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ABSTRACT

The aviation sector has become a sector that has been marked by the 20th century and has
been developing continuously with the elements it contains. With the rapid development
of technology and the deregulation of aviation in 1978, the competition among airlines,
which are the most important element of aviation, has started to increase much faster.
This increasing competition forced airlines to make large investments and strategic
decisions to analyze the long-term effects and consequences of strategic decisions. Fleet
planning, which is interested in how and with which strategy airlines should expand their
fleets, is also an area that plans airlines both structurally and financially. The increasing

competition has brought the importance of fleet planning to the surface.

Fleet planning makes decisions for airlines to make the right aircraft at the right time and
in line with the desired conditions. Fleet planning analyzes the environmental, financial
and technological implications of the aircraft to be included in the fleet. The purchase of
aircraft, which is the biggest investment of airlines, can lead to the bankruptcy of airlines
if it is not done in a very good planning framework. For this reason, aircraft selection and

aircraft purchase is one of the most important strategic decisions of airlines.

In this study, a Multiple Criteria Decision Making (MCDM) approach was proposed by
using Decision Making Trial and Evaluation Laboratory (DEMATEL) and Weighted
Distance Metric based evaluation method. Firstly, the factors affecting the choice of
aircraft and the effect of these factors on each other were calculated. DEMATEL method
was used to calculate this effectiveness of criteria. The criteria were compared in pairs
and the decision makers determined their effects. Firstly these criteria as follows were
determined: Purchase cost, fuel efficiency, terms of payment, maintenance cost, insurance
cost, handling cost, commonality of the fleet, seat capacity, cabin structure, cargo

capacity, noise pollution, delivery time and maximum take-off weight.



Criteria below a determined threshold which was specified by decision makers were
eliminated and the criteria that affect the decision makers the most were selected. These
criteria are purchase cost, cost effectiveness, seat capacity, flight range, cargo capacity

and maximum take-off weight.

Secondly, the decision of which aircraft to buy for the decision maker with the criteria
obtained is determined by weighted distance metric model. According to the target that
is determined by the decision makers and the distance to the target, the decision makers
make choice among alternatives. The resulting MCDM approach will already allow
airlines to make more accurate decisions for fleet planning and to make decisions that are

more logical in strategic decisions.

Key Words: Investment Management in Aviation, Fleet Planning, Multiple Criteria
Decision Making

viii



OZET

Havacilik sektorii i¢inde bulundurdugu elementlerle beraber 20. Yiizyila damgasini
vuran ve siirekli gelisim gosteren bir sektor olagelmistir. Teknolojinin hizla gelismesi ve
1978 yilinda havacilikta deregiilasyonun gerceklesmesiyle beraber havaciligin en 6nemli
elementi olan havayollar1 i¢in rekabet cok daha hizli bir sekilde artmaya baslamistir.
Artan bu rekabet biiyiik yatirimlarin yapildig1 ve stratejik kararlarin alindig1 havayollar
firmalarini aldiklar stratejik kararlarin uzun vadeli etkilerini ve sonuglarini ¢ok iyi analiz
etmek zorunda birakmistir. Havayollarinin filolarini hangi stratejiyle biiyiitmesi gerektigi
ve ne yonede gelistirmesiyle ilgilenen filo planlama da, havayollarin1 hem yapisal hem
de finansal a¢idan planlayan bir alandir. Rekabetin artmasi filo planlaminin 6nemini ¢ok

daha giin yiiziine ¢ikarmistir.

Filo planlama, havayolu firmalar1 i¢in dogru hava aracinin dogru zamanda ve istenilen
sartlar dogrultusunda havayoluna kazandirilmasi i¢in kararlar almaktadir. Filoya dahil
edilcek hava aracinin firmaya olan cevresel, finansal ve teknolojik etilerini analiz eder.
Havayollarinin en biiylik yatirimlar1 olan hava araci satin alimi ¢ok iyi bir planlama
cercevesinde yapilmazsa havayollarinin iflasina bile sebep olabilmektedir. Bu sebepe
hava araci se¢imi ve satin alinmasi hava yollarinin en 6nemli stratejik kararlarindan

biridir.

Bu calismada, DEMATEL ve Agirlikli Uzaklik Metrigi temelli degerlendirme yontemi
kullanilarak bir Cok Olgitli Karar Verme (COKV) yaklasimi onerilmistir. Ilk olarak
hava araci se¢imini etkileyen faktorler ve bu faktorlerin biribirini ne derece etkiledigi
hesaplanmis olup bu faktdrlerin olusturulacak olan modelde hava araci se¢iminin kararini
ne derece etkiledigi islenmistir. Bu etkinligin hesaplanmasi icin DEMATEL yontemi

kullanilmistir. 1k asamada karar vericiler tarafindan 6lgiitler belirlenmistir. Bu 6lgtitler



su sekildedir: Satin alma maliyeti, yakit etkinligi, 6deme kosullari, bakim maliyetleri,
sigorta maliyetleri, yer hizmetleri maliyetleri, filo benzerligi, koltuk kapasitesi, kabin
yapist, kargo kapasitesi, ses kirliligi diizeyi, teslim siiresi ve maksimum kalkis agirhigidir.
Kullanilan yontem ile Slgiitler ikili olarak karsilastirilip etki dereceleri karar vericiler
tarafindan belirlenmistir. Belirli bir esik degerinin altinda kalan Ol¢itler elenmis olup
karar vericiyi en ¢cok etkileyen oOlcutler segilmistir. Bunlar satin alma maliyeti, maliyet

etkinligi, koltuk kapasitesi menzil, kargo kapasitesi ve maksimum kalkis agirligidir.

Ikinci adim olarak elde edilen Olgitler ile beraber karar verici igin hangi hava aracinin
satin alinacagi karar1 agirliklt uzaklik yontemiyle belirlenmistir. Karar verici tarafindan
belirlenen hedef ve bu hedefe olan yakinliga gore alternatifler arasindan se¢im
yapilmigtir. Ortaya ¢ikan COKV yaklasimi hali hazirda tarifeli sefer havayollarinim filo
planlamas i¢in daha dogru kararlar verip alacaklari stratejik kararlarda daha mantiksal

hareket etmelerine imkan saglayacaktir.

Anahtar Soézcukler: Havacilikta Yatirim Y&netimi, Filo Planlama, Cok Olgitli Karar

Verme



1. INTRODUCTION

Investment management enables enterprises to take strategic decisions within the
framework of growth in line with the determined objectives and targets in line with the
appropriate resources and conditions. The analysis of these decisions, their financial and
corporate feasibility, their contribution to the company and determination of the possible
outcomes in possible scenarios are under the responsibility of investment management.

