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The aim of this study is to evaluate the major airports in the scope of air-cargo

ABSTRACT according to the selected criteria in the global scope and to compare the airports. For
Keywords this purpose, New Istanbul Airport, Germany Frankfurt Airport, Singapore Changi
Airport and Memphis International Airport in the United States were included in the

Airport, scope of the review. In this study, the literature was reviewed in detail and 9 criteria
Air Cargo, were determined. TOPSIS (Technique for Order Preference by Similarity to Ideal
Logistics, Solution) method was used for the analysis of these criteria. According to the results of
TOPSIS. the analysis and approved that, Istanbul New Airport is in the first rank according to

the 4 selected airports and 9 selected criteria.

YENI iISTANBUL HAVALIMANI'NIN KURESEL BiR KARGO USSU OLARAK TOPSIS
YONTEMIYLE DEGERLENDiRILMESI
Bu c¢alismanin amaci, hava-kargo kapsamindaki énemli havalimanlarinin segilen

0z kriterlere gére kiiresel kapsamda degerlendirilmesi ve havalimanlarinin
karsilastirilmasidir. Bu amaca yénelik olarak, Yeni Istanbul Havalimani(IGA), Almanya

Anahtar Kelimeler Frankfurt Havalimani(FRA), Singapur Changi Havalimani(SIN) ve Amerika Birlesik
. Devletleri’nde bulunan Memphis Havalimani(MEM) inceleme kapsamina alinmistir. Séz
Havalimani, . .. .. . . .
Hava Kardo konusu calismada detayl literatiir taramasi yapilmis ve secici 9 kriter belirlenmistir.
L "{t'k 90 Yapilan ¢calismanin analiz siirecinde ise TOPSIS(Technique for Order Preference by
TcglljS;S’ Similarity to Ideal Solution) yénteminden yararlanilmigtir. Yapilan analiz sonucuna

gére, Istanbul Yeni Havalimani karsilastirilan 4 havalimani ve secilen 9 kritere gére
birinci sirada yer aldigi kanitlanmigtir.
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1. INTRODUCTION

In recent years, the development of logistics has been getting faster and more
complicated as in many fields. Logistic operations, which were carried out at a slow pace
and smoothly in the past, have so far undergone some changes similar to those in many
industries. It is the most important and the most popular phase of logistics. Included in
the primary industries that should exist in life, transportation is one of the indispensable
things in human life. Thanks to the developing transportation systems, smooth access,

delivery and comfort have started to take place in human life.

Air transportation plays an important role in the development of logistics and
transportation. This is mainly due to the fact that it can save time and offers the capability
to carry sensitive products requiring greater attention by air. In other words, the
transportation of food, medical supplies, livestock, valuable commodities, medical
products and hazardous materials that may deteriorate in a short time indicates the
indispensable importance of air transportation. Given the aforementioned points, air

transport has an indispensable importance for the logistics industry and transportation.

Today, the increasing air cargo traffic caused by globalization has made airports 126
more significant for the national economy. Therefore, international airports greatly
contribute to international trade and economies of countries, because countries are in a
fierce competition with each other regarding foreign trade. Countries constantly invest in
the transportation industry to take the lead in competition between each other. The
construction of the new Istanbul Airport is a positive action to enhance Turkey's role in

foreign trade.

This study is intended to assess the new Istanbul Airport globally based on the
selected criteria and to compare it to Germany's Frankfurt Airport, Singapore's Changi
Airport and Memphis Airport in the United States, which are the major airports of other
countries regarding air cargo, according to the given data. The TOPSIS (Technique for
Order Preference by Similarity to Ideal Solution) method was used in the analysis process

of this study.

This study has many unique aspects compared to the studies in the literature. First,
the existence of few studies in the literature for Istanbul Airport makes this study far more
important. In addition to the mentioned point, the conduct of a study on Istanbul Airport

using the TOPSIS method makes the novelty of this study clearer. Considering all these
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points mentioned, the thought is that it will make a valuable contribution to the literature

both in terms of methodological novelty and due to the analysis of Istanbul Airport.

This study has five parts. The first part is the introductory part that includes basic
and theoretical information. In the second part of the study, a literature review will be
carried out, summarizing similar studies in the literature. The third part will detail the
method used in the study, providing formulas. The fourth part will include the details of
the application based on the comparison of Istanbul Airport to other airports. The

suggestions for the results obtained will be given in the last part.
2. LITERATURE REVIEW

Altin et al. (2017) ranked the performances of the 20 largest airports in Europe in
terms of the number of passengers. These airports were ranked by multi-criteria decision-
making methods and assessed by data envelopment analysis. The weighted values of
criteria were calculated by the ENTROPI method. The study revealed that half of the 20

airports were operating effectively and other airports needed to enhance their efficiency.

