of the ME airlines has taken place simultaneous-
ly with the growing demand for air transport globally, as well as the ex-
pansion and modernization of the region. With an average growth rate of
7.1% annually, the Middle East is currently the fastest-growing region in
terms of air transport (IATA Press Release, Moderating Demand Trend
Continues, 2016). Bearing in mind the currently unfavorable economic
situation on the global market scene, these air carriers are also facing cer-
tain difficulties and challenges, such as the drop in oil prices on the global
market, the political unrest in the region, restrictive legislation and strong
competition from European, American and Asian airlines. However, de-
spite the mentioned regulatory constraints and challenges on the global
market, the new millennium is characterized by the rapid development of
the Middle East airlines, amongst which Emirates, Etihad and Qatar Air-
ways should be particularly singled out.

Descriptive Statistics

In order to evaluate the efficiency of the mentioned airlines, three
inputs (the number of employees, number of airplanes and number of des-
tinations) and two outputs (the number of carried passengers and trans-
ported cargo) were identified. The time span in which the efficiency has
been measured covers the period of twelve years, from 2005 to 2016 (12
DMUs), which is shown below for each airline individually (Tables 1-3).

Table 2. Structuring DEA model for efficiency evaluation of Emirates

airlines
Year No of No of No of Passengers Cargo
employees aircrafts  destinations carried tonnage

(1) (12) (13) (01 (02)
2005 17.296 85 70 14.497.000 1.018.000
2006 20.273 96 78 17.544.000 1.155.000
2007 23.650 109 82 21.229.000 1.282.000
2008 28.037 127 90 22.730.000 1.408.000
2009 35.812 142 89 22.731.000 1.580.000
2010 36.652 148 95 27.500.000 1.767.000
2011 38.797 169 98 31.400.000 1.796.000
2012 42.422 197 111 33.900.000 2.086.000
2013 47.678 217 123 39.400.000 2.250.000
2014 52.516 231 133 44.500.000 2.377.000
2015 56.725 251 142 48.100.000 2.509.000
2016 61.205 260 144 51.900.000 25.100.000

Source: The Emirates Group Annual Report (2005-2016)
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Table 3. Structuring DEA model for efficiency evaluation
of Qatar Airways

Year No of No of No of Passengers Cargo
employees aircrafts destinations carried tonnage

(11) (12) (13) (01 (02)
2005 14.323 46 61 3.300.000 178.909
2006 14.787 55 68 4.600.000 250.333
2007 15.000 61 75 6.000.000 290.090
2008 15.808 65 79 8.000.000 340.121
2009 17.505 76 80 10.000.000 389.090
2010 18.100 96 90 12.000.000 500.321
2011 19.000 109 100 14.000.000 580.443
2012 22.000 124 110 16.000.000 620.392
2013 22.600 133 120 17.000.000 680.900
2014 23.500 152 130 18.000.000 710.555
2015 24.000 172 140 22.352.000 764.324
2016 31.000 192 150 26.654.000 954.191

Source: Qatar Airways Group, Annual Report (2005-2016)

Table 4. Structuring DEA model for efficiency evaluation of Etihad

Airways

Year No of No of No of Passengers Cargo
employees aircrafts destinations carried tonnage

(1D (12 (13) (01) (02)
2005 2.116 12 23 1.000.000 115.000
2006 3.468 22 43 2.800.000 121.000
2007 5.563 37 50 4.600.000 175.000
2008 7.058 42 59 6.000.000 194.000
2009 7.828 53 69 6.300.000 219.000
2010 7.855 57 79 7.100.000 263.000
2011 9.038 64 81 8.300.000 310.000
2012 10.656 70 86 10.200.000 368.000
2013 13.600 89 102 11.500.000 487.000
2014 17.593 110 111 14.300.000 569.000
2015 26.566 121 116 17.000.000 591.000
2016 26.635 122 112 18.500.000 592.700

Source: Etihad Airways, Facts & Figures (2005-2016)

Correlation Analysis

One of the vital steps in DEA model is to correctly identify input
and output parameters. The general rule is to have three DMU;s for each
input and output variable, which means that the total sum of the input and
output variables must be smaller than the number of defined DMUs.
Cooper et al (2007) are of the opinion that the product of inputs and out-
puts should be smaller than the number of evaluated DMUs. Therefore,
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there is a potential risk that the majority of the DMUs will show as effec-
tive units due to DEA tendency to show each unit (DMU) as efficient as
possible (Marti¢ & Savi¢, 2001). In addition to that, the input and output
variables must be precisely defined, operatively significant and fully re-
flect the performance of the defined units.

