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ABSTRACT
Deregulation has significantly developed the civil air transport industry in an ever-
globalizing world. Even though deregulation has caused significant structural
transformations in airline companies, the effect of deregulation effect on the production,
marketing efficiency, and competitiveness of airline carriers worldwide, especially in
Turkey, has not been fully revealed yet. Therefore, this study aims to analyze the
efficiency of Turkish air carriers after the deregulation process in Turkish civil aviation
by dividing the efficiency into production and market efficiency. Production and
marketing efficiencies of airlines were estimated using the window network data
envelopment analysis methodology. Efficiency analysis results showed production
efficiency at 0.887, marketing efficiency at 0.764, and system efficiency at 0.796.
Results also indicate that low-cost airlines have a higher production efficiency score Keywords
(0.918) than full-service airlines (0.825). In comparison, the marketing efficiency of Airline efficiency,
full-service airlines (0.879) is higher than that of low-cost carriers (0.708). The study Network DEA,
determined that the system efficiency does not change according to the business model. Window analysis,
The system efficiency score of the full-service provider airlines with a larger market Production-marketing
share is higher and more balanced. The close and dynamic monitoring of the air efficiencies
transport market and the continuation of operations under a business model
incorporating an appropriate marketing mix will increase the marketing efficiency of JEL Classification
the airlines. D40, D61, H21, G14
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Serbestlesme Sonrasi Tiirkiye'deki Havayollarinin Karsilastirmah Ag
Etkinligi Analizi

(074

Serbestlesme/Deregiilasyon, giderek kiiresellesen diinyada sivil hava tasimaciligi

sektoriinii Oonemli Olglide gelistirmistir. Her ne kadar serbestlesme havayolu

isletmelerinde Onemli yapisal doniisiimlere neden olsa da deregiilasyonun diinya

genelinde ve 6zellikle Tiirkiye'de havayolu sirketlerinin iiretim, pazarlama verimliligi

ve rekabet giicii lizerindeki etkisi heniiz tam olarak ortaya konmamistir. Bu nedenle bu

¢alisma, Tirk sivil havaciligindaki serbestlesme siireci sonrasinda Tiirk havayolu

isletmelerinin etkinligini, tiretim ve pazar etkinligi olarak ikiye ayirarak analiz etmeyi

amaclamaktadir. Havayolu sirketlerinin iiretim ve pazarlama etkinlikleri pencere agi

veri zarflama analizi metodolojisi kullanilarak tahmin edilmistir. Etkinlik analizi

sonuglari iiretim etkinliginin 0.887, pazarlama etkinliginin 0.764 ve sistem etkinliginin

0.796 oldugunu goéstermistir. Sonuglar ayrica diigiik maliyetli havayolu sirketlerinin

tam hizmet veren havayolu sirketlerinden (0.825) daha yiiksek bir tiretim etkinligi

skoruna (0.918) sahip oldugunu goéstermektedir. Buna karsilik, tam hizmet sunan Apahtar Kelimeler
havayolu isletmelerinin pazarlama etkinligi (0,879) diisiik maliyetli tastyicilarinkinden  Havayolu Etkinligi,
(0,708) daha yiiksektir. Calismada, sistem etkinliginin is modeline gére degismedigi Ag VZA, Uretim-
de tespit edilmistir. Pazar pay1 yiiksek olan tam hizmet saglayict havayollarinin sistem  Pazarlama Etkinligi
etkinligi skoru daha yiiksek ve daha dengelidir. Hava tagimacilig1 pazarinin yakindan

ve dinamik bir sekilde izlenmesi ve uygun bir pazarlama karmasi igeren bir is modeli JEL Kodu

altinda faaliyetlerin stirdiirilmesi, havayollarmin pazarlama etkinliini artirmasia D40, D61, H21,
imkan sunabilir. Gl4

