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ABSTRACT

WIDE-BODY AIRCRAFT SELECTION USING MULTI-CRITERIA DECISION
MAKING METHODS

GUNES, Hiiseyin Gokalp
MBA, Department of Business Administration
Supervisor: Assist. Prof. Dr. Giilsah KARAKAYA

February 2022, 103 pages

Aircraft acquisition is a major investment that can be defined as a strategic activity as
it effects the long-term plans of an airline. The selection of an aircraft requires a
detailed assessment process since it involves various criteria and alternatives. Thus,
aircraft selection can be identified as a multi-criteria decision making (MCDM)
problem, which is investigated in this study using a combination of three different
MCDM methods, namely Analytic Hierarchy Process (AHP), Decision Making Trial
and Evaluation Laboratory (DEMATEL) and Technique for Order Preference by
Similarity to Ideal Solution (TOPSIS). This study uses a comprehensive set of criteria
that is associated with aircraft selection, and utilizes AHP and DEMATEL methods to
obtain two sets of criteria weights based on expert judgments, which are then
combined with TOPSIS method to determine the best wide-body passenger aircraft for
airlines. Moreover, the interactions between aircraft selection criteria are investigated
and presented with impact relation maps through the use of DEMATEL method. The
use of AHP-TOPSIS and DEMATEL-TOPSIS approaches enable to examine the
effects of the assumption of criteria independency in the aircraft selection context. The

results of the study show that the ranking of alternatives change across the approaches,
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which is attributed to the effect of criteria independency assumption in AHP method

when determining criteria weights.

Keywords: Aircraft selection, Multi-Criteria Decision Making (MCDM), Analytic
Hierarchy Process (AHP), Decision Making Trial and Evaluation Laboratory
(DEMATEL), Technique for Order Preference by Similarity to Ideal Solution
(TOPSIS)



0z

COK KRITERLI KARAR VERME YONTEMLERI iLE GENiS GOVDELI
YOLCU UCAGI SECIMI

GUNES, Hiiseyin Gokalp
Yiiksek Lisans, Isletme Boliimii

Tez Yoneticisi: Dr. Ogr. Uyesi Giilsah KARAKAYA

Subat 2022, 103 sayfa

Ugak alimi hava yollariin uzun vadeli planlar1 iizerinde etki sahibi olan biiytik bir
yatirimdir. Alinacak ucagin se¢imi ¢esitli kriter ve alternatiflerin dahil oldugu detayl
bir degerlendirme gerektirmektedir. Bu nedenle, ugak secimi ¢ok kriterli karar verme
(CKKYV) problemi olarak tanimlanabilir. Bu ¢alismada bu problem Analitik Hiyerarsi
Siireci (AHS), DEMATEL (Decision Making Trial and Evaluation Laboratory) ve
TOPSIS (Technique for Order Preference by Similarity to Ideal Solution) adli CKKV
yontemlerinin kullanimi ile incelenmistir. Bu ¢calismada ugak se¢imi ile ilgili kapsamli
bir kriter seti kullanilmis ve kriter agirliklart uzman gortisleri kullanilarak AHS ve
DEMATEL yontemleriyle belirlenmistir. Elde edilen kriter agirliklar1 daha sonra
TOPSIS yonteminde hava yollart i¢in en 1iyi genis godvdeli yolcu ucaginin
belirlenebilmesi i¢in kullanilmistir. Ayrica, ugak se¢im kriterleri arasi etkilesimler
DEMATEL yontemi kullanilarak incelenmis ve etki iliski haritalari ile gdsterilmistir.
AHS-TOPSIS ve DEMATEL-TOPSIS yaklasimlarinin  kullanimi  ugak se¢im
probleminde kriter bagimsizlig1 varsayiminin etkilerini arastirma imkani saglamistir.

Calismanin sonucunda, kullanilan iki yaklagimin farkli siralamalar ortaya ¢ikardigi
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goriilmiistiir. Alternatiflerin siralamalarindaki farklilik, AHS yonteminde kriterlerin

bagimsiz oldugu varsayiminin yapilmasina dayandirilmistir.

Anahtar Kelimeler: Ugak se¢imi, Cok Kriterli Karar Verme (CKKYV), Analitik
Hiyerarsi Siireci (AHS), DEMATEL, TOPSIS
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CHAPTER 1

INTRODUCTION

Air transportation has been a continuously developing transportation mode in terms of
passenger growth. According to International Civil Aviation Organization (ICAO,
n.d.-b), the airline industry has seen a compound annual growth rate of 5.4% in
revenue passenger kilometers between 1995 and 2015. Despite having had a major
setback in the number of flights globally due to the COVID-19 pandemic, the
International Air Transport Association (IATA, 2021c) predict a return to pre-
pandemic traffic levels by 2023, and Airbus (2021d) and Boeing (2021a) forecast an
average traffic growth rate of about 3.9-4.0% in the next 20 years. Boeing also
forecasts that a total of 43,610 new aircraft will be required and 7,670 of these will be
wide-body passenger aircraft. To meet the increasing demand and replace existing

fleets, airlines need new aircraft, and require successful fleet planning practices.

From an airline perspective, fleet planning is a business process in which companies
acquire aircraft to provide capacity for both existing and future destinations (Clark,
2007). It is a strategic planning activity as buying aircraft are major investments for
airline companies, and since the capabilities of these aircraft play a vital role in the
profitability of airlines. Although selecting a type of aircraft requires the assessment
of a wide variety of criteria, Belobaba et al. (2016) state that airlines generally
approach this decision problem as a financial one, and argue that other aircraft
characteristics must be factored in as well. As this is a complex process that involves
various criteria and alternatives, the selection of an aircraft can be identified as a multi-
criteria decision making (MCDM) problem that has attracted the attention of

researchers.

In the literature, there are a number of studies that have investigated the case of aircraft

selection for airlines using MCDM methods. However, there are certain improvement

1



areas in this specific problem, particularly with the criteria involved in this problem,
such as the inclusion of certain criteria and the issue of interactivity among criteria. In
this study, a comprehensive set of criteria related to the selection of a wide-body
passenger aircraft is used. It proposes the use of two different MCDM methods,
Analytic Hierarchy Process (AHP) and Decision Making Trial and Evaluation
Laboratory (DEMATEL), to determine two sets of criteria weights to be used in
conjunction with another method, Technique for Order Preference by Similarity to
Ideal Solution (TOPSIS). Using the AHP-TOPSIS and DEMATEL-TOPSIS
approaches, the wide-body passenger aircraft selection problem is solved and the
effects of the assumption of criteria independency are investigated. Interdependency
of criteria issue is addressed with the usage of DEMATEL method, and influences
between criteria are determined and displayed with impact relation maps (IRMs) of
criteria. By providing a solution to this complex problem, this study aims to provide
decision support for airlines and decision makers (DMs) in their fleet planning

processes.

The rest of the study is structured in the following way: Chapter 2 presents a review
of the relevant literature on the selection of an aircraft. Chapter 3 provides the
application procedures of AHP, DEMATEL and TOPSIS methods, and the discussion
on the combination of these methods which form the two approaches to be undertaken.
The chapter continues with the definitions of the criteria and brief descriptions of the
alternative aircraft. In Chapter 4, the results of the study are given. Lastly in Chapter

5, final remarks, limitations and future research directions are provided.



CHAPTER 2

LITERATURE REVIEW

In this chapter, relevant research in the area of multi-criteria aircraft selection problem
is presented. Then, aircraft selection criteria and the consideration of criteria
dependency sections follow. Also, a section on the application areas of AHP,
DEMATEL and TOPSIS methods is presented. The discussed studies involve the
selection of regional aircraft, narrow-body, and wide-body aircraft for airline

companies.

It should be mentioned here that, the term aircraft selection is used in the literature not
only for passenger aircraft, but also for the selection of training aircraft, military fighter
jets, freighter aircraft, single-engine aircraft, and unmanned aerial vehicles. However,
as the constituents involved in these studies, such as DM(s), criteria, and alternatives
differ from that of a passenger aircraft selection setting, these studies are not included

in this literature review.
2.1. Passenger Aircraft Selection Studies

In a study by See et al. (2004), a hypothetical and simplistic aircraft selection case is
examined to show the applicability of a multi-attribute decision making method named
hypothetical equivalents and inequivalents, in single DM setting. The authors include
three attributes and four alternatives in their study. See et al. (2004) state that MCDM
methods that obtain criteria weights through assessments of DMs have drawbacks
since these assessments are based on experience and intuition. However, the authors
utilize the preferences of DMs to derive weights for criteria, which are also based on

experience of DMs.

Yeh and Chang (2009) use fuzzy group MCDM to evaluate five different aircraft for
a domestic Taiwanese airline. They categorize eleven sub-criteria under three main
3



criteria, and use pairwise comparisons to obtain the weights of both qualitative and
quantitative criteria. Later, to acquire the performance values of alternatives, the
authors utilize triangular fuzzy numbers to handle the inaccuracies of subjective
judgments made by individual DMs. They aggregate the individual judgments with
the geometric mean method. The authors propose a modified TOPSIS method to rank
the alternatives, in which they use criteria weights to obtain weighted distances from
the positive and negative ideal solutions, rather than using a weighted normalized

decision matrix.

Sunetal. (2011) use various MCDM methods for a hypothetical aircraft selection case.
Along with five different criteria, robustness criterion is proposed to reflect
uncertainties in this context resulting from the volatility of fuel prices and demand.
Taguchi loss functions are used to check robustness. The authors utilize AHP for the
determination of criteria weights and compare the results obtained from Elimination
and Choice Expressing Reality (ELECTRE), Simple Additive Weighting (SAW) and
TOPSIS methods. Also, sensitivity analysis is carried out to detect the effects of

criteria on rankings.

For an aircraft selection study for Turkish Airlines, Ozdemir et al. (2011) use the
Analytic Network Process (ANP) method to select the best alternative among three
mid-ranged, narrow-body aircraft. In their study, ten criteria and three alternatives are
identified based on expert opinion. The criteria involved in the study are related to
aircraft costs, physical attributes, and time. The study reveals Boeing 737 as the best

among the alternatives.

Gomes et al. (2012) carry out a case study for a regional charter airline startup in
Brazil. The managers of the company are involved in modelling the problem, where
they decide on criteria to be used in the study through literature research, and on
alternative selection with a limitation on the number of maximum passengers, which
ensures a reduction on operating costs. The criteria involved are of stochastic, fuzzy,
and numeric type. The authors divide the criteria into main and sub-criteria, where
main criteria are defined as financial, logistics, and quality. In the study, criteria
applicable for a regional aircraft are chosen, such as flexibility, replacement parts
availability, landing and take-off distance, and avionics availability. To solve the



problem, they use Novel Approach to Imprecise Assessment and Decision
Environments (NAIADE) method and the chosen alternative is LET-410.

In a study conducted to select a regional aircraft for the fleet of a hypothetical airline
company operating in eastern Europe, Dozic and Kalic (2014) use the AHP method.
Differing from other studies in aircraft selection, their model includes the qualitative
criterion named payment conditions, which is assessed through verbal judgments. The
authors choose seven different alternatives to include in their model that fit the seating
and range requirements for a forecasted demand of up to 100 passengers and a given
route. Among the alternatives which include both turboprop aircraft and regional jets,
a turboprop aircraft, ATR 72-600, has the highest score, due to lower operating costs
compared to the regional jets, as justified by the authors. The paper also includes a

sensitivity analysis, based on the changing importance values of criteria.

Bruno et al. (2015) apply a combination of AHP and fuzzy set theory for an aircraft
evaluation case for Air Italy’s regional jet requirement. In the study, the requirements
of the airline regarding the alternatives are considered, and three regional jets are
proposed to be examined. For the criteria determination, aviation literature is used
along with the airline’s needs, and eight sub-criteria under four main category criteria
are used in the study. A focus group involving four experts from Air Italy are consulted
to evaluate the importance of criteria and to obtain criteria weights with AHP. The
experts are later asked to assess the performance levels of the alternative aircraft based
on a linguistic scale. AHP and fuzzy set theory are later combined to rank the
alternatives. Although the study introduces environmental impact as one of the main
criteria, it ignores several technical characteristics such as, range, seat capacity, and

cargo capacity.

Dozic and Kalic (2015b) construct a fleet planning model for a hypothetical airline
operating from Belgrade airport, dividing the planning process into fleet composition,
fleet sizing and aircraft selection steps. After determining the suitable categories of
aircraft for operations to short/medium range routes and the number of aircraft
required, the authors use Even Swaps Method to select the alternatives. The authors
place the alternatives into two groups as small and medium based on the seat capacities

of the aircraft. In the model, five criteria are used for the two groups of alternatives,



which are seat capacity, price, maximum take-off weight (MTOW), baggage per
passenger, and unit cost. The study finds ATR 72-600 and Airbus A319neo as the best
alternatives for the small and medium aircraft, respectively. Dozic and Kalic (2015a)
compare the results of Even Swaps Method with AHP for the small aircraft category
with the addition of payment conditions criterion. The paper presents the same aircraft
as the best alternative.

As an extension to an earlier study, Ozdemir and Bashgil (2016) use fuzzy ANP and
generalized Choquet integral methods for Turkish Airline’s aircraft selection. The
criteria and alternatives used are the same as in Ozdemir et al. (2011). The authors
justify the usage of these two methods by stating that these methods enable to work
with dependencies and interactions among the factors included in the model. For the
ANP method, a network of factors of the model, and their inner and outer dependencies
are constructed. Later, experts evaluate the factors in pairwise comparisons. In the
application of the generalized Choquet integral method, experts are asked to verbally
define the importance degrees of criteria and the perceived performances of aircraft.
To validate the results of these methods, the authors utilize fuzzy AHP method.
Although the prevailing alternative is the same in all three methods, the rankings of
the generalized Choquet integral method differs from the rankings of fuzzy ANP and
fuzzy AHP methods. As pointed by the authors, a limitation of the study is the
complexity arising from high number of pairwise comparisons required from the

experts.

Dozic et al. (2018) use fuzzy AHP method for the hypothetical regional airline. After
an examination of literature, the authors choose three main criteria (aircraft
characteristics, costs, added value indicators) and ten sub-criteria. The authors consult
experts from various airlines and academicians to construct pairwise comparisons of
the involved criteria. Logarithmic fuzzy preference programming is used to acquire
crisp weights from fuzzy evaluations. The aircraft that is selected as best was the same

as in the previous work of Dozic and Kalic.

Kirac1 and Bakir (2018a) use three different MCDM methods to obtain a ranking of
alternatives in an aircraft selection study for airline companies. Seven criteria are

identified to be incorporated in the model through literature survey and interviews with



aviation sector experts. In the paper, four of the most ordered medium haul aircraft
types in 2016 are chosen as alternatives. To acquire criteria weights, the authors use
the AHP method and calculate the geometric mean of individual judgments made by
experts. To find the rankings of aircraft, Complex Proportional Assessment
(COPRAS) and Multi-Objective Optimization Method by Ratio Analysis (MOORA)
methods are used, and the same rankings are obtained in both approaches. The authors

use the same weights in both approaches.

Ilgin (2019) uses Linear Physical Programming (LPP) and TOPSIS methods for a
hypothetical aircraft selection study. The paper presents five criteria and six short-
medium range aircraft in its model. In the first part of the study, DMs assess a range
of preference values based on desirability levels for each criterion and criteria weights
are acquired. For the scoring of alternatives, the deviations of aircraft performance
values from the desired preference levels are used along with criteria weights. TOPSIS
is also utilized for the same purpose, where directly assigned criteria weights are used,
which results in the same rankings with the LPP method. The author states that
subjective weight derivation is eliminated through the usage of LPP. However, DMs

use subjective assessments when choosing preference values for criteria.

In their study to obtain weights for aircraft selection criteria, Sener and Yilanl (2019)
use DEMATEL method. Through a survey of the literature and with the views of
experts, they identify fourteen criteria. The impact of each criterion on other criteria
are assessed by experts, which is then used to find criteria weights to be used in aircraft
selection problems.

Ahmed et al. (2020) use fuzzy AHP and efficacy methods to select regional aircraft
for the short-haul sector in Canada. Under five main categories, fifteen sub-criteria are
involved in the study, with five environmental impact sub-criteria specifically selected
for Canadian aviation setting. Four regional aircraft are evaluated, which are chosen
according to literature survey, demand, and expert views. To be used in combination
with efficacy method, fuzzy AHP is employed for the purpose of criteria weights
determination. Through the efficacy method, acceptable and unacceptable levels for
each criterion are identified by industry experts and academicians, which are then used
to calculate the performance scores of the alternatives. The study contains a high



number of criteria and some of the sub-criteria involved have weights as low as 1%.
The inclusion of unnecessary criteria can be disadvantageous in some settings, as it

might increase the complexity and the time required from experts.

Kirac1 and Akan (2020) combine fuzzy AHP and fuzzy TOPSIS methods for passenger
aircraft selection of commercial airlines under uncertainty. The study investigates the
problem with three main criteria, which are technical, economic and environmental
aspects, and thirteen sub-criteria. The authors first apply fuzzy AHP method for sub-
criteria and eliminate some of these sub-criteria based on their weights. Then, they
determine the weights of eight sub-criteria which are selected at the first step through
fuzzy AHP procedure. Finally, linguistic assessments of experts are used to determine
the performance values of alternatives. Selected from literature, a total of four medium

haul alternatives are evaluated, where Airbus A321neo is ranked first.
2.2.  Aircraft Selection Criteria

Through examination of the relevant literature, Table 1 is constructed. Table 1 presents
the criteria included in this study and previous studies that use these criteria. Criteria
names that have the same or similar meaning are demonstrated in parentheses as they

appear in the referenced study.