Besides that, it is necessary to determine whether a correlation exists
between the input and output variables. Therefore, the correlation analysis
should be conducted in order to find the strength of the connection between
the input and output variables for each of the three Middle Eastern airlines.
In order to calculate the relationship between the input and output values of
the model, Pearson’s correlation coefficient (R) has been used with a value
range from +1 (perfectly positive correlation) to -1 (perfectly negative
correlation). The tables below show the obtained correlation coefficient for
each pair of the observed inputs/outputs for each of the airlines.

Table 5. The correlation between input and output variables in DEA —
Emirates Airlines

Variable vs. Variable R

No of passengers (O1) vs. No of destinations (13) 0,9936
No of aircrafts (12) vs. No of employees (11) 0,9908
No of passengers (O1) vs. No of aircrafts (12) 0,9904
No of destinations (13) vs. No of aircrafts (12) 0,9901
No of passengers (O1) vs. No of employees (11) 0,9817
No of destinations (13) vs. No of employees (11) 0,9774
Cargo (tonnage) (02) vs. No of passengers (O1) 0,5830
Cargo (tonnage) (02) vs. No of employees (11) 0,5603
Cargo (tonnage) (02) vs. No of destinations (13) 0,5472
Cargo (tonnage) (02) vs. No of aircrafts (12) 0,5304

Source: author

Table 6. The correlation between input and output variables in DEA —
Qatar Airways

Variable vs. Variable R

No of passengers (O1) vs. No of destinations (13) 0,9962
No of aircrafts (12) vs. No of employees (11) 0,9932
No of passengers (O1) vs. No of aircrafts (12) 0,9915
No of destinations (13) vs. No of aircrafts (12) 0,9880
No of passengers (O1) vs. No of employees (11) 0,9856
No of destinations (13) vs. No of employees (I1) 0,9838
Cargo (tonnage) (02) vs. No of passengers (O1) 0,9746
Cargo (tonnage) (02) vs. No of employees (11) 0,9723
Cargo (tonnage) (02) vs. No of destinations (I3) 0,9702
Cargo (tonnage) (02) vs. No of aircrafts (I12) 0,9629

Source: author
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Table 7. The correlation between input and output variables in DEA —
Etihad Airways

Variable vs. Variable R

No of passengers (O1) vs. No of destinations (13) 0,9918
No of aircrafts (12) vs. No of employees (11) 0,9879
No of passengers (O1) vs. No of aircrafts (12) 0,9777
No of destinations (13) vs. No of aircrafts (12) 0,9767
No of passengers (O1) vs. No of employees (11) 0,9765
No of destinations (13) vs. No of employees (11) 0,9603
Cargo (tonnage) (02) vs. No of passengers (O1) 0,9589
Cargo (tonnage) (02) vs. No of employees (I1) 0,9575
Cargo (tonnage) (02) vs. No of destinations (I3) 0,9429
Cargo (tonnage) (02) vs. No of aircrafts (I12) 0,8921

Source: author

Based on the obtained values, it can be concluded that there is a
high and positive correlation among all inputs and outputs for all the three
airlines, demonstrated by the correlation coefficient close to one. Accord-
ingly, an increase in the inputs (the number of aircraft, number of destina-
tions and number of employees) will lead to the simultaneous increase of
the output (number of carried passengers and cargo tonnage).

DEA IMPLEMENTATION IN AIRLINES’
EFFICIENCY EVALUATION

Unlike some conventional methods, DEA analyzes decision making
units that are characterized by a larger number of inputs and outputs. The
input and output specification is crucial for the effective evaluation,
interpretation and implementation of the obtained results. The number of
chosen DMU; that are being compared depends on the purpose of the study,
as well as the number of homogeneous units whose performance is being
evaluated. The efficiency is reflected in the obtained results (outputs) that are
achieved with the correct amount of resources (inputs) and the corresponding
technology. In this context, the efficiency can be calculated by comparing
achieved and target values for both inputs and outputs. Therefore, the
achieved output should be compared to the maximum possible output
(output-oriented model) that can be obtained from the defined inputs, while
the actual input should be compared to the minimally required input (input-
oriented model) that is required in order to produce the desired output level.
Thus, in the input-oriented model the efficiency can be improved via input
reduction, while in the output-oriented model by output increase. In this study
the output-orientation has been adopted, given the fact that the airline interest
is to increase the output, rather than to reduce the input. Table 8 shows the
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achieved input and output values for Emirates during observed period of 12
years, while Table 9 is showing its target (optimal) values.*

