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ABSTRACT

Every step of the transportation process becomes more and more important for the players
of the air cargo industry, which is growing both in importance and size. According to the
report published by IATA (IATA, 2021), the air cargo sector has grown by 9.9% in cargo-
ton kilometers (CTKSs) basis in June 2021 compared to June 2019. Businesses are trying
to take their strategic decisions more accurately and in a timely manner, due to both the
global conflicts and crises in world trade and the aim of competing players to maintain
their existence with higher contribution and performance.

The fact that air cargo is in a growth trend despite the pandemic conditions has made the
capacities offered by carrier companies more valuable than in the past. Freight forwarder
selection and evaluation is of great importance for airline carriers who want to use their
limited capacities with the highest profit and efficiency. This study is based on an
evaluation and ranking among 5 freight forwarders selected in terms of the largest air
cargo carrier in Turkey. The aim of the study is to contribute to the subsidy-incentive
system used by the company for freight forwarders based in Turkey from a different

perspective.

In the study, there are 12 criteria determined for freight forwarder evaluation in line with
the opinions of experts who play different roles in the business. These are total revenue,
technology level, on-time delivery, payment reputation, global coverage, responsiveness,
stability of supply, quantity of supply, e-AWB utilization rate, error-free documentation,
quality of operation and annual growth rate. With 3 decision makers experienced in the
air cargo industry, the criteria were weighted according to the DEMATEL (The Decision
Making Trial and Evaluation Laboratory) method. On a scale between 0 and 4, decision
makers make choices about the extent to which the criteria affect each other. Thanks to

this method, the weights of freight forwarder evaluation criteria are determined.



Since linguistic expressions are used for the evaluation of freight forwarders, in the
second stage of the method, alternatives are listed with the Fuzzy TOPSIS (Technique for
Order Preference by Similarity) method. Thanks to this method, which is based on the
determination of the alternatives closest to the positive ideal solution or the farthest from
the negative ideal solution, freight forwarders are ranked from the perspective of an air
cargo company. The criteria weights obtained as a result of the DEMATEL methodology
are used in the Fuzzy TOPSIS process.

As a result, the air cargo company can apply a subsidy-incentive method with a more
detailed but also a holistic evaluation, with the ranking that emerges as a result of the two-
stage multi-criteria decision-making method. In the case of a subsidy-incentive evaluation
in line with this method, freight forwarders are expected to fulfill the requirements in
commercial, operational and sustainability fields rather than an attitude towards meeting
only one or two criteria. This will contribute to the more efficient use of each unit of

capacity by carrier companies in the long run.



OZET

Onemi ve biiyiikliigii gittikge artan hava kargo endiistrisinin oyunculari i¢in tasimacilik
siirecinin her adimi giderek daha biiyiilk 6nem kazanmaktadir. IATA’nin yayinladigi
rapora (IATA, 2021) gore, hava kargo sektorii Haziran 2021°de kargo ton kilometre
bazinda Haziran 2019’a gore % 9.9 biiyiimeye imza atmustir. Gerek diinya ticaretindeki
kiiresel anlagsmazliklar ve krizler gerekse rakip oyuncularin daha yiliksek katki ve
performans ile varliklarimi siirdiirme gayeleri sebebiyle isletmeler stratejik kararlarini

daha isabetli ve zamaninda almaya ¢alismaktadirlar.

Hava kargonun pandemi kosullarina ragmen biiylime trendi i¢inde olmasi, tasiyici
firmalarin arz ettikleri kapasiteleri gecmise kiyasla daha degerli hale getirmistir. Sinirlt
kapasitelerini en yiiksek kar ve verimle kullanmak isteyen havayolu tasiyicilari i¢in hava
kargo acentesi se¢imi ve degerlendirmesi biiyiik 6nem tasir. Bu ¢alisma, Tiirkiye’de yer
alan en biiyiik hava kargo tasiyicist agisindan segilen 5 hava kargo acentesi arasinda bir
degerlendirme ve siralama yapilmasina dayanmaktadir. Calismanin amaci, firmanin
Turkiye merkezli hava kargo acentesi igin kullandigi prim tesvik sistemini farkli bir

acidan ele alarak katkida bulunmaktir.

Calismada igletmede farkli roller iistlenen uzmanlarin goriisleri dogrultusunda hava kargo
acentesi degerlendirmesi i¢in belirlenmis 12 adet 0l¢lt yer almaktadir. Bunlar; toplam
gelir, teknoloji seviyesi, zamaninda teslim, odeme giicii, kiiresel kapsam, cevap
verebilirlik, arz istikrari, arz miktari, e-AWB kullanim orani, hatasiz dokiimantasyon,
operasyon kalitesi ve yillik bitylime oranidir. Havacilik sektOriinde tecrlibeli 3 karar verici
ile olgltlerler DEMATEL (The Decision Making Trial and Evaluation Laboratory)
yontemine gore agirliklandirilmistir. O ile 4 arasinda yer alan bir skalada karar vericiler
Olgltlerin birbirlerini ne olglide etkilendigine dair se¢im yapmaktadir. Bu yontem
sayesinde Olgltler arasinda karsilikli karislastirmalar yapilarak faktorlerin agirliklar

belirlenir.



Hava kargo acentesi se¢imi icin belirlenen 6lcltler arasinda dilsel ifadelerin de yer almasi
sebebiyle yontemin ikinci asamasinda Bulanik TOPSIS (Fuzzy Technique for Order
Preference by Similarity) yontemiyle alternatifler siralanmistir. Pozitif ideal ¢6ziime en
yakin veya negative ideal ¢ziime en uzak alternatiflerin belirlenmesi tizerine kurulu bu

yontem sayesinde bir hava kargo isletmesi goziinden freight forwarderlar siralanmistir.

Sonug olarak, bahsi gecen iki asamali ¢ok Olcltleri karar verme yontemi neticesinde
ortaya ¢ikan siralama ile hava kargo firmasi1 daha detayli ancak bir o kadar da biitiinsel
bir degerlendirmeyle bir prim-tesvik yontemi uygulayabilir. Bu yontem dogrultusunda
bir prim-tesvik degerlendirilmesi yapilmasi durumunda hava kargo acentelerinin sadece
bir ya da iki 6lgiti saglamaya yonelik bir tutumlarindan ziyade, hem ticari, hem
operasyonel hem sirdurulebilirlik alanlarinda gereklilikleri yerine getirmeleri
beklenmektedir. Bu da tasiyici firmalarin uzun vadede her 1 birim kapasitelerinin daha

verimli kullanmalarina katki saglayacaktir.



1. INTRODUCTION

Air freight transportation is the business line that provides good transportation within the
country or between countries via 'airline’. Today, air transport is of great importance to
the world economy. Although air cargo transportation based on tonnage is less than 1%
of the world trade, it carries an average of more than 6 trillion dollars per year on a value
basis and corresponds to more than 35% of the total overall commerce. The reason that
air cargo has a high share in value is the transportation of computer equipment, machinery
and electrical equipment products. The biggest difference in air cargo compared to other

modes of transportation is that it is faster, more reliable and safer.

As shown in Figure 1.1, global air cargo growth largely depends on global trade, industrial
production and gross domestic product (GDP). Therefore, the volume of air transportation
may change due to reasons such as the production capacity of the countries, economic
and political conditions, demand from importing countries, seasonality, global crises and
pricing policy etc. In the last 40 years, world trade has grown by an average of 5%
annually, while air cargo has grown by 5.3%, making remarkable improvement. The air
cargo sector is expected to grow by an average of 4.2% over the next twenty years. This
growth trend is estimated to be 4.7% in an optimistic scenario and 3.7% in a pessimistic
scenario. Similarly, it is estimated that the sum of freighter fleets will rise by 70% in the
coming 20 years, from 1870 to 3260 (BOEING Commercial Market Outlook 2019-2038).
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Figure 1.1: Growth Of Air Cargo By International Trade (Boeing, World Air Cargo
Forecast, 2018-2037, 4)

The Coronovirus pandemic, which started in 2019 and is still ongoing, has had significant
impacts on air cargo transportation as in every sector. Many scenarios were discussed on
the spread rate and impact of the pandemic. Even in periods when passenger transport
comes to a standstill, the continuation of air cargo, even with limited capacity, has led to

positive results in this sector.