1. Introduction

Today, people travel within their own country or to other parts of the world for various
reasons such as work, vacation, tourism, education, etc. Travelling by fast and affordable vehicles
is an important issue for both countries and individuals (Dickinson & Lumsdon, 2010).
Technological developments in recent years have led to the prominence of civil air transport, which
provides fast traveling at an affordable cost. As a natural result of globalization, regions wanted to
integrate with every field, and this interaction led to increased human mobility (Button, 2001). In
addition, the increasing opportunity cost of time has naturally led people to travel fast. This
tendency causes increasing demand for civil air transportation and has led to new routes allowing
airlines to access new markets. With the effect of these developments, the liberalization process in
civil aviation started with the growth of airline companies in the USA’s domestic market. This
process was called liberalization or deregulation of civil aviation (Goetz & Vowles, 2009). The

first reaction was made by the USA at the end of the 1970s and completed in the late 1980s. This
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deregulation process provided US airlines with free market entry and defined their fares. However,
this development resulted in a significant decline in the market shares of bigger airlines (Ramamurti

& Sarathy, 1997; Williams, 2017).

On the contrary, this movement provided increased employment, enplaned passenger
numbers, flight frequencies, air traffic capacities, and globalizing flight networks (Goetz &
Vowles, 2009). While these developments occurred in the USA, other regions/countries, and the
European Union (EU) wanted to deregulate their civil aviation. The EU started slowly to
deregulation in the late 1980s, and it progressed gradually until 1997. Also, the results of
deregulation brought similar achievements for the EU (Button, 2001). In Turkey, civil aviation was
deregulated gradually as the EU by Civil Aviation Law in 1983 (Yalcinkaya, 2019). With this

regulation, private entrepreneurs entered the civil aviation sector.

Meanwhile, in 1996, some terms were added to re-regulate domestic markets to protect the
national flag carrier of Turkey (Turkish Airlines) by the Directorate General of Civil Aviation.
These new terms affected the entrepreneurs negatively. In 2003, the decision of the Directorate
General of Civil Aviation 1996 was canceled by the Minister of Transportation. Then, the
deregulations' positive effects began to be seen in Turkey (Yal¢inkaya, 2019). However, one more
step had to be taken to complete this process corporately. This step is about slot allocation. Until
2010, the slot allocation was coordinated by Turkish Airlines. An air carrier was decided to the slot
for all domestic carriers, affecting the corporate structure of Turkish civil aviation. Therefore, this
authority was delegated to a public institution (General Directorate of State Airports Authority)
(Yalginkaya & Tasci, 2020). In the meantime, Turkish civil aviation was able to become fully
corporate. The step was taken in 2010. This research examines the efficiency of airline companies
in Turkey after the aviation authorities have assumed their duties within the framework of
institutionalization. This study examines the efficiency of airline companies in Turkey after the
aviation authorities have assumed their duties within the framework of institutionalization. In this
framework, it contributes to the literature as a study analyzing Turkish civil aviation. With the
completion of corporate deregulation, this study aims to reveal the effects of deregulation of civil
aviation on the structure of the Turkish civil aviation market by combining network data

envelopment analysis (DEA) methods.
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Accordingly, this study sets out to make three contributions to the literature related to the

deregulation of Turkish civil aviation:

- Economic theory will provide the context for an overview of the corporate deregulation of

Turkish civil aviation.

- This study provides a new approach by combining two (window and network) DEA models

to analyze the industry.

- This study spotlights the advantages and disadvantages of Turkish carriers in the market

for competition.

Turkey shows differences in geographic location for domestic flights from the USA and the
EU. Because both domestic markets are broader than Turkey, this broadness brings many new
domestic markets with its demand, which is necessary for airlines to survive. In our research period,

airlines still operate in Turkey's domestic market and have similar market shares between periods.
2. Historical Background of Turkish Civil Aviation

Globalization's march forward over the past century is often regarded as a significant
political and economic achievement. Economists and policymakers saw increased world trade as a
good thing (Krugman & Wells, 2018). Therefore, the world air transport industry has experienced
a period of gradual economic liberalization. First, the USA started deregulating the civil aviation
industry in 1978 by signing a law (Dobson, 2017). Then, the United Kingdom and European Union
(EU) followed up USA's deregulation process (Dobson, 2007). Then, the deregulation in aviation

was expanded all over the world.