Table 8. The achieved input and output values for Emirates

Year No of No of No of Passengers Cargo
employees aircrafts destinations carried tonnage
(11) (12) (13) (01) (02)
2005 17.296 85 70 14.497.000 1.018.000
2006 20.273 96 78 17.544.000 1.155.000
2007 23.650 109 82 21.229.000 1.282.000
2008 28.037 127 90 22.730.000 1.408.000
2009 35.812 142 89 22.731.000 1.580.000
2010 36.652 148 95 27.500.000 1.767.000
2011 38.797 169 98 31.400.000 1.796.000
2012 42.422 197 111 33.900.000 2.086.000
2013 47.678 217 123 39.400.000 2.250.000
2014 52.516 231 133 44.500.000 2.377.000
2015 56.725 251 142 48.100.000 2.509.000
2016 61.205 260 144 51.900.000 25.100.000

Source: DEAFrontier

Table 9. The target input and output values for Emirates

DMU Year Iy I I3 (o] 0,

No.
1 2005 17,296 85 70 14,497,000 1,018,000
2 2006 20,273 96 78 17,544,000 1,155,000
3 2007 23,650 109 82 21,229,000 1,282,000
4 2008 26,756 121 85 22,730,000 1,408,000
5 2009 32,660 135 84 24,779,851 1,580,000
6 2010 36,652 148 95 27,500,000 1,767,000
7 2011 38,797 169 98 31,400,000 1,796,000
8 2012 42,422 197 111 33,900,000 2,086,000
9 2013 47,678 217 123 39,400,000 2,250,000
10 2014 52,516 231 133 44,500,000 2,377,000
11 2015 56,676 247 142 48,100,000 2,509,000
12 2016 61,205 260 144 51,900,000 2,510,000

Source: DEAFrontier software

By observing the achieved and target values from the previous ta-
bles, it can be noticed that they are mostly aligned, except for the years:
2008, 2009 and 2015. If 2008 was observed in isolation, it could be no-
ticed that the airline could optimally operate with 26,756 employees, 127
planes and 85 destinations, as these were its target values having in mind

L All calculations were made using DEA Frontier software package
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reference years, where the relative efficiency was equal to 1. However,
that year the airline operated with slightly higher inputs compared to the
target ones, which led to lower efficiency that year.

In this study the output-oriented CCR model with a constant yield
on volume was implemented, and this tends to increase the output at the
existing input level. One of DEA characteristics is that it uses mathemati-
cal programming to develop efficiency frontier and estimate the relative
distance from it. Accordingly, it can be determined how many units are
ineffective and by how much the output should be increased to render
these units effective. Therefore, the efficiency measure that DEA gives is
relative. The corresponding dual model, as a multiplier version of the
output-oriented CCR DEA model, with three inputs and two outputs for j
DMU (in year j) is shown below:

3
min hjo =" Vi X Xy,
i=1

2
St D U X Yy =1
r=1
3 2
Zvijo X Xijo _Zurjo x yrjo 2 Ol J :l,..,lz
i=1 r=1
Ur>0
vi=0

where:

yrj - the value of output in year j;

Xij - the value of input in year j;

Urjo — weights of the output variables in year j;
vijo - weights of the input variables in year j;

The following table shows the results of DEA analysis with different
yields on volume: constant, increasing and decreasing. The constant return
to scale (CRS) represents the situation when the output increases propor-
tionally with the input increase, which can be spotted during each efficient
year (RTS column). However, if the output increases to a lesser extent
comparing to increase in inputs, it is considered decreasing return to scale
(DRS), which was noticed in 2008 and 2015. On the other hand, if the out-
put increases to a greater extent compared to the increase in input, it is con-
sidered increasing return to scale (IRS) and it was achieved in 20009.
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Table 10. The efficiency of the Emirates Airlines in period 2005-2016.

DMU Year Efficiency Sum of RTS Optimal
No. lambdas Lambdas with
Benchmarks
1 2005 1,00000 1,000 Constant 1,000 2005
2 2006 1,00000 1,000 Constant 1,000 2006
3 2007 1,00000 1,000 Constant 1,000 2007
4 2008 0,95432 1,007 Decreasing 0,118 2005 0,651 2007 0,138 2010
5 2009 095274 0,870 Increasing 0,738 2010 0,132 2012
6 2010 1,00000 1,000 Constant 1,000 2010
7 2011 1,00000 1,000 Constant 1,000 2011
8 2012 1,00000 1,000 Constant 1,000 2012
9 2013 1,00000 1,000 Constant 1,000 2013
10 2014 1,00000 1,000 Constant 1,000 2014
11 2015 0,99914 1,066 Decreasing 0,055 2007 0,750 2014 0,261 2016
12 2016 1,00000 1,000 Constant 1,000 2016

Source: DEAFrontier

Table 11. The achieved input and output values for Qatar

Based on the results, it can be concluded that Emirates operated ef-
ficiently in almost every year during the observed period, as indicated by
value 1 in the Efficiency column, except in 2008, 2009 and 2015. For
each inefficient unit, its efficient reference unit was determined (ERS -
Efficient Reference Units) comparing to which it was considered ineffec-
tive. Therefore, for year 2008 its reference years were 2005, 2007 and
2010, for year 2009. it was 2010 and 2012, while for 2015 the reference
years were 2007, 2014 and 2016. The same type of analysis was done for
Qatar and Etihad Airways, as shown in the following tables.