Investment management is also a very important place in the aviation sector.

Airlines, aircraft manufacturers and airports, which make up the elements of the aviation
industry, have initial investment and operating costs much higher than other agents, GSA
operators and distributors. For this reason, the decisions taken by these three major
employees as investment management are as important and critical as the first investment
capital of the company. The decision for new market, a new tender offer for an airport
authority or planning of the cutting of production of a product which has been already on
the market due to scarce resources are strategic decisions and these decisions are analyzed

and concluded within the framework of investment management.

Although airlines, aircraft manufacturers and airport operators have high initial
investment costs, airlines have the lowest profit margin and return on capital compared
to the other elements of aviation (Yilmaz, 2006). The competition has progressed very
rapidly due to the fact that airlines are in the service sector and the technology required
to provide this service can be easily purchased. It is estimated that the number of aircraft
operating in the aviation industry in 2029 will be twice that of 2009, which is one of the
peak periods of aviation (Airbus, 2009). Due to this strict competition, some airlines went
bankrupt or came to the brink of bankruptcy and the profits of airlines in the world

fluctuated constantly.



Decisions such as launching flights to a new market for an airline, deciding to leave the
market in which it currently operates, or including new aircraft in its fleet are also
decisions taken and implemented within the framework of investment management of an
airline company. Major airlines also establish fleet management within their own
organization to manage the decision-making process of the aircraft to be included in the
fleet.

Fleet planning is concerned with the type and model of the aircraft that the airlines want
to include in their fleet and the period in which it should enter the fleet. Although the
fleet management of each airline company does not proceed under the same conditions,
there are generally two criteria on which it is based. The first is which aircraft they will
buy; second is when they will be involved in the fleet. While airline companies evaluated
the aircraft that would be included in the fleet from their own perspective in the previous
years, when the competition was not intense, customer satisfaction and security were
included in this perspective in the 21st century (Wu et al., 2012). Fleet planners have to
decide under more difficult conditions for airlines with increased competition. During
the decision stages the unit cost of the aircraft to be purchased must be very low; the

service quality in terms of passengers must also be high (Dozi¢ et al., 2018).

The airline companies take into account the criteria such as the performance and cost of
aircraft and its financial burden on airline. Using a combination of all these, a decision
model is formed and the decision is made for the most suitable aircraft (Dozi¢ et al.,
2018).

Since fleet planning includes both aircraft purchase and aircraft rental, aircraft purchase
is a sub-topic of fleet planning. Purchase of aircraft has advantages and disadvantages
compared to aircraft rental. While easy inventory control, providing tax ease and being
cheaper in the long term are the advantages of purchasing an aircraft, high capital
requirements and low fleet flexibility are also disadvantages. Major 5-star airlines in the

world generally prefer to expand their fleet by purchasing aircratft.



In this master thesis, the criteria that affect fleet planners’ decisions from the purchase of
aircraft for the fleet planning department of an airline company are determined and the
effect weights of these criteria on the fleet planners’ decisions are calculated by
DEMATEL method. These criteria are as follows. Purchasing cost, Fuel effectiveness,
payment terms, maintenance cost, insurance cost, ground handling cost, commonality,
seat capacity, cabin structure, flight range, cargo capacity, noise pollution, delivery time
and take-off weight. These criteria were determined based on the literature review and
fleet management experts’ opinions. The reason for the application of DEMATEL
method is the effect of these criteria on each other and it is important for the decision
makers. A threshold value has been determined and the number of criteria has been

reduced according to this threshold value.

After the determination of the weights, the new generation 4 aircrafts were chosen as
alternatives. The decision was made among these 4 aircrafts. In order to choose best
alternative, the distance of each alternative was calculated from target values by using

weighted distance metric method.

The rest of the thesis is organized as follows;

Chapter 2 involves a literature review about investment management, fleet management,
the problem definition that airlines companies face during aircraft purchasing, criteria.
Chapter 3 presents a multiple criteria decision making framework using DEMATEL and
weighted distance method for aircraft selection. Chapter 4 includes the application of the
proposed approach in Turkish aviation industry. Chapter 5 concludes the thesis and

discusses the further works, which can be done in the future.



2. LITERATURE REVIEW

2.1. Investment Management

Companies, government agencies and foundations are constantly working to carry out the
mission of their organizations and to realize their targeted visions. Organizations make
decisions in order to continue their work and achieve their goals in their management at
all levels. The total of these decisions is tried to reach the target growth of the

organization.

The decisions taken by the organizations are divided into 3 in terms of risk, maturity and

scope.

+ Strategic Decisions
» Tactical Decisions

» Operational Decisions



@trategic Decisions )
» Complex
» Long Term
* Non-Routine
J
\
Gactical Decisions )
* Medium Term
* Less Complex
o J
(- ~ I
Operational Decisions
+ Day-to-day dacisions
* Simple
* Routine
- J

Figure 2.1: The Main Features of Decisions (Sivak & Schoettle, 2012)

Investment management is the totality of strategic decisions taken by organizations to
achieve their goals with minimum cost and maximum efficiency. Investment
management is evaluated within the framework of strategic decisions in terms of
maturity, risk and impact on the organization. Commercial companies continuously
prepare strategic plans to meet the growth targets they set for the following year. The
majority of these plans, which include strategic decisions for the company, are investment

decisions.

Due to being a sector which have also large investments, in aviation sector the importance
of strategic decisions taken in the investment comes to the forefront. Aircraft
manufacturers, airline companies and airports, which are among the most important

members of the aviation sector, are the members which high investments are required.



The risk of the decisions to be taken is very high and it can even lead to bankruptcy of
companies with a possible wrong decision. Because these three members have the lowest
ROI rate which is abbreviation of “return of investment” rate and their investments are

very high.

With the deregulation and fast developing technology in 1978, the airline companies in
the world, especially the American-origin airlines, entered a rapid growth phase.
Competition between the airline companies began to increase very much due to the large
investments made between 1980-2000. From 1980 to 2000, airlines were able to profit
enough to cover just their costs. After 2000, profits of airline companies around the world
started to increase (Wojahn, O. W., 2012). Strategic decisions taken by airline companies
in the 20-year period between 1980-200 have carried them to after the year 2000.

