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ASSESSMENT OF TURKISH AIRPORTS' EFFICIENCY USING DATA
ENVELOPMENT ANALYSIS

After the second half of the 20th century, airline transportation increased its influence very
rapidly having become the today's most important transportation sector. Consumer demand for
airline transportation was increasing during several decades. Accordingly, airports which are the
infrastructure centres of the aviation sector became crucially important for maintaining such grow-
ing demand. In this context, the assessment of efficiency of Turkish airports becomes pivotal, in
particular with the increasing demand and air transaction movements. In this study, Turkish air-
ports’ efficiency will be evaluated through the data envelopment analysis.
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Vmxyp Ibok, Cenin Yrypan
OHIHIOBAHHA E®@EKTUBHOCTU POBOTU TYPEIIBKUX
AEPOIIOPTIB METOAOM AHAJII3Y CEPEAJOBUILIA
®OYHKIIIOHYBAHHA

Y cmammi noxazano, wo nouunarouu 3 opyeoi noaosunu XX cmosimms nogimpsmnuii
mpancnopm cmae gidizpasamu éce Cymmesiuty poav, 6i0nogioHo 3pocmae i Cnoycuéuuli nonum
npomsazom Oekiavkox decamuaims. Aeponopmu s64:10mo co6or0 iHpacmpykmypui uenmpu
2aaysi, omice maromo po3GUEAMUCS Y 6i0N0GIOHOCMI 00 3pOCMAIO4020 NONUMY Ha O0any
mpancnopmuy nocayey. Came momy ouiHioéanus eexmusenocmi ix pobomu mae eaxyciuee
3HAYeHHA AK Y KOHMmeKcmi 3pOCmaiovoco nonumy, maxk i 041 3abe3nedeHHs NOGIMPHO20
mpancnopmy 6 uiaomy. Epexmuenicmov po6omu aeponopmie docaioxceno 3a danumu Typewuunu
Memodom anaaizy cepedosuuia PyHKUIOHY8aAHHA.

Kawwuosi caoea: ananiz cepedosuwsa QYHKUIOHYEAHHA, UEHMPU RNPUUHAMMSA pilueHb,;
epexmusHicmo; aeponopmu.
Puc. 3. Taba. 2. Jlim. 19.

Vmxyp I'bok, CeBun Yrypan
OIIEHUBAHUE DOOEKTUBHOCTU PABOTHI TYPELIKUX ADPOITIOPTOB
METO/10M AHAJIN3A CPEABI ®YHKIINMOHUPOBAHUA

B cmameue noxazano, umo navunas co émopoii noaosunvt XX eexa 6030yunlii mpancnopm
cmaa uepams 6cé 6o.1ee 603paACMAlOULYI0 POab, COONEENICINGEHHO POC U NOMPEOUMEAbCKUL CNPOC
6 meuenue HeCKoAbKuX decsimuaemuii. A3ponopmol A6410MCs1 UHPPACMYKMYPHBIMU UEHMPAMU
O0aHHOU ompacau, OHU 00ANCHBL PA3BUBAMBCS 6 COOMBEMCMGUI C PACHYUUM CHPOCOM HA OAHHYIO
mpancnopmuyto ycayey. Hmenno noasmomy ouenusanue 3phexmuenocmu ux paéomor umeem
6aJICHOE 3HAYEeHUe KAK 8 KOHIMEeKCHe PACHyuie20 cnpoca, max u 04s obecneveHus 6030yuinozo
deuxncenus 8 ueaom. Ipghexmuenocmo pabomor a’zponopmos uccaedosana no oannvim Typuyuu
Memodom anaausa cpedvt YyHKUUOHUPOBAHUSL.
Karouesvie caosa: ananruz cpedsl @QYHKUUOHUPOBAHUS, UEHMPbl NPUHAMUS peuleHUll;
aghgekmugHoOCMb, A3PONOPMbL.

1. Introduction
Turkey is the 6th largest economy in Europe and according to the current growth
trend and statistical predictions, in a few decades Turkish economy will be the third
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largest economy in Europe after Germany and Russia. In this context, Turkish infra-
structure (especially the transportation one) becomes crucially important in provid-
ing sustainable economic development. As a result of increasing commercial and
political relations with other countries, transportation infrastructure gained an
important role for the development of Turkey.