Year No of No of No of Passengers Cargo
employees aircrafts  destinations carried tonnage

(1) (12) (13) (01 (02)
2005 14.323 46 61 3.300.000 178.909
2006 14.787 55 68 4.600.000 250.333
2007 15.000 61 75 6.000.000 290.090
2008 15.808 65 79 8.000.000 340.121
2009 17.505 76 80 10.000.000 389.090
2010 18.100 96 90 12.000.000 500.321
2011 19.000 109 100 14.000.000 580.443
2012 22.000 124 110 16.000.000 620.392
2013 22.600 133 120 17.000.000 680.900
2014 23.500 152 130 18.000.000 710.555
2015 24.000 172 140 22.352.000 764.324
2016 31.000 192 150 26.654.000 954.191

Source: DEAFrontier
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Table 12. The target input and output values for Qatar

DMU Year Iy I I3 (o] 0O,
No.
1 2005 5,856 33 31 4,315,197 178,909
2 2006 8,194 47 43 6,037,908 250,333
3 2007 9,495 54 49 6,996,828 290,090
4 2008 11,133 63 58 8,203,551 340,121
5 2009 12,696 75 64 10,000,000 389,090
6 2010 16,377 93 86 12,067,496 500,321
7 2011 19,000 109 100 14,000,000 580,443
8 2012 20,240 120 102 16,000,000 620,392
9 2013 22,209 130 116 17,000,000 680,900
10 2014 22,769 147 125 19,094,696 710,555
11 2015 24,000 172 140 22,352,000 764,324
12 2016 31,000 192 150 26,654,000 954,191

Source: DEAFrontier software

Table 13. The efficiency of the Qatar Airways in period 2005-2016.

DMU Year Efficiency Sumof  RTS Optimal
No. lambdas Lambdas with
Benchmarks
1 2005 0,73037 0,308 Increasing 0,308 2011
2 2006 0,85472 0431 Increasing 0,431 2011
3 2007 089304 0,500 Increasing 0,500 2011
4 2008 098262 (0,586 Increasing 0,586 2011
5 2009 098991 0561 Increasing 0,392 2011 0,169 2016
6 2010 097869 0,862 Increasing 0,862 2011
7 2011 1,00000 1000 Constant 1,000 2011
8 2012 096896 0,885 Increasing 0,601 2011 0,285 2016
9 2013 098271 1092 Decreasing 0,937 2011 0,055 2015 0,10
10 2014 096892 1056 Decreasing 0,555 2011 0,474 2015 0,03
11 2015 1,00000 1,000 Constant 1,000 2015
12 2016 1,00000 1000 Constant 1,000 2016

Source: DEAFrontier

In the case of Qatar Airways, the efficiency was achieved in 2011,
2015 and 2016, as indicated by the obtained values in the Efficiency col-
umn. This is a weaker result comparing to Emirates which achieved effi-
ciency during the period of nine years. In case of Qatar Airways, the re-
maining years were considered ineffective in relation to their benchmark
units, thus their input/output level needs to be adjusted in order to operate
at the margin of efficiency. For example, in 2014. the number of carried
passengers could reach 19 million, which was its target value having in
mind the level of used inputs that year, but the achieved figure was one
million less.
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When it comes to Etihad Airways, the efficiency was achieved in
the following five years: 2005, 2012, 2013, 2014 and 2016, while the rest
of the years were relatively inefficient in comparison. This is a slightly
better result compared to Qatar and a somewhat weaker result comparing
to Emirates.

Table 14. The achieved input and output values for Etihad

No of No of No of Passengers Cargo
employees aircrafts destinations carried tonnage

Year (1) (12) (13) (01) (02)
2005 2.116 12 23 1.000.000 115.000
2006 3.468 22 43 2.800.000 121.000
2007 5.563 37 50 4.600.000 175.000
2008 7.058 42 59 6.000.000 194.000
2009 7.828 53 69 6.300.000 219.000
2010 7.855 57 79 7.100.000 263.000
2011 9.038 64 81 8.300.000 310.000
2012 10.656 70 86 10.200.000 368.000
2013 13.600 89 102 11.500.000 487.000
2014 17.593 110 111 14.300.000 569.000
2015 26.566 121 116 17.000.000 591.000
2016 26.635 122 112 18.500.000 592.700