Bakir and Akan (2018) assessed the service quality of the busiest airports in
Europe. 8 service quality criteria were determined. The weighted values of criteria were 127
calculated by the ENTROPI method. Airports were assessed using the TOPSIS method. The
study established that the airport with the highest service quality was Munich Airport,
and suggested that a significant improvement in quality performance would be seen with

the new Istanbul Airport coming into operation.

As part of their study, Uzulmez et al. (2018) compared Istanbul Airport and Seoul
Incheon International Airport in terms of integrated transportation. This study aimed to
compare the current and future modes of transportation in various ways. As the method,
the comparison by qualitative research methods was chosen. Upon the research
conducted, it was concluded that the rail and maritime modes of transportation are the
two key factors that would reduce the burden of road transportation at Istanbul Airport.
Uzulmez et al. (2018) remarked that it was highly difficult for an airport to maintain its

hub position without a qualified transportation system integration.

Kupfer et al. (2013) investigated the analysis of airport selection for cargo
operations in Europe. They conducted the said study due to the lack of literature on

airport competition. The multiple LOGIT model was used as a method, and a survey was
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employed. 26 airlines were selected as part of the study. The results of the study
demonstrated that the presence of shippers was the most important factor. Additionally,
relocating cargo operations to non-busy airports was offered as a suggestion. It was

revealed that more studies were needed on the supply chain for the selection of airports.

As part of their study, Chung et al. (2015) examined the operational efficiency of
international cargo airports in the Asia Pacific region. In their study, the multi-
dimensional scaling approach was used as the method. 11 airports operating as an
international cargo airport in the Asia Pacific region were identified, and classification
was done based on the criteria set according to the airports. The result of the study
established, considering the operational efficiency, that Hong Kong International Airport
had more advantages due to its over 100 connections to 160 cities and 40 cities in China.
However, it was found that Incheon Airport was more efficient according to the criteria of
the number of runways, gates, load terminal areas and facilities. On the other hand, the
study suggested that Hong Kong Airport was expected to become a cargo base in the

future.

As part of their study, Larrodé et al. (2018) investigated the analysis of
opportunities for an airport to grow as the one specializing in cargo. The study used the 128
AHP method. To that end, Zaragoza Airport was analyzed. Expert opinions were used by
employing the AHP model. The study established that the factors related to airport
charges and transportation costs were the most effective factors for the growth of air

cargo logistics.

The study conducted by Durak (2016) aimed to set the criteria affecting airline
selection in the air cargo transportation industry and to estimate the significance level of
these criteria. The study encompassed Turkey's air cargo industry to analyze, using 4
airlines operating in Turkey for application. One of the mathematical decision-making
methods, AHP was used in the analysis process. The result of the related study revealed
that the criterion with the highest significance was the “Price” criterion with 45.4%,
followed by the “Speed” criterion with 17.3%, based on the significance level of key

criteria.

The study carried out by Yavas and Ozsoy (2013) investigated the air cargo
industry. Within the scope of the study, they addressed the Turkish air cargo industry and

investigated its position in Europe. The study included the air cargo statistics of some
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airports in Europe. The result of the study provided some suggestions for Turkey to have
alarger share in the European market, such as the planning actions required to foster and
encourage air cargo activities at other national airports and the projects aiming at the

establishment of cargo villages in regions near to airports.

As part of their study, Ozcan et al. (2018) investigated the optimum flight point
selection by using multi-criteria decision-making methods. The Analytical Hierarchy
Process (AHP) was used as the method to identify the weighted values of criteria. The five
cities used to select the flight point were ranked employing the TOPSIS method. Based on

data analysis, the optimum choice for flight point alternatives was identified as Abu Dhabi.
3.STUDY METHOD

This part outlines the TOPSIS method and its stages;
3.1. TOPSIS

The TOPSIS (Technique for Order Preference by Similarity to Ideal Solution)
method requires few input parameters from its user, resulting in outputs that are very
easy to comprehend. When making a decision by this method, it is expected that an
alternative chosen will be close to the positive ideal solution and distant from the negative 129
ideal solution. If our goal is profit, the closeness to the positive ideal solution means
maximizing the profit, and the distance to the negative ideal solution means minimizing
the cost. In other words, the TOPSIS method choses the alternatives that are close to the
positive ideal solution and distant from the negative ideal solution. The TOPSIS method is
one of the most common techniques used in the literature due to its rationality and ease
of comprehension, simplicity in calculation and the possibility of weighting assessment
criteria (Cakir & Percin, 2013, 452; akt. Ertugrul I, & Ozcil, A. (2014)). The steps of the
TOPSIS method are given below.

