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Abstract
The COVID-19 pandemic increased the risk of financial distress, bankruptcy, or both, in the airline industry. Whether airlines
can survive or not during and/or after the pandemic is closely related to their decisions and actions which will enable their
success by increasing their resilience. In crisis periods such as COVID-19, the decisions taken by airlines are strategically
important for achieving sustainable success. Thus, it is critical to understand which factors are more important for airlines to
shape their actions and make correct decisions. This paper investigates the sustainable success factors on which airlines
should focus to provide resilience during the COVID-19 pandemic crisis. It provides a robust model using the interval type-2
fuzzy analytic hierarchy process (IT2FAHP) and interval type-2 fuzzy Decision Making Trial and Evaluation Laboratory
(IT2FDEMATEL) to identify and rank success factors. The findings indicate that financial and operational factors are extremely
important to ensure resilience for airlines. In addition, the results of the study reveal that operational factors and information
sharing factors have an impact on financial factors and customer satisfaction.

Keywords
crisis management, organizational resilience, success factors, Covid-19, airline industry, AHP, DEMATEL, interval type
2 fuzzy sets.

The COVID-19 outbreak, which began in China in late
2019, has continued to have major negative effects span-
ning the whole world. This crisis has dealt a deep blow
to the airline industry which is a sector of strategic
importance in global trade. First, the outbreak caused
the closure of airspace and travel restrictions in many
countries. Second, as a result, the world economy and
the airline industry experienced great financial loss which
is clearly revealed in financial reports. Global gross
domestic product (GDP) growth is expected to fall by
around 5% because of the pandemic. By way of compar-
ison, this is around four times larger than the losses of
the global financial crisis of 2008, when global GDP fell
by 1.3%. Europe’s largest regional airline company,
Flybe Airlines, went bankrupt, and Latin America’s
three major carriers, Avianca, LATAM Airlines Group,
and Aeromexico, filed for bankruptcy protection in
American courts (1). This provides a clear example of
the suffering felt in the airline industry from the global
financial crisis. However, it is expected that the airline

industry will experience the impact of COVID-19 much
more severely. In 2020, revenue passenger kilometers
(RPKs) were expected to decrease by around 50% com-
pared with 2019. A return to normal conditions, the level
of 2019, is not expected to occur until 2023, taking
approximately two years longer than global GDP (2). In
addition, scenarios for the effects of COVID-19 on civil
aviation forecast potential losses for airlines in gross
operating revenue of between USD 186 and 217 billion.
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Furthermore, a decline of total passengers globally rang-
ing from 226% to 231% was forecast for 2022 (3).

There is widespread agreement that companies have
been confronted by an environment with high levels of
uncertainty, instability, and turbulence in these COVID-
19 times (4). In such crisis or abnormal periods of time,
how companies decide and act is of great importance for
their sustainability. Companies need to take the correct
strategic actions to increase their resilience by consider-
ing various decision factors during these periods when
they face great challenges and suffer devastating losses.
Thus, companies with a high level of resilience are able
to overcome crisis periods more strongly (5). Ensuring
this resilience depends on companies making decisions
subject to multi-factor evaluations. Many studies have
been conducted in which various factors affecting deci-
sions of companies have been examined. In this context,
companies have been evaluated for: financial factors (6–
8) operational factors (9–11), customer satisfaction fac-
tors (12, 13), information sharing factors (14, 15), social
resource factors (16, 17), internal stakeholder factors
(18–20), external stakeholder factors (21–23), and com-
munication quality factors (24, 25). However, it is impor-
tant to determine which factors are more important in
times of crisis. If companies know which factor is vital
during such times, they will be able to overcome the bad
situation and gain competitive advantage by taking
appropriate actions.

Strategic actions consist of strategic decisions. Airline
companies can only overcome the negative impacts of the
COVID-19 pandemic by taking the correct strategic deci-
sions which will maximize their resilience. These decisions
will allow practical, safe, and effective actions, which will
make airline companies more resilient to the pandemic.
To this end, the following critical questions need to be
answered to ensure the sustainability of the airline indus-
try, which is critical to the process of global trade in the
post-pandemic period.

1. What factors have become critical for airlines to be
resilient in the COVID-19 period?
To answer the first question, the main factors
and their sub-factors related to maximizing the
resilience of airline companies during the pan-
demic were determined. Seven main factors and
65 sub-factors were found and added into the fac-
tors pool from the literature. The goal was to
reveal the resilience factors for the air transporta-
tion industry.

2. What are the factors that decision makers should
focus on to increase airline resilience in the
COVID-19 era?
To answer the second question, the resilience fac-
tors in the factor pool through the IT2FAHP

were determined, according to their level of
importance, by taking expert opinions. In this
way, it was determined which resilience factors
should be considered by decision makers and
investors of airlines during the COVID-19 pan-
demic. At the end of this stage, there were five
main factors (financial factors, operational fac-
tors, customer satisfaction factors, information
sharing factors, social resource factors), and 25
sub-factors.

3. What is the relationship between the factors that
will ensure resilience in airlines in times of crisis
and how do these factors affect each other?
To answer the third question, the relationships
between the factors determined via the IT2FAHP
from the factors pool were analyzed by using the
IT2FDEMATEL method. Thus, the analysis
revealed the relationship between the factors that
will provide the greatest resilience to airline com-
panies in a crisis period.

To answer these questions, the main factors and their
sub-factors related to maximizing the resilience of airline
companies during the pandemic were determined. First,
seven main factors and 65 sub-factors were collected into
the factors pool from the literature. Second, the
IT2FAHP was used to determine the best factors for
achieving the aim of maximizing resilience during the
pandemic period. At the end of this stage, there were five
main factors, (financial factors, operational factors, cus-
tomer satisfaction factors, information sharing factors,
social resource factors) and these had 25 sub-factors in
total. Third, this study examined and found which fac-
tors are the most effective for increasing the resilience of
airline companies during the pandemic period by using
IT2FDEMATEL.

The remainder of this article has been organized as
follows. The next section presents the literature review.
The second section considers organizational resilience
and success factors for airline companies. The third sec-
tion explains the methodology of the study. The fourth
sections presents the application of the proposed model.
The findings and results of the study are discussed in the
fifth section. Finally, the main conclusions and the lim-
itations of the study are summarized, along with sugges-
tions for future research, in the sixth section.

Literature Review

Many crises affect countries and the world negatively,
such as financial crises, terrorist attacks, natural disas-
ters, and outbreaks of disease, causing turbulent and
uncertain environments. These crises lead to difficulties
for individuals, policymakers, and organizations in their
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decision-making processes (26). Air transportation is
quite sensitive to world affairs and crises. In this context,
crisis management comes into prominence as a necessary
topic for airline companies. Studies have been carried
out on the relationship between the experiences of past
crises and air transportation, a topic which has been seen
as having considerable value and has gained the interest
of researchers.

Financial crises are the most researched topic in the
context of the relationship between crises and air trans-
portation. Bjelicic (27) examined the effects of the finan-
cial crisis experienced between 2007 to 2008 on aviation
finance and underlined that access to capital is critical
for the development and sustainability of the aviation
industry. The study benefited from the regression analy-
sis conducted by Dobruszkes and Van Hamme (28), who
researched the situation of air service dynamics during
the financial crisis in 2008. This study concluded that
low-cost carriers, such as Southwest and Ryanair, were
less affected by the crisis than full service carriers. The
results also show that some major airports, such as
London, Paris, and Amsterdam, with some exceptions,
resisted the crisis better than most other European air-
ports. In a study investigating the impact of the 2008
financial crisis on airline passenger transportation in
Romania and Europe respectively, and indirectly on
tourism, Oprea (29) revealed that some Romanian and
European airlines were adversely affected by the crisis,
and they decreased the number of flights on some routes
and destinations. Additionally, it was concluded that the
tourism industry was affected negatively by this circum-
stance. Diaconu (30) considered the effects of economic
crises on the European low-cost aviation market. The
findings highlighted that big low-cost carriers, such as
Ryanair and Easyjet, had successfully survived the crises
by offering low prices and increasing their market shares
and thus profits, but that small and medium-sized low-
cost carriers suffered more in the 2007 crisis than in the
2001 crisis. Pearce (31) focused on the condition of air-
line transportation after the great recession of 2008. The
conclusion of that study pointed out that airlines can
cope with demand shocks in such crises by adjusting
their fleets in various ways, and that international air
travel and air cargo transportation reached pre-recession
levels in less than 18months after the recession ended.