Source: DEAFrontier

Table 15. The target input and output values for Etihad

DMU Year I1 I2 I3 (O] 02
No.
1 2005 2,116 12 23 1,000,000 115,000
2 2006 3,234 20 27 2,800,000 121,000
3 2007 4,928 32 40 4,600,000 175,000
4 2008 6,852 40 47 6,000,000 210,490
5 2009 6,581 43 53 6,300,000 227,294
6 2010 7,510 49 61 7,100,000 263,000
7 2011 8,814 57 71 8,300,000 310,000
8 2012 10,656 70 86 10,200,000 368,000
9 2013 13,600 89 102 11,500,000 487,000
10 2014 17,593 110 111 14,300,000 569,000
11 2015 25,347 117 112 17,419,187 591,000
12 2016 26,635 122 112 18,500,000 592,700

Source: DEAFrontier
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Table 16. The efficiency of Etihad Airways in period 2005-2016.

DMU Year Efficiency Sum of RTS Optimal

No. lambdas Lambdas with

Benchmarks

1 2005 1,00000 1,000 Constant 1,000 2005

2 2006 0,93254 0,503 Increasing 0,257 2005 0,241 2012 0,005 2016
3 2007 0,88592 0,554 Increasing 0,115 2005 0,440 2012
4 2008 0,97094 0,523 Increasing 0,443 2012 0,080 2016
5 2009 0,84078 0,618 Increasing 0,618 2012

6 2010 0,95612 0,774 Increasing 0,087 2005 0,688 2012
7 2011 0,97524 0,934 Increasing 0,134 2005 0,801 2012
8 2012 1,00000 1,000 Constant 1,000 2012

9 2013 1,00000 1,000 Constant 1,000 2013

10 2014 1,00000 1,000 Constant 1,000 2014

11 2015 0,96709 1,317 Decreasing 0,397 2005 0,920 2016
12 2016 1,00000 1,000 Constant 1,000 2016

Source: DEAFrontier

DEA Window Analysis of Efficiency of All Three Companies

In order to determine the performance and monitor the performance
trends of the decision-making units over a specific time period, it is possible
to use an extended DEA. In literature, this analysis is known as the Window
DEA method and represents a variant of a traditional DEA approach that can
be described as a moving average technique which establishes efficiency
measures by observing the DMU at different time periods as a separate unit
(Wang et al., 2013). Each unit is treated as a different DMU in a different
time period, while the performance of the observed DMU is compared with
its performances over other periods of time and with the performance of all
other units encompassed by a single window (Yang and Chang, 2009;
Cooper et al, 2011). According to Kutlar et al. (2015), in this analysis, a
smaller window size can lead to a smaller number of DMUs, which in
combination with a large number of variables, reduces the discriminatory
power of the analysis. On the other hand, the larger the size of the window
the higher risk of erroneous results, because important changes that happen at
a certain point can be ignored because of the oversized window. In this
extended DEA model, n DMU (j = 1,..,n) in time intervals (t = 1, ...,P) is
observed and all are used from the input to obtain the m output. The observed
set consists of n x P entities and one entity in the period t. A window that
starts at the moment 1, 1 <1< P and has a width w, 1 <w < P-1, and is
denoted by Iw, and consists of n x w observations (Jia and Yuan, 2017).

Using the DEA Window analysis, for the three observed airlines,
with nine windows, each length w = 42, average efficiency was calculated

2 Charnes et al, 1994, proposed that a window length of three or four time periods tend to
yield the best balance of informativeness and stability of the efficiency measure.
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in the observed period, 2005-2016, formation and application of 3 x 12 x
4 = 144 models (Table 18)3.

Table 17. Descriptive statistics of input and output variables

Variable |1 |2 |3 Ol Oz
(No of (No of (No of (Passengers (Cargo
employees)  aircrafts)  destinations) carried) tonnage)
max 61205 260 150 (Qz016) 51900000 25100000
(EA2016) (EA2016) (EAzole) (EA2016)
min 2116 12 23 (ETa00s) 1000000 115000
(ETzoos) (EAzoos) (ETzoos) (ET2005)
mean 23240,6111 114,22 94,13 17803805,55 1516454,69
SD 14966,13 64,63 30,05 13060547,5 4102300,35