Following the developments in the world, Turkey officially started its corporate civil
aviation operations by establishing the Turkish Airplane Society in 1925. In 1933, it started to serve
as "Turkish Air Mail" with a small fleet. Until 1954, the management of civil aviation institutions
was subordinated to the Ministry of National Defense. Since then, it has been transferred to the
Ministry of Transport. In line with the decisions taken in the 1980s, the development of economic
growth supported by the free market transition also positively affected Turkish civil aviation. This
transition supported legislating the Turkish Civil Aviation Law No. 2920 in 1983. Also, The
General Directorate of State Airports Authority (1984) and the General Directorate of Civil

Aviation (1987), which continue their activities today, was organized during this period. As a result
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of these developments, the Turkish civil aviation industry started to grow, and this deregulation
initiative allowed new players to enter the market. However, most of the civil air transportation
carried out by Turkish Airlines (THY) in these periods harmed the development of competition in
practice (Cetin & Benk, 2011). Government interventions such as price controlling, market entries,
Etc., in the Turkish civil aviation industry continued to 2003. In 2001, the price tariffs were
determined by air carriers, and in 2003, the domestic market entry in Turkish civil aviation was
allowed to private air carriers (Gerede, 2010). With these developments, the domestic market was
deregulated. However, one more regulation was required to deregulate Turkish civil aviation
completely. Slot allocation is the final gap in completing the deregulation process. Since 1992, the
slot allocation has been made by THY. This authority is a contradictory issue to the free market
structure, and it is crucial prevention for private air carriers from competing in the domestic market.
In 2010, the slot allocation authority was transferred to the public authority-General Directorate of
Civil Aviation, to complete the deregulation process in Turkish civil aviation (Yal¢inkaya & Tasci,
2020). Thus, it can say that Turkey's civil aviation deregulation process has been completed
compared to other deregulated countries. This process provided some positive results in
deregulated countries (Barrett, 1989; Pryke, 1991; Goetz & Vowles, 2009; Duygun vd. , 2013b;
Cao vd. , 2015; Martini vd. , 2019). Similar positive effects were realized in Turkish civil aviation.
Cetin ve Eryigit (2018) indicated that deregulation has contributed to Turkish civil aviation under
two main headings. First, the removal of the barrier to entry into the industry has created dynamic
competitive conditions with new air carriers starting to serve. This amendment led to the realization
of the second stage, and increased competition conditions drove prices down and resulted in a rapid
increase in demand. In line with the current data announced worldwide, air transport's contribution
to foreign trade is 2% on average, while its contribution in Turkey is 10% on average. Figure 1

shows the industry's contribution to foreign trade comparatively.
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Figure 1. World and Turkish Air Transportation Shares in Total Export (DTO)

The deregulation process has increased the number of airports served in Turkey. As shown
in Figure 2, by the investments made in the last 30 years, the number of airports providing domestic
air transportation services has increased from 20 to 56. Before the deregulation, only Istanbul
Atatlirk Airport had high air traffic volume. Afterward, the air traffic volume increased, especially

in Ankara, Izmir, Antalya, and the second airport in Istanbul (Sabiha Gokcen) (DHMI).