According to the report published in September 2020 by WorldACD, one of the most
important organizations providing air cargo market data, there was a 17.2% year-over-
year (YoY) decrease on chargable weight basis in August 2020, as shown in Figure 1.2.
However, at the same time, the 65% increase in unit revenue resulted in a 37% increase
in total revenue. According to the report published in January 2021, there is a major
increase in rate per kg from 1.80 USD to 3.27 USD in 2020. The volume of air cargo is
expected to increase in 2021, thanks to increased business confidence, lifting of travel

restrictions and the possible active role of air cargo in the distribution of vaccines.
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Figure 1.2 : YoY Change in volume and unit rate from August 2019 to August 2020
(WorldACD, August / mid-September 2020: air cargo before the ‘second wave’..., Sep
2020)

Although international passenger flights have been halted in many countries due to the
Coronavirus outbreak, the transport of commercial goods continues to secure the
continuity of the supply chain. Even if there are problems in the world economy due to
force majeure, countries have to carry out logistics activities to transfer products such as
food, medicine, and social aid etc. Therefore, the limited capacity of airline companies
becomes even more valuable in this type of pandemic. Airline companies have to
cooperate with the right freight forwarders to use this limited capacity more profitably

than ever.

Having a highly strategic place in world trade, air cargo transportation consists of various
processes. The main actors of air cargo operations are shippers, freight forwarders, road
transporters (trucking services), carriers (airlines) and consignees. The process of
transporting goods from A point to B on a global scale is in a complex structure with the
participation of more than one party. The structure of the supply chain in air cargo

transportation is as shown in Figure 1.3.



Consignor - i
Shipper Consignee

Destination
Freight

Origin Forwarder =,

Freight - |
Forwarder Ground Ground
; Handler ~ \ﬁ»—— i
i \\7 \ %“m'mﬂl,ﬂ.l,'!].“ \Wm’m‘:m"“

S

X hours
L prior to
acceptance

Pick-up Consolidation Acceptance Departure Arrival and Delivery Deconsolidation
cargo and doc Delivery
and information

Figure 1.3: Air Cargo Movement Overview (ICAO, Moving Air Cargo Globally, 2016,
4)

Airline carriers can work with both 3PLs and freight forwarders. Freight forwarders, who
make a great contribution to the transportation sector by transporting $5.4 trillion worth
of goods every year, have a very important position in the sector (IATA, Freight
Forwarders). Freight forwarders, which offer a wide range of services, take care of
everything on behalf of customers. They reduce cost for their customers by consolidating
small shipments. They undertake many issues such as arranging the accurate documents,
determining the route and payments, choosing the mode of transport and meeting
international shipping requirements. Freight forwarders are not working as 3PL
companies. There are some differences between them. 3PL companies can carry out all
physical logistics activities. While Freight forwarders have a limited storage area, 3PL
companies also perform logistics activities such as packaging, storing, and delivering the

shipment to the carrier on behalf of the customer. (Skender et al, 2016).

There are integrator companies such as Federal Express, DHL, TNT take on the role of
both freight forwarders and carriers. These integrator companies can also carry out their

transport by establishing a freight forwarder-carrier relationship with other carriers.



For a carrier airline, it is preferred for the company's efficiency that its customers bring
cargo continuously, find high-priced products in the market, bring cargo on time and as
declared, support that airline in tenders and cooperate against any disruption that may
arise from billing differences. It should not be understood that freight forwarders, which
have a large share of CW or revenue in the market, will always be the main partner for
airline companies (Feng and Lai, 2014a). Such freight forwarders and integrators have a
strong bargaining ability and they also want to be exempted from some airline ancillary

income.

The evaluation of freight forwarders is important for increasing utilization in air cargo
transportation, which is critical for world trade. In this thesis, an evaluation study will be
presented through the eyes of a leading air cargo carrier company in Turkey, which will
serve as an example for the companies to determine their strategic partners by using

verbal and numerical criteria.

In this study, the literature review will be examined in the next section, we will explain

and interpret the criteria of the studies in the literature.



2. LITERATURE REVIEW

Freight forwarders are not considered as 3PL (Third-party Logistics) in the air cargo
industry. Therefore, this thesis should not be seen as a 3PL evaluation study, but as a
freight forwarder evaluation. However, 3PL evaluations in air cargo were also examined
in order not to leave a missing field while scanning the literature. In this section, which

areas in the available literature are examined and reference articles are included.

Topics such as evaluation, ranking and measuring the success of 3PL companies are a
extensively used and successful research area in the literature. The main purpose of all
these studies on 3PL companies is to rise the efficiency and effectiveness of the
institutions receiving services from these companies. Although there is a fairly large
source in the literature for the evaluation of 3PL companies, studies on freight forwarders

within the air cargo industry are very limited.

The research was started by going from general to specific. For this purpose, a listing was
made in Web of Science between 1975 and January 2021 using the keywords "3PL
evaluation” and "3PL selection”. 3PLs serving in the air transport industry have been
examined. Among the 193 articles, it was revealed that only Liu et al.'s (Liu et al., 2020)

study was related to "air transport™ and "airline industry" in the accessible literature.

The second phase of literature research consists of the articles with keywords "freight
forwarder evaluation" and "freight forwarder selection” for all kinds of sectors, regardless
of air, maritime, highway or railway transport. Out of 64 articles reached through this
investigation, only 13 study meet the desired criteria. Of the 257 articles examined in
total, 12 relevant and accessible articles are given in Table 2.1



Table 2.1: Literature Review

Authors Publication Method/s
Year
Murphy, PR; Daley, JM 1997 Mail Survey
Liang, G.-S., Chou, T.-Y., Kan, 2006 Fuzzy Quality Function Deployment
S.-F. (F-QFD)
Yang, YH; Hui, YV; Leung, LC; 2010 ANP
Chen, G
Aspiration-based Utility Function,
Feng, B; Lai, FJ 2014 Multi-Attribute Decision Making
(MADM)
Maheshika, MDI; Abeysekara, B | 2015 AHP
Zhang, XL; Xu, ZS; Wang, H 2015 Heterogeneous MCGDM
- o Reliability, Responsiveness,
K:}I:ﬁgrﬂa’l\ﬂ M., Nikolicic, S., 2016 Assurance, Empathy, Tangibility
JIc, M. (SERVQUAL)
Klumpp, M 2018 DEA Malmquist index
ﬁgzg’ E; Ozkok, M; Demirel, FB; 2018 Buckley’s FAHP methodology
g , Tangibles, Assurance, Reliability,
Sramkova, E; Kolar, P; Hunak, J |2018 Responsiveness (TARRQUAL)
Reliability, Responsiveness,
Subhashini, S., Preetha, S. 2018 Assurance, Empathy, Tangibility
(SERVQUAL)SERVQUAL
. ) o ] Hybrid Multi Criteria Decision
Liu, YM; Zhou, P; Li, LY; Zhu, F | 2020 Making (HMCDM)

In the literature, there are also studies investigating the criteria for the most suitable
3PL selection based on various data analyzes. Murphy and Daley (1997) determined the
essential and key factors in the selection of an international freight forwarder by using
statistical techniques in their studies. Contrary to popular belief, in this study, which used
a 1-5 Likert scale, they determined that the criterion to be satisfied first is not price but
expertise. Another finding obtained as a result of the study is that large firms give more

importance to experience and reliability than small firms.

Liang et al. conducted a study on an ocean freight forwarder with Fuzzy QFD, which
is a method that helps the customer understand how to meet the actual needs with the
resources and capabilities of the enterprise (Liang et al., 2006). The criteria determined



in this study have emerged by taking the opinion of well-known Taiwan senders, as well

as being frequently mentioned in the academic literature.

The study of Yang et al. (2010), which can be attributed as a pioneering study for
freight forwarder evaluation in air transportation, is a comprehensive study based on the
ANP method. Alternatives are grouped into integrators, integrators that partner with other
airlines and widely known freight forwarders. In the study, which also takes into account
the degree of dependency between the features handled using the ANP method, each
alternative was determined by Saaty's (Saaty, 1996) supermatrix approach. The biggest
deficiency of the study is that sensitivity analysis was not performed.