In order to achieve the growth targets for an airline company, the strategic decisions taken

with the focus on investment are as follows:
* Establish a new subsidiary
* Starting flights to new markets
* Fleet planning

Among these investments, fleet planning is allocated more budget and carries high risk.
As the competition in aviation increased much faster after the 2008 crisis, fleet planning

began to emerge as a more important investment.

2.2. Fleet Planning

Fleet planning for an airline company is interested in how many of which aircraft they
will buy in their fleet and when they will be included in the fleet. It is pursuing new
technologies and looking for new technologies to include more suitable technologies for

the airline. In addition, in order to keep the age of the fleet young, the lease or sales



contracts are arranged for the aircrafts, which are, needed to get out of the fleet. Fleet
planning keeps this action constantly on the agenda, as the young age of the fleet will

have a positive impact on the airline company in terms of long-term unit expenses.

In the last 15 years, the airline industry has been going through a period of demand
fluctuating. Therefore, airline companies find it hard to keep up with market changes.
Rapid development of technology led to increased competition in aviation. For this
reason, airline companies have to carry out their supply situation, fleet management and
demand management in a very systematic way (Dozi¢ & Kali¢, 2015). One of the sub-
segments of the fleet investment, which requires major investments for airlines and is

vital, is aircraft selection and procurement.

Fleet planning involves two ways of incorporating new aircraft into the fleet:

» Purchasing aircraft

The process that is concluded during certain negotiations based on mutual agreement with

the manufacturer under certain conditions.

» Leasing aircraft
o Wet Leasing
Leasing the aircraft from another airline company. However, the airline
company leases the aircraft so that leaser Airline Company provides the
crew and maintenance costs
o Dry Leasing
Leasing the aircraft from another airline company. The airline company
leases just the aircraft; but leaser Airline Company does not provide the

crew and maintenance costs



Fleet planning is one of the strategic decisions of an airline company where the capital
needs the most and high budget investments are made. The importance of fleet planning
comes to the fore in three different periods for an airline company. Firstly, a new airline
company should perform the stage at the first moment during its establishment. Once the
capital to be invested is determined, the scheme of how to become an airline company is
determined during fleet planning. It is very important since most of the budget to be used
during the establishment of the company is allocated to fleet planning. The steps in the

table as follow.

‘ FLEET PLANNING ‘

|

| ROUTE PLANNING ‘

|

SCHEDULE DEVELOPMENT

STRATEGIC DECISIONS

= Frequency Planning

* Timetable Development
* Fleet Assignment

* Aircraft Rotations

TACTICAL DECISIONS

*  Pricing \ & Crew Scheduling
* Revenue s Airport Resource
Management — Management
» Sales and Distribution &  Operations Control

Figure 2.2: The Process of Airline Foundation (Belobaba, 2009)

Secondly, it stands out in character change of an airline. Airline companies are divided

into two types according to the way they do business in the world.

e Charter Airlines

e Scheduled Airlines

Charter airlines have not a specific hub; these kind airlines are operating their flights from

one point to another. Scheduled airlines rely on the logic of hub; they are gathering and



distributing passengers via their hub. Charter airlines may want to turn their structures
into a scheduled structure after their rapid growth. This transformation is a strategic
decision for an airline and requires a high budget. At this stage, fleet planning comes to
the forefront in the first place and is a stage that must be overcome for the airline. The
stages of the airline change are as follows.

| FLEET PLANNING ‘

|

‘ HUB SELECTION |

|

‘ ROUTE PLANNING |

l

SCHEDULE DEVELOPMENT

STRATEGIC DECISIONS

¢ Frequency Planning

¢ Timetable Development
*  Fleet Assignment

& Aircraft Rotations

TACTICAL DECISIONS

*  Pricing \ *  Crew Scheduling

s Revenue & Airport Resource
Mansgement ——

* Sales and Distribution * Operations Control

Figure 2.3: The Process of Transformation of Charter Airline (Belobaba, 2009)

Thirdly, it comes to the forefront during the strategic decisions taken by an airline
company in order to achieve the level that it envisages as growth target for each year.
Airlines use the seat supplied per km as metric, which is called briefly, ASK for growth
targets. It is calculated by multiplying the seat to be supplied by the distance to the
planned market.

ASK = Seat Capacity * Distance

Since fleet planning plans its growth target within the framework of this metric, it plans

the planned aircraft purchases for this year in this respect. Due to the fact that flying to a
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long-distance market makes this goal easily accessible, the importance of planned
investments is also increasing. The budget allocated for the growth target is also very
high, because the cost of aircrafts to be purchased for long-distance markets will be high.

This high budget once again emphasizes the importance of fleet planning.

The issue of aircraft selection in the field of fleet planning has been applied in various
fields and academic studies have been carried out on this topic. In the table below, there

is a table of academic studies and brief information about the last 15 years.

Table 2.1: The List of Studies about Aircraft Selection

Author(s) Publication Year Subject Method Used
Bhadra D. 2003 Relationship between selection of aircraft and passenger demands | Standard Multinomial Logit Model
Dekker R. & Listes O. 2005 Senereia based on determining fleet composition The Underlying Deterministic Model
Harsani W. I. 2006 A model for selection aircraft MS Excell Programme improved
Wang T.C. & Chang T. H. 2007 A technic Model for choosing training aircraft TOPSIS
Ozdemir et al. 2011 Aircraft Selection using ANP Metdod ANP
Sunetal. 2011 Improving a MCDM method for selecting aircraft ELECTRE & SAW & TOPSIS
Dosic, S., & Kalié, M. 2013 Reducing cost of aircrafts selected by co.n_siderin passenger FLEET SIZING MODEL
demands and market conditions
Gomes et al. 2014 Improving a MCDM method for selecting aircraft THE NAIADE Method
Dozi¢, S., & Kali¢, M. 2014 Improving a methodology for fleet planning AHP
Dozi¢, S., & Kali¢, M. 2015 Comparing 2 MCDM methods for selecting aircraft AHP & ESM (Even Steps Method)
Dozi¢ et al. 2018 Fuzzy AHP approach to passenger aircraft type selection Fuzzy AHP

Bhadra (2003) has worked on a study which considers relationship between selection of
aircraft and passenger demands by using Standard Multinomial Logit Model and tried to
find the answer to the problem whether the passengers demands are affecting the aircraft
selection or not. Listes and Dekker (2005) have prepared a scenario based on fleet
composition. Harsani (2007) has prepared an aircraft selection model for Saudi Arabia
Airline. Wang and Chang (2007) have offered a technic model to Air Force Academy by
using TOPSIS for choosing training aircraft. Ozdemir et al. (2011) have improved a
MCDM approach to Turkish Airlines for aircraft selection by using ANP method. Sun et
al. (2011) have improved a MCDM method for aircraft selection. Dozi¢ and Kali¢ (2013)
have worked on a study which includes reducing cost of aircrafts selected by considering
passenger demands and market conditions. Gomes et al. (2014) has improved a MCDM
method which is called NAIDE method for selecting aircraft. Dozi¢ and Kali¢ (2014)

have improved a methodology for airline companies’ fleet depatment to select the
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optimum aircraft for their fleet. Dozi¢ and Kali¢ (2015) have compared two different
MCDM methods which are AHP and ESM methods for selecting aircraft to find out the
mot optimum MCDM method for fleet planning.