Table 18.Average efficiency: variation through windows

2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 Average

Emirates 11 1 1 1
Airlines 1 1097 1 0,99
109509 1 0,97
109 1 1 0,98
095 1 1 1 0,98
1 1 1 1 1
1 1 1 1 1
1 1 1 1 1
0,96 0,99 0,99 1 0,98
Qatar 0,36 0,42 0,50 0,63 0,48
Airways 0,42 0,50 0,63 0,67 0,56
0,50 0,63 0,67 0,73 0,63
0,66 0,70 0,78 0,86 0,75
0,70 0,75 0,83 0,83 0,78
0,75 0,82 0,82 0,84 0,81
0,81 0,81 0,83 0,84 0,82
0,80 0,82 0,83 1 0,86
0,84 0,84 109 0,90
Etihad 0,92 0,89 0,92 0,94 0,92
Airways 0,89 0,92 0,94 0,89 0,91
091094089 1 0,93
0,97 0,88 0,98 1 0,96
0,84 0,95 0,96 1 0,94
0,95 0,96 10,92 0,96
0,96 10,92 0,88 0,94
10,92 0,87 0,74 0,88

0,92 0,89 0,74 0,81 0,84
Average 0,76 0,77 0,80 0,85 0,84 0,91 0,93 0,93 0,91 0,90 0,91 0,92

3 All DEA Window calculations were made using Solver LV8 software package
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Table 19. Average efficiency: variation through windows

2005- 2006- 2007- 2008- 2009- 2010- 2011- 2012- 2013-
2006- 2007- 2008- 2009- 2010- 2011- 2012- 2013- 2014-
2007- 2008- 2009- 2010- 2011- 2012- 2013- 2014- 2015-
2008 2009 2010 2011 2012 2013 2014 2015 2016

Emirates 1 09 097 09 098 1 1 1 098
Airlines
Qatar 048 056 063 075 078 081 082 08 09
Airways

Etihad 092 091 0,93 09 0,94 09 094 0,88 0,84
Airways

Table 20. Average efficiency through term

2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016
Emirates Airlines 1 1 109809 1 1 109 09 09 1
Qatar Airways 0,36 0,42 0,50 0,63 0,69 0,75 0,83 0,81 0,83 0,84 1 0,95
Etihad Airways 0,92 089 091 0,95 0,87 097 097 1 0,92 0,88 0,74 0,81

The dynamic analysis of the achieved efficiency, in case the set of
decision-making units, takes the observed periods for all three companies
together in consideration, and shows significant deviations from the previous
analysis, but gives comparable results in the observed period. The results
show that for Emirates, in that sense, in 2005, 2006, 2007, 2010, 2011, 2012
and 2016, they were efficient in the use of available resources, for Qatar it
was only in 2015, and for Etihad 2012 (Table 19). The graphic presentation
of the efficiency movement (Figure 1) illustrates the relatively stable
efficiencies in the observed period for Emirates, the rising trend for Qatar and
the declining trend for Etihad (Figure 1 and 2) The combined average
efficiency of all three companies, over the observed period, first shows
growth, and then slight decline, but a relatively stable trend, in the amount of
76% to 93% efficient use of available resources (Table 17)*

Efficiency: Variation through Window

0.8
0.6
0.4 ] o
0.2 —&—Emirates Airlines
0 — T T T T T T T | —— Qatar Airways
$ O & N A o . .
&S NS S o Etihad Airways
,\,/ QD,/ Q,/ b,/ \ 'd ’»,/ v b‘ ‘_),V
& F P S S S S D
o v iy s v v v v A%
R I I SN NN
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Figure 1. Efficiency score: Variation through Window

4 All calculations were made using DEA Solver LV8 software package
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Figure 2. Average efficiency score: Variation by Term

Effect of Efficiency on Airline Profits

After comparing the three airlines’ efficiency results, the achieved
values were also compared with the business results, expressed in terms
of profit, for Emirates airlines (graph). For the other two airlines, a simi-
lar analysis could be performed, but due to the lack of the data this analy-
sis was omitted.

Table 21. The comparison of normalized profit values with achieved
efficiency for Emirates

Year  Profit (normalized) Efficiency (DEA CRS model)

2005 0,61 1
2006 0,75 1
2007 1,22 1
2008 1,07 0,95
2009 0,61 0,95
2010 0,85 1
2011 1,31 1
2012 0,44 1
2013 0,68 1
2014 1,03 1
2015 1,43 0,99
2016 2,014 1

Source: author

Based on the results it can be concluded that the Emirates” profit
movement was in line with the global economic situation and the impact
of the external factors, such as the global financial crisis that occurred in
October 2008. Although the UAE economy started to turn around in
2011, the real effect of the growth was felt throughout 2012, especially in
trade, aviation, tourism and retail sectors — the key drivers of economic
growth in addition to oil. The above implies that even though Emirates
used its resources efficiently, as indicated by the straight red efficiency
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line, the external factors and circumstances that were beyond airline’s
control nevertheless had an impact on the achieved profit values.