Feng and Lai (2014)’s study is based on an assessment made by the Air Cargo
Transportation department of China Southern Airline's, one of the world's largest airlines.
We have to say that the criteria they base this study on are quite guiding in determining
the criteria of this thesis. Multi-attribute group decision making method was preferred in
the study, which also considers the aspirations of the decision makers. This study
contributes to the literature as it makes an optimization study to reduce the inconsistency
between group and individual approaches, considers the concept of aspiration, and also
determines the safety factor that facilitates the process of controlling the group decision

of the administrators, and finally allows the use of numerical and linguistic terms.

Aguezzoul (2014) collected and analyzed 67 studies published between 1994 and 2013
related to 3PL selection and evaluation. In this comprehensive study, the most used
criteria and methods were analyzed using the Pareto method. While the most used criteria
are respectively; cost, relationship, services, quality, information/equipment system,
flexibility, and delivery, the most used methods are respectively; MCDM, statistical
approaches, mathematical programming and artificial intelligence.

In addition to evaluating freight forwarders in terms of carrier, there are studies where
they are also evaluated in terms of exporters (Maheshika & Abeysekara, 2015). In the
study of Maheshika and Abeseykara, where exporters from 22 different sectors such as
apparel, fish and fisheries products, printing and stationery, petroleum products, wooden
products etc., evaluated Sri Lanka freight forwarders, customer service was determined

as the most important criterion. Then reliability, operational efficiency, IT orientation &



communication, rate and company backround & reputation comes, respectively. In
addition, it has been revealed in the study that medium and large-scale exporting
companies in Sri Lanka give more importance to reliability factors, while small-scale

exporters take into account the pricing factors.

Zhang et al., (2015) sought a solution to the freight forwarder selection problem using a
Heterogeneous MCGDM methods with using the criteria discussed by Feng & Lai. When
they compare their work with the study of Li et al (2010), they state that they primarily
work with more complicated data, such as intuitionistic fuzzy numbers, hesitant fuzzy
element, hesitant fuzzy linguistic term sets etc. Secondly, the maximization deviation
model is preferred to determine the criterion weights more clearly, and they have obtained
more convincing results by ensuring the consistency between experts and group opinions.
Then, the TOPSIS method was used in order to rank the alternatives from the closest to
the positive ideal solution to the furthest.

One of the studies aimed at determining freight forwarder service quality using factor
analysis and ANOVA is the study of Kilibarda et al. (2016). Production, trade and
distribution companies were considered in the study. These companies were also
classified according to the number of workers and the years they used the freight
forwarder service. Within the scope of the SERVQUAL questionnaire, these companies
were asked to choose the closest range to them using the Likert's scale of 1-7 for 22
different variables. These variables can be divided into 5 groups in total; reliability,
responsiveness, assurance, empathy and tangibility. In this study, it was concluded that
freight forwarders in Serbia are not satisfactory enough by evaluating the survey results
from 120 import and export logistics professionals.

Klumpp (2018) used the DEA Malmquist index to evaluate 7 major European forwarders.
His paper aims to determine factors for enhancement supply chain sustainability with
comprehensive triple bottom line approach. In light of this method, mid-sized logistics
service providers such as Panalpina, Kilhne + Nagel are the sustainability leaders besides

large-scale logistics service providers such as DHL, La Poste.

Kose et al., (2018) preferred Buckley’s Fuzzy Analytic Hierarchy Process (F-AHP)
method for maritime freight forwarder evaluation. In this study, which can be attributed
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to the pioneering study in the evaluation of shipping agencies, the most important
criterion according to the evaluation made by the shippers is the service quality with a
share of 37%. Financial condition and corporate reputation criteria are the second and
third most important criteria, with a share of 19%.

In Sramkova et al., (2018)’s study, 250 responders from maritime managers in the Czech
market and Kiihne+Nagel Czech Republic customers evaluated 42 service factors. In the
study, SERVQUAL method was not preferred for reasons such as not suitable likert scale
of 7, focusing method on process rather than results, high degree of interrelationship
between 5 SERVQUAL factors etc.,, and Tangibles, Assurance, Reliability,
Responsiveness (TARRQUAL) approach was used instead. With the help of the Delphi
method, the results revealed that pricing is the most crucial part in the selection of 3PL.
Then, the most important factors are on-time delivery, price flexibility, information
quality and arrival and delay notice, respectively.

Subhashini and Preetha (2018), used the SERVQUAL method with the five point Likert
scale to determine the relationship between service quality factors of ocean freight
forwarders and customer satisfaction. In the study, it was revealed that there is a strong
relation between the ocean freight forwarding service in Chennai and the concepts of

tangibility, responsibility, reliability and value to investigate customer fulfillment.

Liu et al, (2020) used hesitant fuzzy sets, intuitionistic fuzzy sets and real numbers with
an unconventional approach to evaluate and rank 5 Chinese air cargo market’s 3PL
players. The interactive hybrid multi-criteria decision-making (HMCDM) method was
preferred in the study, in which the preferences of the decision makers were also taken

into consideration.
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2.1. Criteria Used in Freight Forwarder Evaluation

In order to conduct comprehensive research, the literature has been examined not only for

air freight forwarder evaluation, but also for freight forwarders operating on land, sea,

and rail, and 3PL evaluations operating in the air transport and airline industry. Experts

evaluated the studies in the literature and examined the criteria used, and determined new

criteria with their own expertise. In addition to the criteria used in the literature, we

suggest that the use of e-AWB and the annual growth rate criteria should be included in

the forwarder evaluation problem. These criteria have an important place in increasing

sustainability, process improvement and benefit. The criteria in the literature are given in

Table 2.2.

Table 2.2: Evaluation Criteria

CRITERIA

REFERENCES

TOTAL REVENUE

Yang et al, 2010

TECNOLOGY
LEVEL

Liu et al, 2020; Kose et al, 2018; Subhashini and Preetha, 2018;
Kilibarda et al 2016; Maheshika and Abeysekara, 2015; Zhang
et al, 2015; Liang et al., 2006;

ON-TIME DELIVERY

Sramkova et al, 2018; Subhashini and Preetha, 2018;
Maheshika and Abeysekara, 2015; Zhang et al, 2015; Feng and
Lai, 2014; Yang et al, 2010; Liang et al., 2006

Kose et al, 2018; Subhashini and Preetha, 2018; Maheshika and

EégSATa\IT-I;ON Abeysekara, 2015; Zhang et al, 2015; Feng and Lai, 2014;
Murphy and Daley, 1997

GLOBAL

COVERAGE Murphy and Daley, 1997

RESPONSIVENESS

Sramkova et al, 2018; Subhashini and Preetha, 2018; Kilibarda
et al 2016; Maheshika and Abeysekara, 2015; Liang et al.,
2006; Murphy and Daley, 1997

SUPPLY STABILITY

Zhang et al, 2015; Feng and Lai, 2014

SUPPLY QUANTITY

Zhang et al, 2015; Feng and Lai, 2014

ERROR FREE
DOCUMENTATION

Sramkova et al, 2018; Kose et al, 2018; Maheshika and
Abeysekara, 2015; Murphy and Daley, 1997;

OPERATIONAL
QUALITY

Yang et al, 2010; Liang et al.,, 2006; Maheshika and
Abeysekara, 2015; Kose et al, 2018; Sramkova et al, 2018
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The criteria that we will consider in the study are explained in detail as follows;

Total Revenue: Total annual income of each freight forwarder.

Technology Level: Technical ability of monitor logistic activities and tracing&tracking
cargoes. The degree of benefiting from the online service channels offered by the carrier

Is one of the factors that positively affect the technology level criterion.

On Time Delivery: It is the delivery of cargo to the carrier's warehouse within a certain

period of time before the flight.

Payment Reputation; The reputation of freight forwarder for clearing up to the day of
payment, the number of invoices that have been collected incomplete in the past,

compliance with the contract dates and deadlines for contracts etc.

Global Coverage: Freight forwarder's worldwide trade provides an advantage for the
carrier. A freight forwarder serving in 7 continents is expected to have a high product
range and volume. Freight forwarders can also be found transporting large tonnages to
certain destinations, but serving on more than one continent, that is, globally, is a

preferred feature for carriers.

Responsiveness: Freight forwarders' strong communication, ability to respond quickly,
accepting demands for direction or re-consignment of shipments are crucial features for

carriers

Supply Stability; Airlines need freight forwarders to supply cargo in a stable and orderly
manner. This helps airline companies to apply their long-term revenue management in a

healthier way.