1991
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Figure 2. Airports Development in Turkey (DHMI)
3. Literature Review

Economics is a social science that deals with producing, distributing, and consuming goods
and services. Economics focuses on behavior, interactions between economic agents, and how the
economy works. As a branch of science, economics concerns how economic agents allocate scarce
resources and how these choices affect society (Acemoglu vd. , 2019). Within this scope, air
carriers are trying to realize the maximum production that can be achieved with their current
capacities, that is, passenger and cargo transportation. The main goal of airlines is to increase their
efficiency and achieve economic efficiency. Efficiency, a measure of the ability to transform inputs
into output, is crucial in air transport. Therefore, efficiency analyses are developed and applied in
many sectors, such as aviation. However, all of the efficiency and productivity analysis studies
until today depend on the efficiency definitions outlined by Farrell (1957). Charnes vd. (1978),
Banker vd. (1984), Byrnes vd. (1984), Kao (1995), Fiare ve Grosskopf (1996), Seiford ve Zhu
(1999) and Fére vd. (2007) were developed analysis by their models. Among the studies applying
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radial DEA models, there are about three classes of methodologies: one is to directly apply standard
CCR (Charnes vd. , 1979) or BCC (Banker vd. , 1984) models, and the other is to combine standard
DEA models with other methods, especially a combination of parametric and nonparametric
methods, and finally to apply modified or expanded DEA models. In this direction, studies on the
global and regional (USA-European (EU) and Asian-African) scales in the air transportation
industry are examined. Also, different classic and Network DEA studies in the civil aviation

industry are shown in Table 1 to Table 3.

Performing analysis with more than one input and output in each air carrier with the
classical DEA causes only the general efficiency scores to be adhered to in evaluating the carriers.
It is stated in the literature that this situation does not reveal the internal relations within the “black
box”(Cui & Yu, 2021). Hence, new models such as network DEA models are applied in DEA to
explain the effects of internal and external factors on efficiency. All studies are divided into two
groups classic and network. Global markets studies have tried to determine the efficiency level of
international carriers. These studies focused on the carriers’ structure to define which factors affect
the level of efficiency and productivity. The structure contains airlines’ business model types,
corporate and fleet management, and type of ownership (public or private). The global market
studies examined international air carriers as a decision-making unit (DMU). Most included only
THY from Turkey as a global air carrier DMU. However, these analyses may not implicitly explain
the Turkish air transportation industry implicitly. Second, the US and EU civil aviation DEA
studies are investigated. This is the most studied group in DEA studies, and the most different
models are applied for two reasons. First, the deregulation process started in the US and expanded
to the EU and other regions. Second, available data can be reached for these regions. The final
group is Asian and African, and the newest models are applied in these studies. Also, the studies
examined the periods close to the present and focused on the efficiency analyses after the countries’
civil aviation deregulation (Good vd. , 1995; Alam vd. , 2001; Barros & Peypoch, 2009; Duygun

vd. , 2013a). These studies also examined the same structural properties.
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Table 1
Summary of DEA Studies for Global Markets

Model Type Source Sample Data Period Methodology
Barbot vd. (2008) 49 International 2005 DEA, TFP
Airlines
Merkert ve Hensher 58 International .
2011) Airlines 2007-2009 DEA, Tobit
Lee ve Worthington 42 International
(2014) Airlines 1994-2011 DEA, Bootstrap
Arjomandi ve Seufert 48 Intgrpatlonal 2007-2010 DEA
< (2014) Airlines
a
2 Min ve Joo (2016) 59 International 2010 DEA
@ Airlines
=
Q .
Kottas ve Madas (2018) 02 International 15 5516 DEA
Airlines
Kiraci ve Asker (2019) > International o516 7616 DEA, Tobit
Airlines
Asker (2021b) 31 International 6 519 DEA
Airlines
17 International
Asker (2022) Low-cost Airlines 2013-2017 Fuzzy DEA
14 International .
Sengupta (1999) Airlines 1988-1994 Dynamic DEA
Gramani (2012) 34 Braziland USA 1597 5506 2_Stage DEA
Airlines
16 International SBM-Network
<« Chang ve Yu (2014) Low-cost Airlines 2008 DEA
=
a
2 . 22 International 3-Stage SBM-
§ Livd. (2016) Airlines 2008-2012 Network DEA
3]
z 13 China and India Dynamic
Yuvd. (2019) Airlines 2008-2015 Network DEA
Asker (20212) 36 International 13 518 5_gtage DEA
Airlines
Yu ve See (2023) 29 International 2018 Network DEA