Another type of crisis that has adversely affected air
transportation is as a result of terrorist attacks. While
terrorist attacks can be carried out by aircraft, they can
also be carried out against the basic elements of aviation,
such as aircraft or airports. Studies conducted in this
area mostly focus on the 9/11 attack in 2001, which
affected air transportation the most. Gittell et al. (32)
revealed that Southwest Airlines, which has long-term
and strong employee relationships, underwent a much

faster recovery period than its competitors and managed
to avoid redundancies, whereas the competitors had
much slower recovery and needed to lay off parts of their
workforce during the crisis. Hätty and Hollmeier (33)
analyzed the strategy followed by Lufthansa Airlines
during the crisis in 2001. They found that Lufthansa
Airlines had deployed massive layoffs to cope with the
crisis, like most U.S. carriers, and decreased its air ser-
vice capacity temporarily. In a study measuring the effect
of the 9/11 terrorist attack in 2001 on air passenger
demand, Lai and Lu (34) examined passenger demand in
the U.S. after the attack with the intervention model.
The findings revealed that U.S. airline passenger demand
significantly decreased both domestically and interna-
tionally, especially in the first two months after the
attack. In another study, Kim and Gu (35) investigated
the changes in the stocks of U.S. airlines which were
quoted on the stock exchange. The study compares
returns, total risks, and systematic risks on the shares by
analyzing the data of the 60weeks before and after the
attack. It was concluded that the weekly stock returns
did not change significantly after the attack, however,
the total risk and systematic risk increased significantly
regardless of the airline size.

Natural disasters are another type of crises which
affect air transportation negatively. Volcanic eruptions,
tsunamis, earthquakes, and hurricanes are the main
examples of these which have had major impacts on the
industry. Polater (36) systematically reviewed airport
disaster management in his study dealing with the rela-
tionship between natural and manufactured disasters and
airports. The author classified studies on non-aviation
disasters as scheduling problems, stakeholder collabora-
tion, corporate social responsibility, infrastructure plan-
ning, and medical preparedness at the end of the review.
In another study on the relationship between natural dis-
asters and airports, Smith (37) conducted interviews on
regional cooperation, coordination, and communication
with representatives of airports, airlines, and other stake-
holders at 20 U.S. airports. The study emphasized that
cooperation, communication, and coordination between
airports is significantly important in ensuring the prepa-
redness and sustainability of operations during times of
disaster. Minato and Morimoto (38) underlined the
cooperation between stakeholders of regional air trans-
portation after the 2011 earthquake and tsunami in east-
ern Japan. The results of interviews conducted at
Yamagata airport showed that the dissemination of sim-
plified information and the sense of responsibility for
transportation were preconditions of successful colla-
borative management in the event of disasters. Alexander
(39) addressed the Icelandic Eyjafjallajökull volcanic
eruption as a case study of risk management. The erup-
tion resulted in a decrease of flights across most of
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Europe during the crisis after the eruption in 2010, which
lasted for more than a week. In the study, the importance
of considering various scenarios involving eruptions and
how various stakeholders should prepare for possible
eruptions was emphasized as stand-out findings after
evaluating the risks related to civil aviation.

The last type of crisis examined in crisis studies related
to air transportation is outbreaks of disease and there is
an important point to be noted here. With the first three
crisis types examined above, air transportation is simply
affected by the event. However, the relationship between
air transportation and outbreaks is interesting in that air
transportation is critical in both the spread and immedi-
ate elimination of outbreaks. Accordingly, this relation-
ship has been examined from both perspectives in
previous studies on the Severe Acute Respiratory
Syndrome (SARS), swine flu (A/H1N1), and ebola out-
breaks. The first perspective is the ‘‘affecting role,’’ which
argues that air transport triggers the geographic spread
of outbreaks (40–47). These studies were conducted on
predicting the spread of global outbreaks based on the
air transport network before the outbreak occurred,
measuring the impact of air transport during and after
the spread of the outbreak, and dealing with several mea-
sures for the protection of passengers on long-haul
flights. The second perspective is the ‘‘affected role,’’
which analyzes the effects of outbreaks on air transport
(48–50). The studies here are on the strategic and opera-
tional responses of airlines to outbreaks, the effects of
outbreaks on the performance and risk profile of airline
stocks, and behavioral responses of airline passengers.

The COVID-19 pandemic naturally falls in this last
type of crisis. Many studies were published on COVID-
19 in a short time in both civil aviation and other fields
since academic journals in various fields called for special
issues on the future effects of the pandemic, and this sub-
ject attracted the attention of researchers. Considering
the studies focusing on air transportation in the context
of COVID-19, it can be seen that most of them are from
the second perspective (affected by the outbreak) men-
tioned above. Studies have addressed the first angle
(affecting the outbreak) by examining passenger screen-
ings at airports to prevent the spread of the outbreak and
the spread of the outbreak through air transport (51–56).
The studies on the ‘‘affected role’’ consist of studies con-
sidering the effects of the COVID-19 pandemic on air
transportation and these have revealed the effects of the
pandemic on passengers, employees, airlines, and the glo-
bal airline industry (26, 57–65), responses to the pan-
demic (66–71), air transport recovery (72–74), and the
future of air transport after the pandemic (75–83).

The main point for managing crises successfully is in
making critical decisions. Crisis periods are the periods
when organizations make choices critical for their

survival (84). In addition, the ability to act quickly, with
agility, and creativity are also required, along with holis-
tic decisions to prevent deeper crises and achieve oppor-
tunities to use the crisis situations (85). The pandemic,
caused by the spread of COVID-19, caused travel restric-
tions, which had a negative impact on many sectors
worldwide. The airline industry especially has suffered a
severe blow in this process with the weakening of
demand, flight cancellations, and capacity reductions
(26). In crisis management it is critical to have a vision
that clearly shows how to approach the crisis before it
happens. However, while discussions about the effect of
the pandemic on airline companies and when the airline
industry will recover remain fresh, there is still no study
in the literature that clearly demonstrates success factors
for the survival and recovery of airline companies and
the sustainability of the industry. This study reveals the
most effective factors that should be considered for
increasing resilience and thus the sustainability of airline
companies during the pandemic crisis. In the study,
expert opinions were taken and the factors were evalu-
ated through IT2FAHP and IT2FDEMATEL multi-
criteria decision-making methods.

Organizational Resilience in the Airline
Industry

Organizational resilience is one of the first concepts that
comes to mind for preparedness, and the survival and
sustainability of organizations against unexpected local
and international disasters and outbreaks and likewise in
the event of technological changes, depletion of
resources, decreasing market confidence, and financial
breakdown (85). Resilience is the state of organizations
having the ability to give robust reactive responses after
these types of significant changes and substantial crises
(86). Lengnick-Hall et al. (87) stated that resilience pro-
tects organizations from devastating surprises in uncer-
tain and complex environments that threaten their
existence, and this plays a key role in their sustainability.
Resilient organizations are able to maintain their stabi-
lity in such environments with their flexibility (88).
Resilient organizations benefit from financial, technical,
and social resources in times of crisis. Financial resources
are required to fulfill financial responsibilities to internal
and external partners. Technical resources are important
to ensure profitability by increasing the feasibility of
operations, and thus to become sustainable. Finally,
businesses use social resources to interact with their
internal and external stakeholders, and to access finan-
cial and technical resources through stakeholders (85).