For a country to compete economically with other countries, transport networks
and infrastructure must be advanced enough for this competition. Harbors, railroads,
roads and airports therefore become a vital part of the development process of the
countries. Ribeiro and Kobayashi (2007) pointed out that "transport activity is a key
component of development and human welfare". From past to present with the
increasing trade, globalization and human needs, airline transportation became cru-
cial in delivering transportation services of today's world. Especially after the second
half of the 20th century, airports have been the essential transport infrastructure for
the development of commercial, social and political relations in the global context.
Therefore, operating airports more effectively will become a new phenomenon in the
near future since continuous growth of air traffic and network expansions depends on
the physical structure of buildings, runways, technological situation and operation of
airports. For this reason, measuring the airports' efficiency is crucial. As Martin and
Roman (2001) pointed out, "it is necessary to evaluate if a fixed physical capacity is
able to provide services to more air transaction movements and passengers".

With the increasing air traffic in Turkish aviation, problems faced by airports are
expected to increase in the next decade. The solution of these problems will necessi-
tate a clear understanding of the current structure, suitably based on the efficiency
analysis. However, until now the efficiency analysis of Turkish airport infrastructure
has not been elaborated. Accordingly, our main aim in this study is to analyze the effi-
ciency and the overall performance of Turkish airports using the data envelopment
analysis (DEA).

2. Literature Review

After the World War 11, aviation industries have been under the state control all
around the world and airport operations were the state monopoly. But it is known that
there is a productivity bias for state owned operated airports. Government investments
do not depend on demand since governments do not behave like the private sector
(Ozenen, 2003). Accordingly, airport efficiency started to attract attention of
researchers and academics especially at the end of the 1990s. In the first decade of the
21st century the efficiency of airports became a popular issue among researchers and a
number of academic studies have been conducted. These studies can be divided into
two groups in terms of the methods used, namely, parametric and non-parametric ones.

Stochastic frontier analysis (SFA) is the method that measures the airport effi-
ciency under the parametric method. SFA was first introduced by Aigner and Chu in
1968 and it became a widely used method for efficiency tests. But the test was main-
ly used for evaluating the efficiency of profit and non-profit organizations. Some
studies related to the application of SFA for measuring the airport efficiency are
Pelset et al. (2001, 2003), Oum and Yu (2004), Yoshida and Fujmoto (2004) and
Barros (2008).

Another non-parametric method is data envelopment analysis (DEA). DEA is a
method of measuring efficiency of a decision-making unit, DMU, for public sector
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and non-profit organizations. DEA was first introduced by Farrell (1957). Afterwards
Charnes, Cooper and Rhodes (1978) reshaped his study under constant returns to
scale and this was accepted as the basic method of DEA. It is the most widely used
method among researchers in the last decade since it is suitable to test different aspects
of airports efficiency (Yang, 2010). For example, Gillen and Lall (1997) tested the
overall performance of 21 US airports. They showed that, demand for airport services
are inelastic because airports have limited potential to attract other airports' customers.
In other words, one airport holds the monopoly power in the region in terms of trans-
portation. Especially if there is only one airport in a city or a region, it is not possible
to prefer other airports. For this reason, monopolistic power of airports has eliminat-
ed the competition and this might be the reason behind some airports' inefficiency.
Oum et al. (2003) pointed out that, ignoring non-aeronautical services in the research
leads to biased empirical results because in some airports those services have a very big
share in total revenues. Yoshida and Fujimoto (2004) showed that, regional airports are
expected to be less efficient, because demand for regional airports is small as compared
to international airports. Barros (2008) argues that state owned and operated airports
are less efficient because there is no pressure on managers to demonstrate positive
financial results. Since pressure on the managers of state controlled and private firms
have found not to be the same over the years, it is inevitable for state controlled firms
to be less efficient as compared to the private ones. In general, most studies conclude
that the state owned and operated airports are less efficient than the privatized airports.
They point out that privatization of state owned airports is one of the ways to reach the
desired level of quality and efficiency. Parker (1999) tested technical efficiency of the
UK airports before and after privatization and Sarkis (2000) tested operational effi-
ciency of 44 US airports. While some researchers used common inputs and outputs,
some scholars tested airport efficiency by segments, mainly known as "terminal serv-
ices" and "movement model." For each segment they used different inputs and outputs.
Pelset et al. (2003) tested the airport efficiency in these two segments. For testing ter-
minal services they used terminal size and the number of aircraft parks as inputs and
aircraft movements as output. For a movement model they used the number of check-
in desks and the number of baggage claims as inputs and the number of passengers as
output. There are some studies that compare SFA and DEA. For example, Pelset et al.
(2003) and Yang (2010) explain the differences between these methods by using the
same inputs and outputs in them. According to the conclusion of these studies, both
methods are roughly in the same order.