Fleet planners are responsible for all processes in the selection and purchase of new
aircraft. Airline companies need specific procedures for the rapid implementation of
these processes (Hoff et al., 2010). Fleet planners must take into account both the
corporate and financial risks of the airline and the change of the market with the passenger
perspective. Since short-term demand imbalance will create risks for the airline, so fleet
planners should take steps to minimize these risks (Tsai et al., 2012). While in previous
year the airline companies added new aircraft to their fleets, the unit cost was the most
important parameter that airline companies paid attention. With the increasing
competition, new parameters are added to this parameter (Hoffman, 2009). Because the
increase in competition did not force the airline companies to evaluate the fleet planning
only in terms of the company, but also forced the passengers to evaluate the required

parameters.
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2.3. Problem Definition and Criteria

2.3.1. Problem Definition

With the rapid development of the aviation sector, fleet planning, which has become a
more important issue by separating from investment management, has started to form the
biggest part of the investments to be made by the airline companies for the following
years. In the last decade, airlines have increased rapidly and maintained their profits
consistently except for the global economic crisis in 2009. Particularly based on low
profit margins between 1980 and 2000, post-2000 profit margins were a success for

airlines with low ROIC rates which is the abbreviation of “Return of investment cost”.

The aviation sector is important for governments as it enlarges many sectors. The taxes
collected from the most important revenue sources of the governments affected by
aviation have increased from 45 billion dollars to 129 billion dollars in the last 20 years
(IATA, 2018). For this reason, the airline companies are important and important
investments for the companies are important because the investments are also important.

Therefore, Fleet planning is very important as a pioneer of these investments.

In this study, a model has been tried to be formed about the purchase of aircraft that an
airline company plans to make on behalf of its future investments for the fleet planning
department. Since the model to be created will affect the purchasing decision of the
company, it will be made within the framework of certain criteria. These criteria may
vary depending on the state of the art technology and the growth strategy of the Airline
Company. Opinions of experts were taken regarding the determination of criteria. These

experts are employees of the Turkey's largest airline, Turkish Airlines.

Turkish Airlines was founded in 1933. Turkish Airlines, which is the flag carrier airline

of Turkish Republic, is the world's most performed country since 2015. It has been
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selected as the best airline company in Europe 5 times due to its successes between 2011-
2015.

Turkish Airlines continues to invest continuously for years to come and is one of the
airline companies that are constantly demanding aircraft from aircraft manufacturers.
Aircraft manufacturers do not respond quickly to the demand, as there is not much in the
world. For this reason, large airline companies demand aircraft within a minimum of 10
years of planning. In the table below, there is a table about the most airline companies
that ordered as of September 2019.

Table 2.2: The Order List of Airlines as of SEP 2019 (CAPA, 2019)

1 Lion Air 6 415 19 | 440
2 IndiGo 0 337 30 | 367
3 AirAsia 0 366 0 366
4 Vietlet Air 0 337 0 337
5 Emirates 277 0 0 277
6 United Airlines 72 171 32 | 275
7 Wizz Air 0 270 0 270
8 American Airlines a7 190 29 | 266
9 Delta AirLines 44 137 81 | 262
10 Southwest Airlines 0 261 0 261
11 Qatar Airways 133 105 0 238
12 Flydubai 0 237 0 237
13 | Norwegian Air Shuttle 25 184 0 209
14 SkyWest Airlines 0 0 204 | 204
15 Turkish Airlines 48 147 0 195
16 Lufthansa 84 103 0 187
17 Frontier Airlines 0 184 0 184
18 Spicelet 0 168 15 | 183
19 Aeroflot 17 50 100 | 167
20 | China Eastern Airlines 20 103 35 | 158

Turkish Airlines continues to increase its long-term planned investments. Despite the
loss of Turkish Airlines after the aviation crisis in 2016, short-term investments continued

to shrink, while long-term investments continued to increase. Most of these investments
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are used within the framework of fleet planning. The following table summarizes the

investments of the last 4 years.

Table 2.3: The Table of Investment of Turkish Airlines in last 4 Years!

2015 2016 2017 2018
Short Term Investments | S 62|S 349|S 195|S 519
Lond Term Investment | S 248 | S 295|S 371 S 444
Net Profit S 1.069 | S 771 S 233 S 753

2.3.2. Criteria Definition

At the stage of determining the criteria, a literature review was carried out first. After the
literature review, 14 criteria were decided by including expert opinions. Generally, the
criteria determined by airline companies are determined directly or indirectly in the
direction of decreasing unit expenses. Airline companies calculate their unit revenue
through a metric called CASK used in the aviation industry. It is calculated by
proportioning the total expenses spent for the aircraft to the seat supplied per km. It is

calculated from the following formula.

CASK = Total Expenses / (Seat Capacity*Km)

The fleet planning team has planned as the criteria they usually take into account in their
studies during the long-term investments. There are 3 experts who are consulted for
filling the decision matrix. The first one is working as engineer in the revenue
management department and has 6 years of experience. Two other experts work as
specialist in the fleet planning department and have 7 years of experience in this

department. In this context, 14 criteria were determined.

L http://investor.turkishairlines.com/en/financial-operational/financial-statements/1/2019/all-period
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The defined criteria and definitions are as follows:

1)

2)

3)

4)

5)

6)

7)

8)

9)

Purchase cost: The cost incurred while purchasing the aircraft from the supplier
(Gomes et al., 2014).

Fuel efficiency: The fuel is an important cost item for airlines, so aircraft with
better fuel performance are preferred because they are more cost-effective in long
run.

Terms of payment: Because of the high purchase cost, airlines often use loans in
different currencies when purchasing a new aircraft for their fleet. The payment
plan may vary depending on the type of supplier and the aircraft purchased (Dozi¢
& Kali¢, 2015).