Table 1 Aircraft Selection Criteria References

Criteria References

Yeh and Chang (2009), Ozdemir et al. (2011), Gomes et al.
(2012), Dozic and Kalic (2014, 2015a, 2015b), Bruno et al.
(2015), Ozdemir and Baslgil (2016), Kirac1 and Bakir
(2018a), Dozic et al. (2018), Ilgin (2019), Sener and Yilanh
(2019), Kiraci and Akan (2020), Ahmed et al. (2020)

Yeh and Chang (2009), Gomes et al. (2012) (as “Operating
cost”), Dozic and Kalic (2014, 2015a, 2015b) (as “CASM -
Direct Operating  Cost per available seat mile”), Bruno et al. (2015) (as
Cost “Operative costs”), Ozdemir and Basligil (2016) (as
“Operation and spare cost”), Dozic et al. (2018) (as
“CASM”), Kiract and Akan (2020) (as “Operating cost”)

Price



Table 1 (continued)

See et al. (2004), Gomes et al. (2012), Kiract and Bakir

Range (2018a), Dozic et al. (2018), Ilgin (2019), Sener and Yilanh
(2019), Kiraci and Akan (2020), Ahmed et al. (2020)
Seat Capacity See et al. (2004), Dozic and Kalic (2015b), Kirac1 and Bakir

(2018a), Dozic et al. (2018), Ilgin (2019), Sener and Yilanh
(2019), Kirac1 and Akan (2020), Ahmed et al. (2020)

Dozic and Kalic (2014) (as “Total baggage”), Kiract and

Cargo Capacity Bakir (2018a) (as “Maximum payload™), Ilgin (2019) (as
“Luggage volume” ), Sener and Yilanli (2019), Ahmed et al.
(2020) (as “Payload”)

Yeh and Chang (2009), Ozdemir et al. (2011), Ozdemir and

Reliability Basligil (2016)

Bruno et al. (2015) (as “Environmental pollution”), Kirac1 and
CO2 Emissions Bakir (2018a) (as “Amount of greenhouse gas release”),
Kiract and Akan (2020) (as “Pollution”)

Yeh and Chang (2009), Bruno et al. (2015), Sener and Yilanl
Noise Level (2019), Kiraci and Akan (2020), Ahmed et al. (2020) (as
“EPNdB”)

Cabin VVolume

oer seat Sun et al. (2011)

Cabin Altitude -

2.3. Dependency of Criteria in Aircraft Selection Studies

Among the studies that deal with commercial aircraft selection problem using MCDM
methods, few mention dependencies of criteria. See et al. (2004) use fuzzy group
MCDM and TOPSIS methods, and involve three criteria (number of passengers, cruise
range, cruise speed) in their model, which they state are independent of each other.
Ozdemir et al. (2011) use 10 sub-criteria in their study for the selection of a middle-
ranged, narrow body aircraft for Turkish Airlines. To discover the interactions between
criteria, they use ANP. Sun et al. (2011) specify a set of attributes for the alternative
aircraft, and state that these attributes involve redundant information. They explain
this further by stating that the criteria maximum range and MTOW depend on each

other, and that these criteria cannot be considered together in MCDM methods. Gomes
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et al. (2014) use NAIADE method for the problem of choosing a regional charter
aircraft for a Brazilian airline company. The authors state in their study that the method
does not require preferential independence between criteria, which is pointed as one
of the reasons for selecting this method. Ozdemir and Basligil (2016) use fuzzy ANP
and generalized Choquet integral methods to deal with the dependency between
criteria as the main contribution of their study. They compare the results of their study
with that of fuzzy AHP method, and despite the presented rankings are the same, the
alternative scores differ slightly. The difference between the findings are attributed to
the assumption of independent criteria in fuzzy AHP method. In their paper, Sener and
Yilanl (2019) uses DEMATEL method to assign priorities for aircraft selection
criteria, which is a method based on determination of the interactions among criteria

through measures of direct influences between them.
2.4.  Application Areas of AHP, DEMATEL and TOPSIS Methods

Since its introduction, the AHP method has been widely used in various fields for the
solution of complex decision making problems. Examples of application areas include
engineering, management, aviation, finance, government, manufacturing, health care,
etc. (Vaidya & Kumar, 2006). Vargas (2010) uses the AHP method for selection of
projects in a portfolio for a fictitious business organization where alternatives
including opening a new branch, moving to a new location, implementing a new ERP
system and others are investigated. In another study conducted by a group of
researchers including medical doctors, the focus is on a clinical problem regarding the
treatment of a patient (Dolan et al., 1989). The group makes pairwise comparisons
between the alternatives using their judgements based on data regarding the cost of
treatment, the probabilities of infection and side effects of the treatment strategies.
Goossens and Basten (2015) use the AHP method to select a maintenance policy

among three alternatives for naval ships.

DEMATEL method has been utilized by researchers for various purposes. These
include discovering interdependencies between criteria, finding key criteria, and
obtaining dependency criteria weights (Si et al., 2018). Khazai et al. (2013) use
DEMATEL method to study the direct and indirect dependencies of selected indicators
for their research on vulnerability of regions to disaster losses. They also use the
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technique to find dependency weights for the selected indicators, which are later
combined with expert views to reach overall weights for indicators. Chang et al. (2011)
apply fuzzy DEMATEL method to determine key criteria for supplier selection. Seker
and Zavadskas (2017) present critical causal factors of occupational hazards in

construction industry through fuzzy DEMATEL method.

In the literature, there are a number of studies that combine MCDM methods for
selection type studies other than aircraft selection. Pelorus (2017) combines AHP with
TOPSIS for the evaluation process of ballast water treatment systems for ships. Ortiz-
Barrios et al. (2019) combine AHP with DEMATEL to determine interdependence
between the criteria and their priorities to rank food suppliers with TOPSIS.
Biiytiik6zkan and Giileryiiz (2016) integrate DEMATEL with ANP to select renewable
energy resources in Turkey. In a study conducted to select a knowledge management
strategy for companies, Wu (2008) uses a combined ANP and DEMATEL approach.
Dalalah et al. (2011) use fuzzy DEMATEL to determine criteria weights and later use

fuzzy TOPSIS for the selection of cans suppliers.
2.5.  Remarks and Contributions

With the extensive literature review discussed in the previous sections, it is presented
that MCDM methods are applicable for the passenger aircraft selection problem. As
mentioned before, some research gaps in this area are observed. Insight from the

literature and research gaps are combined to be addressed in this thesis.

Based on the review of relevant studies, different criteria in aircraft selection problems
are identified. While the criteria used differs for varying settings, a set of criteria are
observed to be recurring, which are agreed upon by researchers and industry
professionals as factors that are influential in aircraft selection. A tendency observed
in more recent works is the inclusion of environmental impact criterion, which is

consistent with the industry’s standpoint on sustainability.

It is noticed that the number of criteria used in these studies varies between three and
fourteen. While a low number of criteria may be incapable of representing the decision
making setting, a high number of criteria may overcomplicate the problem. Therefore,

for this study, a criteria set is chosen which is observed to have influence in aircraft
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selection, and is comprehensive without overcomplicating the problem. These criteria
are grouped under four main criteria, which are economics, technical characteristics,

environmental impact, and passenger comfort.

Among the studies investigated in the literature review, no study presents an IRM of
criteria. In this thesis, DEMATEL method is utilized to discover the direct and indirect
influences between criteria, construct an IRM, and obtain a set of weights for these
dependent criteria. With the addition of an IRM of criteria, it is expected to provide
DMs with insight on interactivity between aircraft selection criteria. For the purpose
of obtaining the best wide-body aircraft using dependent criteria, DEMATEL method
is combined with TOPSIS method. To the best of our knowledge, this is the first study
that uses the combined approach of DEMATEL-TOPSIS in aircraft selection problem.

On a side note to the discussion above, the ANP method is also known to be capable
of handling dependency of criteria in MCDM settings. However, ANP possesses some
limitations which makes its implementation in this study to be inconvenient. Ravi et
al. (2005) list several disadvantages of ANP in their paper, one being the requirement
of a large number of pairwise comparisons from the experts, which can be time
consuming. Apart from the challenging data acquisition part, ANP necessitates more
calculations compared to AHP due to the increased number of pairwise comparisons

and added matrices. Due to these limitations, ANP was not used in this study.

Regarding the MCDM methods applied for aircraft selection studies, it is seen that
AHP and fuzzy AHP methods are used by a number of researchers, either for the
aircraft selection problem itself (Bruno et al., 2015; Dozic & Kalic, 2014; Dozic et al.,
2018; Ozdemir & Basligil, 2016), or for derivation of criteria weights in this problem
(Ahmed et al., 2020; Kirac1 & Akan, 2020; Kirac1 & Bakir, 2018a; Sun et al., 2011).
In order to provide a means to validate the results of this study and discover the effects
of the assumption of independent criteria on the results, AHP method is used in this
study for criteria weight determination, to be combined later with TOPSIS method.

It should also be noted that fuzzy numbers are not implemented in this study to avoid
unnecessary complexity in the problem. Saaty and Tran (2007) advise against the

usage of fuzzy numbers by stating that the use of fuzzy numbers would not aid towards
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achieving increased validity in solutions, but would rather make the judgments made

by experts even fuzzier.
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CHAPTER 3

METHODOLOGY

In this chapter, the MCDM methods used in the study are explained thoroughly. These
methods are namely AHP, DEMATEL and TOPSIS. After explanation of methods,
the two approaches taken in this study are presented. Later, the goal, criteria and

alternatives used in this study are discussed.
3.1. AHP Method

AHP is an MCDM method that was developed by Thomas L. Saaty in 1970s. It
provides a means to establish priority values for the criteria involved in decision
making through measuring by how much one element of the problem dominates the
other with respect to a specific criterion, for which expert judgments are used (Saaty,
2008). AHP is a method that can be applied to problems which has a complex nature,
involving several tangible and intangible criteria and alternatives. Saaty and Vargas
(2012) state that the process requires this complex problem to be broken down into a
hierarchy for the purpose of simplification, which is similar to the human mind’s
approach to a diverse problem. They describe the model as a tool that can capture the

rationality and the intuition of the DM.

Saaty (2008) decomposes the decision making process into the following steps. First,
the problem is defined with the decision goal in mind. The next step involves
construction of a hierarchy that consists of levels from top-to-down: the goal, the
criteria (and sub-criteria if present), and the alternatives. Forming pairwise comparison
matrices (PCMs) out of homogeneous elements of the hierarchy is the third step
defined by Saaty. In pairwise comparisons, elements of a level in the hierarchy is

compared with each other with respect to an element in a higher level of the hierarchy.
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Finally, priority values acquired through pairwise comparison judgments are used to

derive weights for criteria and sub-criteria.

When using judgments made by humans, consistency is an important aspect to be
considered. The PCMs have to be coherent up to a degree for results to be valid. The
AHP method accounts for consistency by measuring it using the consistency ratio (CR)
(Saaty & Vargas, 2012).

The procedure to be followed in applying the method is discussed in more detail in the

following steps.
Step 1: Problem definition

A decision problem consists of an overall objective to be achieved, criteria that have
an effect on the decision, and alternative solutions to be chosen among. The goal, the
criteria (and sub-criteria), and alternatives need to be clearly defined when AHP is to
be utilized to solve the problem. Here, the sub-criteria that are categorized under the
same criterion need to have common characteristics for these to be able to be compared
by the DM.

An important consideration when defining a problem is to determine, to what extent
the problem will be defined. The decision making problem may be particular to a
single person, a group, or an organization, and although the context and goal of the
problem may be similar to another problem, the parties involved in the process may
have different interests. As Saaty (1990) mentions, the framework of the problem must
contain sufficient details for the problem to be correctly represented, while also
bearing in mind the setting of the problem.

Step 2: Hierarchical framework

The complex nature of a decision problem can be dealt with by decomposing the
problem and forming a hierarchy. The decomposition is completed so that the
hierarchy contains more general elements at the top and more tangible elements at the
bottom (Saaty, 1995). This process proves useful to the DM by giving an overview of
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the relations between the elements of the case, and providing a means to observe
whether elements in a level of the hierarchy are of comparable nature (Saaty, 1990).

Figure 1 illustrates a sample decision hierarchy. This sample hierarchy is constructed

with four levels, with the goal, criteria, sub-criteria and alternatives at each respective

level.
Level 1 [ Goal J
Level 2 [ Criterion 1 ] { Criterion 2 J [ Criterion n ]

Sub-criterion 11 E Sub-criterion 21 Sub-criterion nl
Level 3

Sub-criterion n2

Level 4 [ Alternative 1 ] [ Alternative 2 ] [ Alternative m J

Figure 1 Sample Decision Hierarchy

Step 3: Pairwise comparisons

Once the process of decomposition is completed and the elements of the decision
problem have been grouped in clusters according to a common feature, PCMs are built.
Pairwise comparisons help detect the relative importance of elements with respect to
a shared criterion. When comparing criteria, sub-criteria or alternatives, the DM is
asked to judge how much more an element in a pair is important than the other, with

respect to an upper level element in the hierarchy.

This measurement of elements requires one to use a scale. To be used along with the
AHP, Saaty (1990) presents the fundamental scale, provided in Table 2. When
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comparing, a number between 1 to 9 is assigned to an element, based on the judgment
of the DM. The scale provides verbal definitions and corresponding values, and
preferably the verbal statements should be expressed by the DM to assign a number to
an element. The DMs should avoid assigning numbers without justification of their

views on the relative importance of the pairs (Saaty, 1988).

Table 2 The Fundamental Scale (Saaty, 1990)

Intensity of

. Definition Explanation
importance

Two activities contribute equally to

1 Equal importance the objective

Moderate importance of one  Experience and judgment slightly

3 over another favor one activity over another
5 Essential or strong Experience and judgment strongly
importance favor one activity over another

An activity is favored very strongly
7 Very strong importance over another; its dominance
demonstrated in practice

The evidence favoring one activity
9 Extreme importance over another is of the highest
possible order of affirmation

The elements of the hierarchy to be compared in pairs are used to construct PCMs. For
n elements, a square matrix of size n x n is constructed, shown in Eq. (1). An element

a;; in the matrix represents the relative importance of element i compared to j, with
respect to a higher level element in the hierarchy. Therefore, element a;; attains the

reciprocal of the value assigned to a;;, as also shown in Eq. (2).
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A PCM with n elements to be compared requires the DM to make
n(n —1)/2 evaluations since the lower triangle of the matrix consists of the
reciprocals of pairwise comparisons, and the diagonal elements are equal to one, as

shown in Eq. (3).
Step 4: Weight derivation

To derive the weights of the main criteria and the local weights of the sub-criteria,
PCMs are used. A method suggested by Saaty to obtain the vector of weights of the
criteria is the eigenvector method. The method requires solving Eq. (4), where A
indicates the PCM, w indicates the right eigenvector of A4, and 4,,,,, is the maximum

eigenvalue of A.
AW =gy W (4)

The exact value of the eigenvector of A, which is the vector of priorities (weights), can
be acquired through certain matrix calculations. However, to avoid complexity in
calculations, an approximation of the eigenvector suggested by Saaty and Vargas
(2012) is used in this study. The approximation involves normalizing each column
element of matrix A, and taking the average of each row of the normalized PCM. The
resulting vector is the weight vector, w, shown in Eqg. (5). The total of all the weights

of a group of criteria equals to 1, as shown in Eq. (6).

w; = (Wy, Wy, ..., W) (5)
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Step 5: Consistency check

Pairwise comparisons of criteria may involve inconsistencies in judgments. To detect
the level of consistency of judgments, AHP incorporates the consistency index (CI)
presented in Eq. (7), where 4,,,4, IS the maximum eigenvalue, and n is the dimension
of the PCM. Consistency check is performed by calculating CR as shown in Eq. (8).
Table 3 provides random consistency index (RI) values, which are acquired through a

large number of randomly generated matrices by averaging the CI values of these

matrices.
A —-n
c] =1 (7)
n—1
Cl
R=—
C I (8)
Table 3 RI Values
n 1 2 3 4 5 6 7 8 9 10
RI 0 0 058 0.90 1.12 1.24 132 141 1.45 1.49

Consistency check is an essential step of the process, which is an indicator of the
preciseness of the derived weights. For the results to be valid though, the matrix need
not be entirely consistent, since Saaty (1983) states that CR values of 0.10 and below
are of acceptable levels of inconsistency, and CR values below 0.20 are tolerable. If
the value of CR is greater than tolerable, the pairwise comparisons should be reviewed

by the DM to improve the consistency of the judgments.
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Step 6: Derivation of global weights

Once the weights of main criteria and local weights of sub-criteria are derived, the
global weights of the criteria can be calculated. This requires the multiplication of each

sub-criterion local weight with its corresponding main criterion weight.
3.2. DEMATEL Method

DEMATEL is an MCMD method developed in Geneva Research Center of the
Battelle Memorial Institute. The method is particularly useful for complex problems
involving criteria that have interdependencies, enabling the users to measure the
influences of one criterion over another, and distinguish the criteria into cause and
effect groups (Si et al., 2018). DEMATEL also supports the DMs visualize causal
relationships among criteria with an IRM (Wu & Lee, 2007). The method is also
capable of revealing key criteria through the IRM (Si et al., 2018).

Following are the steps of the DEMATEL method (Si et al., 2018; Wu, 2008):
Step 1: Direct relation matrix

The direct influence of criterion i on criterion j is measured through a comparison
scale that classifies the level of influence from 0 to 4: 0 (no influence), 1 (low
influence), 2 (medium influence), 3 (high influence), 4 (very high influence). Through
pairwise comparisons, direct relation matrix (DRM) A’ of size n x n is formed, where

n is the number of criteria and a’;; represents the direct influence of criterion i on

criterion j.
Step 2: Normalized direct relation matrix

DRM A’ is normalized with the following equations (9) and (10) to attain X, which is
the normalized DRM:

X=k-A )

k= ———, j=1,2,..,n (10)
max 3, @'y
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Step 3: Total relation matrix

The total relation matrix (TRM) T is obtained through Eqg. (11) using the normalized
DRM X acquired in the previous step, where I denotes the identity matrix. Elements
of the TRM incorporate both the direct and indirect influences a criterion exerts on

other criteria, and is used to identify the strength of the influence.
T=X(1I-X)" (11)
Step 4: Forming an IRM

The sum of rows and the sum of columns of the TRM are represented by the vectors
D and R, respectively, shown in equations (12) — (14). Here, t; represents the it" row
sum in matrix T, and shows the sum of direct and indirect effects that criterion i has
on other criteria. On the other hand, ¢; represents the j** column sum in the matrix T,

and shows the sum of direct and indirect effects that criterion j receives from other

criteria.

T = [tij]mm i,j=1,2,..,n (12)

n
D= Ztl] nxl (13)

[ j=1

n
R - Z] o), 19

i=1

When i = j, the sum (D; + R;), which is defined as “Prominence”, becomes an
indicator of the direct and indirect effects that are given and received by criterion i.
This may be interpreted as the degree of importance that criterion i holds. In a similar
manner, (D; — R;), defined as “Relation”, shows the net effect that criterion i has.
When the value of (D; — R;) is positive, criterion i is classified in the cause group.
Conversely, when the value of (D; — R;) is negative, criterion i is classified in the
effect group.
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Using the (D + R) and (D — R) values obtained for each criterion, an IRM may be
constructed, where (D + R) values represent the horizontal axis, and (D — R) values
represent the vertical axis. By enabling the DMs to visualize the extent of
interrelationships between the criteria and determine important criteria, the IRM
becomes an effective instrument in the decision making process (Si et al., 2018; Tzeng
& Huang, 2012).

Step 5: Threshold value calculation

As discussed, the elements of the TRM represent the strength of the influence between
two criteria, where higher values indicate stronger influences. That is, the influence of
criterion i on criterion j that has a value greater than that of another interaction,

corresponds to a stronger influence (Sara et al., 2015).

In order to map only the significant relations between criteria in the IRM and avoid
complexity when analyzing the interactions, a threshold value is used. Elements of the
TRM that have values greater than the threshold value are shown in the IRM with
arrows originating from the criterion that exerts the influence on another criterion.
Threshold value can be specified by the DMs, or can be calculated with Eq. (15) (Sara
etal., 2015; Si et al., 2018), where N denotes the number of elements in the TRM.

n n
_ iz Xj=aty

N (15)

The influences between criteria whose values exceed the threshold value can be further
separated from other interactions observed in matrix T in order to show the strength
of the influence. For this purpose, influences can be depicted with thick or thin arrows
based on their values (Chang et al., 2011).

Step 6: Criteria weight calculation

As previously mentioned, DEMATEL method provides a means to assess the
importance of a criterion through the summation of the direct and indirect influences
that are given and received by that criterion. In the literature, this fact has been used

by some researchers to determine dependency weights of criteria.
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Several studies utilize one of the approaches for calculating weights with DEMATEL
method, which involves using the “Prominence” and “Relation” values of a criterion
(Dalalah et al., 2011; Pamucar & Cirovié¢, 2015). In this approach, values obtained
with Eq. (16) are normalized through Eq. (17), and w'; is the weight calculated for

criterion i.
W' = J(D; +R)*+ (D; —R;)? (16)
W’i
W= —=—— (17)
L ?=1 w i

3.3. TOPSIS Method

TOPSIS is an MCDM method that was developed by Hwang and Yoon (1981).
TOPSIS makes it possible to order alternatives according to their distances from the
positive and negative ideal solutions. In this regard, the alternative to be ranked first
should have the shortest distance from the positive ideal solution and the longest

distance from the negative ideal solution.