With regard to non-parametric methods, they have similarities with parametric
methods. In general, both methods use almost the same inputs and outputs. For
instance, the number of employees, runway lengths and terminals' sizes are the com-
mon inputs for DEA and SFA. From the output side, the number of passengers, cargo
and the number of aircraft movements are the same outputs for both methods.

3. Methodology

3.1. Data Envelopment Analysis. DEA analysis has been developed for determin-
ing the efficiency of a group of profit and non-profit institutions (DMUs). It analyzes
the efficiency of a DMU by comparing it with the best DMU in the group under eval-
uation. The main idea is to produce an efficiency score for each DMU by evaluating
the inputs used to produce the output. The starting point is the assumption that if a
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specific amount of output can be produced with a certain amount of inputs by one
DMU, then, other DM Us should be able to produce that specific amount also with
the same amount of inputs. However, if they use more inputs to produce the same
amount, then they are not efficient, and thus must reduce the inputs. Similarly, a
given amount of inputs should be able to produce the same amount of output in each
DMU. If with the same inputs, a smaller amount of output is produced, then that
DMU is not efficient and must find ways to increase the output to be efficient. So a
certain DMU is said to be efficient if when compared to other DM Us, its inputs can-
not be improved without decreasing its outputs (or its outputs cannot be increased
without increasing its inputs), hence the technical efficiency. This definition of effi-
ciency does not necessitate a full set of strict and formal assumptions. To be able to
conduct a data envelopment analysis the required assumption is that the data reveal
the performance of DMU in the most accurate way and the returns to scale in the
production is accurately determined. Determination of returns to scale is necessary
to decide the envelopment of the data under analysis. For this issue DEA is com-
monly conducted under both constant return to scale (CRS) and variable return to
scale (VRS).

Data envelopment analysis creates a frontier (an envelope), which passes
through the strictly dominating DM Us and performance of each DMU can be com-
pared with those of the ones on the frontier. In Figures 1 (and 2) below each point
refers to a DMU's output/input (input/output) ratio for 2 outputs.

Figure 1 illustrates the output maximization. It shows efficient and inefficient
DMUs. (Figures are taken from Pacheco and Fernandes (2002)). Points A, B and C
reflect the efficient DMUs, whereas points D, E and F are inefficient. The frontier
that joins A, B and C represents the full efficiency.

Output 2/input

Output 1 /input
Source: Partly Adapted from Fernandes and Pacheco (2002)
Figure 1. Efficiency Envelope; Output Maximization

Input 270utput

A ®

Input 1/output
Source: Partly Adapted from Fernandes and Pacheco (2002)
Figure 2. Efficiency Envelope; Input Minimization
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Figure 2 is the example of graphical illustration of input minimization approach.
Each DMU uses the same amount of inputs and produce different level of outputs.
Points A, B and C are the most efficient points as compared to points D, E and F
under the input minimization approach.

Figure 3 shows the process of reaching the efficiency envelope. In (a) DMUs A,
D, E, and F lie on the efficiency frontier and are efficient, whereas DMUs B and C
fall inside the frontier and they are inefficient. An inefficient DMU can be compared
with the one on the frontier and also on the same activity line. Then DMU (B) can
reach the efficient DMU (A) on the frontier by decreasing inputs or the efficient
DMU (D) by increasing its outputs. Figure 3(b) shows DMUs producing outputs 1
and 2 and using exactly the same inputs. Figure shows that A, B, C and D are strict-
ly dominating DMUs and are the efficient ones. DMU (F) is inefficient but can
increase its output to reach C or B. DMU (F) is not strictly dominated by either B,
or C but it can be compared with the hypothetical DMU (G), which is a combina-
tion of B and C with certain weights, created by DEA. This way it can be seen that
DMU (F) is relatively inefficient.