Supply Quantity: The low amount of supply may cause the capacity to be idle, while a

large amount of supply may cause disruptions and delays due to capacity constraints.
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E-AWB Usage: Each year, the need for an enormous volume of print output arises as
invoices and other related documents need to be issued for hundreds of thousands of
AWBs. Sending AWBs electronically is of great importance to reduce paper

consumption.

Error Free Documentation: The gap between the declared cargo information and what
actually exists may cause problems for the carrier. Incorrect kg-volume information will
cause problems in terms of planning and also cause problems in pricing. Information that
is also missing in the content of the product can cause problems in terms of work safety.
Class numbers and types of hazardous substances must be specified both on the invoice
and on the cargo. Shipments to the wrong destination are also very undesirable for the

carrier and customer.

Operational Quality: High operational skills are important in terms of both timely
departure in terms of safety, reducing the operational workload in the field and gaining
man-hours. Incorrect palletization and livestock cages that do not comply with IATA
requirements can cause disruptions in hub operation and the shipment not reaching the
planned flight. The carrier company may completely cut off all commercial relations with

freight forwarders with poor operational quality.

Annual Growth Rate: Businesses that tend to grow on the basis of income or chargeable
weight are more suitable for incentives from the point of carriers. This indicates that the

business may have the potential to generate more revenue in the coming years.



3. PROPOSED METHODOLOGY

Freight forwarder evaluation will be made by weighting the criteria evaluated from the
perspective of the airline company with using the Decision Making Trial and Evaluation
Laboratory (DEMATEL) method. Since the criteria were both verbal and numerical,
fuzzy logic principles were used in the decision-making process. Ranking of the
alternatives with weighted criteria will be carried out by the Fuzzy TOPSIS method.

Overall method steps can be seen in Figure 3.1;

‘ Determination of criteria by experts in order to make a freight forwarder evaluation

‘ Evaluation of criteria by decision makers using a pairwise comparison scale

Weighting of criteria using the DEMATEL method

‘ Decision makers evaluation each alternative according to the relevant criteria
‘ Application of Fuzzy TOPSIS method using weighted criteria

‘ Ranking of alternatives

Figure 3.1: Evaluation steps of freight forwarder selection problem

In the literature, there are also studies on some different subjects in which DEMATEL
and Fuzzy TOPSIS methods are used together. Karaatli et al. (2016) evaluated the
performance of 23 sugar factories in Turkey in their study. The data used in the Fuzzy
TOPSIS step covers the 2008-2012 date range. At the same time, Nilashi et al. (2019)
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used the aforementioned integrated MCDM method to examine the factors affecting
medical tourism. In the study, the decision to build medical hotels in Malaysia was
evaluated by considering 4 main factors: organizational, environmental, technological
and human readiness. These main factors were weighted with the DEMATEL method
and it was concluded that technological and human factor are more essential than others.
In the fuzzy TOPSIS step, the importance of the criteria of each main factor was

calculated.

3.1. DEMATEL Method

The DEMATEL method was developed under the human affairs and Science Program at
the Battelle Memorial Institute in Geneva between 1972 and 1976. DEMATEL method
has been developed with the idea that it can be used in a hierarchical structure for the
primary and effective use of scientific research methods in complex structure problems
(Tzeng et al., 2010).

The steps of the method are listed as follows;

i.  The method begins with the calculation of the initial matrix, known as the A
matrix. Experts evaluate for n factors determined for freight forwarder evaluation
in the study. All decision makers consider whether factor i has an effect on factor
J and score this effect with the help of a scale. Influence level is scored on a scale
from 0 to 4. The meaning of the point values of the mentioned scale is given in
the Table 3.1.

Table 3.1: Pairwise Comparison Scale DEMATEL Method (Tzeng et al., 2010)

0 | No Influence

Very Low Influence
Low Influence

High Influence
Very High Influence

AWIN|F-
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ii.  Matrix D is expressed as a normalized initial matrix and obtained by the following
formula;

D=s.A (3.1)

where s is computed with the following formula (YYang et al., 2011);

S=min ! ! (3:2)

n ! n
maxlsisn Z‘aij ‘ maxlsisn Z‘aij ‘
j=1 i=1

iii.  The calculation of the Total Relation Matrix, denoted by T, is as follows. Identity
matrix represented by | .

T=D(1-D)* (3.3)

iv.  The vectors r and c represent 1xn and nx1 matrices, respectively, and are the sum
of the rows and columns of the Total Relation Matrix T. The (r; + ¢;) and (ri - ¢;j)
values demonstrate the degree of impact of each criterion on the others and the
degree of relationship with the others. By creating a threshold set by decision
makers, a network relationship map can be determined that allows you to examine
the structural relationships between factors (Tzeng et al., 2010).

If the (ri - ¢j) value is positive, the i factor has an effect on other factors, which
can be interpreted as i factor is a net causer, but if (ri - ¢j) is negative, it can be
interpreted that other factors have an effect on the i factor and therefore it is a net

receiver.
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v. Inthe last step, the following equations are used to find the criterion weights;
wi= [ (ri + ¢j)? + (ri - ¢j)* ] Y2 (3.4)

Wi =2 (3.5)

3.2. Main Principles of Fuzzy Logic

Class or set terms may not express exact values in all cases. Fuzzy sets can be used in the
absence of clearly defined class membership. At first, Zadeh (1965) introduced a new
approach to the problem with the fuzzy sets theorem in cases where the decision makers
could not express their preferences sharply and precisely or the evaluations were made in
linguistic terms. According to this theorem, elements in a fuzzy set have continuous

membership degrees belonging to a class and these degrees are between 0 and 1.

In definite sets there is no uncertainty about the membership status of objects, but in fuzzy
sets there are tiers of the objects’ membership states. To elaborate, x represents individual
elements and A represents a particular set of these elements. As shown in (3.6), element

X in crisp sets is either a member of crisp set A or not (Ross T. J., 2010).

1, €A
xA® = {; Y a (3.6)

As a result of the equation shown above, it can be clearly stated whether the element x is
a member of the set A. For example, let's imagine a cluster where the height of people is
between 160 < x < 180 cm. The membership of an individual with a height of 1.70 cm in
this cluster is equal to 1. Considering the crisp numbers, an individual with a height 1.59
cm will not be included in set A, which means the membership of this individual in set A
is 0, no membership valid. Membership in a set in discrete numbers either exists or does

not exist, as shown in Figure 3.2.
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XA
].' ______ l—:
Z — x
160 170 180

Figure 3.2: An example of a height member function for crisp set A (Ross, 2010)

In the fuzzy set theory put forth by Zadeh (1965), unlike the crisp numbers, the element
X has a continuous degree of membership value between 0 and 1 in the set A. If we
continue with the example of human height, the cluster of people with a height of around
170 cm can be formed with fuzzy numbers since it does not represent a definite value.

The membership function of a fuzzy set can be as seen in Figure 3.3.

0,5

160 170 180

Figure 3.3: An example of a height member function for fuzzy set A (Ross, 2010)

The representation of the membership function is in the range of 0 to 1 as in equation
(3.7), and respectively means no membership and full membership. The symbol pA (X)

represents the membership degree of the element x in the fuzzy set A.

Wi (X) € [0, 1] (3.7)
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Fuzzy sets are expressed with membership functions. The terms expressing the fuzzy set
are valid for both discontinuous and continuous sets. The terms for fuzzy set are as seen

in Figure 3.4.
(x) Core
]

TN

X

- -
- L

Support

- - -

Boundary
- Boundary

Figure 3.4: Boundaries, core and support of a fuzzy set

e The core of a membership function for a fuzzy set A is represented as complete
and full membership of that region of the universe in the fuzzy set A. The core
encompasses elements x of the universe such that pa (x) = 1.

e The support of a membership function for a fuzzy set A is represented as non-null
membership of that region of the universe in the fuzzy set A. The support includes
elements x of the universe such that pa (x) > 0.

e The boundaries of a membership function for a fuzzy set A is represented as non-
null membership but not full membership of that region of the universe in the
fuzzy set A. The boundaries includes elements x of the universe such that

0 < pa(x)<1.