The method has several advantages that prove useful in MCDM problems, such as its
rationality, comprehensibility, and simplicity (Roszkowska, 2011). Moreover, the
amount of subjective input required from DMs is minimal, with the method requiring
only weights to be assigned to criteria (Olson, 2004), making the method suitable for
problems with numerical data. In this thesis, criteria weights to be used in the
implementation of TOPSIS method are obtained through AHP and DEMATEL

methods.

The procedure of the method is explained as follows (Hwang & Yoon, 1981;
Triantaphyllou, 2000):

Step 1: Construct the decision matrix

The decision matrix (D") is established with elements representing the evaluations of

m alternatives corresponding to n criteria, shown in Eq. (19). In matrix D', d';; denotes
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the performance value of it" alternative with respect to jt criterion, where i =

1,2,..mj=12..,n

[ d'yq d'iz d'in ]
D' = (19
L d’ml d’mz d’mn 4

Step 2: Calculate the normalized decision matrix

The performance values present in the decision matrix may have varying units. To
enable comparison across values, the decision matrix elements need to be non-
dimensional. For this purpose, the performance values are normalized with Eq. (20),

where r';; represents the normalized value of d';;. The resulting matrix is the

ij

normalized decision matrix, R'.

d’..
Tll'j = 2 (20)

/Z;w'ﬁ)z

Step 3: Calculate the weighted normalized decision matrix

Using the weights derived by AHP or DEMATEL methods, the weighted normalized
decision matrix (V') can be formed through the multiplication of the columns of matrix
R" with the corresponding weight for each criterion. Shown in Eq. (21), v;; denotes

the weighted normalized value, and w; is the weight of criterion j, where ¥7_; w; = 1.
Vij = Wj'rlij (21)
Step 4: Determine positive ideal and negative ideal solutions

To determine the positive ideal and the negative ideal solutions, the criteria are
separated into benefit (larger is better) and cost criteria (smaller is better). The positive

ideal solution comprises of the maximum values for the benefit criteria and the
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minimum values for the cost criteria. The negative ideal solution, on the other hand,
comprises of the minimum values for the benefit criteria and the maximum values for

the cost criteria.

The artificially created alternatives A* and A~ represent the positive ideal and the

negative ideal solutions, respectively, and are defined in equations (22) and (23).

jE]),(min vijfE]'>> (22)
je]>,<ma9§ 1231)] E]')) (23)

where i =1, 2,...,m, ] is associated with the benefit criteria, and /' is associated with

+ — (1t .t +) —
A —(vl,vz,...,vn)—<<maxvij

l

A~ =W,vy, .., Vy) = ((min vy

l
the cost criteria.

Step 5: Calculate the distances

The distances of alternatives from the positive ideal solution and the negative ideal
solution are calculated using the Euclidean distance as defined in equations (24) and
(25), where S;" identifies the distance of i*" alternative from the positive ideal solution

and S; identifies the distance of the alternative from the negative ideal solution.

n

Si+ = Z(vij - v]'+)2 ’ [ = 1' 2' -, M (24)
j=1
n
Si_ == Z(UU - vj_)z ) l = 1; 2; "-1m (25)
j=1

Step 6: Calculate the relative closeness to the ideal solution

The relative closeness of it" alternative with respect to A* is calculated as defined in
Eq. (26). It can be observed from the definition of C;, that the higher the value of C;,

the closer an alternative is to the ideal.
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Step 7: Rank the preference order and determine the best alternative

The alternatives are ranked in a descending order according to their C; values in order

to obtain the best alternative.
3.4. AHP-TOPSIS Approach

The first approach used in this study involves the AHP and TOPSIS methods. With
the AHP method, the criteria weights are attained through pairwise comparisons made
by experts. Later, these weights are used in TOPSIS method to obtain the scores of
alternatives. The ranking of the alternatives according to their scores reveals the best
alternative for the AHP-TOPSIS approach.

The AHP method has several aspects that makes it suitable in this setting. One of the
reasons for selecting this method was due to its convenience in application. The
method is relatively straightforward to use and comprehend (Kahraman et al., 2003),
which is also recognized among experts. Further, the AHP and fuzzy AHP methods
have been applied by various researchers in the aircraft selection problem before.
Several researchers use AHP and fuzzy AHP methods for the aircraft selection
problem (Bruno et al., 2015; Dozic & Kalic, 2014; Dozic et al., 2018; Ozdemir &
Basgligil, 2016), whereas some use these methods to determine weights of criteria in
aircraft selection studies (Ahmed et al., 2020; Kirac1 & Akan, 2020; Kirac1 & Bakar,
2018a; Sun et al., 2011). The usage of these methods in previous aircraft selection

studies may enable a comparison to be made across the approaches used in this study.

It should be noted here, that AHP is not a method that can be used to detect and handle
dependencies between criteria (Wu and Tsai, 2012). However, it has been used in the
studies referred above for the aircraft selection problem before. Considering the
similarities between the criteria used in the studies mentioned above with the proposed
criteria in this study, an assumption of independent criteria may be justified for the
purpose of comparing AHP-TOPSIS results with another MCDM approach,
DEMATEL-TOPSIS, for the validity of the results of this study.
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3.5. DEMATEL-TOPSIS Approach

As discussed, the AHP method is unable in detecting interactions between criteria and
requires the assumption of criteria independency to be used in this research problem.
Therefore, to be able to deal with dependency among criteria, DEMATEL method is
used in this study. Through this method, assessments of experts on the strength of
direct influences between criteria makes it possible for the user to get a grasp of the
direct and indirect influences a criterion gives and receives. Further, the division of
criteria into cause and effect groups, and the formation of an IRM can let the user
visualize the interdependencies between criteria. The main reason of the
implementation of DEMATEL method in this study, however, is that it helps derive
dependency weights of criteria, which are used along with TOPSIS method. With the
TOPSIS method, the alternatives of the aircraft selection problem are ranked with
respect to their scores, and the aircraft with the highest score is chosen as the best
alternative of this approach.

3.6. Criteria Definitions
3.6.1. Economics

The airline industry is a sector in which profit margins are relatively low with an
industry average earnings before interest and taxes margin of 5.2% in 2019 (IATA,
2021a). This, along with the fact that purchasing an aircraft is a major investment for
airlines makes economics a key criterion. Various components constitute economics
criterion in different settings, such as price, payment conditions, financial costs,
salvage value, maintenance cost, crew costs and operation costs. The main components

of economics criterion are common in the aircraft selection context.

The life cycle cost of an aircraft involves the aircraft price, the direct operating cost
(DOC), and the indirect operating cost (Johnson, 1990). Among these, the aircraft
price and DOC are directly related to the aircraft type, whereas the indirect operating
cost depends on the airline’s operations. Therefore, in this study, two criteria are
selected to represent the economics criteria, which are the price and the DOC of the
aircraft. It should be noted that the proposed model considers the selected aircraft will

be bought, not leased.
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3.6.1.1. Price

Price criterion refers to the passenger aircraft’s list price defined by the manufacturers
of the aircraft. Generally, as airlines negotiate with the manufacturers for the aircraft
to be purchased, they are presented with discounted prices. However, the presented
data for the price criterion is obtained directly from the manufacturers and it was
assumed that no discounts would be provided to the airline purchasing the aircraft for

simplicity.
3.6.1.2. DOC

The DOC is an essential cost component in the daily operations of an airline which
involve all costs associated with the operation of the aircraft. An aircraft that has a low
DOC is a key for increased profitability. As described by ICAQO, the operating cost
components of the aviation industry consist of crew, fuel, maintenance, and ownership
costs (ICAO, 2017a). Although it is an important metric, gathering type specific data
on aircraft is difficult since it has various parameters and these can change from one
airline to another. However, to obtain DOC of aircraft several different methods exist.
Among these, the method developed by the Association of European Airlines (AEA)
is used in this study.

Since the alternatives studied in this study involve long-range widebody aircraft, the
method developed by AEA for long-range aircraft (AEA, 1987) is used. In the AEA
method, the cost components included are financial cost, crew cost, charges and fees,
maintenance cost, and fuel cost. Total financial cost includes depreciation, interest,
and insurance. The AEA method uses parameters such as the utilization (number of
trips in a year), manufacturer’s study price and spares prices, and assumes a 14-year
usage period for an aircraft, 5% annual interest rate, and an insurance rate of 0.5%.
Total crew cost includes cockpit and cabin crew costs, where the cabin crew costs
depend on the number of passengers onboard. Charges and fees include the navigation
charges, which are costs related with the usage of air navigation facilities and services;
the landing fees, which are paid to the airport authority; and ground handling charges.
Total maintenance cost involves airframe and engine maintenance costs; where the
airframe maintenance cost depends on the airframe weight and the flight time, and the
engine maintenance cost depends on certain engine parameters. Finally, the total fuel
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cost is calculated with a fuel price of 0.60 $/kg for an approximate amount of fuel
required for a flight distance of 4,345 nautical miles (nm).

The equations and parameters used in the calculation of DOC are presented in the
following sections and are based on the publication of AEA (1987). Data sources are
provided in Table 8. The unit of DOC in this calculation is $/block hour. For the
calculations, it is assumed that a flight is to be operated from Istanbul, and the distance
and flight time data of a flight from Istanbul to New York is used. The flight time for
this flight is taken as 10 hrs. The block time, which includes the time to taxi in addition
to the flight time, is taken as 10.25 hrs. The distance for this flight is taken as 4,345 nm.

Utilization

To calculate DOC, utilization, or number of trips in a year is calculated first.
Utilization is calculated with Eqg. (27). In this equation, t,,qiiapie represents the
available hours per year, t;;,cx represents the block time for the studied flight, and
TAT represents the turnaround time, which is the time it takes to prepare the aircraft
for departure after its arrival at the destination. The data for t,,4;1ap1e and TAT were
obtained for the flight distance of 4,345 nm, and correspond to 6,500 hrs and 3 hrs.

Utilization (U) is measured in hours.

tavailable
Ug=—"—- 27
tpiock + TAT 27

Total Financial Cost

Total financial cost (TFC) equals to the summation of depreciation (DEPR), interest
(INT), and insurance (INS) costs. To calculate these items, total investment cost (TI)

is calculated first.

T, shown in Eq. (28), is the total of the manufacturer’s study price (MSP), airframe
spares (AFS), and spare propulsion units (SPU). For MSP, list prices of the aircraft are
used. The cost components included in Tl are in $M.

TI = MSP + AFS + SPU (28)
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AFS and SPU are calculated through equations (29) and (30). Here, ENP denotes the
engine price and ne denotes the number of engines, which is set to 2 for all alternatives
considered in this study. As data for engine list prices are not available, an
approximation of ENP proposed by Vasconcelos Oliveira (2015) was used. Presented
in Eq. (31), the approximation calculates ENP in $M as a function of Ts, which is the

maximum thrust of the engine at sea level in kN.

AFS = 0.10 - (MSP — ENP - n,) (29)
SPU = 0.30-ENP - n, (30)
ENP = (0.0619 - Ty, + 3.0951) - 10° (31)

After obtaining the total investment cost (T1), DEPR, INT and INS values are
calculated with equations (32) through (34). These cost items are divided by tolock.

TI
DEPR= — (32)
14 - U - tpiock
TI
INT = 0.05 - ——— (33)
U thiock
MSP
INS = 0.006 - —— (34)
U - tyiock

Finally, TFC is calculated as shown in Eq. (35):
TFC = DEPR + INT + INS (35)
Total Crew Cost

Cockpit crew cost (PC) and cabin crew cost (CC) constitute total crew cost (TCC).
Although pilot and cabin crew wages vary from one airline company to other and may
change based on certain circumstances, approximate hourly rates are used based on
values from literature. PC is equal to 350 $/block hour and CC is calculated with Eq.
(36). In CC calculation, n¢ stands for the number of cabin crew members and is
calculated by dividing the passenger capacity of the aircraft by 35. A rate of 60 $/block

hour was used for cabin crew wages. TCC is presented in Eq. (37).
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CC=60"n, (36)
TCC =PC+CC (37)
Total Charges and Fees

Total charges and fees (TCF) are the summation of navigation charges (NC), landing
fees (LF), and ground handling charges (GHC). For the calculation of LF, MTOW of
the aircraft is used in Eq. (38). NC is calculated with Eq. (39), where two parameters,
flight distance (d) and MTOW are used. GHC is calculated through Eq. (40) with the
payload value of the aircraft. Unit for the flight distance is km, and the unit for MTOW
and payload is metric tons.

6-MTOW
o )

(38)
thiock
MTOoOwW

NC = 017 : d - /tblock (39)

50

103 - Payload

cc =" yload) (40)

thiock

Equation (41) presents TCF:

TCF =LF 4+ NC + GHC (41)

Airframe Maintenance Cost

Airframe maintenance cost (AMC) has two components, which are airframe labor cost
(AFL) and airframe material cost (AFM).

AFL is calculated with Eq. (42). In this equation, War denotes the airframe weight in
metric tonnes, tr denotes the flight time in hours, and R, denotes the labor rate of
mechanics and technicians, which was taken as $32.06/hour, as published by U.S.
Bureau of Labor Statistics (2021).

R,

AFL = <0.09 W, + 6.7 — -(0.8+0.68 - ¢7) - (42)

5
Wer + 75
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AFM is obtained through Eq. (43), where AFP is the airframe price in $M, which is
calculated by subtracting the engine price from the list price of the aircraft.

(42+2.2-t)
AFM = AFP - (43)
thiock
Equation (44) shows the calculation of AMC:
AMC = AFL + AFM (44)

Engine Maintenance Cost

Engine maintenance cost (EMC) is the summation of engine maintenance labor cost
(EML) and engine maintenance material cost (EMM). For EML and EMM
calculations, parameters related to engine specifications are used. These parameters
include Ts, bypass ratio (BPR), overall pressure ratio (OPR), number of compressor
stages (ncs), C1, C2, and Ca. The last three are calculated with equations (45) through
47):

C, = 1.27 — 0.2 - BPRO? (45)
c,=04(1+ (OPR)LS (46)
2T 20
C; = 0.57 + 0.032 - n (47)

EML and EMM are shown in Eq. (48) and Eq. (49), respectively:
EML = 0.21-R-C, - C3(1 4 Ty)°8 (48)
EMM = 2.56- (1 + T4)%* - C,(C, + C3) (49)
EMC is calculated with Eq. (50):

(tr +1.3)

EMC = n, - (EML + EMM) -
thiock

(50)
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Total Maintenance Cost

Total maintenance cost (TMC) is the total of two cost items: airframe maintenance
cost (AMC) and engine maintenance cost (EMC):

TMC = AMC + EMC (51)
Fuel Cost

The last component in DOC calculation is fuel cost (FC). It is calculated by
multiplying the fuel price and the block fuel (Foiock). Fuel price is obtained from IATA
Jet Fuel Price Monitor web page as 0.60 $/kg (IATA, 2021b). Block fuel is the total
amount of fuel used for the studied flight distance in kg, and is calculated using Eq.
(52). It should be noted that fuel burn data is type specific and is calculated as
described in Section 3.8.3. FC is presented in Eq. (53).

Fpiock = Fuel Burn - Flight Distance (52)
- Fuel Price - Fyjpck (53)
tbiock

Total DOC
Finally, DOC is calculated using Eq. (54):

DOC = TFC + TCC + TCF + TMC + FC (54)
3.6.2. Technical Characteristics

Technical characteristics criterion is composed of key operational criteria, namely:
range, seat capacity, cargo capacity, and reliability. This main criterion represents the
operational capability of an aircraft, which effects an airline’s both day-to-day
businesses and long term, i.e., strategic decisions. That is, an airline may have the
options of serving its destinations non-stop or with stops; with more direct routes or
longer routes; with lower flight frequencies or higher ones, which are mostly based on

the technical capabilities of its fleet, when economic factors are left aside.
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3.6.2.1. Range

Range is defined as the maximum distance an aircraft can travel from the departure
point to a destination. Setting aside environmental factors, an aircraft’s range for a
specific number of passengers and amount of cargo can be determined by the payload-
range diagram specific to that aircraft. Basically, decreasing the amount of payload
makes it possible to increase the range. In this study, however, range criterion refers
to the maximum range an aircraft can fly with the maximum number of passengers for
a typical two-class seating, as given by the manufacturers. Range is also a decisive
criterion for long term plans of an airline, for instance, deciding on new destinations

to be serviced. The unit of range in this study is chosen as nm.
3.6.2.2. Seat Capacity

Seat capacity of an aircraft is another important metric for the DMs as it is directly
related to the revenue an airline generates. As airlines try to match demand and supply,
choosing the aircraft with the right seat capacity to be ordered becomes even more

important since the lead times can reach years and future demand is unclear.

The maximum number of passengers an aircraft type can accommodate is based on
factors such as safety, range, cargo capacity, legroom, seat widths, classes, etc. The
general practice in the industry is not to go for the maximum seats, but to balance the
needs of airlines accordingly with the aforementioned factors. Usually, aircraft
manufacturers provide two or three-class typical seating capacities, with classes
separated for different customer segments as first, business and economy classes. To
achieve an easier comparison in this study, two-class typical seating capacities are used

for this criterion, for which the data are obtained from the manufacturers.
3.6.2.3. Cargo Capacity

Cargo refers to the freight, baggage and mail that can be carried in the cargo
compartments of the aircraft. Despite the fact that only 1% of goods carried around are
air cargo in terms of weight, the value of these goods equal 35% of all trade around
the world (Boeing, 2021a). IATA (2020) estimates in its World Air Transport Statistics
2020 report, that 44% of the total freight tonnes was carried by mixed operations,

meaning operations that include the transfer of both passengers and cargo.
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Although the airline industry has undergone a serious setback due to the COVID-19
pandemic, air cargo has proved to be a vital part of transportation of goods, especially
for medical supplies. Boeing (2021a) forecasts in its Commercial Market Outlook
2021-2040, that air cargo market will expand by an average annual rate of 4% in the
following 20 years. These facts emphasize the value of cargo capacity as a criterion to

be considered when selecting a passenger aircraft.

Cargo capacity may be given both as a volumetric capacity and in terms of unit load
devices (ULD) that can be carried. ULDs can be either pallets or containers that are
made out of aluminum, and they allow for faster ground operations, saving time. The
unit for cargo capacity criterion in this study is chosen as ULDs, namely LD3, which
is a container type that can hold 4.5 m?® of cargo, and is compatible with Airbus and

Boeing wide-body aircraft.
3.6.2.4. Reliability

For an aircraft to carry out operations in a safe manner, its engines and systems need
to be reliable throughout the flight. In the wide-body aircraft selection context, it is
proposed by this study to assess the reliability of an aircraft with the aircraft’s

Extended Range Twin-engine Operations Performance Standards (ETOPS) rating.

ETOPS is an acronym that was created by ICAO. It is used to identify flight operations
of twin-engine aircraft whose flight path include a point that is beyond 60 minutes
flight time to a suitable airport at one-engine inoperative speed (ICAO, 2017c).
ETOPS certified aircraft obtain ratings for certain durations such as 120 min, 180 min,
beyond 180 min, etc. To give an example, an ETOPS-180 rated aircraft is capable of
flying along routes that are 180 minutes further than a suitable airport, at its one-engine

inoperative speed.

Twin-engine aircraft, including those to be considered in this study, are normally
limited to 60 minutes flying time to a suitable airport with one-engine inoperative
(ICAOQ, 2017c). Until 1980’s, this rule restricted airlines to plan routes that were sub-
optimal and economically nonviable. However, with the advancements in airframe and
engine technologies, ETOPS emerged in 1985. With the introduction of ETOPS
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certifications, airlines were able to reduce flight distances and flight times, increasing
their operational effectiveness.