Output Output 2

.,

Input Output 1
(a) (b)

Source: Authors' construction
Figure 3. Reaching Efficiency Envelope

DEA utilizes 3 approaches to produce the efficiency scores. These approaches
are "input oriented", "output oriented" and "output/input oriented". For each of these
approaches a linear programming model is constructed. In more technical illustration
under output oriented maximization the efficiency score of a DMU is calculated

through:

DMU = Weighted Sum of Outputs
Weighted Sum of Inputs
And for input oriented minimization:
DMU = ngghted Sum of Inputs
Weighted Sum of Outputs

In the output oriented model optimization is done by maximizing the objective
function, the ratio of weighted sum of outputs to the weighted sum of inputs, of the
specified DMU. According to Charneset et al. (1978), the constraints are such that
the ratio of sum of weighted outputs to sum of weighted inputs for all DM Us should
be less than or equal to 1. Precisely, the model is written as:
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y, = output, x; = input

u,v; = weights that will be determined by the model.

In the dual problem of maximization, the input oriented model, optimization is
carried out by minimizing the objective function, the ratio of sum of weighted inputs to
the sum of weighted outputs, of the DM U whose efficiency will be calculated. Opposite
to the primal problem, the constraints of the dual require the ratio of sum of weighted
inputs to the sum of weighted outputs to be not less than 1. The model is illustrated as:

Subject to:

Z ViXio
Minimize (f,)=-2——
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r=1

m

VX,
Subject to ,5:1_ >1

> ux,
r=1

u,v,20

Forj=1,..,n,r=1,...,s,i=1,....m

The model used in this study is input oriented; it shows how a DMU should
move towards the efficient frontier by reducing its inputs proportionally to those of an
efficient DMU. In addition, the efficiency scores for both constant returns to scale
(CRS) and variable returns to scale (VRS) cases are calculated for each airport. DEA
frontier software is used for calculations.

3.2. Data. In Turkey there are 43 airports. After 2000 Turkish airports are subject
to modernization. In this context between 2007 and 2010 some airports were under
modernization and the data on those airports are lacking. In this study we analyze 20
Turkish airports. All of the required data are taken from the annual reports of the
Turkish State Airport Authority (DHMI). The data refer to the 2007—2009 annual
data.

Two inputs are used — terminal size (square meter) and runway length (meter)
and 3 outputs: the number of passengers, the number of aircraft movements and the
tons of cargo carried.

4. Results

The efficiency scores calculated for these 20 airports are given in Table 1.
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Table 1. Efficiency Scores Under Constant Returns to Scale (CRS)

DMU DMU Name 2007 2008 2009 2010

1 Istanbul Ataturk 1,000 00 1,00000 1,00000 1,00000
2 Izmir Adnan Menderes 0,44198 0,40490 0,44132 1,00000
3 Mugla Dalaman 0,39396 0,3546 1 0,35437 0,37 165
4 Adana 1,00000 1,00000 1,00000 0,75715
5 Erzurum 0,40325 0,34556 0,35694 0,23140
6 Ankara Esenboga 0,33018 0,32355 0,32353 0,35610
7 Antalya 1,00000 1,00000 1,00000 1,00000
8 MuglaMilas, Bodrum 0,81049 0,84697 0,82355 0,65514
9 Trabzon 0,47148 0,43837 0,46079 0,42785
10 Gaziantep 0,440 36 0,46350 0,50349 0,18997
11 Adiyaman 0,17068 0,26747 0,23700 0,06614
12 Diyarbakir 1,000 00 1,00000 1,00000 0,32896
13 Hatay 0,00243 0,11544 0,24173 0,17463
14 Kars 0,17354 0,44057 0,43626 0,08009
15 Konya 0,29815 0,32969 0,34778 0,15342
16 Mardin 0,35661 0.33582 0,38380 0,12775
17 Van Ferit Melen 1,000 00 1,00000 1,00000 0,27 186
18 Elazig 0,21097 0,23537 0,39653 0,13310
19 Kayseri 0,67193 0,60238 0,66537 0,27 052
20 Mus 0,10337 0,33518 0,39322 0,04 540

Source: Authors’ construction.