Maintenance cost: Aircrafts are subject to seasonal and compulsory maintenance.
The maintenance cost is crucial in long term (Y1lmaz, 2006).

Insurance of aircraft: Each aircraft is insured before joining the fleet. Insurance
companies determine insurance charges based on various factors such as supplier
company and aircraft type.

Handling costs: Costs applied by airport authorities and ground handling
companies vary according to aircraft type and model. The handling costs are
increasing when the aircraft has the heavier and higher unit volumes.
Commonality of the fleet: Airlines should consider their cockpit crew when
determining the composition of their fleet. As the pilot training varies from
supplier to supplier, if the airline does not have enough pilots who have been
trained for the aircraft the airline bought, it will have to keep that aircraft on the
ground until training a suitable crew (Dozi¢ et al., 2018).

Seat capacity: Seat capacity is one of the parameters that directly affect the
profitability, since airlines are trying to keep the maximum seats in the air (Dozi¢
& Kali¢, 2015).

Cabin structure: Different cabins mean extra income for the airlines due to

passenger preferences. So, the structure of the upper segment cabins such as first
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class, business or premium economy class is also an important parameter for the
airlines.

10) Flight range: The maximum distance that the aircraft can travel from one point to
another without landing. This criterion is important for airlines whose objective
is to reach far and large markets (Gomes et al., 2014).

11) Cargo capacity: Cargo is a critical revenue item for airlines. Although an airline
has cargo aircrafts, the cargo carrying capacity of passenger aircrafts is important
(Dozi¢ & Kali¢, 2014).

12) Noise pollution: Airport authorities of some countries give flight permits
according to the sound level of aircraft during landing and taking off. For this
reason, an aircraft purchased may not be used to certain markets due to the noise
that it generates (Yeh & Chang, 2009).

13) Delivery time: It is an important criterion for airlines to include the aircraft
purchased from the supplier in the inventory as early as possible. While there are
very few companies producing aircraft in the world, the fact that there are too
many airlines makes this supply period very important. Aircraft fleet creates
opportunity cost for the airline during late entry.

14) Maximum take-off weight: Aircrafts must not exceed a certain weight while
taking off. This threshold is called the maximum take-off weight. When this
threshold is high, more passengers, luggage and cargo can be transported by the

aircraft, which provides higher revenue for the airline (Dozi¢ & Kali¢, 2014).

Some of these criteria have been used as a criterion for the models applied in previous
academic studies. The following table shows the criteria used by an academic study
conducted by whom.
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Table 2.4: The List of Academic Studies according to used Criteria

Gomes, L. F. A. M., de Mattos Fernandes, J. E., & de Mello, J. C. C. S 2014
Yeh, C. H., & Chang, Y. H. 2009
Ozdemir, Y., Basligil, H., & Karaca, M. 2011

Purchase cost
Dozié, S., & Kalié, M. 2014
Bruno, G., Esposito, E., & Genovese, A. 2015
Yimaz S. 2006
Gomes, L. F. A. M., de Mattos Fernandes, J. E., & de Mello, J. C. C. S 2014
Fuel Efficiency Sun, X., Gollnick, V., & Stumpf, E. 2011
Ozdemir, Y., Basligil, H., & Karaca, M. 2011
Terms of Payments Dozié, S., & Kalié, M. 2014
Dozi¢, S., & Kali¢, M. 2015]
Yilmaz S. 2006
Maintence Cost Gomes, L. F. A. M., de Mattos Fernandes, J. E., & de Mello, J. C. C. S 2014
Ozdemir, Y., Basligil, H., & Karaca, M. 2011
. Dozi¢, S., Lutovac, T., & Kali¢, M 2018

Commonality of Fleet — -

Dozi¢, S., & Kali¢, M. 2014
SeatlGCapadty Dozi¢, S., & Kali¢, M. 2014
Dozi¢, S., & Kali¢, M. 2015
Cabin Structure Sun, X., Golinick, V., & Stumpf, E. 2011
Gomes, L. F. A. M., de Mattos Fernandes, J. E., & de Mello, J. C. C. S 2014
Yimaz S. 2006
Fligt Range Doz, S., Luto.vac, T., & Kali¢, M 2018|
Sun, X., Gollnick, V., & Stumpf, E. 2011
Dozi¢, S., & Kali¢, M. 2014
Yeh, C. H., & Chang, Y. H. 2009
Cargo Capacity W iz 3. 2006
Doz¢, S., & Kali¢, M. 2014
Noise Pollution Yeh, C. H., & Chang, Y. H. 2009
Delivery Time Ozdemir, Y., Basligil, H., & Karaca, M. 2011
Sun, X., Gollnick, V., & Stumpf, E. 2011
Gomes, L. F. A. M., de Mattos Fernandes, J. E., & de Mello, J. C. C. S 2014
Maximum Take-off Weight|Dozi¢, S., & Kali¢, M. 2015]
Dozi¢, S., Lutovac, T., & Kalié¢, M 2018|
Wang, T.C., & Chang, T. H. 2007




3. DEMATEL and WEIGHTED DISTANCE METRIC

3.1. DEMATEL

The DEMATEL method was developed between 1972-1976 at the Battelle Memorial
Institute in Geneva within the scope of the Human affairs and Science program. It is
often used to solve complex and highly intertwined systematic problems (Tzeng et al.,
2010).

This method also shows the effect of the variables to each other that will affect the
decisions of the decision makers (Hori & Shimizu, 1999). This method associates
variables in this way, which provides a sort between variables. It tries to find out which
variable is dominant for decision-makers. Since the direct affect of a variable to decision

maker’s decision is not correct, the effects of variables to each other are examined

(Rochimah, 2013).

The DEMATEL method is used not only for effectiveness level of criteria but also for
finding out of an impact map of all criteria. The DEMATEL method is dividing the
criteria as cause and effect factors. This way makes easier to have a decision for decision
makers. By building a criteria affect map, decision makers can have their decision easier
(Falatoonitoosi et al., 2013). The initial influence matrix is showing the cause and effects
of each criteria and contextual relationship among the all criteria. This matrix can be
converted a map or a diagram of affect. This map shows the direct and indirect effects of

criteria and helps the decision maker for final decision (Tzeng et al., 2010).
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There is a figure below which is representing an impact map. The factor i is affecting the

factors j and k directly, though it is affecting other factors indirectly.