Figure 2 depicts two flight paths, where the green line represents the ETOPS flight
path and the blue dashed line represents the non-ETOPS flight path (Federal Aviation
Administration [FAA], n.d.-a). Alternate airports refer to those airports which the
aircraft may divert to in case of an in-flight emergency, such as an engine loss (ICAO,
2017c¢). It should be noted that ETOPS operations both apply to routes overseas and

land where the number of alternate airports in the vicinity of the route is scarce.

Alternate

Alternate

Destination

Departure v -
ETOPS flight portion

Airports
= = = Non-ETOPS flight path
= ETOPS flight path
R  Distance traveled in 60 minutes with one engine operative

Figure 2 ETOPS and Non-ETOPS Flight Path (FAA, n.d.-a)

ETOPS certification is a two-phase process, which requires both the aircraft type
design and the operator of the aircraft to be compliant with the regulations set by the
authorities. After the aircraft type receives its ETOPS certification, the operator must
be approved for ETOPS. The certification requires aircraft systems to be of high
redundancy and the engine to be highly reliable, demonstrating an in-flight shutdown
rate less than 0.01 per 1,000 engine hours for an ETOPS rating of beyond 180 mins
for instance (ICAO, 2014). On the other hand, the operator that is to apply for an
ETOPS certification is required to have adequate capabilities and practices regarding

the operation (ICAO, 2014). It is worth noting that certain operators have been known

36



to pursue ETOPS maintenance programs for the increased reliability and performance
that the aircraft benefit, although not having required an ETOPS certification for their
routes (Boeing, 1999).

ETOPS certification is an indicator of reliability, redundancy and safety of the aircraft
type. As it is closely linked to reliability of airframe and propulsion systems of a twin-
engine aircraft, ETOPS rating is intended to reflect the reliability of alternatives in this

study. The unit of comparison used in this study for reliability is minutes.
3.6.3. Environmental Impact

The aviation industry has two major environmental impacts that are considered in this
study: CO- emissions and noise pollution. The effects of environmental impacts have
been a rising concern for years in the aviation industry. Accordingly, the industry
stakeholders have been working towards reducing both carbon emissions and noise
levels. The advancement of engine technologies throughout the years and certain
operational practices have played a significant role in reduction of these. The aircraft
manufacturers also promote the improvements in their aircraft regarding decreased
CO- emissions and noise levels (Airbus, 2021b; Boeing, n.d.-c); thus, it is convenient

to include these as sub-criteria under the environmental impact criterion.
3.6.3.1. CO2 Emissions

Having relied mainly on fossil fuels from the beginning of the first flight in 1903, the
aviation industry has been a significant contributor of greenhouse gas emissions,
which are known to cause climate change. According to data provided by U.S.
Environmental Protection Agency (2021), CO: is the most prevalent greenhouse gas
emitted to the atmosphere. CO> is the end result of combustion of fuel in engines.
Determined by the chemical reaction, the combustion of 1 kg of kerosene results in
approximately 3.15 kgs of CO> (Lufthansa, 2019).

The aviation industry contributes approximately 2% of total CO. emissions (Lund et
al., 2017). Although the COVID-19 pandemic caused a substantial decrease in flights
and thus CO> emissions, global air transportation is expected to reach 2019 numbers
by 2023, and experience an average growth rate of 3.2% between 2021 and 2039

(IATA, 2021a). This forecasted growth rate is anticipated by the industry, though it is
37



an indication of increased demand for fossil fuels and increased greenhouse gas

emissions in the near future.

To lower the amount of CO> emissions generated by the industry, IATA set several
targets in 2009 to reduce CO2 emissions (IATA, 2019). The first of the targets set for
the airlines was to improve fleet fuel efficiency by 1.5% per year, until 2020. This
target was coupled with another target set for the year 2020, in which carbon neutral
growth was aimed. The third target that is adopted by airlines involves reducing net
CO2 emissions in civil aviation to half of 2005 values by 2050. To achieve these
targets, the airline industry approaches this problem from various perspectives. Along
with certain improvements in aircraft operations and carbon offsetting programs, the
efforts to achieve the goals set by IATA are supported by technological improvements

in aircraft engines as well (IATA, n.d.).

It is noteworthy to mention that CO; is not the only product of the combustion of jet
fuel. The chemical reaction of burning kerosene also causes the release of several other
products which are contributors to climate change and environmental pollution, such
as carbon monoxide, nitrogen oxides, unburned hydrocarbons, and others (Braun-
Unkhoff et al., 2017). However, for simplicity, only the emission of CO> is used as a
sub-criterion to represent greenhouse gases in this study.

As discussed, the issues of climate change and carbon emissions are given serious
consideration by airlines. This fact makes CO> emissions an important metric to be
included as a sub-criterion in this study. The unit of comparison for CO2 emissions is
selected as kilograms per 100 passenger kilometers (kg/100 km per pax), which
represents the amount of CO, emitted in kilograms, for one passenger in 100

kilometers.
3.6.3.2. Noise Level

Aircraft noise can be classified into three categories with respect to its source: engine
noise, aerodynamic noise, and aircraft systems noise. Among these, the noise
originating from the engines and the aerodynamic noise produced due to the flow of

air around the airframe are the major contributors to the noise signature of the aircraft.
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Due to its impacts, aircraft noise is regarded to be an important subject for the

environment.

The noise generated by the aircraft is particularly an issue for both humans and
wildlife. Studies show that prolonged exposure to noise produced by aircraft can be
detrimental to health, causing stress, hypertension (Black et al., 2007), sleep
deprivation, tiredness, and headaches (Franssen et al., 2004). Communities living near
airports are especially vulnerable to these health problems due to increased proximity
to aircraft noises generated during take-off, approach, and landing phases of a flight.
Accordingly, mitigation of aircraft noise is regarded as an important matter in the

airline transportation business.

The industry wide effort to manage the noise produced by aircraft is led by ICAQ,
which see the subject as a key priority (ICAO, n.d.-a). A set of standards and
recommended practices were set by ICAO, with the introduction of Annex 16 —
Volume | document in 1970s. ICAO sets the standards for maximum noise levels for
aircraft based on maximum certificated take-off mass, and aircraft noise certification
measurement points (ICAO, 2017b). Furthermore, Annex 16 — VVolume | introduces a
noise evaluation measure, defined as effective perceived noise level, which is intended
to measure human sensitivity to noise, and incorporates the level, frequency, and
duration of the noise. To determine if an aircraft is eligible for a noise certification, it
has to be tested for compliance with the limitations set by ICAO. The noise of the
aircraft is measured at three different measurement points during the tests, which are
classified as approach, lateral and flyover, based on the position relative to the runway
(ICAOQ, 2017b). The measurement locations for aircraft noise can be seen in Figure 3
(ICAOQ, n.d.-c).
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Figure 3 Aircraft Noise Measurement Points (ICAO, n.d.-c)

ICAO (n.d.-a) takes a balanced approach in managing noise produced by aircraft,
which incorporates noise abatement procedures, land-use planning, operating
restrictions, and reduction of noise at the source. Among these, noise abatement
procedures and operating restrictions are of special importance to airlines, which also
hold an economic aspect, since noncompliance with noise abatement procedures leads
to fines for airlines, and operating certain types of aircraft that are relatively noisy are
restricted in some airports (Law Library of Congress, 2020). Reduction of noise at
source is provided with advancements in engine technologies and certain other
improvements such as acoustic liners, flaps and slats designs, and the chevrons that
can be found in Boeing 787 engines (NASA, 2010).

In this study, the differences between the maximum permitted noise levels at the three
noise certification measurement locations and the noise level recordings at these
locations are summed to reach a cumulative margin, which has the unit effective
perceived noise in decibels (EPNdB). In other words, the greater the cumulative
margin of an aircraft, the quieter its effective perceived noise level is. After obtaining
aircraft specific noise data, noise levels of alternatives were compared with each other.
Alternative noise levels were shown as multiples of the quietest aircraft, which was
chosen as the datum. As it has a major impact on the environment and is regarded by
the aviation industry as a subject of importance, noise levels of aircraft are considered

in this study as a criterion.
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3.6.4. Passenger Comfort

An important deciding factor for a passenger when choosing a flight is comfort.
Essential constituents of passenger comfort in an aircraft are seat pitch and width, the
size of the cabin in general and the size of overhead bins. Other than these, as it is
directly related to oxygen saturations of passengers (Muhm et al., 2007), cabin altitude
may be regarded as an important criterion when defining comfort.

In long-range flights, the importance of comfort increases due to increased flight times
and consequently the time spent in the cabin. Owing to the fact that the study involves
wide-body, long-range aircraft as alternatives, passenger comfort may be regarded as
a significant criterion for this study. The criterion passenger comfort is reflected in this

study with two sub-criteria, which are cabin volume per seat and cabin altitude.
3.6.4.1. Cabin Volume per Seat

Since it is difficult to compare the factors discussed above across different types of
aircraft and choice of cabin layouts of airlines, the factors that are related to cabin
layout are gathered under one criterion to incorporate these in the decision making
model. The sole criterion selected for this purpose is cabin volume per seat, as this
criterion factors out seating layout choices of airlines and focuses rather on the space
that is allocated for a passenger. Spacious cabins are also highlighted by aircraft
manufacturers to promote the comfort levels of their aircraft (Airbus, 2021b; Boeing,
n.d.-e).

Values of cabin volume are not readily found for each aircraft that is considered as an
alternative in this study. Therefore, a simple method of calculation is performed to
obtain an approximate value for cabin volumes of Boeing 787-8 and Boeing 787-9.
This calculation basically involves the values of maximum cabin width and cabin
length (front to aft door clearance) to determine the volume of a cylinder, that is the
fuselage of the aircraft. Later, a correction factor of approximately 0.40 is applied to
the calculated value to reach cabin volume, as this number is calculated as the average

ratio of cabin volume given in specifications versus the calculated volume.
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3.6.4.2. Cabin Altitude

Regulation of air pressure inside commercial aircraft cabins is a vital subject in
aviation, due to the connection between air pressure and human respiration. The need
to pressurize aircraft cabins stems from the fact that atmospheric pressure decreases
with increasing altitude, and despite the contents of the air staying roughly the same
throughout the range of altitudes that most commercial flights take place, the reduction
in air pressure also results in the decrease of partial pressure of oxygen (to about half
of it at 18,000 ft, compared to sea level). The value of the partial pressure of oxygen
is crucial for respiration, as it needs to be sufficient to force oxygen into blood and
avoid hypoxia, a condition of oxygen deprivation (FAA, n.d.-b).

Other than hypoxia, absence of cabin pressurization is known to lead to several other
conditions such as altitude sickness, decompression sickness, and barotrauma
(European Union Aviation Safety Agency [EASA], 2009). To prevent the unfavorable
physiological effects of high altitude flying on crew and passengers, transport category
aircraft need to be pressurized. Commercial aircraft generally fly at altitudes above
30,000 ft (~10 km) while the cabins are pressurized to a certain level. The altitude that

corresponds to the pressure level in the cabin is described as the cabin altitude.

According to Airworthiness Standards: Transport Category Airplanes (1964) and
EASA (2020), the maximum permissible cabin altitude for a transport category aircraft
is 8,000 ft. Although cabin pressure values corresponding to 8,000 ft ensure
comfortable breathing levels, flying under reduced pressure levels are known to be
linked with discomfort for passengers. Muhm et al. (2007) states that a flight that is
conducted at an altitude between 7,000 to 8,000 ft causes discomfort after 3 to 9 hours
of flight. A study conducted in a simulated setting by Oklahoma State University and
Boeing resulted in passengers reporting a more comfortable flying experience, with
less aches and less tiredness at 6,000 ft cabin altitude, compared to cabin pressures
corresponding to 7,000 ft and 8,000 ft (Boeing, 2004). Moreover, lower cabin altitudes
provided by Boeing 787 and Airbus A350 are known to reduce jet lag effects for
passengers on long flights (Hepher, 2019).

The minimum cabin altitude of an aircraft in normal cruising levels is limited by the
differential pressure of the aircraft, which is the difference between the cabin pressure
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and the atmospheric pressure. The amount of differential pressure an aircraft can
endure without experiencing damage is related to the strength of the materials that the
aircraft fuselage is built with. While conventional aircraft were limited in this respect
due to the usage of aluminum alloys for fuselages, the improvements in material
technology enabled the production of newer aircraft such as Airbus A350 and Boeing
787 with more durable, composite structures (Airbus, 2017; Boeing, 2006) that

enabled manufacturers to further decrease cabin altitudes.

Taking into account its relation to several aspects of passenger comfort, cabin altitude
is an essential criterion in selecting a passenger aircraft which has not been considered
in other aircraft selection studies before.

3.7. Alternative Aircraft

In this section, the alternatives involved in the case study are discussed briefly. Four
different wide-body passenger aircraft are selected as alternatives. These are Boeing
787-8, Boeing 787-9, Airbus A330-900 and Airbus A350-900. These aircraft were
introduced to airlines in the last decade and have the highest order counts among other
wide-body aircraft introduced in this period. The selected aircraft differ from their
predecessors with a number of advancements in certain aspects, such as improved fuel
consumption rates, reduced noise levels, increased reliability, and lower cabin
altitudes. The total order counts of the alternative aircraft are shown in Table 4 (Airbus,
2021e; Boeing, 2021b).

Table 4 Total Aircraft Orders

Aircraft Orders

Boeing 787-8 417
Boeing 787-9 893
Airbus A330-900 323

Airbus A350-900 747
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3.7.1. Boeing 787-8

With the introduction of Boeing 787, Boeing presented various improvements over the
previous generation of wide-body aircraft. The engines developed for the Boeing 787
family enables 20% less fuel consumption and 20% less CO2 emissions compared to
previous similar aircraft (Boeing, n.d.-c). The aircraft produces less noise with
chevrons on the engine cowling, ensuring a quieter environment and cabin. Also
adding to the comfort of passengers is the lower cabin altitude which reduces fatigue
and a spacious cabin. Boeing highlights high amounts of composite materials usage in
the airframe, which reduces the weight by 20% compared to conventional aircraft.
According to the company, the use of composites in the airframe reduces operating

costs by reducing scheduled and nonroutine maintenance (Boeing, 2006).

The first and smallest variant of the Boeing 787 family, Boeing 787-8, had its first
flight in 2009. The aircraft started service in 2011 with launch customer All Nippon
Airways and its main operators include All Nippon Airways, Qatar Airways and Japan
Airlines. As of November 2021, Boeing 787-8 has 417 orders and 377 deliveries
(Boeing, 2021b).

3.7.2. Boeing 787-9

The second variant of the 787 family is the Boeing 787-9, which was first flown in
2013. The aircraft entered into service in 2014 with Air New Zeeland. As Boeing 787-
8 and Boeing 787-9 belong to the same aircraft family, the characteristics related to
technology improvements described for Boeing 787-8 section apply to Boeing 787-9
as well. Boeing 787-9 differs from its smaller variant in terms of fuselage length and
MTOW, enabling it further seating and cargo capacity, and slightly increased range.
Various customers placed a total of 893 Boeing 787-9 orders, of which 568 has been
delivered as of November 2021 (Boeing, 2021b). Boeing 787-9 is operated by a vast
number of airlines, including Air Canada, Etihad Airways, Lufthansa, and Turkish

Airlines.
3.7.3. Airbus A330-900

Developed from Airbus A330 and initially named Airbus A330neo for new engine

option, Airbus A330-900 had its first flight in 2017 and entered service with TAP Air
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Portugal in 2018. Airbus redesigned the wings of the aircraft and increased the
wingspan, and together with the new engines and aerodynamic features such as
composite winglets, the aircraft achieves 25% reductions in fuel consumption and CO-
emissions in comparison to previous generation. These improvements and increased
composite materials usage enabled Airbus to add 10 additional seats and enhance the
range capabilities of Airbus A330 from 6350 nm to 7200 nm for the longer variant of
the family (Airbus, 2021a). Airbus A330-900 has 323 orders and 63 were delivered as
of September 2021 (Airbus, 2021e).

3.7.4. Airbus A350-900

Airbus A350-900 completed its first flight in 2013. With its typical two-class seating
capacity of 315 passengers, Airbus A350-900 is a competitor to variants of Boeing
787 and Boeing 777 families. Airbus achieved similar advantages like Boeing 787
when designing the aircraft. With the engines developed by Rolls-Royce and weight
reduction thanks to advanced materials usage, Airbus A350-900 reduces fuel burn by
25% compared to Boeing 777-200ER, a previous generation aircraft (Airbus, 2021c).
The aircraft also benefits from the technology of the engines in terms of reduced noise
levels. In addition to reduced fuel consumption values, Airbus states that using
advanced materials such as titanium and carbon-fiber prevents corrosion and fatigue,
which in turn lowers maintenance costs. Airbus also promotes passenger comfort,
emphasizing a smooth ride, clean air, and spaciousness of Airbus A350-900. As of
September 2021, the company has 747 orders on Airbus A350-900 and delivered 386
of these (Airbus, 2021e). Major operators include Singapore Airlines, Qatar Airways,
and Cathay Pacific.

3.8. Data Collection

To determine the weights of criteria and to discover the interactions among these,
questionnaires prepared for AHP and DEMATEL methods were applied to four airline
industry experts/DMs with more than 10 years’ experience in the industry each. The
experts have experience in various fields of airline industry, such as fleet planning and
aircraft acquisitions, and air transportation economics. In the following sections, the
data collected for this study is presented. First, the PCMs constructed through expert
judgments for the AHP method are shown. Then, the DRM constructed for the
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DEMATEL method is presented. Finally, data belonging to the alternative aircraft that
forms the decision matrix of the TOPSIS method is presented. Approval of the METU

Human Subjects Ethics Committee is provided in Appendix A.
3.8.1. PCMs — AHP Method

Through questionnaires, individual judgments of four aviation experts were gathered
to construct PCMs for the main and sub-criteria levels. The fundamental scale, a nine-
point scale suggested by Saaty (1990) and presented in Section 3.1. was used in the
questionnaire. Before aggregating the individual judgments of experts, consistencies
of PCMs are checked. As discussed previously in Section 3.1, tolerable values of CR
should be below 0.20. Among the four experts who participated in the questionnaires,
judgments of three experts are found to be consistent enough to be included in the

study.

To aggregate the individual preferences of the experts, geometric mean method is
used. Aczél and Saaty (1983), and Saaty (2008), propose the use of the geometric mean
method as it conserves the reciprocal structure of the PCM while aggregating the
preferences of the individuals. When the geometric mean method is used to combine
individual preferences, CR value of the aggregated matrix can be calculated in the
same manner as if the matrix was filled according to individual judgments (Saaty,
1989). The geometric mean method is also used in Goossens and Basten (2015) as well
as Kiraci and Bakir (2018a).

The PCM obtained for the main criteria level by the geometric mean method is
provided in Table 5. The CR of the aggregated PCM is calculated as 0.036, which is

below the requirement suggested by Saaty for a PCM to be considered as consistent.
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Table 5 Aggregated PCM of Main Criteria

Economics Technical Environmental Passenger
Characteristics Impact Comfort

Economics 1 1.32 4.40 421
Technical
Characteristics 0.76 1 4.79 4.79
Environmental 0.23 0.21 . )1
Impact
Passenger
Comfort 0.24 0.21 0.47 1

For the sub-criteria level, PCMs are constructed by combining individual judgments
through the geometric mean method as well. Table 6 demonstrates the aggregated
PCM of technical characteristics sub-criteria. As the CR of this PCM equals 0.020, the

combined matrix has acceptable consistency.