In general, from 2007 to 2009 most of the airports' efficiency scores increased
by small amounts but in 2010 especially regional airports efficiency scores decreased
very sharply. According to the results, Istanbul Ataturk and Antalya airports main-
tain their position on the efficiency frontier in 2007—2010. Adana, Diyarbakir and
Van-Ferit-Melen were efficient for the first 3 years but then became inefficient in
2010, whereas Izmir Adnan Menderes showed the efficient performance in the last
year of the period. The least efficient airports in the period are Hatay, Adiyaman and

Mus.
Table 2. Efficiency Scores Under Variable Returns to Scale (VRS)
DMU DMU Name 2007 2008 2009 2010

1 Istanbul Ataturk 1,00000 1,00000 1,00000 1,00000
2 Izmir Adnan Menderes 0,53440 048757 0,50814 1,000 00
3 Mugla Dalaman 0,88317 084865 0,84884 0,86187
4 Adana 1,00000 1,00000 1,00000 1,00000
5 Erzurum 0,76055 0,73520 0,74328 0,756 94
6 Ankara Esenboga 0,38329 036928 0,37281 0,41537
7 Antalya 1,00000 1,00000 1,00000 1,00000
8 Mugla, Milas, Bodrum 0,92776 092910 0,90470 0,89970
9 Trabzon 0,83245 0,78451 0,79115 0,81807
10 Gaziantep 0,50707 0,52369 0,53762 0,43573
1 Adiyaman 1,00000 1,00000 1,00000 1,00000
12 Diyarbakir 1,00000 1,00000 1,00000 0,69343
13 Hatay 0,564 44 057135 0,59326 0,628 66
14 Kars 0,67101 0,75326 0,73921 0,63746
15 Konya 0,60290 060560 0,61269 0,58865
16 Mardin 091505 088541 0,90507 0,894 19
17 Van Ferit Melen 1,00000 1,00000 1,00000 0,79338
18 Elazig 0,624 87 061422 0,69212 0,637 14
19 Kayseri 0,80256 0,75066 0,78677 0,69998
20 Mus 1,00000 1,00000 1,00000 0,98277

Source: Authors’ construction.
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According to the efficiency results of VRS in Table 2, most efficient airports are
Istanbul Ataturk, Adana, Antalya and Adiyaman, throughout the whole period. On
the other hand, Diyarbakir, Van-Ferit-Melen and Mus became inefficient in the last
year. The least efficient airports in these years are Ankara Esenboga, Gaziantep and
Izmir Adnan Menderes.

From both tables we see that some airports showed a negative trend in 2010. In
general, these are regional airports. The reason behind the negative trend in both CRS
and VRS inefficiencies is that some outputs such as cargo and aircraft movement
shows decline in 2010 as compared to the previous years. Moreover, passenger trans-
portation is limited with the inhabitants of the region and very few non-Turkish citi-
zens use regional airports whereas millions of non-Turkish citizens travel through
Turkish international airports.

5. Conclusion

In this study 20 Turkish airports are analyzed in terms of efficiency using the data
envelopment analysis. The results show that Turkish international airports' efficiency
scores are higher than the ones of regional airports. In other words, international air-
ports are more efficient relative to regional airports and this result is consistent with
the results of Gillen and Lall (1997), who found that international airports operate at
a higher level of efficiency than the regional ones. In addition to the inefficient use of
inputs, one of the reasons behind the inefficient scores of most regional airports might
be the limited number of international passenger transportation. Also government
control over the aviation sector creates monopolistic power and it is commonly stat-
ed that lower efficiency level of government-operated institutions is not an unexpect-
ed outcome. Therefore, the role of government in airport management needs to be
revised.

It should be noted that the estimates in the study depend on the available data.
Labor and capital inputs are not included because they were not available for 2007
and 2008. For this reason, our estimates could better be interpreted as "assessment”
of the efficiency level of the aviation infrastructure in Turkey. With the availability of
the missing data, reassessment of efficiency will be very useful for further studies. In
addition, to increase the efficiency of regional airports, optimal policy options need
to be developed. Therefore, further studies about the optimal policy would be very
helpful.
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