Step 1: Define the Problem: As with other decision-making methods, the first phase of
the TOPSIS method is to define the problem clearly after identification. Defining the
problem is very important in terms of setting the criteria properly and making sure that

there are no omissions.

Step 2: Set Criteria: In this phase, all the necessary criteria for the solution of the problem
and all the alternatives subject to assessment should be set completely so that relations

are analyzed and identified in the most accurate way.
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Step 3: Develop the Decision Matrix: In the lines of the decision matrix, the decision
points whose superiorities are wanted to be listed and in the columns, there are
evaluation factors to be used in decision making. Matrix A is the starting matrix created
by the decision maker. Following the identification all criteria and alternatives, the
decision matrix is developed for alternatives by obtaining and combining the data of each

criterion. This matrix can be shown as follows;

FACTORS
_‘11: - ”:n_
gy Gy - Ay
DECISION
A{.:=
_ﬂm'. aml 'ﬂnm_

In the matrix aij, m gives the number of decision points, n the number of evaluation
factors. The sum of the weighted values of the criteria to be used with the decision matrix
for such a Multi-Criteria Decision Making problem is used as the W vector equal to 1. For 130
the weighted values of criteria whose sum is not equal to 1, the mathematical operations
performed should be checked and the errors made during these operations should be
corrected. The weighted value of criteria should be calculated such that their sum is equal

to 1.
W = [W1Ri11 + W2 R1z2 ....... WnRmn] =1

Step 4: Normalize the Decision Matrix: The decision matrix should be normalized
before starting calculations to be made by the TOPSIS method. The operation is performed
using the square root of the sum of squares of the elements in each criterion column. Each
element is normalized by dividing it by the square root of the sum of squares of the column

to which it belongs. The normalized decision matrix is calculated as follows.
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Step 5: Weight the Normalized Decision Matrix: In this phase, all the normalized
decision matrix values are weighted by multiplying the significance weight of each

criterion.

whn, wn, .. wn, Vii Voo Yy
Wiy, Wyl . WD, Vy Vyp o e Yy
VlJ = = ViJ =
(Wi, W0, W] (Vi Vw2 = Vi |

131
Step 6: Establish Positive Ideal and Negative Ideal Solution Values: After the

weighted normalized matrix (V matrix) is found, the maximum values of each column are
determined, subject to adherence to the structure of the problem. In other words, the
maximum values for each column are determined, if our goal is maximization. These
maximum values are our positive ideal solution values. Then, the minimum values of each

column are calculated. These are negative ideal solution values (Muhlis Ozdemir, pg.137)

Positive ideal solution values:

A= {(III aX vy including ]
i

— A" = {v; Vo s eues V;} Maximum values for each column,
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Negative ideal solution values:

A = {(min v;| including ]
i

= AT = {VI!V"—& ey v;} Maximum values for each column.

Step 7: Calculate Distance Values: In this phase, the distances from each alternative to
negative ideal and positive ideal solutions will be calculated. The Euclidean distance is
used when calculating values of distance from positive ideal and negative ideal points. The
attempt is made to establish the shortest Euclidean distance from the ideal solution and

the longest distance from the negative ideal solution (Dora, pg. 137-138).

Positive ideal distance:

n
* ]
i=

Negative ideal distance:
132

ST =.[>.(v;—v;)
i=1

Step 8: Calculating the Relative Closeness: The method is based on the reasoning that
the alternative that is most distant from the negative ideal solution is the one that is closer
to the positive ideal solution, where the relative closeness values of alternatives are
calculated for the final evaluations as follows.

oS
YOS[ 48]

Step 9: Rank Alternatives: Since the relative closeness value for each alternative is
calculated depending on the distance from the negative ideal solution, the alternative with
the highest relative closeness value is the most ideal alternative. To evaluate other

alternatives included in the problem, all alternatives are ranked from high to low.
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4. APPLICATION

Step 1: Define the Problem: It is the step where the new Istanbul Airport is assessed
globally based on the selected criteria, and compared with major airports of other

countries in relation to air cargo.