Table 6 Aggregated PCM of Technical Characteristics Sub-criteria

Range Seat Capacity  Cargo Capacity  Reliability

Range 1 0.62 2.24 0.27
Seat Capacity 1.63 1 2.06 0.24
Cargo Capacity 0.45 0.38 1 0.16
Reliability 3.71 4.21 6.30 1

As the sub-criteria number under the main criteria economics, environmental impact,
and passenger comfort equal to two, these PCMs have perfect consistency regardless

of the strength of preference. These PCMs are presented in Appendix B.
3.8.2. DRM - DEMATEL Method

For the application of the DEMATEL method, the same experts were asked to elicit
their judgments through a questionnaire. A five-point scale from 0 to 4 was used to
indicate the level of direct influence of one criterion on another. To aggregate three

individual judgments, arithmetic mean method is used. In the literature, arithmetic
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mean method is used by Sara et al. (2015), Wang et al. (2012), and Wu (2008). The
aggregated DRM is provided in Table 7.

Table 7 DRM

PR DOC RA SC CC RE CO2 NL CV CA

PR 0.00 3.00 267 300 233 200 233 233 133 0.00
DOC 333 000 333 333 267 267 300 200 133 0.00
RA 267 300 000 267 3.00 100 167 133 133 0.33
SC 267 267 267 000 233 100 167 133 233 0.00
CcC 200 233 267 233 000 100 133 133 1.00 0.00
RE 267 300 200 133 200 000 167 133 0.33 0.00
CO2 300 300 233 200 200 067 0.00 0.67 0.67 0.00
NL 167 100 133 100 167 0.67 0.67 0.00 0.33 0.00
CVv 200 167 200 267 200 033 067 0.67 0.00 0.00

CA 067 067 100 100 100 0.00 0.00 0.00 0.00 0.00

PR = Price. DOC = Direct Operating Cost. RA = Range. SC = Seat Capacity. CC =
Cargo Capacity. RE = Reliability. CO, = CO, Emissions. NL = Noise Level. CV =
Cabin Volume per Seat. CA = Cabin Altitude.

3.8.3. Aircraft Data

For the implementation of TOPSIS method, aircraft data regarding each criterion are
either gathered through various sources or calculated using certain aircraft data.
Aircraft prices are acquired through the list prices published by the aircraft
manufacturers. DOC values of aircraft are calculated based on the AEA method, which
is explained in detail in Section 3.6.1.2. Data regarding range, seat capacity and cargo
capacity are readily available on the manufacturers’ websites and are obtained from
related webpages. As previously discussed in Section 3.6.2.4, reliability criterion is
quantified with the ETOPS rating of aircraft, for which the data are available on type
certificate data sheets of aircraft. CO. emissions data are derived from fuel

consumption values of the aircraft by multiplying fuel consumption values by 3.15,
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which is a constant determined by the chemical reaction of kerosene combustion. To
determine fuel consumption values of aircraft, an Excel file provided by Burzlaff
(2017) is used with input data from manufacturers’ documents. The fuel consumption
calculations are based on a flight distance of 4,345 nm with maximum number of
passengers. Noise level data are acquired from an international aircraft noise database,
NoisedB, which was developed by ICAO and French General Directorate of Civil
Aviation. Cabin volume per seat data are obtained from aircraft characteristics
documents for Airbus alternatives, and are calculated for Boeing alternatives with
available aircraft data, as mentioned in Section 3.6.4.1. Cabin altitude data for Boeing
alternatives and Airbus A350-900 are gathered from manufacturers’ websites, whereas
for Airbus A330-900 an assumption is made based on a news article by Hepher (2019).

The data sources were exhibited in detail in Table 8.

Table 8 Data Sources

Criteria Sources

Price Airbus (2018), Boeing (n.d.)

AEA (1987), Airbus (2020a), Airbus (2020b), Boeing
(2018), GE Aviation (n.d.), IATA (2021b), Rolls-Royce

DOC (2016), Rolls-Royce (2018), U.S. Bureau of Labor
Statistics (2021), Vasconcelos Oliveira (2015)

Range Airbus (n.d.-a), Airbus (n.d.-b), Boeing (n.d.-b)
Seat Capacity Airbus (2020a), Airbus (2020b), Boeing (n.d.-b)
Cargo Capacity Airbus (2020a), Airbus (2020b), Boeing (2018)
Reliability Airbus (2019), Boeing (2014), EASA (2014)

. Airbus (2020a), Airbus (2020b), Boeing (2018),
COz Emissions Burzlaff (2017)
Noise Level g(ﬁ(g)(n.d.-d), ICAO (n.d.-e), ICAO (2018), ICAO

Cabin Volume per Seat  Airbus (2020a), Airbus (2020b), Boeing (2018)

Cabin Altitude Airbus (n.d.-b), Boeing (n.d.-d), Hepher (2019)
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The performance values of alternatives that form the decision matrix of the TOPSIS
method are presented in Table 9.
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CHAPTER 4

RESULTS AND DISCUSSIONS

In this chapter, results of the two approaches proposed for selection of the best wide-
body passenger aircraft are presented. First, results obtained with the AHP method are
shown. Later, results of the DEMATEL method are presented. Finally, results of AHP-
TOPSIS and DEMATEL-TOPSIS approaches are provided and compared.

4.1. Results of the AHP Method

In Section 3.8.1, the data collected for the application of AHP method were presented.
In order to derive criteria weights from the judgments of experts, column elements of
combined PCMs are normalized and their arithmetic average are taken as discussed in
Section 3.1. The normalized PCMs are provided in Appendix C. The derived weights
of main criteria and local weights of sub-criteria are provided in Figure 4. The local

weights of sub-criteria show the importance level of each sub-criterion under its

respective main criterion.

[ Wide-body Aircraft Selection

=
S
/’,/7/ \77-‘\—\\
_— _— T
'g (" E . Technical Environmental ( Passenger
B c(;) zg?(;cs Characteristics Impact Comfort
© ' 0.3145 0.1055 L 00930 )
| [
Price ’ Range CO, Emission Cabin Vol. per
0.3247 0.1347 0.7854 Seat 0.5905
-2 DOC ’ Seat Capacity ‘] Noise Level ] Cabin Altitude
2 0.6753 0.2562 0.2146 0.4095
Q
_g Cargo Capacity
w 0.0819
Reliability
0.5273

Figure 4 Weights of Main Criteria and Local Weights of Sub-criteria
52



Looking at the weights of main criteria, it is seen that economics and technical
characteristics criteria have much more significance when selecting an aircraft
compared to environmental impact and passenger comfort criteria, with a combined
weight of 0.8015. Predictably, economics criterion has the highest weight among
others with a weight of 0.4870, as an aircraft’s price and operating costs have
significant impact on an airline's profitability and financial position. Reflecting the
operational capabilities of an aircraft, technical characteristics criterion is ranked
second among other main criteria. The importance placed on technical characteristics
is reasonable considering the criterion’s overall effect on serviceability and flexibility
of an airline. On the other hand, it is found that environmental impact and passenger
comfort criteria have less importance, having relatively close weights with 0.1055 and
0.0930, respectively. This shows that priorities of stakeholders other than the airlines
are not entirely taken into consideration when selecting a passenger aircraft. The
significance of environmental impact criterion may be subject to change in the near
future with industry targets on the horizon regarding the reduction of CO2 emissions

and noise levels.

The global weights of sub-criteria, which have a decisive influence on the results of
the AHP-TOPSIS approach are presented in Table 10. These weights were obtained
by multiplying the local weight of each sub-criterion with its respective main criterion

weight.

Table 10 Global Weights of Sub-criteria— AHP Method

Sub-criteria w;

Price 0.1581
DOC 0.3289
Range 0.0424
Seat Capacity 0.0806
Cargo Capacity 0.0258
Reliability 0.1658
CO. Emission 0.0829
Noise Level 0.0226
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Table 10 (continued)

Cabin Vol. per Seat 0.0549
Cabin Altitude 0.0381

As demonstrated in Table 10, DOC is seen as the most important criterion having a
weight of 0.3289. As discussed in detail in Section 3.6.1.2, DOC covers major cost
items such as financial cost, crew cost, charges and fees, maintenance cost and fuel
cost. In this regard, the high amount of weight acquired by DOC is justified, since it is
essentially a combination of several criteria merged into one. The importance
attributed to DOC can be further validated, considering it constitutes approximately
50% of the total operating expenses of airlines (Belobaba et al., 2016). Reliability is
ranked second in AHP results, with a weight equaling 0.1658. This result is also
expected since reliability is a crucial aspect for conducting a safe and efficient flight.
Being closely associated to the operational availability of an aircraft, reliability is also
related to an aircraft’s revenue generating capabilities, which further contributes to the
criterion’s importance. In line with expectations, price is found to be among the top
priorities of aviation experts when selecting an aircraft. It is ranked third with a weight
of 0.1581. Rank four is acquired by CO, emission criterion, weight of which is 0.0829.
CO2 emission has much more importance compared to noise pollution, which is seen
as the least important criterion. This finding may be attributed to the role of CO-
emissions in climate change, which is an issue regarded as having a greater urgency
compared to noise pollution. When passenger comfort criteria are taken into account,
cabin volume per seat criterion has more weight compared to cabin altitude, as cabin
spaciousness might be more salient compared to cabin altitude at first glance.

Examining the results, the importance attributed to range is lower than expected.
Range of an aircraft is one of the factors that play a role in determining destinations
that can be served and it may be regarded as a strategic factor. However, like most of
the criteria in this setting, the weight of range criterion may be subject to change from
one airline to another. Considering this is a hypothetical study that is not specific to a
certain airline, the weight attributed to range may be regarded as understandable.

Another low weighted criterion that is observed in AHP results is cargo capacity. As
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discussed previously, about half of total air cargo is carried in a passenger aircraft
(IATA, 2020) and air cargo market is expected to grow by an average annual growth
rate of 4% in the 2021-2040 period (Boeing, 2021a). Despite the potential of air cargo
market expansion, Boeing (2020) reports that not all passenger aircraft destinations
have high cargo demand and schedules may not coincide with shipping timings. Along
with limitations on cargo carried in the lower deck of a passenger aircraft due to safety
regulations and size constraints, carrying cargo on a passenger aircraft may be

suboptimal, which justifies the weight attributed to cargo capacity criterion.

When the results of the AHP method are compared with those of other aircraft
selection studies that use AHP (Dozic & Kalic, 2014; Kiraci1 & Bakir, 2018a) and fuzzy
AHP (Ahmed et al., 2020; Bruno et al., 2015; Kirac1 & Akan, 2020) methods for
weight determination, it is observed that the weight attributed to economics related
criteria such as price and operating costs are also high compared to other criteria used
in those studies. Although the importance attributed to environmental impact criterion
is ranked second in Ahmed et al. (2020), the weights of environmental impact criteria
are relatively low in several studies (Bruno et al., 2015; Kirac1 & Akan, 2020), in line

with our findings.
4.2. Results of the DEMATEL Method

In order to discover criteria interactions and obtain weights, data gathered to construct
DRM of the DEMATEL method is used. Following the steps described in Section 3.2,
the DRM is normalized (see Appendix D), then TRM is obtained using the normalized
DRM. The TRM is provided in Table 11.

Table 11 TRM

PR DOC RA SC CcC RE CO: NL CVv CA

PR 0.340 0.460 0.441 0.444 0.409 0.263 0.338 0.300

DOC 0520 0.385 0.509 0.498 0.463 0.312 0.395 0.313

RA 0.419 0.430 0.304 0.406 0.408 0.291
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Table 11 (continued)

SC 0.414 0.412 0.408 0.292 0.378 0.286 0.248
CcC 0.347 0.358 0.366 0.347

RE 0.383 0.394 0.350 0.317 0.334 0.267

CO, 0401 0.400 0.370 0.351 0.340

NL

CVv 0.311 0.297 0.307 0.330 0.294

CA

In order to filter out weak interactions between criteria, a threshold value is used. The
threshold value is the arithmetic average of the elements of the TRM, and is calculated
as 0.248. To further differentiate the strength of interactions, the half of the difference
between the highest value of the TRM (0.520) and the threshold value is used to
determine a value which equals 0.384. In the TRM, values greater than 0.384 are
shown bold, values between 0.248 and 0.384 are shown black, and values lower than

the threshold value are shown with gray.

To determine criteria weights and construct IRMs of criteria, sums of rows (D) and
columns (R) of the TRM are calculated. The weight of each criterion is calculated in
accordance with step 6 in Section 3.2, and is presented in Table 12. As discussed in
Section 3.2, (D + R) values form the horizontal axis, and (D — R) values form the

vertical axis of the IRM.

Table 12 Weights of Sub-criteria— DEMATEL Method

Sub-criteria w;

Price 0.1337
DOC 0.1416
Range 0.1267
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Table 12 (continued)

Seat Capacity 0.1238
Cargo Capacity 0.1143
Reliability 0.0884
CO2 Emission 0.1005
Noise Level 0.0715
Cabin Vol. per Seat 0.0769
Cabin Altitude 0.0225

In the IRMs, interactions that have values greater than 0.384 are depicted with thick
arrows for high influences, while interactions between 0.248 and 0.384 are depicted
with thin arrows for moderate influences. Figures 5-7 illustrate the IRMs of criteria.
IRMs of criteria that have the most interactions, which are price and DOC, were

separately shown.
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Figure 5 IRM of DOC
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Along with price, DOC has the most interactions compared to any other criteria and
the highest five values of the TRM belong to this criterion. On account of having the
highest valued influences, DOC attains a weight of 0.1416 and it is ranked first in the
DEMATEL model as well. As expected, DOC is closely associated with price. This
interaction may be regarded as a direct effect, since the two criteria also have a very
high positive correlation with a correlation coefficient of 0.9891. Examining Figure 5,
it is found that MTOW related criteria such as range, seat capacity, and cargo capacity
are connected to DOC, and certain changes in these criteria may affect each other. This
finding is not surprising, since DOC items are mainly related to the size of the aircraft.
The IRM also demonstrates that DOC has a two-way interaction with reliability. This
can be explained by the fact that reliability is strongly associated with maintenance.
Further, it is seen that DOC has a strong interaction with CO2 emission, which may be
interpreted as an indirect effect that originates from the connection between DOC and

fuel consumption.
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®
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Figure 6 IRM of Price

Price has the second highest prominence value with a (D + R) value of 6.6978. The
criterion is in the effect group as its (D — R) value is negative, meaning that this

criterion is influenced more than it gives influence on other criteria. Price has strong
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interactions with DOC, range and seat capacity. The strength of the relation between
price and seat capacity can be further validated with their positive correlation
coefficient equaling 0.9689. In addition, price is moderately influenced by cargo
capacity and cabin volume per seat criteria. These findings are an indication of the
effect of technical characteristics criteria on the acquisition price of an aircraft, which
Is expected. It is also observed that CO. emission criterion has a high influence on
price, which may be an indirect effect of the development costs of aircraft engines that
provide improved fuel consumption values. On the other hand, price has a moderate
interaction with reliability and is influenced more than it influences reliability. It is
evident that an aircraft that has less issues related to its airframe, systems and engines
would have a higher price, which explains the interaction of reliability and price.
Figure 6 also shows the influence of price on environmental impact criteria. As
research and development costs are a part of the price of the aircraft, these influences
may be attributed to this indirect effect.

1.00

0.80 @ Reliability
® Cabin Altitude

0.60
Cabin vol. per Seat
L]

0.40
CO2 Emission

0.20 ® DOC

D-R

0.00

0.00 1.00 2.00 3.00 4.00 5. X 7.00 8.00
-0.20 Price
[}

Seat Capacity

f Range

L
Cargo Capacity

-0.40

® Noise Level
-0.60

-0.80

Figure 7 IRM (excluding the interactions of DOC and price)

As shown in Figure 7, range is the criterion with the third highest (D + R) value,
making it the third most important criterion with a weight of 0.1267. The IRM reveals

that range has notable interactions with seat capacity and cargo capacity. This is
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reasonable, considering that payload and range have a tradeoff relationship. Range
also has a moderate interaction with cabin volume per seat criterion, which may be
due to an indirect effect resulting from the cabin volume and size relation. Further,
range and CO2 emission receive moderate influences from each other, as fuel

consumption values differ greatly with the length of travel.

Aside from its strong interactions with DOC, price, and range, seat capacity is seen to
have moderate level of interactions with cargo capacity, CO2 emission, and cabin
volume per seat. As both seat capacity and cargo capacity are constituents of payload,
the interaction between these criteria are justified. Seat capacity and cargo capacity are
ranked fourth and fifth in terms of weight, respectively. Figure 7 also shows that cargo
capacity has dependency relationships with the same criteria as seat capacity, and is
influenced by the same criteria as seat capacity. However, it is not as influential as seat
capacity, thus has a lower (D — R) value. Both seat capacity and cargo capacity have
relations with CO, emission criterion. This finding is reasonable as the weight of the
aircraft is one of the factors that determines the fuel consumption rate. Further, the
IRM depicts that cabin volume per seat is notably influenced by seat capacity only.
Based on their (D) and (R) values, CO. emission and cabin volume per seat criteria
have weights 0.1005 and 0.0769, respectively, which situate them two places lower in

rank compared to the AHP model.

It is observed from Figure 7 that reliability holds the highest (D — R) value, indicating
that this criterion gives more influence than it receives, which can also be seen from
the number of unidirectional arrows originating from reliability criterion. In
accordance with the threshold values described, reliability has a high influence on
DOC, and moderate influence on price, range, seat capacity, cargo capacity and CO>
emission criteria. The findings highlight that reliability has a noteworthy connection
with the capacity and capabilities of an aircraft. Therefore, it can be suggested that
fleet planners should take into consideration the impact of reliability on aircraft
capacity when selecting aircraft. Aircraft with low levels of reliability may be subject
to grounding more frequently, which would mean reduced capacity and lost revenue
for an airline. The impact of reliability on DOC is more apparent, since reliability can
be sustained through maintenance, and maintenance cost is a DOC item. Contrary to

its high influence on other criteria, reliability is seventh in terms of its (D + R) value
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and has a weight that equals 0.0884, which is approximately half of the weight it
attained in the AHP model.

Cabin altitude was observed to have no notable effect on any of the criteria in the
model. The criterion’s importance is affected by its low level of impact, making it the

least important criterion in the DEMATEL method with a weight of 0.0225.

It must be noted that some interactions between criteria may not be readily explainable
as matrix T not only includes the direct influences, but also the indirect influences.
Nevertheless, the IRMs provide valuable indications regarding the interdependencies

among criteria.
4.3. Results of AHP-TOPSIS and DEMATEL-TOPSIS Approaches

The final step of this study is the determination of the best wide-body aircraft. This is
achieved through the TOPSIS method with the two sets of criteria weights obtained in

the previous sections.

As the application of the TOPSIS method requires, a decision matrix that has the
performance values of alternatives (Table 9) as its elements is formed. This matrix is
normalized according to step 2 of Section 3.3 and is provided in Appendix E. Using
the criteria weights derived with the AHP method, the weighted normalized decision
matrix of the AHP-TOPSIS approach is formed as in Table 13.