Airlines
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Summary of DEA Studies for US and European Markets

Table 2

Model Type Source Sample Data Period Methodology
US 200 Domestic OLS-2SLS and
Graham vd. (1983) Markets 1980-1981 Herfindahl Index
Distexhe ve Perelman 33 155 g1y Ajrlines  1977-1988 DEA
(1994)
Good vd. (1995) 16 US-EU Airlines 1976-1986 DEA
Alam ve Sickles .1
(1998) 11 US Airlines 1970-1990 DEA
Fethi (2000) 17 EU Airlines 1991-1995 DEA
47 US Domestic . .
Alam vd. (2001) Markets 1979-1992 Probit Regression
< Radaci¢ vd. (2005) Croatian Airlines 1992-2004 DEA, TFP
a
2 Tsoukalas (2007) 12 US Airlines 1995-2006 Regressions
&
Q
Barros ve Peypoch 27 EU Aitlines 2000-2005 2-Stage DEA
(2009)
. DEA - Malmquist
Assaf (2011) 18 UK Airlines 2004-2007 Index and Tobit
Barros ve Couto . DEA- Luenberger and
(2013) 23 EU Airlines 2000-2011 Malmquist Indexes
Barros vd. (2013) 11 US Airlines 1998-2010 B-Convex DEA
ggyl%‘)m’ Kutly, vd. 35US Airlines ~ 1999-2009  DEA, Kalman Filter
Choi (2017) 14 US Airlines 2006-2015 DEA, Bootstrap
Balliauw vd. (2018) 8 US Cargo Airlines 1990-2014 SFA
« Lu vd. (2012) 30 US Airlines 2006 2-Stage DEA
= ié
a Lozano ve Guticrrez 16 EU Airlines 2007 Network-SBM DEA
% (2014)
E Mallikarjun (2015) 27 US Airlines 2012 3-Stage DEA
L
Z .
Duygun, Prior, vd. 87 EU Airlines  2000-2010 Network DEA

(2016)




195

Table 3
Summary of DEA Studies for Asian and African Markets

Model Type Source Sample Data Period Methodology
Cao vd. (2015) 29 Chinese Airlines 20052009 ~ DEA- Malmquist
Index
Jain ve Natarajan (2015) 12 Indian Airlines 2006-2010 DEA
5 Chen vd. (2018) 11 Chinese Airlines ~ 2006-2016 ~ DEA Malmquist
A Index
2
3 Mhlanga vd. (2018) 7 African Airlines 2012-2016 DEA, Tobit
O
Sakthidharan ve . -
Sivaraman (2018) 5 Indian Airlines 2013-2014 DEA
. . DEA and Grey
Wang vd. (2019) 16 Asian Airlines 2012-2016 Model
Chiou ve Chen (2006) 15 Taiwan 2001 2-Stage DEA
Domestic Markets &
Tavassoli vd. (2014) I 1Iranian Airlines 2010 SBM Network
DEA
< 2-Stage TOPSIS
p . - i
A Barros ve Wanke (2015) 29 African Airlines  2010-2013 and N. Networks
_Y)
=
o
B . . 2-Stage TOPSIS
g Wanke vd. (2015) 35 Asian Airlines 2006-2012 and MCMC
Chen vd. (2017) 13 Chinese Airlines  2006-2014 Sto"has]t)l}‘i:fetwork
Soltanzadeh ve Omrani 7 Iranian Airlines 2010-2012 Dynamic Network

(2018)