Most previous studies on organizational resilience
have focused on topics such as how resilient organiza-
tions are formed, what qualities these organizations
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have, how organizational resilience can be developed in
time, and the dimensions of organizational resilience
(89–94). Recently, with the advent of the pandemic,
some publications on mitigation strategies of supply
chains of various industries against bad conditions of
devastating crises such as the COVID-19 pandemic have
been carried out (95–99). On the other hand, there are
limited studies in the crisis management literature that
focus on the airline industry and address the relationship
between resilience and sustainability as well. Gössling
(62) drew attention to how the COVID-19 pandemic has
revealed that the airline industry does not have the resili-
ence needed for its sustainability with the current system,
and he underlines that countries should take radical
structural steps in this sense. Bastug and Yercan (100), in
their study on logistics companies, including air cargo
business, examined the competitive priorities of compa-
nies that will increase their resilience by providing them
with a sustainable competitive advantage in the COVID-
19 period. The study states that companies make their
operations more resilient so as not to weaken their sup-
ply chain performance during this time. In the research
conducted on U.S. airlines after the 9/11 attacks, it was
revealed that the organizations of managers who care
about the reciprocal relationship between financial and
relational resources before and after the crisis were the
most resilient (32). One study, examining the resilience
strategies of the automobile and airline industry’s supply
chain to mitigate the negative impacts of COVID-19,
highlighted the important role of big data analytics in
providing real-time information to increase supply chain
resilience of two industries against the pandemic. The
study also underlined the necessity of the cooperation
among supply chain stakeholders to mitigate the chal-
lenges of the COVID-19 pandemic, and to speed up the
utilization of digital technologies (101). Migdadi (102)
explored the effective and resilient operational strategies
for airlines during the COVID-19 pandemic and revealed
strategy alternatives for international and regional airlines
separately. In another study, Suk and Kim (103) aimed to
provide an understanding of internal and external airline
response strategies comprehensively, considering the rela-
tionship between crisis management and resilience.

The rapid recovery of the airline industry is critical
for world trade. Recovery is directly related to the level
of resilience of the airline companies, which are the main
stakeholder of the industry, and have been highly
affected by the COVID-19 crisis. To this end, ICAO
(104) suggested that national governments take an active
role to provide resilience to the industry and airline com-
panies against such crises. Of course, all stakeholders
have the task of mitigating the devastating impact of the
COVID-19 pandemic on the airline industry. However,
airline companies are at the center of this crisis. Airlines

must meticulously determine the factors necessary for
them and be aware of their priorities and to take actions
that will increase their resilience during the COVID-19
crisis. Therefore, this study is focused on the factors to
which airline companies should give importance to be
resilient and sustainable during the COVID-19 pan-
demic. These factors are presented in Table 1 with their
references.

Methodology

In this section, IT2FAHP and IT2FDEMATEL are
defined as follows.

Interval Type-2 Fuzzy Sets

This section briefly describes interval type-2 fuzzy sets.
Type-2 fuzzy sets were developed by Zadeh as an exten-
sion of type-1 fuzzy sets having membership degree as
type-1 fuzzy sets. A type-2 fuzzy set A

’
in the universe of

discourse X can be shown by a type-2 membership func-
tion m

A
’ , viewed as presented in Equation 1 (152–154):

A
’

=

(x, u),m
A
’ (x, u)

� �
8x 2 X ,8u 2 Jx � 0, 1½ �, 0 ł m

A
’ x, uð Þł 1

���n o
ð1Þ

where Jx states an interval [0,1]. The type-2 fuzzy set A
’

can also be given as shown in Equation 2 (152):

A
’ ¼

ð
x2X

ð
u2JX

m
A
’ x; uð Þ= x; uð Þ ð2Þ
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Ð

state union over all admissible x
and u. Let A

’
be IT2FSs in the universe of discourse X

shown by type-2 membership function m
A
’ . If all

m
A
’ x, uð Þ= 1 after A

’
it is called an IT2FSs (154, 155). An

IT2FSs A
’

can perform for specific situation of a type-2
fuzzy set, introduced as presented in Equation 3 and
Figure 1 (152).

A
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i
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� �

states the membership estimation
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es
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at
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o
f
n
et
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e
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.
(1
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)
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2

O
p
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n
u
e
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p
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o
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l
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u
e
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d
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s
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p
t
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r
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d

re
ve
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u
e
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p
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s.
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5
)
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3

R
O
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n
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at
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o
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et
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e
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u
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y.
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r
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p
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s.
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6
)
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p
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e
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b
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o
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n
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r
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an
ce
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m
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e
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e
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p
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.
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)
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p
it
al
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e
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o
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an
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u
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y

o
f
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e
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m
p
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y.
(1

1
8
)

(c
on
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u
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)
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b
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(1
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,
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9
)
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3
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et
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f

cu
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n
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d
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s
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an
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o
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er
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ee
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u
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e
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d
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y
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te
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th
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an

d
em

ic
to
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ro
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e

cu
st

o
m

er
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m

it
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en
t.

(1
5
,
1
2
0
)

C
4
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en

er
al

cu
st

o
m

er
s’

sa
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sf
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ti
o
n

T
h
e

d
eg

re
e

to
w

h
ic

h
th

e
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rl
in

es
m

ee
ts

cu
st

o
m

er
n
ee

d
s

an
d

w
an

ts
.

(1
5
,
1
2
0
,
1
2
1
)

C
5

N
ew

cu
st

o
m

er
re

te
n
ti
o
n

T
h
e

re
te

n
ti
o
n

o
f
n
ew

cu
st

o
m

er
s

b
y

ai
rl

in
es

b
y

u
p
h
o
ld

in
g

th
ei

r
se
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e
q
u
al

it
y

an
d

o
ff
er

in
g

p
ro

m
o
ti
o
n
s

o
r

re
w
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d
s

to
th

ei
r

cu
st

o
m

er
s.

(1
2
2
)

C
6

N
u
m

b
er

o
f
co

m
p
la

in
ts

T
h
e

n
u
m

b
er

o
f
co

m
p
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in
ts

th
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ai
rl

in
es

re
ce

iv
ed
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o
m

th
ei

r
cu

st
o
m

er
s

d
u
ri

n
g

th
e

p
an

d
em
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.

(1
2
)

C
7

N
u
m

b
er

o
f
cu

st
o
m

er
s
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th
e

fir
m

T
h
e

n
u
m

b
er

o
f
cu

st
o
m

er
s

w
h
o

ar
e

n
o
t

sa
ti
sf

ie
d

w
it
h

th
e

se
rv

ic
e

q
u
al

it
y

o
f
th

e
ai

rl
in
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d
u
ri

n
g

th
e

p
an

d
em

ic
.

(7
)

C
8

R
ec

o
m

m
en

d
at

io
n

o
f

fir
m

’s
p
ro

d
u
ct

/s
er
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th
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s

D
ef

in
ed
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el
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o
o
d

o
f
cu

st
o
m
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s

re
co

m
m

en
d
in
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e
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in
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o
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s

b
ec
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se

o
f
cu
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m
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sa

ti
sf
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o
n
.
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5
)

C
9
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u
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h
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e
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te
T

h
e

p
er

ce
n
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ge
o
f
ai

rl
in

e
cu

st
o
m

er
s

w
h
o

h
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e
p
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rc

h
as

ed
m

o
re

th
an

o
n
ce

in
a
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ai
n

ti
m

e.
(1

2
3
)

C
1
0
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p
o
n
se

to
cu

st
o
m

er
st

an
d
ar

d
s

W
h
et

he
r

th
e
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in
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t
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st
o
m

er
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an
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s

in
th
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p
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d
u
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an

d
se

rv
ic

es
th
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o
ff
er

d
u
ri

n
g

th
e

p
an

d
em
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.

(1
5
,
1
2
0
,
1
2
1
)

C
1
1
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o
f
in
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at
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n
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o
m

cu
st

o
m

er
s

in
d
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n
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g
p
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s
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T
h
e
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n
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p
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b
y
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m

er
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.

(1
5
)
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at
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p
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b
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n
g

p
er
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s
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gr
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u
n
ce
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ai

n
ty

.

(1
5
,
4
9
)

O
2

R
ed

u
ci

n
g
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p
ac

it
y

R
ef

er
s

to
ai

rl
in

es
d
ec

re
as

in
g

th
e

n
u
m

b
er

o
f

em
p
lo

ye
es

an
d

ai
rc

ra
ft

d
u
ri

n
g

th
e

p
an

d
em

ic
.

(4
9
)

O
3

Su
sp

en
d
ed

th
e

la
u
n
ch

o
f

n
ew

ai
r

se
rv

ic
es

Su
sp

en
si

o
n

o
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ai
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se
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e
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st
st
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te

d
to

b
e

o
ff
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ed
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cu
st

o
m

er
s

b
y

ai
rl

in
es
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a

re
su
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o
f

th
e

p
an

d
em

ic
.