Step 2: Set Criteria: A wide variety of criteria that affect the global assessment of airports

are used. In the light of the literature review, the criteria are set as follows:
C1: Number of Terminals
C2: Cargo Traffic
C3: Passenger Traffic
C4: Distance from the Airport to the City Center
C5: Area
C6: LPI Score
C7: Cargo Logistics Competence
C8 Passenger Capacity 133

C9: Number of Current Active Airlines

The 9 criteria listed above are the most basic criteria used to assess airports. These
criteria can be differentiated in parallel with requirements. During the solution of the
problem, the names of these criteria will not be used individually. Instead, the criteria
codes given at the beginning of each item will be used for convenience. The following part

will analyze these criteria before proceeding with the solution of the problem.

Number of Terminals (C1): The airport terminal is an airport component which is built
to allow passenger to step into the airport and board the plane before the final departure,

and serves as an important criterion for assessing airports.

Cargo Traffic (C2): Cargo traffic is a criterion that plays a very important role in
comparing airports within the scope of air cargo. Cargo traffic data is provided monthly

by airports. Additionally, the Cargo traffic of airports affects national economies.

Passenger Traffic (C3): Passenger traffic is the sum of passengers going to and from

airports.
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Distance from the Airport to the City Center (C4): Airports are constructed in the outer
parts of the city. Another important criterion for people and companies to prefer airports,

especially in crowded metropolises with intense traffic, is the distance to the city center.

Area (C5): The area is the size of the land on which airports are constructed. The facilities

of airports are determined by the size of the area.

LPI (Logistics Performance Index) Score (C6): The Logistics performance index aims
to create a competitive environment between countries and seeks to assess the
circumstances to enable countries to improve their logistics performance. The LPI
provides detailed information about the logistics environment, key logistics processes

and organizations of the countries and their time and cost performance.

Cargo Logistics Competence (C7): This criterion relates to the developed countries in
logistics. The airports of countries that are highly competent in cargo logistics will be at
the forefront of air cargo. The cargo logistics competence of countries is set by the World

Bank every year (2018).

Passenger Capacity (C8): It is the maximum number of passengers that an airport can

accommodate. 134
Number of Current Active Airlines (C9): This criterion is the number of active airlines
at an airport, engaged in passenger transportation and trade activities.
Step 3: Develop the Decision Matrix: A decision matrix that contains airports and
assessment criteria is developed. The data is taken from the airports' own websites and
the statistics of the State Airports Authority. All criteria are equally weighted. The
resulting decision matrix is shown in Table 1:
K1 K2 K3 K4 K5 K6 K7 K8 K9
ISTANBUL AIRPORT 2 648892 66691172 35 76,5 3,15 3,05/ 90000000 150
FRANKFURT AIRPORT 2 5232138 20416897 12 23 42 4,31 95000000 98
MEMPHIS AIRPORT 1 2333942 1251868 19 39 3,89 3,87/ 25000000 50
CHANGI AIRPORT 4 502000 17610000 24 54 4 4,1] 85000000 120
max max max min max max max max max
Weights 011111111 011111111t 0111111111} 0, 11111111L) 0,111 111111{ 0,111111111) 0111111111} 0,111111111] 0,111111111
Ideal 4 2333942 66691172 12 76,3 42 4,31| 95000000 150
Non-ldeal 1 502000 1251368 35 23 3,15 3,05/ 25000000 50

Table 1: Decision Matrix
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Step 4: Normalize the Decision Matrix: For normalization of the decision matrix, the

values under each criterion are normalized by dividing them by the square root of the

sum of the squares of all alternatives for that criterion.