, .

oo NC
xx/ J

/ ™
\1}
(4) ()

NN

Figure 2.4: An Example of Impact Map (Tzeng et al., 2010).

MCDM methods are used for the problems which have multiple criteria at the same time
and these criteria are both cause and effect criteria. The DEMATEL method is
harmonizing all criteria by dividing to them and building a criteria map for decision
makers (Hung et al., 2012). Building an impact map for criteria makes the more flexible
decision made process. Decision makers can see easily how much any criteria have an
impact on their final decision. There are several areas that DEMATEL method used and

the aviation industry is one of these areas that DEMATEL method used.
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DEMATEL method has been used rarely in Air Transport industry. The table below

shows the studies in aviation industry which have used DEMATEL method.

Table 3.1: The List of Studies which used DEMATEL method in Aviation Industry (Dozi¢, 2019)

|
Liou et al. 2007 Aircraft Safety
Tsai & Hsu 2008 CSR Programs
Hsu et al. 2010 Safety Management Systems
Liou & Chuang 2010 Ground Handlers Selection
Wang et al. 2011 Service Quality
Liou 2012 Strategic Alliance Partner Selection
Chang et al. 2015 CSR Programs
Leeetal 2018 CSR Strategy
Lin & Vlachos 2018 Improving Service Quality

Liou et al. (2007) and HSU et al. (2010) have used DEMATEL method for safety
programs in aviation industry. Tsai and Hsu (2008), Chang et al. (2015) and Lee et al.
(2018) have worked on studies which consider CSR programs by using DEMATEL
method. Liou and Chuang (2010) have used DEMATEL method for selection of ground
handler for airline companies. Wang et al. (2011), Lin and Vlachos (2018) have used
DEMATEL method for improving airline service quality. Liou (2012) has used
DEMATEL method for selecting strategic alliance partner for Airline Company.

In this research, DEMATEL methodology is used to calculate the importance degrees of
aircraft selection criteria which are determined by experts. Then, some of them are

eliminated from the list using a threshold value.

The steps required to implement this method are as follows:

i.  Calculation the initial criteria matrix which is called A matrix. This matrix

is obtained from decision maker and score of each criterion affecting each
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other is calculated. The decision maker gives score each criteria from 0 to

4. The scale is defines as below:

Table 3.2: Table Scale using for relationships between criteria (Tzeng et al., 2010)

0 No influence

Low influence

2 | Moderate influence
3 | Strong influence
4 | Extreme strong influence

ii.  After obtaining the initial matrix, it is needed to normalize the initial matrix
to obtain D matrix. Therefore the formula as follows will be used for the

normalization (Hsu et al., 2012)

D=s.A, where

1 1 (3.2)

s=min . , -
max]sisn Z‘au ‘ max]sisn Z‘alj ‘
j=1 i=1

iii.  In the next step , T matrix which is called the total relatin matrix must be

obtained by using the formula as follows (Rochimah, 2013):

T=D(1-D)* (3. 2)
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Iv.  In the next step, the importance and relation indicators must be calculated.
The T matrix represents the structure showing the relationship between the
criteria.  Importance and relationship indicators explain the general
character of the matrix. A positive value of the relation indicator confirms
that the given criteria constitutes the cause, whereas a negative value proves
the effect character of the criteria. The absolute value of the indicator
defines the intensity of the effect nature of the object. These indicators are

calculated with formulas as follows (Rochimah, 2013).

rl nxl — (Z} 1 1]) (3-3)

nx1

c= cl 1xn — (Zl 1 l])lxn (34)

v. In the next step, the weight of each criteria is calculated by using the

formula as follows (Dalalah et al., 2011).

wi = ((ri + j)? + (ri - ¢j)?)"? (3.5)

vi. In the final step, the weights need to be normalised with the formula as

below.
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w; = o (3.6)

3.2. Weighted Distance Metric Based Evaluation Method

The weighted distance metric method is used to measure the distance of each alternative
for each criteria from the target criteria. Decision makers first set a target for each
criterion in order to make decisions with the specified criteria. With this method, the
distance of each alternative to the targets set for the criteria is calculated. The alternatives
can be ranked by using deviations from the target product criterian values (Alptekin &
Karsak, 2011).

There are several step to apply this method:

1. In first step, the alternatives with the criteria which are selected must be normalised.
Since all values for each criteria are on different scales. For normalization, the

formulas as below can be used:

For benefit criteria

X (3.7)

Xnormalised = Xoman
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For cost criteria

Smin (3.8)

Xnormalised = X

2. Specify the target values for each criteria by the decision maker.
3. Normalized target values by using the equations which are used for criteria
4. Calculation of distance metric for each alternatives from the target values by using

the formula as follows (Alptekin & Karsak, 2011).

K . 1/p
df = (T (max(0, () —xz))?) "~ , p=12k=12...5s (3.9)

5. For each alternative the distance to the target are calculted. The alternative which has
the smallest distance is selected.



4. MCDM APPROACH BASED ON DEMATEL and WEIGHTED
DISTANCE MEASURE FOR FLEET PLANNING

In this thesis, the model for fleet planning will be examined in two stages. In the first
stage, the criteria will be determined and the weighting of these criteria for decision
makers will be calculated. In the second stage, the final decision will be made amongst

the alternatives by using these criteria and weights.

4.1. Determination of Criteria using DEMATEL Method

DEMATEL method is used for the selection and weighting of criteria in the model which
is intended to be applied for fleet planning decisions. 14 criteria which have been
important for the company in the last 3 years have been determined by using the

information of the Turkish Airlines fleet planning experts. These criteria are as follows:
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Table 4.1: The Table of Criteria

C1 Purchase cost

C2 Fuel efficiency

Cc3 Terms of payment

c4 Maintenance cost

C5 Insurance charges

C6 Handling costs

C7 Commeonality of the fleet
C8 Seat capacity

Cc9 Cabin structure

C10 Flight range

C11 Cargo capacity

C12 Noise pollution

C13 Delivery time

C14 Maximum take-off weight

Decision makers made comparison of these criteria in pairs. Decision-makers rated how
much these criteria affect each other on a scale. This scale is between 0-4 indicated in

the literature study. The scale is as follows:

Table 4.1: The Table of Scale

No influence

Low influence

Moderate inflence

Strong influence

| W DN | O

Extreme strong influence

The comparison matrix of the criteria determined by the decision-makers is as follows.
This matrix is called the A matrix.
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Table 4.2: The Initial Matrix
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Once A matrix has been obtained, this matrix must be normalized. The parameter s is

obtained using the formula (3.1).