(4
9
,1

2
4
)

O
4

H
al

ti
n
g

d
ir

ec
t

fli
gh

ts
St

o
p
p
in

g
d
ir

ec
t

fli
gh

ts
to

d
es

ti
n
at

io
n
s,

w
h
er

e
th

e
ri

sk
o
f
p
an

d
em

ic
is

in
cr

ea
se

d
,
o
r

th
e

d
em

an
d

is
si

gn
ifi

ca
n
tl
y

re
d
uc

ed
.

(4
9
)

O
5

Po
st

p
o
n
ed

th
e

la
u
n
ch

o
f

n
ew

ai
r

se
rv

ic
es

T
h
e

p
o
st

p
o
n
em

en
t

o
f
th

e
la

u
n
ch

o
f
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ai
r

se
rv

ic
es

to
b
e

p
ro
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d
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b
y
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rl

in
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an

o
th
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b
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o
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th

e
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an

d
em
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(4
9
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4
)

O
6

R
ed
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ci

n
g

fli
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en
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th
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ra
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b
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in
es

in
d
es

ti
n
at

io
n
s

w
h
er

e
d
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p
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n
ty

.
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9
)

O
7

P
ro

d
u
ct

/s
er

vi
ce

q
u
al

it
y

T
h
e

d
eg

re
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b
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(1
2
5
)
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at
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.
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9
)
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b
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b
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b
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ra
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at
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p
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b
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b
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b
ec

au
se

o
f

th
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an

d
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it
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s.

(1
2
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)

I 2
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p
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at
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b
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at
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b
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d
it
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s.

(9
3
,
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2
8
)

I 3
E
x
ch
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le
va

n
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A
ir

lin
es

h
av
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n
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d
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u
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)
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at
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)
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p
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9
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at
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h
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u
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r
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p
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n
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p
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of the factor aU
i j+ 1ð Þ in the upper trapezoidal membership

function AU
i

;
� �

, 1 ł j ł 2, Hj AL
i

;
� �

; also it states the

membership estimation of the factor aL
i j+ 1ð Þ in the

lower trapezoidal membership function AL
i

;
� �

,

1 ł j ł 2, H1 AU
i

;
� �

2 0, 1½ �, H2 AU
i

;
� �

2 0, 1½ �,H1 AL
i

;
� �

2

0, 1½ �, H2 AL
i

;
� �

2 0, 1½ � and 1 ł i ł n (156). The member-

ship function of a trapezoidal interval type-2 fuzzy set is
given in Figure 1.

The basic arithmetic operation of interval trapezoidal
type-2 fuzzy sets described as A1

’

and A2

’

are given below,
Equations 12 to 19.

A1

’

= aU
11, a

U
12, a

U
13, a

U
14; H1 AU

1

;
� �

,H2 AU
1

;
� �� �

,

�

aL
11, a

L
12, a

L
13, a

L
14; H1 AL

1

;
� �

,H2 AL
1

;
� �� ��

A2

’

= aU
21, a

U
22, a

U
23, a

U
24; H1 AU

2

;
� �

,H2 AU
2

;
� �� �

,

�

aL
21, a

L
22, a

L
23, a

L
24; H1 AL

2

;
� �

,H2 AL
2

;
� �� ��

Definition 1: The addition operation for the two tra-
pezoidal IT2FSs A1

’
and A2

’
is described in Equation

4below.

A1

’
�A2

’
= aU

11 + aU
21, a

U
12 + aU

22, a
U
13 + aU

23, a
U
14 + aU

24;
��

min H1 AU
1

;
� �

; H1 AU
2

;
� �� �

, min H2 AU
1

;
� �

; H2 AU
2

;
� �� ��

,

aL
11 + aL

21, aL
12 + aL

22, a
L
13 + aL

23, a
L
14 + aL

24;
�
min H1 AL

1

;
� �

; H1 AL
2

;
� �� �

, min H2 AL
1

;
� �

; H2 AL
2

;
� �� ��

:

ð4Þ

Definition 2: The subtraction operation for the two

trapezoidal IT2FSs A1

’
and A2

’
is described in

Equation 5 below.

A1

’
�A2

’
= aU

11 � aU
24, a

U
12 � aU

23, a
U
13 � aU

22, a
U
14 � aU

21;
��

min H1 AU
1

;
� �

; H1 AU
2

;
� �� �

, min H2 AU
1

;
� �

; H2 AU
2

;
� �� ��

,

aL
11 � aL

24, a
L
12 � aL

23, a
L
13 � aL

22, a
L
14 � aL

21;
�
min H1 AL

1

;
� �

; H1 AL
2

;
� �� �

, min H2 AL
1

;
� �

; H2 AL
2

;
� �� ��

:

ð5Þ

Definition 3: The multiplication operation for the two
trapezoidal IT2FSs A1

’
and A2

’
is described in

Equation 6 below.

A1

’
�A2

’
= aU

11 3 aU
21, a

U
12 3 aU

22, a
U
13 3 aU

23, a
U
14 3 aU

24;
��

min H1 AU
1

;
� �

; H1 AU
2

;
� �� �

, min H2 AU
1

;
� �

; H2 AU
2

;
� �� ��

,

aL
11 3 aL

21, a
L
12 3 aL

22, a
L
13 3 aL

23, aL
14 3 aL

24;
�
min H1 AL

1

;
� �

; H1 AL
2

;
� �� �

, min H2 AL
1

;
� �

; H2 AL
2

;
� �� ��

:

ð6Þ

Definition 4: The arithmetic operation for the trape-

zoidal IT2FSs A1

’
and a crisp value k.0 is described

in Equations 7 and 8 below.

k A1

’
= k 3 aU

11, k 3 aU
12, k 3 aU

13, k 3 aU
14; H1 AU

1

;
� �

,H2 AU
1

;
� �� ��

,

k 3 aL
11, k 3 aL

12, k 3 aL
13, k 3 aL

14; H1 AL
1

;
� �

,H2 AL
1

;
� �� ��

:

ð7Þ

Figure 1. Trapezoidal interval type-2 fuzzy numbers.
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A1

’

k
=

1

k
3 aU

11,
1

k
3 aU

12,
1

k
3 aU

13,
1

k
3 aU

14;

��
H1 AU

1

;
� �

,H2 AU
1

;
� �

,

1

k
3 aL

11,
1

k
3 aL

12,
1

k
3 aL

13,
1

k
3 aL

14;

�
H1 AL

1

;
� �

,H2 AL
1

;
� ��

:

ð8Þ

Definition 5: The division operation for the two trape-

zoidal IT2FSs A1

’
and A2

’
is described in Equation 9

below.

A1

’

A2

’ ffi
aU

11

aU
24

,
aU

12

aU
23

,
aU

13

aU
22

,
aU

14

aU
21

;min H1 AU
1

;
� �

; H1 AU
2

;
� �� �

,

��

min H2 AU
1

;
� �

; H2 AU
2

;
� �� ��

,

aL
11

aL
24

,
aL

12

aL
23

,
aL

13

aL
22

,
aL

14

aL
21

;min H1 AL
1

;
� �

; H1 AL
2

;
� �� �

,

�

min H2 AL
1

;
� �

; H2 AL
2

;
� �� ���

: ð9Þ

Definition 6: The inverse operation of the trapezoidal
IT2FSs A1

’
is described in Equation 10 below.