3.2.1 Fuzzy Set Operations

Before calculating on fuzzy sets, it is necessary to summarize how simple algebraic
operations are performed. Let fuzzy set A and B be fuzzy sets on the universe X. The
union of these fuzzy sets is a fuzzy set C, written as C = A U B, whose membership

function is associated to those of A and B by, (Zadeh,1965),

1 é(x) =Max [pa (x), uB (x)], X € X (3.8)
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The intersection of these fuzzy sets is a fuzzy set C, written as C = A N B, whose

membership function is associated to those of A and B by,
R E(X) = Min [pa(x), 1B (X)], X € X (3.9)
The complement of a fuzzy set A is symbolized by A’ and defined as below,

wA (X) =1 - pa(x), X € X (3.10)

3.3. Fuzzy TOPSIS Method

TOPSIS (Technique for Order Preference by Similarity to Ideal Solution) method, which
is one of the multi-criteria decision making methods, was developed by Hwang and Yoon
(1981) in order to rank the alternatives with the shortest distance from the positive ideal
solution. Assigning values to criteria under uncertainty or insufficient information by
decision makers, as well as the frequent use of linguistic terms in the evaluations have led
to the need to use MCDM methods together with fuzzy logic principles. Therefore, Fuzzy
TOPSIS will be used in this study by expanding it with Zadeh (1965)'s fuzzy set theory.

The necessary steps for the fuzzy TOPSIS method are listed (Chen, 1997);

i.  The criteria of the problem are determined by a committee.
ii.  Appropriate linguistic variables are selected to determine the weight of
importance. Select linguistic ratings for alternatives based on criteria.
ii.  Aggregate the weight of criteria to obtain the aggregated fuzzy weight w; of
criterion Cj. Then compound the decision makers’ assessments to attain the

aggregated fuzzy rating X;; of alternative A; under criterion C;.

The ranking of alternatives according to each criterion is calculated as in below,

while K denotes the number of decision makers and X;; indicates the rating of Kth
decision maker for the ith alternative and w; indicates the rating of the jth criteria

given by the Kth decision maker.
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%=~ [ % (%) .. (DE;] (3.11)

1
K

Wy =~ [W" (OF ) . (D] (3.12)

The fuzzy decision matrix (D) and the criteria weights (W) are shown in the

equations below, where X;; Vi,j and w;, j = 1; 2...,n are linguistic variables.

_ X11 X1n
D = i (3.13)
fml J?mn

W =Wy, Wy ... Wy] (3.14)
xij and wij can be expressed as fuzzy triangular numbers. These are;
fij = (al-j, bij' Cij) and W] = (le,sz,Wj3)
The normalized fuzzy decision matrix (R) is shown as equation (3.15),

R = [Fijlma (3.19)

In order to determine the 7;; value in this equation, it is necessary to calculate

according to the benefit (B) and cost (C) criteria. It is calculated as follows,

respectively.
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(e by cy -

Tij = (Cj*'Cj*’Cj*) ! JE B, (316)
po= (U Y ieC:

Tij - ( Cij'bij’aij) ’ J € C, (317)

¢;" indicates the max; c;;, if j € B and a;” indicates the min; a;;, if j € C.

As a result of the above method carried out for normalization, the normalized

values continue to be in the range of [0,1].

In order to obtain the weighted normalized fuzzy decision matrix (V), it is

necessary to apply the following equations;

V = [ﬁij]mxn, i= 1,2,3,...,m,j :1,2,3,..., n, Where;

To determine fuzzy positive-ideal solution (FPIS) and fuzzy negative-ideal
solution (FPIS), it is necessary to execute the following equations. These are

denoted as A* and A-, respectively;
A =T, Ty, .8, (3.19)
A =0, 0,...,0) (3.20)

Where, 7;"= (1,1,1) and %" = (0,0,0)



Vii.

viii.

23

The distance of each alternative to FPIS and FNIS is calculated as follows;

di*: Z;'l=1 d(ﬁijl fjj*)! = 1,2,3,...,m, (321)
di =37, d(y, 7 ), i=1,23,...,m, (3.22)
and

d (4,B) :\/% [(a; —by)2 + (ap —by)2 + (a3 — b3)?] (3.23)

where d indicates the distance between fuzzy numbers, A = (a4, a,, as) and

B = (b4, by, b3) . The d value is used to calculate the closeness coefficient.

The closeness Coefficient (CCi) value is required for sorting the alternatives

which is calculated with the below equation;

di-
(dix + di")

CCi = i=12,3,...,m (3.24)

As the CCI value approaches to 1, the alternative closest to the FPIS value and

farthest from the FNIS value is prioritized.



4. AIR FREIGHT FORWARDER EVALUATION PROBLEM

The study aimed to address the real life problem of one of the leading cargo airline
companies in Turkey and the world. The aforementioned study offers an improved
evaluation proposal to the company's existing incentive system. Based on the logic that
the freight forwarder who gets the highest score in the evaluation receives the highest
incentive, freight forwarders must be successful in terms of all the criteria explained in

the previous section.

In the problem, weighted by 3 decision-makers (DM1, DM2, DM3) and an evaluation
was made between 5 alternatives (A1, A2, A3, A4, A5) based on DEMATEL and Fuzzy
TOPSIS methods. While the weighting section consists of real data based on the opinions

and experiences of the decision makers, hypothetical data is used in the ranking section.

For simplicity, the representation of the criteria will be made through the abbreviations
in Table 4.1.

Table 4.1: Criteria Abbreviations

CRITERIA Label
Total Revenue Cril
Technology Level Cri2
On-time Delivery Cri3
Payment Reputation Cri4
Global Coverage Cri5
Responsiveness Cri6
Supply Stability Cri7
Supply Quantity Cri8
E-AWB Usage Cri9
Error-free documentation | Cril0
Operational Quality Crill
Annual Growth Rate Cril2




25

4.1. Determining criteria weights with DEMATEL

The weighting of the criteria is made using the pairwise comparison scale of 3 decision

makers. If we run the problem by following the steps described in Section 3.1.;

Step 1: The evaluation of each decision maker is as in the tables below.

Table 4.2: Evaluation of decision maker 1

Cril

Cri2

Cri3

Cri4

Cri5

Cri6

Cri7

Cri8

Cri9

Cril0

Crill

Cril2

Cril

o

w

SN

[

w

[

[

SN

0

I

Cri2

Cri3

Crid

Crib

Crib

Cri7

Cri8

Cri9

Cril0

Crill

Cril2

AIWINIFPWWINW|EREAIN

WL OIFRLINPFPOlW|Fk|O|OC

NIWWFRLINWIN PP FRIO(W

A RPN WINIRFPIFPIOIO|IO

AINPRPOWRFLIOCOINIO|IN

NIWO IR WO O ook Ww

WWFR, OWIO OINIFIEAIN

WIWINOIO|WIO|W|IFrWIN

NP OOINFIORFRIOIOIW

NIWIOININDNININDN|IFPIO|IFk W

WO (A FPWIANIFPIOlW

O WF, ORRWO|IRRINIWIW

Table 4.3: Evaluation of decision maker 2

Cril

Cri2

Cri3

Cri4

Cri5

Cri6

Cri7

Cri8

Cri9

Cril0

Crill

Cril2

Cril

o

w

-

[EEN

SN

N

w

w

[HEN

-

o

w

Cri2

Cri3

Crid

Cri5

Cri6

Cri7

Cri8

Cri9

Cril0

Crill

Cril2

wlwN RS SRS, |w

WFREINOWIFROWOo|O|O

RPWWIOINWINIFRIO|IO(W

RP|IOIFRPIOININOINIOIO|F

ANOIO|WWO|IO|O|O|W

PWOOoOWWOoO|Fkr|IOoo|w

ARWRPOWO N WIFIN|F

A IWOOCIOIWINIARFLINDW

PP IRPIOINEFPOINOIO|IM~

NWOFRPNWWNOO|W

NIOIARNWIARFRLINOIMSPD

OINFPIOWW|IO|~FPIFIN
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Table 4.4: Evaluation of decision maker 3

C

Cril

Cri2

Cri3

Cri4

Cri5

Cri6

Cri7

Cri8

Cri9 | Cril0

Crill

Cril2

Cril

o

w

[EEN

SN

w

w

N

S

w

-

o

w

Cri2

Cri3

Cri4

Cri5

Cri6

Cri7

Cri8

Cri9

Cril0

Crill

Cril2

AIWINOWININ|DFRP(FPIW

WINPIWWWIN|A~ PO

NWWOoO WA NRFO| >

WINOIO|WIFPRO|WO | O|Ww

WP RFRPOWRFR,OIONFIN

NINFRPRFRPWWO IOk, W

WININIOINO|FRPFIWIFLWIN

AIWINOIOININ|ARFRP(FPIW

NFRPIRPOWRFFR KOOI

NIWOINNWWINIOIN W

wlo|lw|lo|lw|~BNF|Mlw

OINIFPIOWINIFIWIFIFIN

The arithmetic mean of the scores given by the decision makers by comparing each

criterion with the other criteria is calculated. Table 8 shows the arithmetic averages.