1 1

S=min

n ! n
max,.;_, 3 (8| Max,.., > ay|
j=1 i=1

(3.1)

The maximum values of columns and rows obtained by this formula and the s value is

0,03030303

After obtaining s parameter, with the help of formula as follows D= s.A, it will be

normalized and obtained D matrix.
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Table 4.3: The D Matrix

Cl |C2 |[C3 |C4 |C5 [C6 |[C7 |C8 |C9 |C10|cCc11iC12|C13|C14
C1 |0,00{0,09/0,09|0,06)|0,06|0,00|0,00/0,00|0,00(0,03|0,00/0,00|0,00/0,00
c2 |0,12|0,00/0,03|0,06/0,03|0,00/0,00|0,09/0,03|0,03]0,09|0,00|0,00|0,06
C3 10,09/0,00/0,00/0,00{0,09]/0,00{0,00{0,00/0,00]{0,00]{0,00]/0,00]{0,03]|0,00
C4 |0,06|0,00/0,03|0,00/0,09|0,00|0,09/0,00|0,00(0,00{0,00/0,00|0,00/0,00
C5 (0,00(0,00/0,00|0,00/0,00|0,00|0,00/0,00]0,00(0,00{0,00/0,00|0,00/0,00
C6 10,03/0,00/0,00/0,03/0,00/0,00/0,00/0,03/0,00/0,00/0,03/0,00/0,00/0,12
C7 10,06/0,00/0,00/0,09]/0,03/0,00]{0,00{0,00/0,00]{0,00|{0,00]{0,00|0,03]|0,00
c8 10,09|0,06/0,00|0,03/0,00|0,06/0,00|0,00/0,06|0,03]0,06|0,00|0,06 0,06
c9 (0,09/0,03/0,00{0,00/0,00{0,03/0,00|0,09/0,00{0,00|0,06|0,00|0,03|0,06
C10/0,09/0,09/0,00/0,00|{0,00]/0,00|{0,00|0,09]/0,06]|0,00{0,09]|0,00|0,00|0,00
C11/0,09/0,06/0,00/0,00]/0,00/0,06]/0,00]|0,06/0,00/0,00|0,00/0,00/0,00|0,06
C12/0,09/0,00/0,00/0,00/0,00/0,09]/0,00]0,00/0,00]{0,00]{0,00]/0,00]{0,00|0,00
C13/0,09/0,00/0,12|0,00|0,00|/0,00|{0,00|0,00/0,00|0,00|{0,00]{0,00|{0,00|0,00
C1410,09/0,12/0,00/0,06|0,00/0,09/0,00]/0,12]0,06|0,09|0,09]0,00|0,00| 0,00

In the next step, T matrix is obtained by using formula as follows T =D(I - D). Obtained

T matrix is as below:

Table 4.4: The T Matrix

Cl |C2 |[C3 |C4 |C5 [C6 |[C7 |C8 |C9 |Cc10jc11icCc12|Cc13|C14
C1 |0,03/0,10/0,10/0,07/0,08/0,00/0,01/0,01/0,01/0,04/0,01/0,00/0,00/0,01
c2 10,18]0,05/0,05/0,08/0,06/0,02/0,01/0,12/0,05/0,05/0,12/0,00/0,010,08
c3 10,10/0,01/0,01/0,01]{0,10/0,00]/0,00|0,00/0,00]{0,00|0,00]|0,00|0,03]|0,00
C4 10,07/0,01/0,04/0,01]{0,10/0,00]/0,09]0,00/0,00]{0,00|0,00]/0,00|{0,00|0,00
C5 10,00{0,00/0,00/0,00{0,00/0,00]/0,00]{0,00/0,00]{0,00]0,00]/0,00]{0,00|0,00
C6 10,06/0,03/0,01/0,05/0,01/0,02/0,00/0,06/0,01/0,02|0,05/0,00/0,00|0,13
C7 10,07{0,01/0,01/0,10|0,05/0,00]/0,01]0,00]/0,00]{0,00|0,00]|0,00|0,03|0,00
c8 10,15/0,10/0,03/0,05/0,02/0,08/0,00|0,04/0,07/0,05/0,09/0,00/0,07|0,09
c9 10,14]0,07/0,02/0,02/0,01/0,05/0,00/0,12/0,02|0,02|0,09/0,00/0,04|0,08
C10/0,14]0,13/0,02/0,02|0,02/0,02/0,00/0,12/0,07/0,01/0,12/0,00/0,01|0,03
C11|0,13]0,09/0,02/0,02/0,01/0,08/0,00/0,09/0,01/0,02|0,03/0,00/0,01|0,08
C12/0,10/0,01/0,01/0,01/0,01/0,09/0,00/0,01/0,00/0,00/0,01/0,00/0,00/0,01
C13/0,11/0,01/0,13/0,01|0,02/0,00/0,00|0,00/0,00|{0,00|0,00]/0,00|{0,00|0,00
C14/0,18/0,17/0,03/0,09/0,03/0,12/0,01/0,17/0,09/0,11/0,14 /0,00 /0,01 /0,05
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After obtaining the T matrix, r and ¢ parameters, which are the significance and
relationship values of the criteria, are calculated. These parameters are obtained using
the following formulas (3.3) and (3.4).

r= [ri]nxl = (Z?:l tij) (33)

nx1

¢ = [edim = (B4 tij)lxn (3.4)

The r and ¢ parameters of each criterion obtained by these formulas are as follows:

Table 4.5: The Table of r and ¢ Parameters

Criteria r Cc
C1 0,48 1,45
C2 0,88 0,78
C3 0,26 0,47
C4 0,34 0,55
C5 0,00 0,51
C6 0,46 0,48
C7 0,28 0,14
C8 0,84 0,74
C9 0,67 0,34
C10 0,72 0,32
Cl1 0,58 0,66
C12 0,27 0,00
C13 0,29 0,23
Cl4 1,20 0,57
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After calculating these parameters, the impact weight of each criteria on the decision of

the decision maker is calculated by the following formula (3.5).

wi = ((ri + ¢))? + (ri - ¢))H)Y? (3.5)

However, it is necessary to normalize the weight values obtained with this formula. The

following formula (3.6) is used for normalization.