DEA

As shown in Table 1, Table 2 and Table 3, it is seen in the literature that there is a transition

from classical methods to new, integrated and networked data envelopment analysis methods that
can have effects on each other in order to examine the efficiency of enterprises in more detail. In

this study, serial network data envelopment analysis method is preferred as the current approach
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method within the framework of this trend. It contributes to the field as the first study conducted

with this new approach in the Turkish civil air transportation industry.
4. Methodology and Data

Network DEA models can divide the system into multiple processes and sections,
considering the relationships between component processes and products. As a general feature of
network DEA models, it is stated that a process can be divided into multiple stages rationally (Fére
vd. , 2007; Cook vd. , 2010; Cooper vd. , 2011; Cook & Zhu, 2014). In this context, different
systems (different structures classified as serial structure, parallel structure, and serial-parallel
structure) can be used in Network DEA models. It is stated that Decision Making Units (DMUSs)
can perform several different functions in any process and can also be serially divided into different
stages (Fére vd. , 2014). In such cases, some components play essential roles in producing outputs
with intermediate outputs from their previous components. For this reason, the traditional DEA
model does not impose constraints on the relationships between the intermediate stages while
measuring the overall performance of the DMU together with the performance of its components.
However, it is stated that if it consists of a series of subunits connected in series, such an approach
is unlikely to provide insight into the interrelationships between the inefficiencies of the stages (Yu
& Chen, 2016). In this context, the activities of airline companies operating in Turkey will be
examined in two different stages. The general framework of the 2-stage serial Network DEA Model
with input-oriented and CCR, which was created with reference to the studies of Kao ve Hwang

(2008) and Kao ve Hwang (2010), is as follows:

Ex = max ), Ur X Y 4.1)
i:Inputs (i =1,...,m)
r: Outputs (r =1,...,s)
p: Intermediate Output/Input (p = 1,...,t)
iDMU(j=1,...,n)
Subjects to:

?;1 V; X Xik =1 (4.2)
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Efficiencies:

Z?:lur ><Yrj _2?;1\71 XXi]‘ <0,j=1,..,n
g=1wp XZpj—2i21ViXX;<0,j=1,..,n

Yr=1Vr X Y _Zzzlwp X Zpj < 0,j=1,..,n

Ur, ViJWl > €

q
El.Stage _ Zp=1WP>< Zpk

k Xt vixXik

2. Stage =1 VrXYrk

Ey =Y woxz
Zp=1 pX pk

pSysten _ Yr=19rXYrg

k Lt vixXik

4.3)
4.4)

4.5)

(4.6)

.7

4.8)

In the equations, efficiencies are shown as 1st Stage, 2nd Stage and system. X;; and Y,.;

respectively where j=1,...,n, inputs of decision making unit (THY, Pegasus and Sun Express),

i=1,...,m, intermediate output/input p=1,...,q and r=1,..,s denotes their outputs. I= (1, 2,..., m),

0=(1, 2,...,s), and M= (1, 2,..., t) index sets of inputs, outputs, and intermediate inputs/outputs

and IPc I, OPc O, and MPcM indicate the corresponding index sets for the process p. In the

equation, u, , v; and w; are the factors, € also is the small non-Archimedean number. The network

DEA model is also figured out in Figure 2.
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Figure 3. 2-Stage Serial Network DEA Model

The efficiencies of the examined airlines were put forward in two stages production and
marketing. Window analysis, which was applied by Charnes vd. (1985) for the aircraft efficiency
analysis of the US Air Force, is added to Network DEA in the study in order to increase the number
of decision-making units. Window analysis works on the principle of moving averages. Based on
the proposal by Halkos ve Tzeremes (2009), efficiency measures are created over time by treating
each DMU as different in a different period. As a result, it is possible to compare an airline's
production and marketing activities in a certain period with its own activities in other periods. This
approach makes it possible to examine the Turkish air transport industry, where few decision-
making units exist. Asmild vd. (2004) suggested that each window width should be between three
and five, reducing the impact of changes in competitive or economic conditions and allowing for
a fairer comparison. In this direction, Asmild vd. (2004) recommended window width (one

window width is three years) is taken as reference and shown in Figure 4.
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Figure 4. Window-Network DEA Analysis Chart