Table 4.5: Evaluation of criteria by three decision makers

Cril

Cri2

Cri3

Cri4

Cri5

Cri6

Cri7

Cri8

Cri9

Cril0

Crill

Cril2

Cril

0,00

3,00

2,00

2,00

3,33

2,00

2,00

3,67

1,33

1,00

4,00

3,33

Cri2

2,67

0,00

3,33

1,33

2,33

3,00

1,67

2,67

3,67

3,00

3,33

2,33

Cri3

2,00

0,33

0,00

0,00

0,33

0,67

3,00

2,00

0,00

1,00

3,67

1,67

Crid

2,00

0,67

0,67

0,00

1,33

0,00

1,00

1,00

0,00

0,00

0,33

1,33

Cri5

3,67

3,33

1,33

2,00

0,00

1,00

2,67

3,67

2,33

1,67

1,67

3,67

Cri6

1,67

0,67

2,67

0,33

0,00

0,00

1,00

1,33

0,33

2,67

2,33

0,33

Cri7

3,00

1,67

3,33

1,67

1,67

2,00

0,00

2,67

1,00

2,67

4,00

2,67

Cri8

3,33

2,67

2,33

2,67

3,00

3,00

2,67

0,00

2,33

2,00

3,00

3,33

Cri9

0,67

1,33

0,33

0,67

0,00

0,67

0,00

0,00

0,00

1,67

1,00

0,00

Cril0

2,00

1,00

3,00

1,00

0,67

0,33

1,33

1,33

0,67

0,00

3,67

1,00

Crill

3,00

1,33

3,00

1,00

1,67

2,67

2,67

3,00

1,00

3,00

0,00

2,33

Cril2

3,67

3,00

1,67

2,67

3,67

1,67

3,33

3,67

1,67

2,00

2,67

0,00

Step 2: In order to create the D matrix, the s coefficient must be calculated first. The

coefficient s is calculated with the help of equation (3.2);

0,032
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Then, with the help of equation (3.1), normalized initial matrix D matrix is formed as in
Table 4.6.

Table 4.6: Normalized Initial Matrix D

D Cril | Cri2 | Cri3 | Crid | Cri5 | Cri6 | Cri7 | Cri8 | Cri9 | Cril0 | Crill | Cril2
Cril | 0,00 | 0,10 | 0,07 | 0,07 | 0,11 | 0,07 | 0,07 | 0,12 | 0,04 | 0,03 | 0,13 | 0,11
Cri2 | 0,09 | 0,00 | 0,11 | 0,04 | 0,08 | 0,10 | 0,05 | 0,09 | 0,12 | 0,10 | 0,11 | 0,08
Cri3 | 0,07 | 0,01 | 0,00 | 0,00 | 0,01 | 0,02 | 0,10 | 0,07 | 0,00 | 0,03 | 0,12 | 0,05
Cri4 | 0,07 | 0,02 | 0,02 | 0,00 | 0,04 | 0,00 | 0,03 | 0,03 | 0,00 | 0,00 | 0,01 | 0,04
Cri5 | 0,12 | 0,11 | 0,04 | 0,07 | 0,00 | 0,03 | 0,09 | 0,12 | 0,08 | 0,05 | 0,05 | 0,12
Cri6 | 0,05 | 0,02 | 0,09 | 0,01 | 0,00 | 0,00 | 0,03 | 0,04 | 0,01 | 0,09 | 0,08 | 0,01
Cri7 | 0,10 | 0,05 | 0,11 | 0,05 | 0,05 | 0,07 | 0,00 | 0,09 | 0,03 | 0,09 | 0,13 | 0,09
Cri8 | 0,11 | 0,09 | 0,08 | 0,09 | 0,10 | 0,10 | 0,09 | 0,00 | 0,08 | 0,07 | 0,10 | 0,11
Cri9 | 0,02 | 0,04 | 0,01 | 0,02 | 0,00 | 0,02 | 0,00 | 0,00 | 0,00 | 0,05 | 0,03 | 0,00
Cril0| 0,07 | 0,03 | 0,10 | 0,03 | 0,02 | 0,01 | 0,04 | 0,04 | 0,02 | 0,00 | 0,12 | 0,03
Crill| 0,10 | 0,04 | 0,10 | 0,03 | 0,05 | 0,09 | 0,09 | 0,10 | 0,03 | 0,10 | 0,00 | 0,08
Cril2| 0,12 | 0,10 | 0,05 | 0,09 | 0,12 | 0,05 | 0,11 | 0,12 | 0,05 | 0,07 | 0,09 | 0,00

Step 3: With the help of equation (3.3), the Total Relation Matrix (T) is formed as in
Table 4.7.

Table 4.7: Total Relation Matrix T

T Cril | Cri2 | Cri3 | Crid | Cri5 | Cri6 | Cri7 | Cri8 | Cri9 | Cril0 | Crill | Cril2
Cril | 0,28 10,29 | 0,30 | 0,22 | 0,30 | 0,25 | 0,29 | 0,37 | 0,19 | 0,24 | 0,41 | 0,33
Cri2 | 0,340,181 0,33 0,19 | 0,25 | 0,26 | 0,26 | 0,32 | 0,25 | 0,29 | 0,39 | 0,29
Cri3 | 0,23 0,13 | 0,14 | 0,09 | 0,13 | 0,13 | 0,23 | 0,22 | 0,08 | 0,16 | 0,29 | 0,19
Cri4 | 0,16 | 0,09 | 0,10 | 0,06 | 0,11 | 0,06 | 0,11 | 0,23 | 0,05 | 0,07 | 0,11 | 0,13
Cri5 | 0,38 | 0,30 | 0,27 | 0,22 | 0,19 | 0,21 | 0,30 | 0,36 | 0,22 | 0,25 | 0,34 | 0,34
Cri6 | 0,18 | 0,11 | 0,20 | 0,08 | 0,09 | 0,08 | 0,14 | 0,16 | 0,07 | 0,18 | 0,22 | 0,12
Cri7 | 0,35|0,23|0,32 0,20 0,23 |0,23|0,21|0,32|0,16 | 0,27 | 0,40 | 0,29
Cri8 | 0,38 | 0,28 | 0,32 | 0,24 | 0,29 | 0,28 | 0,31 | 0,27 | 0,22 | 0,28 | 0,40 | 0,34
Cri9 | 0,08 | 0,08 | 0,06 | 0,05 | 0,04 | 0,06 | 0,04 | 0,05 | 0,03 | 0,10 | 0,09 | 0,05
Cril0| 0,22 | 0,14 | 0,23 | 0,12 | 0,13 | 0,12 | 0,17 | 0,19 | 0,10 | 0,12 | 0,29 | 0,17
Crill| 0,33 0,21 |0,30| 0,17 | 0,22 | 0,24 | 0,28 | 0,31 | 0,15 | 0,27 | 0,26 | 0,27
Cril2| 0,40 | 0,30 | 0,30 | 0,25 | 0,32 | 0,24 | 0,34 | 0,38 | 0,21 | 0,28 | 0,39 | 0,25
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Step 4: Considering the T matrix, (ri + ¢j) and (ri - ¢j) values are calculated.

Table 4.8: (ri + ¢;) and (ri - ¢;j) values

Criteria r C (ri+cj) | (ri-cj)
Cril 3,48 3,32 6,81 0,16
Cri2 3,36 2,34 5,70 1,02
Cri3 2,01 2,89 4,90 -0,88
Cri4 1,19 1,90 3,09 -0,71
Cri5 3,39 2,29 5,68 1,10
Cri6 1,61 2,16 3,78 -0,55
Cri7 3,21 2,67 5,89 0,54
Cri8 3,60 3,09 6,69 0,51
Cri9 0,73 1,75 2,48 -1,03
Cril0 2,00 2,51 4,50 -0,51
Crill 3,01 3,60 6,61 -0,58
Cril2 3,67 2,75 6,42 0,92

Step 5: Wiand w; values were calculated with the help of (3.4) and (3.5) equations and

normalized. wi and Wi values and order of importance are as seen in the Table 4.9.