1

A1

’ =
1

aU
14

,
1

aU
13

,
1

aU
12

,
1

aU
11

; H1 AU
1

;
� �

; H1 AU
2

;
� �� ��

,

1

aL
14

,
1

aL
13

,
1

aL
12

,
1

aL
11

; H1 AL
1

;
� �

; H1 AL
2

;
� �� ��

:

ð10Þ

Definition 7: the nth root operation of the trapezoidal
IT2FSs A1

’
is described in Equation 11 below.

ffiffiffiffiffi
A1

’n

q
=

ffiffiffiffiffiffi
aU

11
n

q
,
ffiffiffiffiffiffi
aU

12
n

q
,
ffiffiffiffiffiffi
aU

13
n

q
,
ffiffiffiffiffiffi
aU

14
n

q
; H1 AU

1

;
� �

; H1 AU
2

;
� �� ��

,

ffiffiffiffiffiffi
aL

11
n

q
,
ffiffiffiffiffiffi
aL

12
n

q
,
ffiffiffiffiffiffi
aL

13
n

q
,
ffiffiffiffiffiffi
aL

14
n

q
; H1 AL

1

;
� �

; H1 AL
2

;
� �� ��

:

ð11Þ

Interval Type-2 Fuzzy Analytic Hierarchy Process

The analytic hierarchy process (AHP) is a Multi Criteria
Decision Making (MCDM) technique developed by
Saaty (157) in the 1980s as a structured approach used for
decision making for both qualitative and quantitative
characteristics. The AHP method comprises an objective,
alternatives, and a hierarchical structure in MCDM prob-
lems (157). The AHP evaluates a quantifying relative pri-
ority of the problem based on decision makers’ judgments
with crisp numbers. AHP also stresses the consistency of
the comparison of alternatives and has the ability to detect
and incorporate inconsistencies inherent in the decision-
making process. However, decision makers may not evalu-
ate judgments as crisp values in real life as evaluation con-
tains some uncertainty and subjectivity. Fuzzy sets help
decision making by increasing accuracy. Furthermore,
since IT2Fs were introduced, they give better solutions
than IT1Fs as IT2Fs have flexible membership functions.
IT2FAHP has been applied to many problems since it was
introduced to the literature (158). The IT2FAHP method
has been widely employed in the current literature, for
instance: the aircraft selection problem (159), locating
environmentally-friendly grain processing plants (160), site
selection of nursing homes in the field of health (161), and
portfolio selection problem in finance theory (162).

The IT2Fs’ linguistic variables are presented in Table 2.
The IT2FAHP method (163) is represented step by

step as follows:

Step 1: The problem is defined with a goal. The struc-
ture of the hierarchy is built up along with its main
factors and sub-factors at all levels.
Step 2: Building up the IT2Fs pairwise comparison
matrix as A

’
and the average decision matrix. In

Equations 12 and 13, the pairwise comparison matrix
is presented as below.

Ak

’

=( ak
ij

’

)nxn =

1 ak
12

’

::: ak
in

’

ak
21

’

1 ::: ak
2n

’

..

. ..
. . .

. ..
.

ak
n1

’

ak
n2

’

::: 1

2
6666664

3
7777775
=

1 ak
12

’

::: ak
1n

’

1=ak
12

’

1 ::: ak
2n

’

..

. ..
. . .

. ..
.

1=ak
1n

’

1=ak
2n

’

::: 1

2
6666664

3
7777775
ð12Þ

Table 2. IT2FSs’ Linguistic Variables (163)

Linguistic variable Interval type-2 fuzzy sets

AS Absolutely strong ((7, 8,9, 9; 1, 1) (7.2, 8.2, 8.8, 9.0; 0.8, 0.8))
VS Very strong ((5, 6,8, 9; 1, 1) (5.2, 6.2, 7.8, 8.8; 0.8, 0.8))
FS Fairly strong ((3, 4,6, 7; 1, 1) (3.2, 4.2, 5.8, 6.8; 0.8, 0.8))
SS Slightly strong ((1, 2,4, 5; 1, 1) (1.2, 2.2, 3.8, 4.8; 0.8, 0.8))
E Exactly strong ((1, 1, 1, 1; 1, 1) (1, 1, 1, 1; 1, 1))
If parameter i has one of the linguistic variables appointed to it when matched

with parameter j, then j has the mutual value when matched with I
Reciprocals of the above

12 Transportation Research Record 00(0)



A
’

=( aij
’
)nxn ð13Þ

where

1=a=
’ 1

aU
14

,
1

aU
13

,
1

aU
12

,
1

aU
11

,H1(a
U
12),H2(a

U
13)

� �
,

�
1

aL
24

,
1

aL
23

,
1

aL
22

,
1

aL
21

,H1(a
L
22),H2(a

L
23)

� ��
:

The geometric means of k IT2Fs are evaluated for kth
decision makers. In Table 2, the linguistic variables are
represented for evaluation. The decision makers’ deci-
sions in the pairwise comparison matrices are aggregated
by means of the geometric mean method in Equation 14.

aij
’

= a1
ij

’
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ij

’
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:

Step 3: Analyze the consistency of the IT2Fs pairwise

comparison matrices. When considering A= aij

� �
as a

positive reciprocal matrix, A
’

= aij
’
h i

is supposed as a

positive reciprocal matrix. As a result, A= aij

� �
is

consistent, so A
’

= aij
’
h i

is also consistent (155).

Step 4: ri
’
is computed by means of Equation 15 based

on the IT2Fs weight’s geometric mean of each row of

A
’

= aij
’
h i

for applying each criterion as below.
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’
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’
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’
h i1=n

ð15Þ

where

ffiffiffiffiffi
aij
’n

q
=

ffiffiffiffiffiffiffi
aU

ij1
n

q
,
ffiffiffiffiffiffiffi
aU

ij2
n

q
,
ffiffiffiffiffiffiffi
aU

ij3
n

q
,
ffiffiffiffiffiffiffi
aU

ij4
n

q
; HU

1 (aij),
;

HU
2 (aij),

;
� �

,

�
ffiffiffiffiffiffiffi
aL

ij1
n

q
,
ffiffiffiffiffiffiffi
aL

ij2
n

q
,
ffiffiffiffiffiffiffi
aL

ij3
n

q
,
ffiffiffiffiffiffiffi
aL

ij4
n

q
; HL

1 (aij),
;

HL
2 (aij),

;
� ��

:

Step 5: The IT2Fs weight ith criterion is computed by
applying Equation 16, below.

wi
’

= ri
’ � r1

’ � 	 	 	 � ri
’ � 	 	 	 � rn

’
h i�1

ð16Þ
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Step 6: The ranking of the results obtained through
defuzzification is consistent with the expected order
of trapezoidal type-2 fuzzy sets (DTraT) as in
Equation 17 (163).

DTraT =

uU�lUð Þ+ bU m1U�lUð Þ+ aU m2U�lUð Þ
4

+ lU

h i
+ uL�lLð Þ+ bLm1L�lLð Þ+ aLm2L�lLð Þ

4
+ lL

h i
2

ð17Þ

Interval Type-2 Fuzzy DEMATEL

The DEMATEL method is utilized for determining the
cause and effect relationships among the factors, so the
relationships of factors are turned into local preferences.
This method is able to visualize the complex cause and
effect relationships of sub-systems in an understandable
way. The method can also be used to construct a struc-
tural model for analyzing complex interrelationships
among criteria and confirm the relation that reflects the
characteristics with an essential system.
IT2FDEMATEL merits receiving more comprehensive

Table 3. IT2FSs Linguistic Variables (168)

Linguistic variables Interval type-2 fuzzy sets

VH Very high influence ((0.8, 0.9, 0.9, 1.0; 1, 1), (0.85, 0.9, 0.9, 0.95; 0.9, 0.9))
H High influence ((0.6, 0.7, 0.7, 0.8; 1, 1), (0.65, 0.7, 0.7, 0.75; 0.9, 0.9))
L Low influence ((0.4, 0.5, 0.5, 0.6; 1, 1), (0.45, 0.5, 0.5, 0.55; 0.9, 0.9))
VL Very low influence ((0.2, 0.3, 0.3, 0.4; 1, 1), (0.25, 0.3, 0.3, 0.35; 0.9, 0.9))
No No influence ((0, 0.1, 0.1, 0.1; 1, 1), (0, 0.1, 0.1, 0.05; 0.9, 0.9))
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evaluation because of the flexibility of spaces represent-
ing uncertainties, more so than they do with T1FSs.
Moreover, IT2FSs can provide us with more degrees of
freedom to represent the uncertainty and the vagueness of
the real world. Therefore, it is impeccable to integrate the
extra flexibility of IT2FSs and the unique causal relation-
ship of DEMATEL. In this section, the IT2FDEMATEL
method is briefly described step by step as follows (164–
167).

IT2FSs linguistic variables for IT2FDEMATEL are
taken into consideration in Table 3 (168).

Step 1: Obtaining the evaluation of decision makers.
The group of decision makers can be needed to aggre-
gate the IT2F influence matrices so, with a total of k

influence matrices, Z
’
(1), Z

’
(2), 	 	 	 , Z

’
(k) are evaluated

by each decision maker.
Step 2: Computing the average of the IT2F influence
matrices. The arithmetic mean of the IT2F influence
matrices is computed as in Equation 18.