Table 13 Weighted Normalized Decision Matrix: AHP-TOPSIS

PR DOC RA SC CcC RE CO2 NL Ccv CA

787-8 0.068 0.143 0.021 0.034 0.011 0.083 0.043 0.007 0.029 0.018

787-9 0.080 0.165 0.021 0.040 0.014 0.083 0.040 0.010 0.028 0.018

A330-900 0.081 0.171 0.020 0.043 0.013 0.072 0.044 0.018 0.024 0.022

A350-900 0.087 0.177 0.023 0.044 0.014 0.093 0.040 0.007 0.030 0.018
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For the calculation of the positive and negative ideal solutions, the criteria are
categorized. While range, seat capacity, cargo capacity, reliability and cabin volume
per seat are the benefit criteria, price, DOC, CO2 emissions, noise level and cabin
altitude are the cost criteria. The maximum value for each benefit criterion and the
minimum value for each cost criterion are identified from the weighted normalized
decision matrix. The positive and negative ideal solutions for the AHP-TOPSIS

approach are exhibited in Table 14.

Table 14 Positive and Negative Ideal Solutions: AHP-TOPSIS

PR DOC RA SC CC RE CO2 NL Cv CA

At 0068 0.143 0.023 0.044 0.014 0.093 0.040 0.007 0.030 0.018

A 0.087 0.177 0.020 0.034 0.011 0.072 0.044 0.018 0.024 0.022

To measure the relative closeness of alternatives to the ideal solution, the respective
distance of each alternative from the positive and negative ideal solutions are
calculated. Table 15 provides the distances, the relative closeness values and the final
ranking of each alternative aircraft obtained with the AHP-TOPSIS approach.

Table 15 Distances to Ideal Solutions, Relative Closeness Values and Rankings:

AHP-TOPSIS
st S; C; Ranking
787-8 0.0151 0.0421 0.7357 1
787-9 0.0271 0.0221 0.4495 2
A330-900 0.0401 0.0126 0.2397 4
A350-900 0.0385 0.0278 0.4194 3
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Table 15 reveals that Boeing 787-8 is the best performing aircraft as it is closest to the
ideal solution based on the results of the AHP-TOPSIS approach in this study. Despite
providing smaller capacity for airlines compared to the other alternatives of the study,
Boeing 787-8 has a lower list price and DOC. The relatively high weight attributed to
price and DOC in the AHP model makes Boeing 787-8 the alternative closest to the
ideal solution. The results also show that, Boeing 787-9 and Airbus A350-900 are
ranked second and third, respectively, and Airbus A330-900 is the worst performing

alternative and is ranked fourth.

The weighted normalized decision matrix, and the positive and negative ideal solutions
of the DEMATEL-TOPSIS approach are provided in Tables 16-17. Table 18 presents
the DEMATEL-TOPSIS results.

Table 16 Weighted Normalized Decision Matrix: DEMATEL-TOPSIS

PR DOC RA SC CC RE CO2 NL cv CA

787-8 0.057 0.062 0.061 0.052 0.048 0.044 0.052 0.023 0.040 0.011

787-9 0.067 0.071 0.063 0.062 0.062 0.044 0.048 0.032 0.039 0.011

A330-900 0.068 0.074 0.060 0.066 0.056 0.038 0.053 0.056 0.033 0.013

A350-900 0.073 0.076 0.068 0.067 0.062 0.050 0.048 0.021 0.041 0.011

Table 17 Positive and Negative Ideal Solutions: DEMATEL-TOPSIS

PR DOC RA SC CcC RE CO; NL cv CA

A* 0057 0.062 0.068 0.067 0.062 0.050 0.048 0.021 0.041 0.011

A~ 0073 0076 0.060 0.052 0.048 0.038 0.053 0.056 0.033 0.013
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Table 18 Distances to Ideal Solutions, Relative Closeness Values and Rankings:
DEMATEL-TOPSIS

st S; C; Ranking
787-8 0.0228 0.0411 0.6429 2
787-9 0.0199 0.0327 0.6216 3
A330-900 0.0430 0.0177 0.2912 4
A350-900 0.0215 0.0446 0.6744 1

When the results of the DEMATEL-TOPSIS approach presented in Table 18 are
examined, it is seen that the ranking of the alternatives other than Airbus A330-900
are changed. The approach results in close C; values except for Airbus A330-900.
Among the four alternatives, the closest aircraft to the ideal solution is Airbus
A350-900. The wide-body aircraft is the alternative with the best performance values
in eight criteria, which justifies its ranking.

The findings indicate that Airbus A330-900 is the alternative with the lowest relative
closeness value in both methods, which is consistent with the number of orders it has
acquired over the years. Compared to the other alternatives considered in this study,
Airbus A330-900 has the lowest number of orders with 323 orders as of September
2021 (Airbus, 2021e).
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CHAPTER 5

CONCLUSIONS

As the main source of revenue, aircraft play a vital role in the operations of airline
companies. The decision regarding the type of aircraft to operate have effects on the
operational efficiency and flexibility, and financial status of an airline. The selection
process of an aircraft involves various criteria and may be regarded as a complex
problem that can be solved by MCDM methods. This study investigates wide-body
passenger aircraft selection problem utilizing different MCDM methods, which are
AHP, DEMATEL, and TOPSIS. The interactions of the criteria involved in the

decision making problem are also explored via DEMATEL method.

In this study, criteria specific to the selection of a wide-body aircraft are investigated
through a literature review and are determined with the addition of a new criterion. A
total of ten criteria are introduced, which enables to investigate the decision problem
using as much constituents as possible to represent the whole setting. A widely known
MCDM method, AHP, is applied initially to construct a decision hierarchy to break
down the decision problem into levels. This way, the criteria are grouped under their
respective parent category. AHP is used to determine weights of criteria in the first
approach of the study, which is the AHP-TOPSIS approach. In order to detect the
effect of dependency relations between criteria on the results, weights determined with
the DEMATEL method are used in the second approach of the study, which is the
DEMATEL-TOPSIS approach. Further, DEMATEL method is used to discover the
direct and indirect influences that criteria have on each other, and to construct IRMs

which show the level and direction of these influences.

In the latter sections, descriptions of the criteria are presented. The decision problem
is structured in a way to incorporate four different aspects of a wide-body passenger

aircraft, which are economics, technical characteristics, environmental impact, and
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passenger comfort criteria. It is proposed in this study that, a technical characteristics
sub-criterion, reliability, is measured with the ETOPS rating of an aircraft, as it is
associated with reliability. Further, a new criterion to help assess passenger comfort is
introduced, which is cabin altitude. Brief descriptions of the four alternative aircraft
selected based on global sales performance values are presented as well. Finally, data
acquired through questionnaires for AHP and DEMATEL method applications, and

quantitative aircraft data are provided.

The results and discussions present the weights determined for the criteria, IRMs of
criteria, and the results of the two approaches proposed for the decision problem.
Based on the weights determined, it is found that the rank of DOC criterion is
consistent, having attained the first rank in both methods. Price is ranked relatively
high in both methods, having acquired the weights 0.1337 and 0.1581 in AHP and
DEMATEL methods, respectively. Considering that aircraft manufacturers are known
to provide airlines with discounted prices when buying aircraft, the amount of discount
a manufacturer offers may hold a decisive impact on the final decision on the type of
aircraft to purchase. The significance attributed to price, seat capacity and noise level
are also found to be fairly consistent across the methods based on a comparison of

their ranks, as they moved only one position in the rankings.

Using the TRM of the DEMATEL method, interactions between criteria are
discovered. It is detected that DOC and price had the most notable interactions with
other criteria, which coincides with the relatively high weights attained by these
criteria. Reliability is calculated to be the most influential criterion, and the findings
indicate that it has high influence on DOC. The criterion is also found to have influence
on aircraft capacity related criteria, indicating that high reliability is essential to avoid

lost revenue due to reduced capacity.

The findings indicate that the top three rankings reached through the TOPSIS method
across the two approaches change, and that each approach deliver a different
alternative as the best option, which are Boeing 787-8 for the AHP-TOPSIS approach,
and Airbus A350-900 for the DEMATEL-TOPSIS approach. Despite this difference
in the results, there is an agreement between both approaches on the rank of
Airbus A330-900, which is determined as the worst option. The discrepancy in the
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outcomes of the two approaches may be attributed to the criteria dependency issue,
since the AHP method requires the assumption of criteria independency, while the
DEMATEL method does not.

Although certain political factors are known to play a role in the final decision on the
choice of manufacturer of the aircraft, examining the order counts of the aircraft and
the relative closeness values, it may be stated that the DEMATEL-TOPSIS approach
provides a better approximation of real-life data compared to the AHP-TOPSIS

approach.

It can be noted that, while the study at hand focused on the aircraft selection problem
from an airline perspective, the findings regarding the interactions among criteria and
the importance attributed to criteria may also provide insight for manufacturers in
designing future aircraft that better fit the requirements of airlines. In addition, the
approaches used in the study may be used by airlines to decide on which aircraft to
retire from their fleet, which could provide a leaner fleet. This could especially be
crucial in times of crisis such as the COVID-19 pandemic where airlines need to decide

on aircraft types to be retired.

As the study is a hypothetical one, certain criteria such as fleet commonality and
delivery time are not taken into consideration, as the former is specific to an airline,
and the latter is dependent upon the manufacturer’s schedule, of which the data is not
available publicly. Another limitation experienced in this study was the unavailability
of face-to-face interviews with the experts due to the COVID-19 pandemic.
Conducting face-to-face questionnaires could improve the quality of responses and

provide more informed judgments.

The approaches used in this study may be applied to the narrow-body aircraft selection
problem of airlines in future studies. Furthermore, the approaches may be used for
freighter, regional and military cargo aircraft selection problems as well, with certain
changes in the criteria used. Also, the validity of the results of this study may be
checked using other MCDM methods.
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B. PCMs OF ECONOMICS MAIN CRITERION, ENVIRONMENTAL
IMPACT AND PASSENGER COMFORT SUB-CRITERIA

Economics Price DOC
Price 1.00 0.48
DOC 2.08 1.00

Environmental CO2 Emission Noise Level
Impact
CO2 Emission 1.00 3.66
Noise Level 0.27 1.00

Passenger Comfort Cabin Vol. per Seat

Cabin Altitude

Cabin Vol. per Seat 1.00

Cabin Altitude 0.69

1.44

1.00
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C. NORMALIZED PCMs

Main Criteria  Economics Technical Environmental Passenger
Characteristics Impact Comfort

Economics 0.53 0.65 0.42 0.35
Technical
Characteristics 0.19 0.24 0.42 0.41
Environmental 5 ;4 0.06 0.10 0.14
Impact
Passenger 0.15 0.06 0.07 0.10
Comfort

Economics Price DOC

Price 0.32 0.32

DOC 0.68 0.68
Technical : Cargo .
Characteristics Range Seat Capacity Capacity Reliability
Range 0.13 0.06 0.15 0.20
Seat Capacity 0.43 0.20 0.23 0.17
Cargo Capacity 0.08 0.08 0.09 0.09
Reliability 0.36 0.66 0.54 0.55
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Environmental

CO2 Emission Noise Level
Impact
CO2 Emission 0.79 0.79
Noise Level 0.21 0.21

Passenger Comfort  Cabin Vol. per Seat

Cabin Altitude

Cabin Vol. per Seat 0.59

Cabin Altitude 0.41

0.59

0.41
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D. NORMALIZED DRM

PR DOC RA SC CC RE COz; NL Cv CA
PR 0.000 0.138 0.123 0.138 0.108 0.092 0.108 0.108 0.062 0.000
DOC 0.154 0.000 0.154 0.154 0.123 0.123 0.138 0.092 0.062 0.000
RA 0123 0.138 0.000 0.123 0.138 0.046 0.077 0.062 0.062 0.015
SC 0.123 0.123 0.123 0.000 0.108 0.046 0.077 0.062 0.108 0.000
CC 0.092 0.108 0.123 0.108 0.000 0.046 0.062 0.062 0.046 0.000
RE  0.123 0.138 0.092 0.062 0.092 0.000 0.077 0.062 0.015 0.000
CO, 0.138 0.138 0.108 0.092 0.092 0.031 0.000 0.031 0.031 0.000
NL  0.077 0.046 0.062 0.046 0.077 0.031 0.031 0.000 0.015 0.000
Cv  0.092 0.077 0.092 0.123 0.092 0.015 0.031 0.031 0.000 0.000
CA 0.031 0.031 0.046 0.046 0.046 0.000 0.000 0.000 0.000 0.000
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E. NORMALIZED DECISION MATRIX

PR

DOC

RA

SC

CC

RE

CO2

NL

Ccv

CA

787-8

787-9

A330-900

A350-900

0.428

0.505

0.511

0.548

0.436

0.501

0.520

0.538

0.484

0.499

0.477

0.537

0.416

0.499

0.533

0.542

0.419

0.539

0.494

0.539

0.500

0.500

0.432

0.560

0.514

0.480

0.527

0.478

0.317

0.443

0.787

0.289

0.521

0.505

0.429

0.538

0.468

0.468

0.585

0.468
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F. TURKISH SUMMARY / TURKCE OZET

GIRIS

Hava yolu tasimaciligi son yillarda yolcu sayilar1 bakimindan siirekli olarak biiylime
kaydeden bir ulasim yolu olmustur. Uluslararast Sivil Havacilik Orgiitii (ICAO,
n.d.-b), hava yolu endiistrisinin 1995 ve 2015 yillar1 arasinda yolcu sayilarindaki
bilesik yillik biiyiime oraninin %5,4 oldugunu belirtmistir. COVID-19 salgminin
kiiresel capta ucgus sayilarinda yol actigi diisiise ragmen Uluslararas1 Hava
Tasimacilig1 Birligi (IATA, 2021c) hava yolu tasimaciliginda salgin 6ncesi kosullara
2023’e kadar doniilecegini tahmin etmektedir. Bununla beraber, Airbus (2021d) ve
Boeing (2021a), hava trafik seviyelerinin 6ntimiizdeki 20 y1l boyunca ortalama %3,9
ila %4,0 arasinda biiyliyecegini tahmin etmektedir. Ayrica Boeing, bu siire i¢erisinde
toplam 43.610 yeni ugaga ihtiya¢ duyulacagini ve bunlarin 7.670 tanesinin genis
govdeli yolcu ugagi olacagimi 6ngérmektedir. Hava yolu firmalar1 artan talebi
karsilamak ve ellerinde bulunan filolarini1 yenilemek amaciyla yeni ugaklara ve bunu

gerceklestirmek icin basarili filo planlama siireclerine ihtiya¢ duymaktadir.

Hava yollar1 agisindan filo planlama, sirketlerin mevcut ve gelecekteki ugus
noktalarina kapasite saglamak amaci ile u¢ak edinmesinin saglandigi bir is siirecidir
(Clark, 2007). Ugak satin alim siirecleri hava yollar1 igin bilyilik yatirimlar oldugundan
ve satin alinan ugaklar hava yollarinin karliliginda biiytlik 6neme sahip oldugundan filo

planlama stratejik bir 6neme sahiptir.

Bir ucak tipinin segilmesi, cesitli kriterlerin degerlendirilmesini gerektirse de
Belobaba ve digerleri (2016), havayollarinin genellikle bu karar problemine finansal
acidan yaklastiklarini belirtmekte ve diger ugak 6zelliklerinin de hesaba katilmasinin
onemli oldugunu savunmaktadir. Cesitli kriter ve alternatifi i¢inde barindiran karmagik
bir siire¢ olmasi nedeniyle yolcu ucagi se¢imi problemi ¢ok Kriterli karar verme
(CKKYV) problemi olarak nitelendirilebilir. Bu problem son yillarda arastirmacilar

tarafindan artan bir ilgi gérmektedir.
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Literatiirde CKKV yontemlerini kullanarak ucak se¢im problemini inceleyen farkli
caligmalar bulunmaktadir. Bunlar arasinda kullanilan kriterler ve kriterler arasindaki
etkilesim konusu gibi belirli iyilestirme alanlar1 bulunmaktadir. Bu ¢alismada, genis
govdeli yolcu ugagi se¢imi ile ilgili kapsamli bir kriter seti kullanilmis ve yeni bir
kriter olan kabin irtifast eklenmistir. Bu c¢alisma, kullanilan kriterlerin agirlik
degerlerinin bulunabilmesi i¢in Analitik Hiyerarsi Siireci (AHS) ve Decision Making
Trial and Evaluation Laboratory (DEMATEL) adli iki farkli CKKV yo6nteminin
kullanilmasini icermektedir. Bu yontemlerle elde edilen iki farkli kriter agirliklar seti
baska bir CKKV yontemi olan Technique for Order Preference by Similarity to Ideal
Solution (TOPSIS) ile birlikte kullanilmistir. AHS-TOPSIS ve DEMATEL-TOPSIS
yaklagimlar1 kullanilarak genis gévdeli yolcu ucagi secim problemi ¢oziilmiis ve kriter
bagimsizlig1 varsayiminin etkileri aragtirilmistir. Kriterler arasindaki etkilesim konusu
DEMATEL yontemi ile incelenmis ve kriterlerin birbirleri {izerindeki etkileri etki
iliski haritalar1 (EiH) ile gosterilmistir. Bilindigi kadartyla DEMATEL-TOPSIS
yaklagimi ve kriterlerin EIH’lerinin ¢ikarilmasi ugak se¢imi probleminde ilk olarak bu
tezde ele alinmistir. Bu ¢alisma, bu karmasik probleme bir ¢6ziim sunarak hava yolu
sirketlerine ve karar vericilere (KV) filo planlama siireclerinde karar destegi sunmay1

amaglamaktadir.
KAYNAK TARAMASI

Yeh ve Chang (2009) yerel bir Tayvan hava yolu sirketinin ugak se¢imi i¢in bes farkl
ucagi bulanik grup CKKYV yontemi ile degerlendirmistir. Calismada on bir alt kriter
i¢ ana kriter altinda gruplandirilmis ve kriterlerin agirliklarini elde edebilmek i¢in ikili
karsilastirmalar kullanilmistir. Yazarlar, alternatiflerin performans degerlerini bulmak
icin KV’lerin degerlendirmelerinden faydalanmislardir. KV’lerin verdigi kararlarin
oznelliginden kaynaklanabilecek hatalar1 ele almak i¢in ise liggensel bulanik sayilar
kullanmiglardir. KV’lerin bireysel degerlendirmeleri geometrik ortalama yontemi ile
toplanmustir. Yazarlar alternatifleri siralamak i¢in degistirilmis bir TOPSIS yontemi
onermislerdir. Buna gore yazarlar, normallestirilmis karar matrisi kullanmak yerine,
elde ettikleri kriter agirliklarini kullanarak alternatiflerin pozitif ve negatif ideal

coziimlerden olan agirlikli uzakliklarini hesaplamiglardir.
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Bruno ve digerleri (2015) Air Italy’nin bolgesel yolcu ugagi gereksinimini incelemek
icin AHS ve bulanik kiime teorisinin bir kombinasyonunu kullanmigslardir. Caligmada,
alternatifler konusunda hava yolunun gereksinimleri goz 6niinde bulundurulmus ve ti¢
alternatifin incelenmesi Onerilmistir. Kriterlerin belirlenmesi igin hava yolunun
ihtiyaglari ile birlikte havacilik literatiirii kullanilmis ve ¢alismada dort ana kriter
altinda sekiz alt kriter kullanilmigtir. Kriterlerin dnemlerinin degerlendirilmesi ve
agirliklarinin AHS yontemi ile elde edilmesi i¢in Air Italy’den dort uzmanin yer aldigi
bir odak grubuna damisilmistir. Ayrica, bu uzmanlardan alternatif ucaklarin
performans seviyelerini sozlii bir Olcege gore degerlendirmeleri istenmistir.
Sonrasinda AHS ve bulanik kiime yontemi birlestirilerek ucaklar puanlanmis ve
siralanmistir. Bu ¢alismada ¢evresel etki ana kriteri ilk kez kullanilmistir. Ancak ucak
menzili, yolcu kapasitesi, kargo kapasitesi ve giivenilirlik gibi 6nemli teknik 6zellikler

kullanilmamustir.