Table 4.9: Wjand w; values

Label CRITERIA wi Wi | Importance
Cril Total Revenue 6,81 | 10,8% 1
Cri2 Technology Level 579 | 9,1% 7
Cri3 On-time Delivery 498 | 7,9% 8
Cri4 Payment Reputation 3,17 | 5,0% 11
Cri5 Global Coverage 579 | 9,1% 6
Cri6 Responsiveness 3,82 | 6,0% 10
Cri7 Supply Stability 591 | 9,3% 5
Cri8 Supply Quantity 6,71 | 10,6% 2
Cri9 E-AWB Usage 2,68 | 4,2% 12
Cril0 | Error-free documentation | 4,53 | 7,2% 9
Crill Operational Quality 6,64 | 10,5% 3
Cril2 Annual Growth Rate 6,48 | 10,2% 4
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4.2. Ranking the alternatives with Fuzzy TOPSIS

Step 1: The determination of the criteria, in which the 3 decision makers play a role, has

been completed as explained in the previous section.

Step 2: The evaluation of alternatives according to the criteria with verbal rating is done
as shown in Table 4.11. The linguistic variables in Table 4.10 were used while making
the evaluation. In Table 4.12, there are triangular fuzzy numbers corresponding to

linguistic variables.

Table 4.10: Linguistic variables for alternatives (Chen, 1997)

Llng_wstlc scale for Abbreviations | Triangular Fuzzy Numbers
importance
Very Poor VP 0 0 1
Poor P 0 1 3
Medium Poor MP 1 3 5
Fair F 3 5 7
Medium Good MG 5 7 9
Good G 7 9 10
Very Good VG 9 10 10




Table 4.11: Linguistic ratings for alternatives
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DECISION ALTERNATIVES
CRITERIA| \IAKERS Al A2 A3 Al A5
DML VG F G F VG
Cril DM2 G F MG MP VG
DM3 VG F MG MP VG
DM1 VG MP G MG VG
Cri2 DM2 G P VG F VG
DM3 G P MG F G
DM1 MG MG MG G F
Cri3 DM2 MG G MG MG MG
DM3 MG G G G MG
DML VG G G MG VG
Crid DM2 G MG MG G VG
DM3 VG G MG G VG
DML VG MG G MG G
Cri5 DM2 G G MG MG G
DM3 G MG MG F MG
DML G G MG P F
Cri6 DM2 VG G G MP F
DM3 VG VG G MP P
DML G MG VG VG VG
Cri7 DM2 G MG VG VG G
DM3 MG G G G VG
DML G MG F F VG
Crig DM2 VG MG MG F VG
DM3 VG MG F F VG
DML G F G VG G
Crig DM2 VG F G VG G
DM3 VG F G VG G
DML P P MG P G
Cril0 DM2 MP P MG VP MG
DM3 MP MP F VP G
DML VG MP VG VP G
Crill DM2 VG MP G P VG
DM3 G P G VP G
DML G MG MG MP G
Cri12 DM2 MG MG MG MP G
DM3 G MG MG P G
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Table 4.12: Decision Makers’ Evaluation in Fuzzy Triangular Numbers

CRITERIA | DECISION ALTERNATIVES
MAKERS Al A2 A3 A4 A5
DM1 9]10|10|3| S5 |7 |7]9]10[3|5]|7[9]10]10
Cril DM2 71911013575/ 7]9]1]3]5[9]|10]10
DM3 9/10/10|3 |5 | 7|5 7191 3]5[9]|10]10
DM1 9/10/10]1 |3 |5 ]|7|9 105 7]191]9]10]10
Cri2 DM2 719]10]/0]1[3]|9]10]10[3|5 |7 [9]10]10
DM3 7191101011 [ 3[5]7]9][3|5]|7][7]9]10
DM1 S 71915 71915 7]19]7]9]10|3]5 |7
Cri3 DM2 S| 719171911057 19571915719
DM3 S| 7191719110719 110|7]9]10[5] 719
DM1 9/10/10| 7] 9 (10|79 ]|10[5]|7]9]9]10]10
Cri4d DM2 7191105 7[9]5]7]9]7]9]10[9]10]10
DM3 9/10/10|7|1 9110|5719 [7]9]10[9]|10]10
DM1 9/10/10|5| 71917191057 ]9[7]9]10
Cri5 DM2 7191101719 110|5|7 |9 [5]7]19][7]9]10
DM3 7191105 79|57 193] 5[7]|5]71]9
DM1 719110719105 7]19]0]1]|3|3]|]5]|7
Cri6 DM2 9/10/10|719|10|7|9|10|2 |3 |5|8|5]|7
DM3 9/10/10|9|10j10|7|9|10|2 |3 |5]0]1]3
DM1 71911015/ 719]19/10/10{9]10]10[{9]10]10
Cri7 DM2 7191105 7([9]9]10]10[9]10]10[7]9 |10
DM3 5| 7191719 ]10]|7]9]10[7]9]10[9]10]10
DM1 7191105719135 | 7[3|5]7[9]10]10
Cri8 DM2 9/10/10|5| 7195|719 [8|5]7[9]10]10
DM3 9/10/10|5| 7 |9 |38|5 | 7[3|5]7[9]10]10
DM1 7191103 5|7 |7]9]10[9]10]10[7]9 |10
Cri9 DM2 9/10/10|3|5 |7 |7]19]10[9|10]10[7]9 |10
DM3 9/10/10|3|5 |7 |7|19]10[9|10]10[7]9 |10
DM1 0/[1 /3|01 |3 [5/7]9]0]1]3[7]9]10
Cril0 DM2 S| 7191011 [3|5]7]19]0]0]1]5]71]59
DM3 5| 71911383535 7[0j]0]1][7]9]10
DM1 9/10/10]1|3|5]9|10|10|{0J 0|1 |7]9]10
Crill DM2 9/10/10]1 |3 |5 |79 ]10]/0]1]3[9]10]10
DM3 7/9110]011 3|79 ]10]{0J0]1]7]9]10
DM1 7191105 7[9]5]7]9[1]383|5][]7]9]10
Cril2 DM2 S| 719157915 7]9[1]383|5][7]9]10
DM3 719110571915/ 7]19]0]1]3[7]9]10




Step 3: The Fuzzy Decision Matrix of alternatives is obtained with equation (3.11).

Table 4.13: The Fuzzy Decision Matrix
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ALTERNATIVES
CRITERIA Al A2 A3 A4 A5
Cril 7 196710 | 3 |[500) 7 |5 |767[10|1[367 |7 |9 |1000|10
Cri2 7 1933110 | 0 167 5|5 867|103 [567 |9 |7 96710
Cri3 5 |700] 9 5 |833|/10|5 |767[10|5[833|10)3633]|09
Cri4 7 196710 | 5 |833|/10| 5 |767]/10|5 |833|10]| 9 |10,00| 10
Cri5 7 1933|110 | 5 |767|10|5 |767[10[ 3 (6339 |5|833]|10
Cri6 7 196710 | 7 [933/10|5 |833|10[ 0233 |5 |0 367 |7
Cri7 5 |833] 10 | 5 |767|10| 7 |967]|10| 7 | 967 10| 7 |967 |10
Cri8 7 196710 | 5 [700) 9 |3 5679|3500 79 ]1000]10
Cri9 7 196710 | 3 [500) 7 |7 |900[10| 9 [10,00]/10| 7 | 9,00 |10
Cril0 0 |500] 9 0 /16751316339 00333 ]5/833]10
Crill 7 196710 | 0 (2335 |7 1933|/10{0[033]3|7]933]|10
Cril2 5 833/ 10 | 5 |700/9 |5 (70090233 |5 |7 ]900]10

Step 4: Normalized Aggregated Fuzzy Decision Matrix is obtained via equation (3.16).