In line with this framework, the Window-Network DEA Model's solution is solved using
version 38.3 of the GAMS program. The variables applied in the Window-Network DEA Model
are shown in Figure 3 and Table 4. Input, intermediate output/input, and output data are selected
based on the data used in the studies reviewed. The first stage is the production stage which
produces the capacity to sell to the airlines' customers. The input variables (fleet, cost, destination,
and employee) that will provide the intermediate output are selected to realize this stage. The
second stage is the marketing stage, where intermediate input is transformed into the revenue and
the number of carried passengers. The data is available starting from 2012 for all three carriers

(THY, Pegasus, Sun Express) on the investor relations websites (Lufthansa; Pegasus; THY).

Table 4
Input and Output Variables

Variables Explanation Unit
Input

Total Fleet Total number of aircraft in the Number/Year
operations

Total Cost Total cost of Airlines in the TRY/Year
operations

Total Destination Total number of markets flown Number/Y ear
in a year.

Total Employee Total number of employees Number/Y ear

Intermediate Output/Input
Seat Capacity Total number of seats supplied Number/Year
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Load Factor How much capacity is used Percentage/Year
Output

Carried Passengers (PAX) Total number of passengers Number/Y ear
carried

Total Revenue Total revenue of airline TRY/Year

5. Findings and Discussion

With the Window Network DEA model, the production efficiency status of the air carriers
in the first and second stages, and the system are shown in detail in Appendix-1 and Appendix-2,
and the stages’ results are presented by taking the averages of the periods in Figure 5 to Figure 7.
These results reveal that the level of efficiency varies according to the business models that airlines
use for capacity production. Pegasus and Sun Express, which are similar cost management
applications (low-cost business model), are more effective in production efficiency than THY,
which offers full service. According to THY, Pegasus and Sun Express, which implement the cost-
oriented strategy, can generally maintain their production efficiency levels at a certain level. In
addition, the socio-economic cases experienced during the review period are also shown. It has
been determined that other socio-economic cases, apart from Covid-19, do not seriously affect the

production efficiencies of airlines.

At the second stage, efficiency scores are determined based on the number of passengers
the airlines carry with the capacity they offer and how they generate revenue. The success of cost
management in production efficiency has turned into the success of THY, which has a high market
share at this stage, shown in Figure 6. The airline, which dominates the market in marketing
efficiency, has achieved more effective and stable efficiency scores. Although socio-economic
cases do not seriously affect production efficiencys, it is seen that every airline has a negative impact
on marketing effectiveness. The direct effect of the input factors on the output has been analyzed
in the system efficiency, and it reveals different results compared to the 2-stage analysis. First, it
is seen that the business model implemented by the airlines does not significantly affect the system
efficiency much. Another difference is that it is observed that the efficiency scores of the airlines
with a high market share are higher and more balanced. Finally, socio-economic events affect
airlines at different levels and there is a difference in efficiency development during the recovery

Process.
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According to the results of the study, it is observed that the airlines try to maintain their
levels in the first stage where production efficiency is measured, and the production efficiency
scores of Pegasus and Sun Express airlines are at similar levels. In THY, on the other hand, it is
noteworthy that the size of the score changes between periods in production efficiency is a little
high. In general, it can be said that they maintain their current efficiency level. On the other hand,
when the change between periods is evaluated with the effect of socio-economic events, it has been
concluded that there is much more variability in the second stage, where the marketing efficiency

is measured.