(3.6)

The first calculated weights and normalized weights of each criterion are as follows:

Table 4.6: The Weight of all Criteria

Criteria | wi wi normalized
Cl 1,94 13,3%
C2 1,66 11,4%
C3 0,74 5,1%
C4 0,89 6,1%
C5 0,51 3,5%
C6 0,94 6,5%
C7 0,42 2,9%
C8 1,58 10,9%
C9 1,01 6,9%

C10 1,04 7,2%
C11 1,24 8,5%
C12 0,27 1,8%
C13 0,51 3,5%
Cl4 1,78 12,2%
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Since the problem would be much more complicated if all these criteria were processed,
the decision makers decided to use the criteria, which its weight more than 7%, in the
decision process. Thus, six of the 14 criteria will affect the outcome of the decision-

making process. These criteria are as follows:

Table 4.7: The Table of Selected Criteria

Criterion wi wi normalized
C1 Purchase Cost 1,94 13,3%
C2 Fuel Efficiency 1,66 11,4%
C8 Seat Capacity 1,58 10,9%
C10 Flight Range 1,04 7,2%
Cl1 Cargo Capacity 1,24 8,5%
Cl4 Maximum Take-off Weight 1,78 12,2%

Purchasing cost is the most important parameter among the criteria. As the first
investment cost that comes to the forefront in every company's important investments,
price is very important for airline companies in purchasing aircraft. Fuel performance is

also an important criterion for airline companies in order to reduce long-term costs.

Airline companies demand high capacity for such investments to get minimum cost and
maximum efficiency. Capacity means increased revenue. Likewise, cargo capacity
indirectly leads to an increase in revenue. 30% of the revenues of the major airline
companies is composed of cargo revenue. Passenger and cargo capacity has an effect on
take-off weight. Therefore, this parameter is a high benefit criterion for airline

companies.

While the flight range did not come to the forefront in previous years, with the growth of
the airline sector and the increase in competition, companies want to reach farther markets
with less cost. In recent years, it has been an important criterion for the purchase of

aircraft especially for flight range airlines.
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4.2. Ranking the Alternatives with a Weighted Distance Based Measure

A distance measure based on a weighted distance metric is employed to select an
alternative from 4 hypothetical alternatives. Two of the criteria, namely the purchasing
cost and the fuel efficiency, selected for the evaluation of these alternatives are cost-type

criteria, and the rest are benefit-type criteria. The assessment values for each alternative

under each criterion are shown in the table below.

Table 4.9: Performance Values of Alternatives

C1($) C2() [ C8 | c1o(km) | C11(m®) | Cl4(kg)
Al | 351.400.000 | 2,82 |467| 14816 176.3 447700
A2 | 206.800.000 | 2,6 |270| 15186 1245 227950
A3 | 317.400.000 | 2,81 |315| 15001 1495 280000
A4 | 403.900.000 | 327 |525| 15201 181.4 575000

Since the data in this table are on different scales, they should be normalized. The

following formulas (3.7) and (3.8) are used to normalize the data in the table.

For benefit criteria

Xnormalised =

X

Xmax

(3.7




For cost criteria

The normalization table obtained after the calculations is as follows:
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Xmin

Xnormalised = X

Table 4.10: Normalized Performance Values for Each Alternative

C1 C2 C8 C10 Cil1 C14
Al 0,59 0,92 0,89 0,97 0,97 0,78
A2 1,00 1,00 0,51 1,00 0,69 0,40
A3 0,65 0,93 0,60 0,99 0,82 0,49
A4 0,51 0,80 1,00 1,00 1,00 1,00

(3.8)

Fleet-planning experts should set goals for each criteria. The set target values are shown

in the table below.

Table 4.11: Target Values for Each Criterion

C1($)

c2(l)

C8

C10(km)

C11(m?)

C14(kg)

Target

150.000.000

2,9

320

15000

150

250000

These data should also be normalized. The normalized table is as follows. The formulas

used for the criteria for normalization are used.

Table 4.12: The Normalized Table of Target Values

C1

C2

C8

C10

Cl

C14

Target

1,38

0,90

0,61

0,99

0,83

0,43

Once these values are obtained, the distance from each alternative is calculated using the

following formula (3.9).
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1/p

dk = Z w;j (max (0, (x; — xj)))P , p=12k=12,...5 (3.9)
J

In this application, the calculation for a p value will be made. In case of close values, it
is appropriate to calculate for other values. If the values are not close, the other values
do not need to be calculated. The criterion distances calculated for each alternative are

shown in the table below.

Table 4.13: The Calculated Distance of Alternatives from Target for each Criteria

C1 C2 C8 C10 Cl1 C14
Al 0,105 | 0,000 | 0,000 | 0,001 | 0,000 | 0,000
A2 0,050 | 0,000 | 0,010 | 0,000 | 0,012 | 0,005
A3 0,097 | 0,000 | 0,001 | 0,000 | 0,000 | 0,000
A4 0,115 | 0,012 | 0,000 | 0,000 | 0,000 | 0,000

Total distances are as follows.

Table 4.14: The Total Distance of each Alternative

Total Distance
Al 0,106
A2 0,077
A3 0,098
A4 0,127

In the light of these results, A2 type aircraft is the most suitable option among the

alternatives using the target values determined for the criteria.



5. CONCLUSION

Fleet planning is strategic investment decisions that cost huge costs for airline companies.
Fleet planning is an important area not only for airline companies but also for companies
in many sectors such as logistics, rent a car etc. Commercial companies make decisions
for fleet planning periodically in order to keep the productivity at the highest level and to
achieve the growth targets.

Airline companies need intensive analysis when deciding on the aircraft, which is the
most important investment on behalf of their companies, both for their own passengers
and for their passengers. The rapid increase in competition has forced the airline
companies to evaluate aircraft selection in terms of passengers. Passengers in some
markets pay attention to the aircraft they use when traveling. Airline companies also have
to pay attention to certain criteria from their point of view, because large investments may
start difficult processes for companies to return. Analysis, which are not good made, may
have consequences for the financial statements of the companies. Therefore, fleet
planning is an investment that needs to be made based on a model within the framework

of certain procedures and rules.

In this study, a road map has been developed for airline companies to evaluate and plan
their fleet planning with the criteria they consider important from their point of view. The
selection and evaluation of the criteria and the determination of the effects of these criteria
on their decisions are left to the employees of the airline companies. Airline companies
can choose the most appropriate alternative for their interests in order not to go beyond

the targets they set and to force the companies financially.
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In future studies, the risk of each alternative for the company can be calculated within the
framework of fleet planning. This risk criterion can be evaluated by the company

authorities as a result of the studies and the effect of the result can be taken into account.
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