Table 4.14: Normalized Aggregated Fuzzy Decision Matrix

ALTERNATIVES
CRITERIA Al A2 A3 A4 A5
Cril 0,70(0,97|1,000,30|0,50|0,70|050|0,77| 1,00 |010|0,37|0,70| 0,90 | 1,00 | 1,00
Cri2 0,70(093|100| - |0,17(0,50|0,50|0,87]|1,00]|0,30]|0,57|0,90]0,70 | 0,97 | 1,00
Cri3 0,500,701 0,90 |050|0,83|1,00|050|0,77|1,00|0,50]|0,83|1,00|0,30|0,63|0,9
Cri4 0,70 10,97 | 1,00 | 0,50 | 0,83 | 1,00 | 0,50 | 0,77 | 1,00 | 0,50 | 0,83 | 1,00 | 0,90 | 1,00 | 1,00
Crib 0,701 0,93 |1,00|0,50 | 0,77 | 1,00 | 0,50 | 0,77 | 1,00 | 0,30 | 0,63 | 0,90 | 0,50 | 0,83 | 1,00
Cri6 0,70(0,97|100/0,70|093|1,00|05 (083|100 - |023|050| - |0,37]|0,70
Cri7 0,50(0,83|1,00|050]|0,77 | 1,00 | 0,70 | 0,97 | 1,00 | 0,70 | 0,97 | 1,00 | 0,70 | 0,97 | 1,00
Cri8 0,701 0,97 | 1,00 | 0,50 | 0,70 | 0,90 | 0,30 | 0,57 | 0,90 | 0,30 | 0,50 | 0,70 | 0,90 | 1,00 | 1,00
Cri9 0,701 0,97 | 1,00 | 0,30 | 0,50 | 0,70 | 0,70 | 0,90 | 1,00 | 0,90 | 1,00 | 1,00 | 0,70 | 0,90 | 1,00
Cril0 - /05009 - (017|050|0,30|0,63|09 | - |0,03|0,30|0,50]|0,83] 1,00
Crill 0,70(097|100| - |023|050|0,70(0,93|100| - |0,03|0,30]|0,70 0,93 | 1,00
Cril2 0,50(083|1,00|050]|0,70|0,90|050|070{09 | - |0,23|0,50 0,70 | 0,90 | 1,00
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Step 5: Weigted Normalized Aggregated Fuzzy Decision Matrix is obtained via equation
(3.18).

Table 4.15: Weigted Normalized Aggregated Fuzzy Decision Matrix

ALTERNATIVES

Al A2 A3 Ad A5

Cril 0,080,10 | 0,11 | 0,03 | 0,05| 0,08 | 0,05 | 0,08 | 0,11 | 0,01 | 0,04 | 0,08 | 0,10 | 0,11 | 0,11
Cri2 0,06 (0,09 | 0,09 |0,00|0,02|0,05|0,05]|0,08|0,09|0,03|0,05]|0,08]|0,06|0,09 | 0,09
Cri3 0,04 0,06 | 0,07 | 0,04 | 0,07 | 0,08 | 0,04 0,06 |0,08|0,04]|0,07|0,08|0,02| 0,05 |0,07
Crid 0,04|0,05|0,05|0,03|0,04|0,05|0,03|0,04]0,05|0,03|0,04]|0,05]|0,05]|0,05|0,05
Cri5 0,06 | 0,09 | 0,09 | 0,05|0,07|0,09|0,05|0,07|0,09 |0,03|0,06|0,08|0,05| 0,08 | 0,09
Cri6 0,04 0,06 | 0,06 | 0,04 0,06 | 0,06 |0,03]|0,05|0,06|0,00|0,01|0,03]|0,00|0,02| 0,04
Cri7 0,05|0,08 | 0,09|0,05|0,07|0,09|0,07]0,09|0,09|0,07|0,09]|0,09|0,07|0,09 | 0,09
Cri8 0,07 0,10 | 0,11 | 0,05| 0,07 | 0,20 | 0,03 | 0,06 | 0,10 | 0,03 | 0,05 | 0,07 | 0,10 | 0,11 | 0,11
Cri9 0,03 0,04 | 0,04 |0,010,02]|0,03|0,03]|0,04|0,04|0,04|0,04|0,04|0,03]|0,04]|0,04
Cril0 0,00 (0,04 | 0,06 |0,00|0,01|0,04|0,02]0,05|0,06 |0,00]|0,00]|0,02]|0,04|0,06 |0,07
Crill 0,07 0,10 | 0,10 | 0,00 | 0,02 | 0,05 | 0,07 | 0,10 | 0,10 | 0,00 | 0,00 | 0,03 | 0,07 | 0,10 | 0,10
Cril2 0,05(0,09 0,10 | 0,05| 0,07 | 0,09 | 0,05 | 0,07 | 0,09 | 0,00 | 0,02 | 0,05 | 0,07 | 0,09 | 0,10

CRITERIA

Step 6: FPIS (Fuzzy Positive Ideal Solution) and FNIS (Fuzzy Negative Ideal Solution)
are obtained via equation (3.19) and (3.20), respectively.

Table 4.16: FPIS (Fuzzy Positive Ideal Solution) A*

A* Al A2 A3 A4 A5
0,08]0,10]0,11]0,05]0,07]0,10]0,07 | 0,10/ 0,11 | 0,07 | 0,09 | 0,09 | 0,20| 0,11 0,11

Table 4.17: FNIS (Fuzzy Negative Ideal Solution) A°

A Al A2 A3 A4 A5
0,00]0,04]0,04|0,00]0,01]0,03]0,02]0,04]0,04]0,00]0,00]0,02| 0,00 0,02] 0,04
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Step 7: The distance to FPIS and FNIS of each alternative is obtained via equation (3.21)
and (3.22).

Table 4.18: The distance to FPIS

Al | A2 | A3 | Ad | A5
di* 0,33/ 0,32 | 0,37 | 0,52 | 0,43

Table 4.19: The distance to FNIS

Al | A2 | A3 | Ad | A5
di- (0,53 0,42 | 0,37 | 0,41 | 0,59

Step 8: The closeness coefficent of each alternative is obtained viq equation (3.24) and
ranking the alternatives.

Table 4.20: The closeness coefficent of each alternative (CC;)

ALTERNATIVES | CCi |RANK
Al 0,61 1
A2 0,57 3
A3 0,50 4
A4 0,44 5
A5 0,58 2

According to the study, it is recommended that the air cargo company give the highest
subsidy or incentive to Alternative 1 freight forwarder. Then, subsidy or incentives should

be given to A5, A2, A3 and A4 freight forwarders, respectively.



5. CONCLUSION

The disruptions caused by the pandemic in world trade, the container crisis in maritime
transport, the increasing temperature and time sensitive transports with the transport of
medicines and vaccines have made the already limited and valuable air cargo capacity
more valuable than ever. This study is carried out in order to enable managers to make
decisions more quickly and easily, and to more accurately identify customers who will be

given subsidy and incentives.

Decision makers who are experts in their fields first brainstormed the criteria with
meticulous effort and endeavor. With the advice and contributions of senior executives,
it was decided to use a total of 12 criteria in the selection of freight forwarders. We can
state them as follows; total revenue, technology level, on-time delivery, payment
reputation, global coverage, responsiveness, stability of supply, quantity of supply, e-
AWB usage rate, error-free documentation, quality of operation and annual growth rate.
Afterwards, these criteria were carefully weighted by the experts using the DEMATEL
method. The weights obtained in this step were used during the evaluation in the Fuzzy
TOPSIS method. Since the criteria include both numerical data and linguistic variables,
it has become inevitable to apply fuzzy logic rules to rank or evaluate among alternatives.
While benefiting from the ease and flexibility of the TOPSIS method, we tried to create
a more suitable methodology for the problem by combining it with the Fuzzy method.
According to the Fuzzy TOPSIS result, the highest incentive is given to the alternative

that is closest to the positive ideal solution and farthest from the negative ideal solution.
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As a result of the literature search carried out to solve the problem of this study, it has
been realized that there are very scarce resources regarding the evaluation of air cargo
freight forwarders. Among the hundreds of articles scanned in the accessible literature,
the fact that there are only 3 studies on the same subject directly with this problem is an

indication that this subject is open to development.

As the subject of air cargo freight forwarder evaluation continues to be the subject of
future research, the possibility of making a healthier evaluation of carrier companies or
other components in the sector will increase. Freight forwarders can be evaluated using

different MCDM techniques or mathematical methods for further research.

In this study, it is a shortcoming that only freight forwarders originating from Turkey are
considered, and it would be more appropriate for future studies to evaluate global-scale

freight forwarders.
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