Dozic ve Kalic (2015b), Belgrad havaalanindan faaliyet gosteren farazi bir hava yolu
icin filo planlama siirecini filo bilesimi, filo biiytikliigii ve ugak se¢im adimlarina
bolerek bir model olusturmuslardir. Yazarlar, kisa ve orta menzilli rotalar i¢in uygun
ucak kategorilerini ve gereken ucak sayisini belirledikten sonra alternatifler arasindan
uygun olam1 se¢mek icin Even Swaps adli yontemi kullanmislardir. Yazarlar,
alternatifleri yolcu kapasitesine gore kiigiik ve orta olmak lizere iki kategoriye
ayirmiglardir. Modelde yolcu kapasitesi, ugak fiyati, maksimum kalkis agirligs,
bagaj/yolcu ve birim maliyetler olmak {izere bes farkli degerlendirme kriteri
kullanilmistir. Calismada kiiglik ugak kategorisi icin ATR 72-600, biiylik ugak
kategorisi i¢in ise Airbus A319neo en iyi alternatifler olarak belirlenmistir. Dozic ve
Kalic (2015a), bir diger ¢aligmalarinda 6deme kosullar1 kriterini de dahil ederek Even
Swaps ve AHS yontemlerini kiiciik ucak kategorisi 6zelinde karsilagtirmiglardir. Bu

calismada iki yontem ile de ayn1 ugagin en iyi olarak degerlendirildigi gosterilmistir.

Ozdemir ve Basligil (2016), Tiirk Hava Yollar’nin ugak se¢imi i¢in bulanik Analitik
Ag Siireci (AAS) ve Choquet integral yontemlerini kullanmiglardir. Yazarlar bu
yontemleri kriterlerin bagimlilig1 ve kriterler arasindaki etkilesim ile ¢aligmaya olanak
vermesi nedeni ile sectiklerini savunmuslardir. Calismada maliyetler, fiziksel
ozellikler ve digerleri ve zaman olmak {izere ii¢ ana kriter ve on alt kriter kullanilmistir.

Calisma sonuglariin gecerliligini 6l¢gmek adina bulanik AHS yontemi kullanilmstir.
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Ug dar gévdeli yolcu ucaginin degerlendirildigi ¢alismada birinci secilen ugak iic
yontemde de degismemis, ancak yontemler arasinda siralama farkliliklar1 olusmustur.
Calismada uzmanlardan istenen fazla sayidaki ikili karsilastirmanin yol agtigi

karmasiklik, yazarlar tarafindan da belirtilen bir kisit olusturmustur.

Kiraci ve Akan (2020) calismalarinda hava yolu firmalarinin ucak se¢imi i¢in bulanik
AHS ve bulanik TOPSIS yontemlerini kullanmiglardir. Calismada, literatiirde
kullanilmis olan on ii¢ alt kriter belirlenmis ve teknik, ekonomik ve ¢evre ana kriterleri
altinda gruplandirilmistir. Yazarlar oncelikle bulanik AHS yontemini kullanarak bes
alt kriteri agirliklar1 nedeniyle elemis, ardindan tekrar ayni yontemle agirliklarini
hesaplamiglardir. Dort orta menzilli dar govdeli ugagin dahil oldugu calismada
alternatiflerin performans degerleri uzmanlarin s6zlii degerlendirmeleriyle belirlenmis

ve bulanik TOPSIS sonuglarina gére Airbus A321neo ilk sirada yer almistir.

CKKV yontemleri kullanarak ucak sec¢imi problemini inceleyen ¢alismalardan
yalnizca birkaginda kriter bagimliligindan s6z edilmistir. Yeh ve Chang (2009),
calismalarinda aralarinda giivenilirlik, ugus menzili, yolcu tercihi, giiriiltii seviyesi,
dogrudan operasyon maliyeti ve fiyat gibi kriterlerin de bulundugu on bir alt kriterin
birbirinden bagimsiz oldugunu belirtmislerdir. Ozdemir ve digerleri (2011) Tiirk Hava
Yollar’nin ugak sec¢imi i¢in yaptiklar1 ¢alismada kriterler arasindaki etkilesimin
problemin ¢ozlimiine dahil edilebilmesini saglayan AAS yontemini kullanmislardir.
Bir onceki ugak se¢imi ¢alismalarindan farkli olarak bulanik AAS ve bulanik AHS
yontemlerinin sonuglarini karsilastiran Ozdemir ve Basligil (2016), alternatiflerin elde
ettigi puanlardaki farkliligi bulantk AHS yonteminde kriterlerin bagimsiz oldugu
varsayiminda bulunulmasina dayandirmiglardir.  Sener ve Yilanli (2019)
calismalarinda kriterler arasi etkilesimin 6lgiilebilmesine olanak saglayan DEMATEL

yontemini kullanmis ve ugak se¢im kriterlerinin agirliklarini belirlemislerdir.

Yapilan kaynak taramasi ile ucak secim calismalarinda kullanilan Kkriterlerin
belirlenmesi saglanmistir. Ozellikle son yillarda yapilan ¢alismalarda cevresel etki
kriterlerinin de ucak se¢im problemlerine dahil edildigi goriilmiistiir. Caligmalarda
degerlendirme kriterlerinin sayisinin {i¢ ve on dort arasinda degistigi saptanmigtir. Bir
taraftan modelde az sayida kriterin kullanilmasi1 problemin tam anlamiyla

yansitilmasini engelleyebilecekken, ¢cok sayida kriterin kullanimi modeli gereginden

90



fazla karmasiklastirabilir. Bu neden gozetilerek bu ¢alismada hava yollarmin genis
govdeli ugak se¢im siirecini uygun bigimde yansitacak bir kriter seti kullanilmistir. Bu
kriterler ekonomik, teknik 6zellikler, cevresel etki ve yolcu konforu adli dort ana kriter

altinda gruplandirilmistir.

Ugak secim calismalarinda AHS ve bulanik AHS yontemlerinin arastirmacilar
tarafindan siklikla kullanildigr goriilmiistiir. Arastirmacilarin bir kismi (Bruno ve
digerleri, 2015; Dozic & Kalic, 2014; Dozic ve digerleri, 2018; Ozdemir & Bashgil,
2016) bu yontemlerden birini ugak se¢imi i¢in kullanmisken, bir kismi ise (Ahmed ve
digerleri, 2020; Kiract & Akan, 2020; Kirac1 & Bakir, 2018a; Sun ve digerleri, 2011)
yine bu problemdeki kriterlerin agirliklarinin belirlenebilmesi i¢in kullanmiglardir. Bu
calismada da AHS yontemi kriter agirliklarinin bulunabilmesi ve kriter bagimsizligi

varsayiminin sonuglar iizerindeki olasi etkisinin 6l¢iilebilmesi i¢in kullanilmistir.

Kriterler arasindaki bagimliligin AAS yontemi ile ele alinabilecegi bilinmektedir.
Ancak bu yontem Ravi ve digerlerinin (2005) belirttigi baz1 dezavantajlara sahiptir.
Yazarlar bu yontemin uzmanlar tarafindan yapilmasi gereken ikili karsilastirma
sayisini 6nemli Olclide artirdigini, bunun da hem zaman kaybi yarattigini hem de
gerekli islem sayisini artirdigini belirtmislerdir. Bu nedenle bu g¢aligmada AAS

yontemi kullanilmamustir.

Literatiirde yaygin bir sekilde kullanilan bulanik sayilar bu ¢alismada hesaplamalarda
gereksiz karmasiklik yaratmamasi i¢in kullanilmamistir. Saaty ve Tran (2007)
calismalarinda  bulanik  sayilarin  kullanimimin  ¢oziimlerin  gecerliligini
artirmayacagini, aksine uzmanlar tarafindan yapilan degerlendirmeleri daha da

belirsizlestirecegini savunmuslardir.
YONTEM
AHS Yontemi

Thomas L. Saaty tarafindan 1970’lerde  gelistirilen AHS, KV’lerin
degerlendirmelerinin kullanilarak bir unsurun bir bagka unsura kiyasla ne derecede
daha onemli oldugunun o6l¢iildiigii ve bu sayede unsurlarin agirlik degerlerinin
hesaplandigr bir CKKV yontemidir (Saaty, 2008). Bu calismada AHS yontemi

kriterlerin agirliklarini belirlemek amaciyla kullanilmistir.
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AHS yo6nteminin ilk adimi1 problemin tanimlanmasin1 gerektirmektedir. Problemin
amaciin, kriterlerinin (ve alt kriterlerinin) ve alternatiflerinin belirlenmesi ile
karmasik bir yapiya sahip olan problem seviyelere ayrilir ve karar hiyerarsisi
olusturulur. Bu islem uygulanirken dikkat edilmesi gereken bir nokta ayni seviyede

bulunan unsurlarin birbirleri ile kiyaslanabilir olmas1 gerekliligidir.

Ana kriterler ve alt kriterler birbirinden ayr1 seviyelere ayrildiktan ve alt kriterler ortak
bir ana kriter altinda gruplandiktan sonra ikili karsilastirma matrisleri (IKM)
olusturulur. ikili karsilastirmalar ile ana kriterler ve bir ana kritere bagli bulunan alt
kriterler birbirleri arasinda hiyerarside bulunan bir {ist seviyeye gore kiyaslanirlar.
Kiyaslama yapilirken Saaty’nin (1990) 1’den 9’a kadar olan 6lgegi kullanilir. Bu
Olcekte 1 “esit derecede onemli”, 9 ise “son derece dnemli” anlamina gelmektedir.
Karsilastirilacak olan n sayida kriter i¢in n x n boyutunda bir matris olusturulur. Bu

matriste a;;, kriter i’nin kriter j’ye kiyasla ne kadar 6nemli oldugunu belirtir ve aj;,
a;; degerinin tersine esittir. Matriste bulunan kdsegen elemanlart kriterlerin kendileri

ile karsilagtirmalarinin degerini gostereceginden bu elemanlar bire esit olur.

Ikili karsilagtirmalar yapildiktan sonra degerlendirmelerin ne derece tutarli oldugu
hesaplanir. Bunun i¢in AHS tarafindan tanimlanan tutarlilik endeksinin hesaplanmasi
gerekir. Bir IKM’nin tutarlilk endeksi o matrisin boyutu ve matrisin en biiyiik
O0zdegeri olan A,,,, kullanilarak hesaplanir. Tutarlilik endeksinin farklt matris
boyutlarina goére verilmis olan rastlantisal tutarlilik endeksine olan orani tutarlilik
oranmi verir. Saaty (1983), tutarlilik orani1 0,10 ve altinda olan IKM’lerin tutarl
sayilabilecegini, 0,20 ve altindaki degerlerin ise bazi durumlar i¢in yeterli kabul
edilebilecegini belirtmistir. Bu degerin iizerindeki tutarlilik oranlaria sahip IKM’lerin

ise tekrar gozden gecirilmesi gerektigini belirtmistir.

Ikili olarak karsilastirilan ana kriterlerin agirliklarinin ve alt kriterlerin yerel
agirliklarmin belirlenebilmesi i¢in IKM’ler kullanilir. Saaty ve Vargas (2012)
agirliklarin hesaplanmasinda islem karmasikligini 6nleyen bir yontem onermislerdir.
Buna gore, IKM’nin siitun elemanlar1 normalize edilir ve sonrasinda her siranin

aritmetik ortalamasi aliir. Boylece agirlik vektorii elde edilir.
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Ana kriterlerin agirliklart ve alt kriterlerin yerel agirliklart elde edildikten sonra, alt
kriterlerin agirliklar1 hesaplanir. Bir alt kriterin agirligi, o alt kriterin yerel agirligi ile

bagli bulundugu ana kriterin agirliginin ¢carpimina esittir.
DEMATEL Yontemi

DEMATEL yontemi bu ¢alismada kriterler arasi etkilesimi tespit etmek ve kriterlerin
bagimli agirliklarii  hesaplamak i¢in  kullanilmistir. Yontemin adimlarinin

aciklanmasinda Si ve digerleri (2018) ve Wu (2008) ¢alismalarindan yararlanilmistir.

DEMATEL yonteminin ilk adiminda kriter i’nin kriter j {izerindeki dogrudan etkisi
0 (etkisiz) ve 4 (¢ok yiiksek etki) arasinda bir Olgekle uzmanlar tarafindan
degerlendirilir. ikili karsilastirmalar yoluyla n x n boyutlu dogrudan etki matrisi
(DEM) olusturulur. Ardindan, DEM’in her bir elemani, siitun ve satirlarin

toplamlarinin en biiyiigiine boliiniir ve matris normalize edilir.

Kriterlerin birbirleri iizerindeki toplam etkisini gdsteren toplam iliski matrisi (TIM),
normalize edilmis DEM ve birim matris kullanilarak olusturulur. Bu matrisin

elemanlar kriter i nin kriter j lizerindeki etkisinin biiytlikliiglinii gdsterir.

Sonrasinda TIM’in sira ve siitunlari toplanarak D ve R vektorleri olusturulur. TIM’de
i = j saglandigi zaman (D; —R;) i kriterinin toplam etkisini, (D; —R;) ise i
kriterinin net etkisini gosterir. Kriterler arasi iliskilerin gosterilmesini saglayan
EIH’ler, kriterlerin (D + R) ve (D — R) degerlerinin sirastyla grafigin yatay ve diisey

eksenleri boyunca yerlestirilmesiyle olusturulur.

ElH’lerde sadece 6nemli kriter etkilesimlerini gostermek ve karmagikligi dnlemek
adma esik degerleri kullanilir. TIM deki iliskilerden belirlenen esik degerinin altinda
kalan bir degere sahip olan iliskiler EIH’lerde gosterilmez. Esik degeri, TIM deki
degerlerin ortalamas1 alinarak hesaplanir. Kriterler arasi etkiler, degerlerinin
blyiikliiklerine gore ince ve kalin oklarla gosterilebilirler. Etkilerin bu sekilde

siniflandirilabilmesi i¢in bu ¢alismada ikinci bir esik degeri kullanilmastir.

DEMATEL yonteminin son adiminda kriterlerin bagimli agirliklar belirlenir. Bunun

i¢in bu ¢alismada Dalalah ve digerleri (2011) ve Pamucar ve Cirovié (2015) tarafindan
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uygulanan agirlik belirleme yontemi kullanilmistir. Bu yontemde kriterlerin (D; + R;)

ve (D; — R;) degerleri kullanilir.
TOPSIS Yontemi

Bir CKKYV yontemi olan TOPSIS, Hwang ve Yoon (1981) tarafindan gelistirilmistir.
TOPSIS y6ntemi, mantikli bir temele sahip olmasi, anlasilabilir olmasi ve kullanicilara
kolaylik saglamas1 gibi avantajlara sahiptir (Roszkowska, 2011). Kriter agirliklarinin
belirtilmesi disinda bagka 6znel bilgiye ihtiyag duyulmayan yontem, sayisal verilerle

calismaya uygundur.

Y Ontemin ilk asamasinda alternatiflerin her bir kriter i¢in olan performans degerlerinin

gosterildigi karar matrisi olusturulur. Karar matrisinde d';;, alternatif i’nin, j kriterine

ijo

gore olan performans degerini gosterir.

Karar matrisindeki performans degerleri farkli birimlere sahip olabilir. Bu degerlerin
karsilastirilabilmesi i¢in degerler normalize edilir ve normalize edilmis karar matrisi

olusturulur.

Yontemin {igiincii asamasinda AHS ve DEMATEL yontemleri ile belirlenmis olan
kriter agirliklar1 vektorii, normalize edilmis karar matrisi ile g¢arpilarak agirliklh

normalize edilmis karar matrisi elde edilir.

TOPSIS yonteminde alternatiflerin performans degerleri kullanilarak pozitif ve negatif
ideal ¢6ziimler hesaplanir. Bunun igin kriterler dncelikle fayda ve maliyet Kriterleri
olarak gruplara ayrilir. Pozitif ideal ¢6ziim, alternatiflerin fayda kriterleri altindaki en
bliyiik degerleri ve maliyet kriterleri altindaki en kiiclik degerleri kullanilarak
belirlenir. Diger yandan negatif ideal ¢ozlim, alternatiflerin fayda kriterleri altindaki
en kiiclik degerleri ve maliyet kriterleri altindaki en biiyiikk degerleri kullanilarak

belirlenir.

Pozitif ve negatif ideal ¢oziimler hesaplandiktan sonra alternatiflerin bu ¢éziimlere
olan uzakliklar1 hesaplanir. Ardindan, bu uzakliklar kullanilarak alternatiflerin pozitif
ideal ¢oziime olan bagil yakinliklar1 hesaplanir. Son olarak alternatifler pozitif ideal

¢ozlime olan bagil yakinlik degerlerine gore siralanir ve en iyi alternatif belirlenir.
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Kriter Tanimlari
Ekonomik Ozellikler

Hava yolu sektorii kar marjlarinin goreceli olarak diisiik oldugu bir sektordiir. Ugak
satin alimimin hava yollar1 ag¢isindan biiyiik bir yatirim olmasi da goz Oniinde
bulunduruldugunda, ekonomik 6zellikler 6nemli bir kriter olarak ortaya ¢ikmaktadir.
Bir ugagin yasam déngiisii maliyeti, ugagin fiyati, dogrudan isletme giderleri (DIG) ve
dolayli isletme giderleri olmak iizere ii¢ ana unsurdan olusur (Johnson, 1990). Bunlar
arasinda ugak fiyat1 ve DIG dogrudan ugak tipi ile ilgiliyken, dolayli isletme giderleri
hava yolu sirketlerinin isletimi ile ilgilidir. Bu nedenle bu ¢alismada ilk iki gider

kalemi ekonomik 6zellikler kriterinin altinda incelenmistir.
Fiyat

Hava yolu sirketleri yeni ugaklar filolarina cesitli kiralama yontemleriyle veya satin
alma yoluyla dahil ederler. Bu ¢alismada hava yolu sirketinin ugagi satin alacagi
varsayllmistir. Fiyat kriteri bu ¢aligmada ugak iireticileri tarafindan yayimlanan liste

fiyatlar1 lizerinden belirlenmistir ve herhangi bir indirim oran1 hesaba katilmamustir.
Dogrudan Isletme Giderleri

Bir ugagin isletilmesi ile ilgili biitiin giderleri kapsayan DIG, hava yolunun karliliginda
biiyiik 6neme sahiptir. ICAO (2017a) DIG’i ekip, yakit, bakim-onarim ve sahip olma
maliyetleri olmak {izere dérde ayirir. Bir hava yolundan digerine degisebilen DIG, bu

calismada Avrupa Hava Yollar1 Birligi’nin (AEA, 1987) yontemi ile hesaplanmustir.
Teknik Ozellikler

Teknik ozellikler ana kriteri ucak menzili, yolcu kapasitesi, kargo kapasitesi ve
giivenilirlik gibi operasyonel kriterlerden olusur. Bu kriter hava yollarinin giinliik
isleyisiyle ilgili kararlarm1 ve uzun vadeli, stratejik kararlarini etkileyen ucak
ozelliklerini temsil eder. Ekonomik faktorler bir yana ayrilirsa, teknik 6zellikler bir
ucagin bir ugus noktasina nasil (dogrudan veya aktarmali) ve ne siklikla ugabilecegini

belirler.
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Ucuc¢ Menzili

Ugus menzili bir ucagin kalkis noktasindan bir varig noktasina ugabilecegi en uzun
mesafedir. Bir ugagin menzili ucagin tasidig1 yolcu sayisi, kargo yiikii ve yakit
miktarina gore degisebilir. Bu calismada ugus menzili ugaklarin tagiyabilecegi en fazla

yolcu ile ugabilecekleri en uzun mesafe olarak kabul edilmistir.
Yolcu Kapasitesi