K1 K2 K3 K4 K35 K6 K7 K8 K9
ISTANBUL AIRPORT -0,30151134)  -0,079921903 0.5 0] -0.83765198 0 0] -0.57621487| -0,76240421
FRANKFURT AIRPORT | -0,30151134]  -0,01154442 0.5 0,764123818 0] -0,68167448] -0,68713077| -0,62053909| -0,36595402
MEMPHIS AIRPORT 0] -0.996734275 0.5] 0,531564395| -0,25051274 -0,48041821 -0,44718034 0 0
CHANGI AIRPORT -0 90453403 0 0.5] 0.365450522] -0.48536844] -0.55183172] -0.57260898| -0.53189065] -0,53368294
Table 2: Normalization of the Decision Matrix
Step 5: Weight the Normalized Decision Matrix: The next process is the weighting of
the normalized decision matrix. In this phase, all the normalized decision matrix values
are weighted by multiplying the significance weight of each criterion. The weighted
decision matrix is shown in Table 3:
K1 K2 K3 K4 KS§ K6 K7 K8 K9
ISTANBUL AIRPORT -0,03350126| -0,008880211)  0,055555536 0f -0.09307244 0 0] -0,06402387 -0,08471158
FRANKFURT AIRPORT | -0,03350126] -0,001282713]  0.055555556{ 0,084902646 0] -0,07574161| -0,07634786/| -0,06894879| -0,04066156
MEMPHIS AIRPORT 0] -0,110748253]  0.035555556| 0.039062711] -0,02783475| -0,0533798| -0,0496867 0 0
CHANGI AIRPORT -0,10050378 0] 0055555556 0.040605614| -0,05392983| -0,06131464| -0,06362322| -0,05909896 -0,0592981|
Ideal 0 0] 0055555556 0 0 0 0 0 0
Non-ldeal -0,10050378| -0,110748253|  0.055555556] 0,084902646| -0,09307244| -0,07574161| -0,07634786/ -0,06894879, -0,08471158
Table 3: Weighting of the Normalized Decision Matrix
Step 6: Establish Positive Ideal and Negative Ideal Solution Values: The tables 4 and
5 given below show positive ideal and negative ideal solution values.
K1 K2 K3 K4 K5 K6 K7 K8 K9
ISTANBUL AIRPORT 0,03350126|  0,008880211 0 0] 0,093072443 0 0] 0,064023874| 0,084711578
FRANKFURT AIRPORT | (,03350126|  0,001282713 0] -0,08490265 01 0,075741609 0,076347864| 0,068948788 | 0,040661558
MEMPHIS AIRPORT 0 0,110748253 0] -0,05906271 0,027834749 0,053379801/ 0,049686703 0 0
CHANGI AIRPORT 0,10050378 0 0| -0.04060561] 0.053929827] 0,061314636| 0.06362322] 0,059098961] 0059298103

Table 4: Positive Ideal Solution Values
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K1 K2 K3 K4 K5 K6 K7 K8 K9
ISTANBUL AIRPORT 006700252  0,101868041 0| -0.08490265 0] 0,075741609] 0.076347864 0.004924913 0
FRANKFURT AIRPORT || 0.06700252]  0,109465539 0 0] 0.093072443 0 0 0] 0.044050021
MEMPHIS AIRPORT 0,10030378 0 0| -0.02583994] 0,065237693| 0,022361808| 0.026661159 0.068948788| 0,084711578
CHANGI AIRPORT 0] 0110748253 0| -0.04429703] 0,039142616| 0,014426973| 0.012724644] 0,009849827| 0,025413474

Table 5: Negative Ideal Solution Values

Step 7: Calculate Distance Values: The values of distance from each alternative to

negative ideal and positive ideal solutions are shown in Table 6:

sit+ si-
ISTANBUL AIRPORT 0,145391816| 0,18348
FRANKFURT AIRPORT 0,162189779| 0,16454
MEMPHIS AIRPORT 0,147805698| 0,16783
CHANGI AIRPORT 0,171681692| 0,12989

Table 6: Distance to Positive and Negative Ideal Solutions
Step 8: Calculating the Relative Closeness: The values based on this calculation are

given in Table 7:

ci
0,557907439
0,503603574
0,531714469
0,430717838

ISTANBUL AIRPORT
FRANKFURT AIRPORT
MEMPHIS AIRPORT
CHANGI AIRPORT

Table 7: Calculation of the Relative Closeness

Step 9: Rank Alternatives: The ranking based on the analysis is given in Table 8:

| RANKING RESULTS

ISTANBUL AIRPORT
FRANKFURT AIRPORT
MEMPHIS AIRPORT
CHANGI AIRPORT

S S R

Table 8: Ranking of Alternatives
5. CONCLUSION

Based on the results of the TOPSIS analysis, Istanbul Airport ranks first among the 4
airports compared in line with the selected 9 criteria. It is followed by the rest of the
airports in the following respective ranking: Memphis International Airport, Frankfurt

Airport and Singapore's Changi Airport. In the light of the data obtained, Istanbul Airport

136
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is found to be the leader in terms of C3, C5 and C9 criteria, Memphis International Airport
in terms of C2 criteria, Frankfurt Airport in terms of C4, C6, C7 and C8 criteria and
Singapore's Changi Airport in terms of C1 criteria. If intended, addition to the future
studies may employ criterion weights that are not evenly distributed, or use different
criteria weightings, or change the number of airports compared, or compare airports by
different criteria, or modify the number of criteria. Also we can evaluate the Air Cargo
terminal by checking out C2, C6 and C7. Istanbul Cargo Terminal is not in the first place in
these three parameters (C2, C6 and CR) but we can ignore these parameters because of

not taken into account in this regards by comparing importance of other parameters.

137
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