2.00 /
1.50 Profit (normal)

1.00 L JAY /
/ V \ / ——Efficiency (from DEA

CRS model)

Figure 3. Graphical presentation of normalized profit values and
achieved efficiency for Emirates (2005-2016)

The correlation analysis was conducted as well for the Emirates
airline, in order to examine if there is a correlation between the two
observed variables - profit and efficiency from DEA CCR model (table).

Table 22. The Correlation Coefficients Matrix

Profit Efficiency
(normal) (from DEA CRS)
Profit (normal) R 1,0000
R Standard Error
T
p-value
HO (5%)
Efficiency
(from DEACRS model) R 0,1260 1,0000
R Standard Error 0,0984
T 0,4015
p-value 0,6965
HO (5%) accepted
R
No# of valid
Variable vs. Variable R cases
Efficiency (DEA CRS
model) vs Profit (normal) 0,1260 12

Source: Authors

Based on the results of the conducted analysis it can be concluded
that the correlation doesn not exist (p = 0,6965; HO(5%) accepted) be-
tween the two observed variables when it comes to the Emirates airline,
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which supports the previously obtained results. However, this does not
mean that the correlation does not exist between the efficiency and some
other performance indicator for this airline, if that was chosen for the
purpose of the analysis.

CONCLUSION

Based on the conceptual framework of the research, the efficiency
evaluation of the three Middle Eastern airlines was carried out by imple-
menting DEA methodology. Accordingly, DEA efficiency model was cre-
ated and applied, where the achieved and target performance values were
guantified and compared as part of the efficiency evaluation of the three
ME airlines. The results of the carried analysis indicated that the Emirates
Airline achieved the highest level of operations efficiency when it comes
to the observed ME airlines. It operated efficiently in nine out of twelve
observed years, Etihad Airways in five and Qatar Airways in only three
years within the given period. The results also showed that Qatar Airways
has the lowest efficiency when it comes to the input/output ratio, while
Emirates and Etihad are considered to be relatively efficient. DEA Win-
dow analysis showed that Etihad had the best performance and best prac-
tice in the observed period.

Besides that, for the Emirates airline an additional analysis was
performed in order to examine whether the correlation exists between the
efficiency from DEA CCR model and the achieved profit during the ob-
served period of twelve years. For the other two airlines such data could
not be found, so the analysis was omitted. The results showed that the
correlation did not exist between the two observed values, which is in line
with the results of the previous analysis. However, this does not imply
that the correlation will not exist between the efficiency and some other
performance indicator for this airline, such as revenue, etc. Based on the
achieved level of efficiency, further measures will be undertaken to im-
prove their business in the future.

When it comes to the constraints and shortcomings of the conducted
research, one of them is that only five performance indicators were taken
into account during the assessment, which partly reflected in the results of
the analysis. Besides that, a time period of twelve years was considered
during the performance evaluation, while a longer time span could have
given more comprehensive and reliable results. Bearing that in mind, the
analysis could be more detailed and complete if the number of the pre-
selected performance indicators was greater and the observed time period
longer, which is also one of the useful implications for future research.
However, despite these shortcomings, the conducted study provides a
theoretical and practical contribution to the further development of the
aforementioned research area, bearing in mind that until now the same
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analysis has not been conducted when it comes to the three ME airlines
using the same parameters and methodology. Therefore, the obtained re-
sults can provide an important guideline for the future operations of the
Middle Eastern airlines, as well as for other airlines around the globe.
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JUHAMUYKHU MOJEJ MEPEIbA IEPO@OPMAHCHU
BJIMCKOUCTOYHUX ABUO-KOMITAHUJA

Kpucruna Byaumuesnh?, lipeapar Mumosuh?,
Aaexcanapa Mapuukuh-Xopsat®
'Etuxan epsejs, Vjenumenu Apancku EMuparu
2Vuusepsurer y Kparyjesiy, Exonomcku dakynrer, Kparyjesau, Cpouja
3Vuusepsurer y Hopom Cany, Exonomcku daxyarer y Cy6orunu, Cy6otuna, Cpouja