The general stable structure provided by THY in its marketing activities has turned into
volatile structure in Pegasus and Sun Express airlines. It has been shown that the airline with the
highest market share in system efficiency has shown more stable results, and it is understood from
the scores that the negative impact level of socio-economic cases experienced during the review
period has also deepened according to market power. The effects of the business models
implemented by the airlines on production, marketing and system activities are also revealed for
Turkish carriers. While production efficiency is high, marketing efficiency is low in low-cost
airlines (Pegasus and Sun Express), where cost control is tight, and all services provided except
passenger transportation are paid by adopting a lean service approach. On the other hand, while the
production efficiency is more variable in the airline (THY), which discriminates the lean
transportation service and offers the transportation service to the customers as a full service with
different cabin services, the marketing and system efficiency is more stable under normal
conditions. Lu vd. (2014)researched airlines operating in the USA in their studies and revealed that
airlines achieved more stable scores in the production efficiency stage, while they stated that this
did not happen in marketing efficiency scores. The efficiency structure of the emerging business
models for Turkey is similarly demonstrated in the USA. Therefore, they stated to the airline
managements that the part that needs to be developed and improved should be on the revenue
generation side. Duygun, Prior, vd. (2016) researched airlines in the European region with a two-
stage network DEA within the framework of the 2007 global economic crisis. It has been shown
that the efficiency scores of the first stage, called production efficiency, were at similar levels in
the pre-crisis and post-crisis periods, supporting the result of this study. Due to the recent Covid-
19, many industries have been adversely affected. In the study conducted by da Silveira Pereira ve

de Mello (2021) for Brazil, they stated that the operations carried out due to human mobility were
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adversely affected by Covid-19. The same results also negatively affected airlines in Turkey and

other regions in this industry.
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6. Conclusion

The research conducted an efficiency analysis of the air carriers established in Turkey and
operating in scheduled commercial passenger air transport. Window analysis was integrated into
the modeling to represent the market structure of the network DEA model more accurately. With
integrating this analysis to the model, the small number of DMUs could be increased. In this way,
the discrepancy between the number of DMUs and the number of inputs and outputs was
eliminated. In this context, the combined use of window and network DEA models in a holistic
structure was applied for the first time to the air carriers in the Turkish civil air transport industry.
This modeling aimed to evaluate the efficiency structure of Turkish civil air transportation in two
stages, namely production and marketing activities. For this purpose, the analysis was carried out
with the data available after the corporate deregulation of the Turkish civil air transportation
industry. The study also considered the business models of airlines in the efficiency analysis. In
this context, it has been decided that the DEA results of the air carriers made with the classical
modeling (system efficiency) differ from those obtained with the analysis made with the window-
network DEA modeling. The system efficiency results do not provide the opportunity to examine
in detail, considering the strategic structures of the airlines. The 2-stage window-network DEA
analysis reveals the different focuses of the airlines in their production and marketing activities
according to their strategic and business model applications. The results show that the production
efficiency of Pegasus and Sun Express airlines, which provide transportation services as a low-

cost, is higher and more stable.

On the other hand, the marketing efficiency of THY, the country's flag carrier with a high
market share and carrying more passengers, is more effective than that of others. The results also
show the effects of socio-economic cases in this study. The IATA (2020) report indicates fragile
structure of the world's air transportation industry in the face of socio-economics factors. This study
shows that Turkey has the similar negative results. A balanced distribution of regional revenue may
ensure that revenue declines are less adversely affected in the face of these shocks. Since the flight
networks of Pegasus and Sun Express airlines are more limited than THY, these shocks can

negatively impact these two airlines.

In conclusion, the research findings allowed the Turkish air carriers to test how they manage

competition and strategies domestically. Firstly, it reveals that airlines' production efficiency varies
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according to the business models they apply in the factors they use for capacity generation.
Secondly, the airline that dominates the market has a more efficient and stable marketing
efficiency. By integrating network data envelopment analysis with window analysis, the efficiency
analysis of a small number of Turkish air carriers was conducted for the first time and contributed
to the literature. For future studies, this modeling can also determine the environmental efficiencies

of the Turkish air carriers.
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