Yolcu kapasitesi hava yollarinin gelirlerini dogrudan etkilediginden ugak se¢ciminde
onemli bir yere sahiptir. Tasinabilecek yolcu sayis1 giivenlik, menzil, kargo kapasitesi,
kabin tasarimi gibi faktorlere baghdir. Hava yolu sektoriinde genellikle iki veya ii¢
simifli kabinler tercih edilmektedir. Bu c¢alismada ugaklar iki smifli kabinler ile

tagiyabilecegi yolcu sayisi lizerinden karsilastirilmislardir.
Kargo Kapasitesi

Hava kargo, ucaklarin kargo bdliimlerinde tasmnan yiik, bagaj ve postay1
kapsamaktadir. Boeing (2021a), diinya iizerinde tasian yiiklerin deger bakimindan
%35 inin hava kargo oldugunu belirtmistir. Taginan toplam hava kargonun %441 ise
yolcu ucaklarinin kargo boliimlerinde tasinmistir (IATA, 2020). Oniimiizdeki 20 yilda
hava kargo pazarinin ortalama %4 biiyiiyecegi tahmini (Boeing, 2021a) de hesaba
katildiginda kargo kapasitesi, yolcu ug¢agi se¢imi siirecine dahil edilebilecek bir kriter
olarak ortaya ¢ikmaktadir. Bu ¢caligmada kargo kapasitesi ugaklarin tasiyabilecegi LD3

kargo konteyneri sayisiyla 6l¢iilmiistiir.
Giivenilirlik

Bir ucagin emniyetli bir bigimde operasyonuna devam edebilmesi i¢in ucagin
gbdvdesinin, motorlarinin ve sistemlerinin giivenilir olmasi1 gerekir. Bu ¢aligmada ucak
giivenilirliginin Olcililmesi i¢in ucagin govde, motor ve sistem giivenilirligi ile
yakindan baglantili olan ETOPS (Extended Range Twin-engine Operations
Performance Standards) derecesi kullanilmistir. ETOPS derecesi, ¢ift motorlu
ucaklarin acil bir durumda tek motor seyir hiziyla bir yedek meydandan uzak
olabilecegi en uzun siireyi belirler. Ugagin ETOPS derecesi hava yolunun ugus rotast

planlamalarini da etkiler.
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ETOPS belgelendirmesi i¢in ucak sistemlerinin ve motorlarinin yiiksek giivenilirlige
sahip olmasi ve hava yolu sirketinin belirli yeterlilik ve uygulamalara sahip olmas1
gerekmektedir (ICAO, 2014). Ornegin ETOPS-180 derecesi igin ¢ift motorlu bir
ucagin ugus sirasinda 1.000 saatte 0,01°den az motor kapanma istatistigine sahip
olmasi gerekir (ICAO, 2014). Baz1 hava yolu sirketleri, uguslart ETOPS derecesi
gerektirmemesine ragmen ugak giivenilirligini ve performansini artirmasi icin ETOPS

bakim programlar1 uygulamaktadir (Boeing, 1999).
Cevresel Etki

Ugaklarin yol agtig1 ¢evresel etkiye diizenleyici kuruluslar, hava yolu sirketleri, ugak
reticileri ve kullanicilar tarafindan biliylk ©6nem verilmektedir. Hava yolu
endiistrisinde uzun yillardir ucaklarin yol agtigir cevresel etkiyi azaltmak icin
calismalar yapilmaktadir. Ugak motoru teknolojisindeki gelismeler ve bazi
operasyonel uygulamalar sayesinde siirekli olarak iyilestirmeler saglanmaktadir. Bu
calismada ugaklarin yol actigi CO2 salinimi ve girtiltii kirliligi ¢evresel etki kriteri

altinda gruplandirilmstir.
CO2 Salinin

CO2’nin de aralarinda bulundugu sera gazlarinin kiiresel 1sinmaya yol agtig1
bilinmektedir. Havacilik endiistrisinin toplam CO2 salinimindaki pay1 %2’dir (Lund
ve digerleri, 2017). IATA 2009’da havacilik endiistrisinin yol agtigi1 CO2 salinimini
diisiirmek i¢in kisa ve uzun vadeli hedefler belirlemistir (IATA, 2019). Bu dogrultuda
hava yolu sirketleri yakit maliyetlerini ve ucaklarin yol actifi gevresel etkileri

azaltmak amaciyla yakat tiiketimi daha az olan yeni nesil ucgaklar tercih etmektedirler.
Giiriiltii Seviyesi

Ucgak motorlar1 ve ugak govdesi etrafindaki hava akimindan kaynaklanan giiriilti,
insanlar ve dogal hayat iizerinde olumsuz etkilere sahiptir. Caligmalar, u¢ak kaynakli
giiriiltiiniin, insanlarda stres, hipertansiyon (Black ve digerleri, 2007), uyku eksikligi,
yorgunluk ve bag agris1 (Franssen ve digerleri, 2004) gibi ¢esitli saglik sorunlarina yol
actigint gostermislerdir. Ozellikle havalimam gevresinde yasayan insanlar ucagin
kalkis, yaklasma ve inis sathalarindaki giiriiltiisiine daha ¢ok maruz kaldigindan bu

saglik sorunlarina kars1 daha savunmasizlardir.
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ICAO, ugak giiriiltiisiinii yonetebilmek amaciyla standartlar ve tavsiye edilen
uygulamalar ortaya koymustur. Buna gore, ugak giiriiltiisii havalimani ¢evresinde ii¢
farkli noktada oSl¢iiliir ve standartlara uygunlugu denetlenir (ICAO, 2017b). Farkh
Olclim noktalarindan elde edilmis olan giiriiltii seviyesi verileri belirlenmis olan
limitten ¢ikarilir ve bu islem sonucu elde edilen giiriiltii seviyesi verileri toplanir. Bu

calismada, ugaklarin giiriiltii seviyeleri bu toplam iizerinden karsilastirilmistir.
Yolcu Konforu

Yolcularin bilet satin alirken 6nem verdigi konulardan birisi konfordur. Koltuklar arasi
mesafe, koltuk genisligi, kabin genisligi ve bas iistii dolaplar1 yolcu konforunun temel
bilesenleridir. Bunlar disinda yolcularin oksijen satiirasyonu seviyesini etkileyen

kabin irtifas1 da konforu etkileyen faktorlerden birisidir.
Kabin Hacmi / Koltuk

Bu c¢alismada, yukarida yolcu konforu ile ilgili bahsedilen bilesenlerin tek tek
karsilastirilmasi kriter sayisini artiracagindan koltuk basina diisen kabin hacmi verileri
kullanilmistir. Bu sekilde yolcu basina diisen alani ve yolcu konforunu karsilagtirma
imkan1 saglanmistir. Bu veri, toplam kabin hacminin koltuk sayisina bdliinmesi ile

bulunur.
Kabin Irtifas

Kabin igerisindeki basing seviyesine denk gelen irtifa kabin irtifasi olarak adlandirilir.
Yolcu ve ugus ekibinin yiiksek irtifalarda ugan ucaklarda rahat nefes alabilmesi i¢in
ucak kabinleri en yiiksek 8.000 ft irtifaya denk gelecek sekilde basinglandirilirlar.
Muhm ve digerleri (2007) yaptiklar1 ¢alismada 7.000 ve 8.000 ft arasindaki kabin
irtifalarnin 3 ila 9 saat ugustan sonra yolcularda rahatsizlia yol agtigini
belirtmislerdir. Boeing ve Oklahoma Eyalet Universitesi’nin ortak calismasi, 6.000 ft
kabin irtifasinin yolcularda daha az agriya ve yorgunluga neden oldugunu ortaya
koymustur (Boeing, 2004). Yolcu konforu ile dogrudan baglantili olan kabin irtifasi,

ilk kez bu tezde ucak secim kriteri olarak dahil edilmistir.
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Alternatif Ucgaklar

Bu calismada gegtigimiz on yilda hizmete girmis ve en ¢ok siparis sayisina sahip olan
dort genis govdeli yolcu ugagi alternatif olarak belirlenmistir. Bunlar: Boeing 787-8,
Boeing 787-9, Airbus A330-900 ve Airbus A350-900’diir. Bu ugaklar bir 6nceki nesil
ucaklara gore daha diisiik yakit tiiketimi, daha diisiik giiriiltii seviyesi ve daha yiiksek

giivenilirlik gibi avantajlara sahiptirler.
Veri Toplama

Calismada kullanilan kriterlerin agirliklarinin  belirlenmesi amaciyla havacilik
sektoriinde filo planlama, ugak satin alma ve hava tasimacilifi ekonomisi gibi
alanlarda tecriibe sahibi {i¢ uzmana AHS ve DEMATEL yontemlerinin uygulamasini

iceren anketler uygulanmistir.

AHS yonteminde ayr1 ayr1 alinan uzman goriislerinin birlestirilebilmesi i¢in Aczél ve
Saaty (1983) ve Saaty (2008)’in de Onerdigi ilizere geometrik ortalama metodu
kullanilmistir. Birlestirilmis IKM’lerin tutarlilk oranlar1 ana kriterler ve teknik
ozellikler alt kriterleri i¢in sirastyla 0,036 ve 0,020 olarak hesaplanmis ve bu degerler
0,10 degerinin altinda oldugu i¢in birlestirilmis IKM’ler tutarli sayilmistir. Diger ana

kriterlerin IKM’leri ikiser alt kriter igerdikleri i¢in tamamen tutarl kabul edilmislerdir.

DEMATEL yonteminin uygulamasinda uzmanlarin kriterleri ikili  olarak
karsilastirmasi sonucu ii¢ farklit DEM olusturulmustur. Bunlarin birlestirilebilmesi igin
Sara ve digerleri (2015), Wang ve digerleri (2012) ve Wu (2008) ¢alismalarinda da

oldugu gibi aritmetik ortalama yontemi kullanilmistir.
BULGULAR
AHS Yontemi Sonuclar:

AHS yontemi ile elde edilen veriler kullanilarak ana kriterlerin agirliklart ve alt
kriterlerin yerel agirliklar1 belirlenmistir. Buna gore ana kriterler olan ekonomik
ozellikler, teknik ozellikler, cevresel etki ve yolcu konforunun agirliklar: sirasiyla
0,4870, 0,3145, 0,1055 ve 0,0930 olarak hesaplanmistir. Bu sonuglara bakildiginda
ekonomik ozellikler ve teknik 6zelliklerin ¢evresel etki ve yolcu konforu kriterlerine

kiyasla ¢cok daha biiyiik 6neme sahip oldugu goériilmektedir. Ugak fiyati ve DIG’in
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hava yollariin finansal durumu {izerindeki etkisi géz oniinde bulunduruldugunda

ekonomik Ozellikler kriterinin birinci sirada bulunmasi anlasilir bir durumdur.

Alt kriterlerin agirliklart AHS yonteminde belirtildigi gibi hesaplanmistir. Hesaplanan
agirliklar incelendiginde en 6nemli ii¢ kriter sirastyla DIG (0,3289), giivenilirlik
(0,1658) ve fiyat (0,1581) olmustur. Birkag gider kaleminin birlesimi olan DIiG, hava
yollarinin toplam giderlerinin yaklasik %50’sini olusturdugundan (Belobaba ve
digerleri, 2016) bu kritere atfedilen agirlik yerindedir. AHS sonuglarinda ikinci sirada
bulunan giivenilirlik, u¢agin operasyona hazir bulunma durumunu etkilediginden
ucagin gelir getirme yetenegi ile de ilgilidir. Bu durum da bu kriterin sahip oldugu
yiiksek 6nemi agiklamaktadir. Bunun yani sira, fiyat kriteri beklendigi gibi uzmanlar

tarafindan en ¢ok 6nem verilen kriterlerden biri olmustur.

AHS yontemi sonuclarinda kabin irtifas1 (0,0381), kargo kapasitesi (0,0258) ve
giiriiltii seviyesi (0,0226) son ii¢ sirada yer almislardir. Oniimiizdeki 20 yilda hava
kargo alaninda ortalama %4 ’liik bir biiyiime beklenmektedir (Boeing, 2021a). Ancak
Boeing (2020)’e gore yolcu ucaklarinin varig noktalarinin hepsinde yiiksek kargo
talebi bulunmayabilir ve dagitim zamanlar1 ugus saatleri ile eslesmeyebilir. Bu
nedenlerden dolay1 kargo kapasitesinin yolcu ugagi seciminde goreceli olarak diisiik
bir deger elde etmesi anlagilabilirdir. Ugus menzili kriteri 0,0424 ile beklentinin altinda
bir agirlik degeri elde etmistir. Hava yollarinin ugus ag1 planlamalarini etkileyen
faktorlerden biri olan ucus menziline atfedilen agirlik bir hava yolundan digerine

sirketlerin farkli is modellerine bagh olarak degisebilir.
DEMATEL Yo6ntemi Sonuglar:

Kriterlerin agirliklart ve EIH’ler DEMATEL ydntemi uygulanarak elde edilmistir.
ElH’lerde 0,3840 ve 0,2482 esik degerleri kullanilarak giiclii etki ve orta derecede

giiclii etkiler gosterilmistir.

TIM incelendiginde DIG’in fiyat ile birlikte en ¢ok etkilesime sahip olan kriter oldugu
goriilmiistiir. Bununla iliskili olarak DIG ve fiyat, 0,1416 ve 0,1337 agirhk
degerleriyle ilk iki sirada yer almislardir. Ayrica, DIG ve fiyat arasinda beklendigi gibi
giiclii bir etki tespit edilmistir. EIH incelendiginde maksimum kalkis agirhigi ile ilintili

olan ucus menzili, yolcu kapasitesi ve kargo kapasitesi kriterlerinin DIG ile
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etkilesimde oldugu goriilmiistir. DIG’in ucak biiyiikliigiine bagli oldugu
diisiiniildiigiinde bu bulgu anlasilabilirdir. EIH, DIG’in giivenilirlik ile giiclii bir
etkilesimi oldugunu da gostermektedir. Bu da giivenilirligin bakim ile iliskili olmasina

baglanabilir.

Fiyat kriteri yolcu kapasitesi ile giiclii bir etkilesime sahiptir. Iki kritere ait veriler
arasindaki korelasyonun pozitif ve degerinin 0,9689 olmasi bu bulguyu destekler
niteliktedir. EIH genel olarak incelendiginde fiyat kriteri beklendigi gibi teknik &zellik
Kriterlerinin hepsi ile etkilesime sahiptir. Fiyatin ayrica ¢evresel etki kriterleri tizerinde
etkisi bulunmaktadir. Bu durum arastirma ve gelistirme giderlerinin bu kriterler

tizerindeki dolayli etkisi ile agiklanabilir.

EIH’ler incelendiginde en az etkilesime sahip olan kriterlerin sirasiyla kabin hacmi /
koltuk (0,0769), giiriiltii seviyesi (0,0715) ve kabin irtifas1 (0,0225) oldugu
goriilmiistiir. Bununla baglantili olarak bu kriterler DEMATEL yontemindeki en
diisiik agirliklar elde etmislerdir.

AHS-TOPSIS ve DEMATEL-TOPSIS Yaklasimlarinin Sonuglari

Calismanin son adiminda AHS ve DEMATEL yontemleri ile elde edilen iki farkl
kriter agirligi seti TOPSIS yontemi ile birlikte kullanilarak en iyi genis govdeli yolcu
ucagi se¢imi i¢in iki farkli sonug belirlenmistir. TOPSIS y6nteminin uygulamasinda
pozitif ve negatif ideal ¢oziimleri hesaplamak i¢in ucus menzili, yolcu kapasitesi,
kargo kapasitesi, giivenilirlik ve kabin hacmi / koltuk fayda kriterleri olarak
belirlenirken, fiyat, DIG, CO2 salimmu, giiriiltii seviyesi ve kabin irtifas1 maliyet

kriterleri olarak belirlenmistir.

AHS-TOPSIS yaklasiminda alternatiflerin pozitif ideal ¢6ziime olan bagil yakinliklar
hesaplanmis ve siralama sonucunda en iyi genis gévdeli yolcu ugagi 0,7357 degeri ile
Boeing 787-8 olarak belirlenmistir. Boeing 787-9, Airbus A350-900 ve Airbus A330-
900 sirastyla 0,4495, 0,4194 ve 0,2397 degerlerini elde etmiglerdir. Boeing 787-8,
diger alternatiflere kiyasla daha az kapasite sunmasina ragmen daha diisiik bir liste

fiyatina ve DiG’e sahiptir.

DEMATEL-TOPSIS yaklasiminda ilk ii¢ alternatiflerin siralamalart degismistir. Bu

yaklagimin sonucunda alternatifler arasindan Airbus A350-900, 0,6744 bagil yakinlik
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degeri ile en iyi genis govdeli yolcu ugagi olarak belirlenmistir. Boeing 787-8, Boeing
787-9 ve Airbus A330-900’un bagil yakinlik degerleri sirasiyla 0,6429, 0,6216 ve
0,2912 olarak hesaplanmistir.

Sonuglar karsilastirildiginda Airbus A330-900’un iki yaklasimda da sonuncu sirada
oldugu goriilmiistiir. Bu sonug, Airbus A330-900’un toplam siparis sayisinin
alternatifler arasinda en diisiik olmasi ile tutarlidir. Yaklasimlar arasindaki siralama
farkliliklarinin nedeni, AHS yonteminde kriterler arast bagimsizlik varsayiminin

yapilmasi olarak degerlendirilebilir.
SONUC

Bu ¢alismada hava yolu sirketlerinin genis govdeli yolcu ug¢agi se¢im problemi CKKV
yontemleri ile incelenmistir. Toplamda dort ana kriter ve on alt kriter kullanilan
calismada kriter agirliklart AHS ve DEMATEL yontemleri ile elde edilmis, sonrasinda
bu yontemler TOPSIS yontemi ile birlestirilerek en iyi alternatif belirlenmistir.
DEMATEL-TOPSIS sonuglari, AHS-TOPSIS sonuglari ile karsilastirilmis ve kriter
bagimsizligt varsayiminin sonuglar T{izerindeki etkisi incelenmistir. Ayrica,
DEMATEL yontemi kullanilarak EIH’leri olusturulmus ve ugak se¢imi kriterlerinin

birbirleri arasindaki etkilesimler belirlenmistir.

Calisma farazi bir hava yolu firmasi i¢in oldugundan ugak se¢im siirecinde etkiye
sahip olabilecek olan filo benzerligi ve teslimat siiresi kriterleri ¢alismaya dahil
edilmemistir. Calismanin bir diger sinirlamast da COVID-19 salgin1 nedeniyle

uzmanlarla yiiz yiize gériigme imkaninin kisitli olmasidir.

Bu tez ucak se¢im problemine hava yolu bakis agisiyla yaklagmisg olmasina ragmen
kriterler aras1 etkilesimler ve kriterlere atfedilen 6nem dereceleri gibi bulgular ugak
tireticileri agisindan da yararli olabilir. Ayrica, tezde kullanilan yaklagimlar hava

yollari tarafindan filodan ayrilacak ugaklarin se¢iminde de kullanilabilir.

Calismada kullanilan yaklagimlar gelecekte uygun kriterler kullanilarak dar goévdeli
yolcu ucagi, kargo ugagi ve bolgesel yolcu ucagi secimi problemlerinde kullanilabilir.
Bunun yani sira, bu ¢alismanin gegerliligi bagka bir CKKV yontemi kullanilarak da

incelenebilir.
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