Z
’
=

Z
’(1)
� Z
’(2)
� 	 	 	 � Z

’(k)

k
ð18Þ

where Z
’

denotes the initial direct-relation matrix. The
initial direct relation is shown in Equation 19.
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. . .
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� �

Step 3: Obtaining the normalized direct-relation
matrix. According to the membership functions, the
trapezoidal IT2F initial direct-relation matrix is rear-
ranged to compute the normalized direct-relation
matrix. The heights of the IT2FNs are omitted from
the following representations as the calculations are
not affected. A total of eight m3m matrices are
therefore built up through Equation 20:
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Therefore, Zd0 comprises the greatest value of element
which is issued to compute the normalization of coeffi-
cient. The normalized direct-relation matrix is given
through Equation 21.
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The elements of the normalized direct-relation matrix are
calculated through Equation 22.
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where the normalization coefficient s is computed as in
Equation 23.

s= max max
1 ł i ł m

Xm

j= 1

Zd0 ij

’

, max
1 ł j ł m

Xm

i= 1

Zd0 ij

’

 !
ð23Þ

Step 4: Computing the total-relation matrix contains
similar procedures as in Step 3, the normalized direct-
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relation matrix can be presented by means of eight
crisp matrices as in Equation 24:
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The total-relation matrix is presented by T
’

as in
Equation 25.
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relation matrix are computed as in Equation 26:
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The heights of the IT2FNs are considered as the same
for each entry in the total-relation matrix; that is,

H1( tU
ij

;

)=H1( xU
ij

;

).

Step 5: Carrying out structural correlation analysis.
The elements of the total-relation matrix tij

’
are used

to carry out structural correlation analysis. The sum
of the rows and the sum of the columns of the T

’

matrix, denoted as Di

’
and Rj

’
, can be obtained by

using Equations 27 and 28.
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To acquire a causal diagram, the expected values of the

ordered pairs Di

’
�Ri

’
, Di

’
�Ri

’
� �

are computed. The

expected value of the Di

’
�Ri

’
is denoted by E Di

’
�Ri

’
� �

and is termed an expected prominence. Likewise,

E Di

’
�Ri

’
� �

is termed an expected relation.

Step 6: Calculating the weights of factors. When the
expected prominence and relation values are calcu-
lated, the importance of each criterion is calculated
by Equation 29.
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Calculating expected value as E(A). The expected val-
ues of trapezoidal IT2F A

’
, E Di +Rið Þ, and E Di � Rið Þ

are calculated through Equation 30 (169).

E Að Þ= 1

2

1

4

X4

i= 1

aU
1 + aL

1

�  !
x

1

4

X2

i= 1

Hi AU
i

� 
+Hi AL

i

� �  !

ð30Þ
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Step 7: Finally, after having calculated expected value,
the normalized prominence degree of each criterion is
then computed through Equation 31:

nwi =
wiPm

i= 1

wi

ð31Þ
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Application

This section proposes a model for the analysis of factors
affecting the sustainable success of the airline industry
during the COVID-19 pandemic. The model consists of
IT2FAHP and IT2FDEMATEL methods. A flowchart
is presented for the proposed model in Figure 2. The
study consists of three analysis sections. In the first sec-
tion, there are seven main factors having a total of 65
sub-factors. The main factors and sub-factors were eval-
uated by IT2FAHP to reduce the number of main fac-
tors to five and the number of sub-factors for each main
factor to five as well. In the second section, five main fac-
tors and their total of 25 sub-factors were evaluated by
IT2FAHP again, to determine the most important main
and sub-factors. In the last section, IT2FDEMATEL
evaluates the relationship of sub-factors to determine
which factors are cause and which factors are effect.

First Stage, Determining the Problem

In the first stage, the problem was defined as factors
affecting decisions of airline companies related to

resilience and achieving sustainable success during the
COVID-19 pandemic crisis. Second, this study aimed to
determine the relationship of these factors to each other.

Determination of the importance weights and ranking
of the decision factors was computed by IT2FAHP at
that phase. Moreover, IT2FDEMATEL analyzed the
factors and their sub-factors to determine how to they
were had relationship each other as cause and effect in
the final phase.

First Section

Second Stage, Determining the Factor Pool. In this stage, a
comprehensive list of factors which were obtained in the
scope of this study and could help airline companies to
succeed in crisis environments is presented. The factors
were adapted from studies dealing with the subject of
measuring the performance of firms in crisis periods.
First, a factor pool was created by combining the factors
collected from the literature by the authors of this study.
Then, some of the factors were eliminated, considering
the relationship between the airline companies and the
pandemic crisis. As a result of this stage, the remaining
65 sub-factors were classified into seven main factors:
Financial (F) having 15 sub-factors, Operational (O)
having nine sub-factors, Human Resource Management
(H) having 10 sub-factors, Customer Satisfaction (C)
having 11 sub-factors, Information Sharing (I) having
eight sub-factors, Resilience (R) having seven sub-factors
and Social Resources (S) having five sub-factors.

Third Stage, Determining the Sub-Factors. In this stage, the
aim was to determine the five principal sub-factors for
each main factor listed above except for S, because S
already had five sub-factors. With this aim, first, five
decision makers, who had at least five years’ experience
in the airline industry, evaluated all sub-factors of the six
main factors using IT2AHP to determine the five sub-
factors of each of the main factors. There are several rea-
sons why the decision makers involved in the study were
chosen. First of all, in this study, a factor pool was cre-
ated by bringing together the factors collected from the
literature. In this context, seven main factors were identi-
fied and 65 sub-factors related to them were classified.
The decision makers ranked the seven main criteria and
65 sub-criteria in the criteria pool according to their
importance. At this stage of the study, the decision mak-
ers were asked to answer 311 questions (comparisons).
In line with the answers given by the decision makers,
five main criteria and 25 sub-criteria were included in the
study. In the second stage of the study, the decision mak-
ers ranked the five main criteria and their 25 sub-criteria
according to the level of importance. At this stage of the
study, the decision makers were asked to answer 60

Figure 2. Proposed methodology.
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questions. In the third phase of the study, the decision
makers answered the cause–effect relationship question-
naire for the IT2FDEMATEL analysis. At this stage of
the study, the decision makers were asked 600 questions.
In this long-term analysis phase, it is important for the
decision makers to give consistent answers to the ques-
tions. Therefore, the authors collaborated with the deci-
sion makers who consented. One of the most important
characteristics of the decision makers included in the
study was their consent to long-term cooperation. The
decision makers were selected from among academics
who have expertise of airline management and held
bachelor, master, and PhD degrees in the field of avia-
tion management. Evaluations were made by the deci-
sion makers for the main factors. The computing process
was applied by IT2FAHP.

The linguistic variables of the pairwise comparison
matrix were evaluated by decision makers by applying
the seven main factors of the study, as listed above.
Interval type-2 fuzzy pairwise aggregated comparison
matrices were evaluated by the decision makers by apply-
ing these seven main factors with Equation 14.

After building up the comparison decision matrix,
IT2FAHP methodology was applied to these decision
matrices by Equations 15 and 16 to determine the fuzzy
weights of the factors. These results of the factors are pre-
sented for F in Table A1, O in Table A2, H in Table A3,
C in Table A4, I in Table A5, and R in Table A6. Finally,
defuzzification and normalization of factors were com-
puted by Equation 17.

Fourth Stage, Determining the Main Factors. In this stage, the
aim was to determine the first five main factors among
the seven main factors abovementioned. Thus, with this
aim, first, the linguistic variables of the pairwise compar-
ison matrix for the seven main factors was evaluated by
five decision makers to determine the five main factors.
The computing process was applied by IT2FAHP.

Interval type-2 fuzzy pairwise aggregated comparison
matrix was evaluated by decision makers by applying the
main factors with Equation 14 for the seven main
factors.

After building up the comparison decision matrix, the
IT2FAHP methodology was applied to these decision
matrices by Equations 15 and 16 to determine the fuzzy
weights of the factors. These results of factors were pre-
sented as for the main factors in Table A7 in the
Appendix. Finally, defuzzification and normalization of
factors were computed by Equation 17. After the evalua-
tion, the five main factors selected by the decision mak-
ers were: F, O, C, I and S. H and R were therefore
ignored by the decision makers.