Pe3ume

V pany je u3BplIeHa oleHa e(pUKaCHOCTH IOCIIOBakba TPU aBHO-KommaHuje bin-
CKOT MCTOKa, TIPH YeMy je IPUMEHEeHa MEeTO/1a aHaIn3¢e o0aBujambeM noaaraka. Jledu-
HHCameM MoOJiea 3a OLEHY e(pMKACHOCTH IOCIOBama, Ka0 W KBAaHTH(HUKALMjOM H
KOMITapalijoM OCTBAPEHHWX WM NUJBAHUX Iep(opMaHCH — W3BpIICHA je eBalyaluja
eUKaCHOCTH TOCIIOBakba TPH MOMEHYTE aBUO-KOMIIaHH]e Y TOCMATPaHOM MEPHOLY.
JloOujenn pe3ynTaTi MpeacTaBibajy BpeaHy HHQOpManHnjy 3a MEHAIMEHT IOMEHYTHX
ABHO-KOMIIaHHja, CAMHM THM IITO MPYKajy YBHA Yy €()HUKACHOCT TPEHYTHOT MOCIOBA-
Ha, T€ CC HAOCHOBY TIOMEHYTOI' Kpeupajy Mepe 3a Mo0oJblIame MociaoBama y Oyayh-
HoctH. [lopen Tora, moOHMjeHH pe3yniTaTh yKasyjy Ha mnepdopmaHce Koje Cy Ha 3a/10-
BoJbaBajyheM HHBOY e(pHMKaCHOCTH, Kao M Ha OHE Koje Tpeba modoJbIIaTy Kako Ou ce
MOCTHUIJIa ONITUMaNHa epUKACHOCT MOC/IOBaka CBE TPU aBHO-KoMIaHuje. HakoH cripo-
BeJICHE aHaJIM3e, JONUIO Ce JI0 3aKJbydKa Jia je aBuo-KoMmaHuja Emirates mocturia
Haj00Jby €(DHKACHOCT IIOCIIOBaba, M TO y JEBET OJ1 JIBAHACCT [MOCMATPAaHUX TOJMHA,
Etihad Airways y mer, a Qatar Airways y cBera TpH TOJHHE y IaToM repuony. Jo-
OmjeHH pe3ynTaTu cy Takole mokaszanu na aBuo-komrmanuja Qatar Airways octBapyje
HajMamy eUKacHOCT OJHOCA yna3a M W3nasa, JIOK ce aBuo-kommanuje Emirates u
Etihad cmarpajy penaruo edpuxacHum. [TomeHyTO je MOTBph)EeHO M Ha OCHOBY OJI-
HOCa OCTBAPCHUX U LHUJbAHUX YJIa3HUX U HU3JIA3HUX BEIMYHNHA KOje Cy KO aBUO-KOM-
nanuja Emirates u Etihad usjennauene, 1ok ce xox aBuo-komnanuje Qatar Airways
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pa3imkyjy. Ha ocHOBY nOOHjeHHX pe3ynTara, CBaka aBHO-KOMIIAaHHja UMa YBUI Y JI0-
caaimpy eUKACHOCT MOCIOBamka, T¢ ¢ Ha OCHOBY TOTa MOTY HPEIy3eTH OJArOBapa-
jyhe mepe 3a nobGoJssIname nocosama y OyayhHocTH.

Kana cy y nuramy orpaHuyema U HEJOCTAIN CIIPOBEICHOT UCTPAXKHIBAKbA, TO3HA-
TO je Ja je camo IeT nepdopMaHCH y3eTO Yy 003Mp MPUIMKOM OIICHE, IITO CE JICIOM
0J/Ipa3uiio Ha ToOWjeHe pe3yliTaTe, Te je cTora BakHO uctahu oBy unmeHuily. Kao jorr
jemaH o] HeocTaTaka MOXE C€ HaBECTH TO IITO jeé TOKOM eBallyaldje rneppopmMaHcu
pa3MaTpaH BpeMEHCKH IEepUO OJ1 ABaHaecT roauHa. Vimajyhu y BuIy HaBeieHoO, aHa-
n3a Ou Owiia 3HaTHO KOMIUICTHHja H CBEOOYXBATHH]ja,  CAMUM THM H PE3yJITAaTH Be-
POIOCTOJHH]H, YKOJIMKO OU Opoj mocMaTpaHux mephopMaHCH MociioBama o6no Behu, a
MOCMaTpaH! MEPUO JYKH, IITO je Takohe jeqHa of KOPHCHHX MMILITMKAIMja 3a Oy-
nyha uctpaxkuBama. MelhyTuM, yIpKoc HaBeACHHM HEIOCTALMMA, CIIPOBECHO MCTpa-
JKHBaIbE MPYKa TEOPUJCKH U MPAKTUYHH JOMPUHOC JaJbeM Pa3Bojy MOMEHYTe HCTpa-
JKMBavke o0jacTu, nMajyhu y BUIy /a 10 cajia HUCY MepeHe UCTe mepdopMance Kox
TPHU TIOMEHYTE aBUO-KOoMITaHuje KopucTehu ncty meromonorujy. CaMum tuM, 100H]je-
HH Pe3yJTaTH MOTY MOCTY)KHTH Kao BakHa cMepHHIa y OyayheMm mocioBamby aBHO-
KOMITaHHja BIMCKOT HCTOKA, Kao U IPYTUX aBHO-KOMIIAHHUja IIUPOM CBETA.