Second Section

Fifth Stage, Calculating Weights of the Main Factors. In this
stage, the aim was to determine the weights of the five
main factors. With this aim, first, the five decision mak-
ers evaluated the five main factors through IT2AHP to
determine the five main factors. The computing process
was applied by IT2FAHP.

The linguistic variables are presented Table 2. The ele-
ments of the pairwise comparison matrices are aggre-
gated by means of the geometric mean method. A
linguistic variable decision matrix is presented in Table
A8. The main factors of the proposed method are calcu-
lated by Equation 14 for a12

’
as follows:

a12
’

= a1
12

’

� a2
12

’

� 	 	 	 � a5
5

’
	 
1=5

according to Equation

14 also, the opinions of the five decision makers.

a12
’

= 5:00, 6:00, 8:00, 9:00; 1, 1ð Þ, 5:20, 6:20, 7:80, 8:80; 0:80, 0:80ð Þð Þ½ �
3:00, 4:00, 6:00, 7:00; 1, 1ð Þ, 3:20, 4:20, 5:80, 6:80; 0:80, 0:80ð Þð Þ�
5:00, 6:00, 8:00, 9:00; 1, 1ð Þ, 5:20, 6:20, 7:80, 8:80; 0:80, 0:80ð Þð Þ�
5:00, 6:00, 8:00, 9:00; 1, 1ð Þ, 5:20, 6:20, 7:80, 8:80; 0:80, 0:80ð Þð Þ�
0:11, 8:00, 9:00, 9:00; 1, 1ð Þ, 7:20, 8:20, 8:80, 9:00; 0:80, 0:80ð Þð Þ�

0:11, 8:00, 9:00, 9:00; 1, 1ð Þ, 7:20, 8:20, 8:80, 9:00; 0:80, 0:80ð Þð Þ�
1=5

= 2:11, 5:86, 7:73, 8:56; 1, 1ð Þ, 5:04, 6:07, 7:53, 8:40; 0:8, 0:8ð Þð Þ

As the result of evaluation by the decision makers, the
linguistic variables were aggregated through using the
geometric mean method in the decision matrix, as pre-
sented in Table A9 in the Appendix. In the next stage,
according to the type-2 fuzzy pairwise comparison matrix
in the IT2FAHP, the type-2 fuzzy weights of factors were
carried out by calculation procedures as follows:

ri
’¼ ai1

’ � ai2
’ � 	 	 	 � ai5

’ �
h i1=5

according to Equation 15

r1
’

= 1, 1, 1, 1; 1, 1ð Þ, 1, 1, 1, 1; 1, 1ð Þð Þ�½
2:11, 5:86, 7:73, 8:56; 1, 1ð Þ, 5:04, 6:07, 7:53, 8:40; 0:8, 0:8ð Þð Þ�
1:25, 1:74, 2:49, 2:81; 1, 1ð Þ, 1:36, 1:83, 2:42, 2:75; 0:8, 0:8ð Þð Þ�
1:72, 2:86, 4:98, 6:02; 1, 1ð Þ, 1:96, 3:08, 4:78, 5:81; 0:8, 0:8ð Þð Þ�
2:67, 3:78, 5:86, 6:88; 1, 1ð Þ, 2:90, 3:99, 5:65, 6:68; 0:8, 0:8ð Þð Þ�1=5

= 1, 64, 2, 56, 3, 55, 3, 98; 1, 1ð Þ, 2, 08, 2, 67, 3, 46, 3, 89; 0, 8, 0, 8ð Þð Þ

The remaining ri
’

were calculated in the same way, as
shown below:

r2
’

= 0, 27, 0, 30, 0, 42, 0, 65; 1, 1ð Þ, 0, 28, 0, 31, 0, 40,ðð
0, 51; 0, 8, 0, 8ÞÞ

r3
’

= 1, 02, 1, 35, 1, 98, 2, 41; 1, 1ð Þ, 1, 09, 1, 41, 1, 91,ðð
2, 31; 0, 8, 0, 8ÞÞ
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r4
’

= 0, 55, 0, 69, 1, 04, 1, 40; 1, 1ð Þ, 0, 58, 0, 72, 0, 99,ðð
1, 30; 0, 8, 0, 8ÞÞ

r5
’

= 0, 43, 0, 55, 0, 82, 1, 05; 1, 1ð Þ, 0, 46, 0, 58, 0, 79,ðð
0, 99; 0, 8, 0, 8ÞÞ

The type-2 fuzzy weights were computed by normaliza-
tion, as shown below:

wi
’

= ri
’ � r1

’ � r2
’ � 	 	 	 � r5

’
h i�1

according to Equation 16

w1
’

= 1, 64, 2, 56, 3, 55, 3, 98; 1, 1ð Þ, 2, 08, 2, 67, 3, 46, 3, 89; 0, 8, 0, 8ð Þð Þ�
1, 64, 2, 56, 3, 55, 3, 98; 1, 1ð Þ, 2, 08, 2, 67, 3, 46, 3, 89; 0, 8, 0, 8ð Þð Þ½ �

0, 27, 0, 30, 0, 42, 0, 65; 1, 1ð Þ, 0, 28, 0, 31, 0, 40, 0, 51; 0, 8, 0, 8ð Þð Þ�
1, 02, 1, 35, 1, 98, 2, 41; 1, 1ð Þ, 1, 09, 1, 41, 1, 91, 2, 31; 0, 8, 0, 8ð Þð Þ�
0, 55, 0, 69, 1, 04, 1, 40; 1, 1ð Þ, 0, 58, 0, 72, 0, 99, 1, 30; 0, 8, 0, 8ð Þð Þ�
0, 43, 0, 55, 0, 82, 1, 05; 1, 1ð Þ, 0, 46, 0, 58, 0, 79, 0, 99; 0, 8, 0, 8ð Þð Þ�1

= 0, 17, 0, 33, 0, 65, 1, 01; 1, 1ð Þ, 0, 23, 0, 35, 0, 61, 0, 87; 0, 8, 0, 8ð Þð Þ

The remaining w1
’

were obtained as follows:

w2
’

= 0, 03, 0, 04, 0, 08, 0, 17; 1, 1ð Þ, 0, 03, 0, 04, 0, 07,ðð
0, 11; 0, 8, 0, 8ÞÞ

w3
’

= 0, 11, 0, 17, 0, 36, 0, 61; 1, 1ð Þ, 0, 12, 0, 19, 0, 34,ðð
0, 51; 0, 8, 0, 8ÞÞ

w4
’

= 0, 06, 0, 09, 0, 19, 0, 36; 1, 1ð Þ, 0, 06, 0, 10, 0, 17,ðð
0, 29; 0, 8, 0, 8ÞÞ

w5
’

= 0, 05, 0, 07, 0, 15, 0, 27; 1, 1ð Þ, 0, 05, 0, 08, 0, 14,ðð
0, 22; 0, 8, 0, 8ÞÞ

Interval type-2 fuzzy weights were defuzzied by DTraT

method as in Equation 17. This was calculated for F fac-
tors as shown below:

DTraT =

1:01�0:17ð Þ+ 1x0:33�0:17ð Þ+ 1x0:65�0:17ð Þ
4

+ 0:17
h i

+

0:17�0:03ð Þ+ 0:8x0:04�0:03ð Þ+ 0:8x0:08�0:03ð Þ
4

+ 0:03
h i

2
= 0:504

Accordingly, to calculate the remaining crisp values of
weight for the remaining factors, it was applied the same
way as in Table A9. The IT2FSs factor weights in Table
4 were defuzzied by DTraT method as in Equation 17 in
IT2FAHP. As a result, the weights of the main factors
(F, C, O, I, S) were calculated, as shown in Table A10 in
the Appendix. Finally, the weights of all factors were
normalized.

The same calculation with IT2FAHP was applied for
the weights of all factors.

Sixth Stage, Calculating Weights of the Sub-Factors of the Main
Factors. In this stage, the aim was to calculate the weights
of the sub-factors of the main factors. Thus, with this

aim, first, five decision makers evaluated all the sub-
factors of the main factors through IT2AHP to deter-
mine the five main factors. The computing process was
applied by IT2FAHP.

The linguistic variables of the pairwise comparison
matrix was evaluated by the decision makers by applying
the sub-factors for F, O, C, I, and S. Interval type-2 fuzzy
pairwise aggregated comparison matrix was evaluated by
the decision makers by applying the sub-factors of the
same five factors with Equation 14.

After building up the comparison decision matrix,
IT2FAHP methodology was applied to these decision
matrices by Equations 15 and 16 to determine the weights
of the sub-factors. These results for the sub-factors are
presented in the Appendix as: F in Table A11, O in Table
A12, C in Table A13, I in Table A14, and S in Table
A15. Finally, defuzzification and normalization of sub-
factors were computed by Equation 17.

In Table 4, the calculations for the main factors and
sub-factors are presented, consisting of a total of five
main factors and 25 sub-factors. The most weighted main
factor is F and the most weighted sub-factor is F8, the
liquid assets criterion.

Third Section

Seventh Stage, Cause–Effect Relationship of Sub-Factors. In this
stage, selected factors were evaluated which were evalu-
ated in the early stages by IT2FAHP as well. They are
presented in Table 4. At this stage, the aim was to ana-
lyze the factors to determine how to they have been rela-
tionship each other as cause and effect.

The degrees of causal dependencies among the selected
factors are evaluated by decision makers to be solved by
IT2FDEMATEL method. The evaluations by decision
makers are given for DM1 in Table A16, DM2 in Table
A17, DM3 in Table A18, DM4 in Table A19 and DM5 in
Table A20 in the Appendix.

The degrees of causal dependencies of the matrices
evaluated by decision makers to be solved by
IT2FDEMATEL method, were computed by using the
arithmetic mean method. The evaluations by decision
makers were computed through Equation 18 for Z12

’

as
the initial direct-relation matrix.

Z12

’

= Z
’(1)
�			�Z

’(5)

5
according to Equation 18 and three

decision makers.

Z12

’

= 0:80, 0:90, 0:90, 1:00; 1, 1ð Þ, 0:85, 0:90, 0:90, 0:95; 0:90, 0:90ð Þð Þ�½
0:40, 0:50, 0:50, 0:60; 1, 1ð Þ, 0:45, 0:50, 0:50, 0:55; 0:90, 0:90ð Þð Þ�
0:60, 0:70, 0:70, 0:80; 1, 1ð Þ, 0:65, 0:70, 0:70, 0:75; 0:90, 0:90ð Þð Þ�
0:00, 0:10, 0:10, 0:10; 1, 1ð Þ, 0:00, 0:10, 0:10, 0:05; 0:90, 0:90ð Þð Þ�
0:40, 0:50, 0:50, 0:60; 1, 1ð Þ, 0:45, 0:50, 0:50, 0:55; 0:90, 0:90ð Þð Þ�=5

= 0:44, 0:54, 0:54, 0:62; 1, 1ð Þ, 0:48, 0:54, 0:54, 0:57; 0:90, 0:90ð Þð Þ
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The remaining direct-relation matrices were computed
by the same process as the comparison matrix shown in
Table A21 in the Appendix.

The normalized initial direct-relation matrix was com-
puted by means of Equations 21 to Equations23. The
normalization coefficient was calculated through
Equation 23 as s= 15:46 from Table A21. In Table A22,
the normalized initial direct-relation matrix is shown.
Moreover, Z12

’

the initial direct-relation matrix to nor-
malize by applying Equation 16 is as follows:

Z12

’

= 0:44, 0:54, 0:54, 0:62; 1, 1ð Þ, 0:48, 0:54, 0:54,ðð
0:57; 0:90, 0:90ÞÞ

s= 15:46

x12
’

=
Z12

’

s

=
Za0 12

’

s
,

Zb0 12

’

s
,

Zc0 12

’

s
,

Zd0 12

’

s
; H1 z

;

12
U

� �
,H2 z

;

12
U

� �0
@

1
A

0
@ ,

Ze0 12

’

s
,

Zf 0
12

’

s
,

Zg0
12

’

s
,

Zh0 12

’

s
; H1 z

;

12
L

� �
,H2 z

;

12
L

� �0
@

1
A
1
A:

= 0:03, 0:03, 0:03, 0:04; 1, 1ð Þ, 0:03, 0:03, 0:03, 0:04; 0:90, 0:90ð Þð Þ

The remaining normalized direct-relation matrices are
computed the same way as the comparison matrix shown
in Table A22. The total-relation matrix was calculated by
applying Equations 24 to 26, so the total-relation matrix
has been represented in Table A23 in the Appendix.

According to the total-relation matrix acquired in the
previous step, the structural correlation analysis is
applied. The row and column sums in the total-relation
matrix were computed by means of Equation 27 for D

’

(IT2FSs rows sums) and Equation 28 for R
’
(IT2FSs col-

umns sums). In Table 5, the calculated D
’
and R

’
are rep-

resented for each factor. Additionally, IT2F importance
and relation values were computed for each factor. The

D
’
�R
’
and D

’
�R
’
values were computed by IT2F arith-

metic operation Equations 4 and 5 given in Table 5. In
the next stage, the expected values of D

’
�R
’
and D

’
�R
’

were computed by using Equation 30 for D� R and D� R

values for factor. Then related defuzzied values of the fac-
tors are given in Table 6; the normalized importance degree
of each criterion is calculated by Equation 31.

Consequently, after having calculated the expected
value, the importance degree for each factor was normal-
ized through Equation 31 in Table 6. The causal diagram
of the factors is represented in Figure 3.

Table 4. Weights of Main Factors and Sub-Factors

Factor Wm Sub-factor Wi Wi (global) Rank

Financial (F) 0.442 F2 0.207 0.091 2
F8 0.369 0.163 1
F9 0.109 0.048 8

F11 0.153 0.068 5
F12 0.162 0.072 4

Customer satisfaction (C) 0.060 C3 0.361 0.022 15
C4 0.130 0.008 25
C7 0.142 0.008 24
C8 0.191 0.011 21

C11 0.176 0.010 22
Operational (O) 0.253 O1 0.131 0.033 10

O2 0.326 0.082 3
O4 0.079 0.020 16
O6 0.261 0.066 6
O8 0.203 0.051 7

Information sharing (I) 0.139 I4 0.123 0.017 18
I5 0.299 0.041 9
I6 0.226 0.031 13
I7 0.233 0.032 11
I8 0.119 0.016 20

Social resources (S) 0.107 S1 0.095 0.010 23
S2 0.182 0.019 17
S3 0.298 0.032 12
S4 0.269 0.029 14
S5 0.155 0.017 19

– 1.000 – – 1.000 –

Note: Wm = weight of main criteria, wi = local weigth of sub criteria, wi (gloabal) = global weigth of sub criteria.
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Results and Discussion

The airline industry has experienced the biggest crisis in
its history with the COVID-19 pandemic, with RPKs
decreasing by over 90% (2). This study focused on the
critical resilience factors for airlines during the COVID-

19 period. The findings indicate that financial factors (F)
are the most important criteria to maximize the resilience
needed for the survival of airline companies. According
to the literature, financial factors are both the most criti-
cal and the most important criteria that ensure the com-
mercial stability of airlines (11). Accordingly, F was

Table 5. D
’

, R
’
, D
’
� R
’
, D
’
� R
’

values

Sub-factor D
’

R
’

D
’
� R
’

D
’
� R
’

F2 ((0.89, 1.59, 1.59, 2.41;1, 1),

(1.08, 1.59, 1.59, 1.75;0.9, 0.9))

((1.26, 2.08, 2.08, 3.17;1, 1),

(1.51, 2.08, 2.08, 2.37;0.9, 0.9))

((2.15, 3.67, 3.67, 5.58;1, 1),

(2.59, 3.67, 3.67, 4.11;0.9, 0.9))

((–2.28, –0.50, –0.50, 1.15;1, 1),

(–1.29, –0.50, –0.50, 0.24;0.9, 0.9))

F8 ((0.46, 1.00, 1.00, 1.52;1, 1),

(0.57, 1.00, 1.00, 1.03;0.9, 0.9))

((0.75, 1.40, 1.40, 2.14;1, 1),

(0.92, 1.40, 1.40, 1.53;0.9, 0.9))

((1.21, 2.40, 2.40, 3.66;1, 1),

(1.49, 2.40, 2.40, 2.56;0.9, 0.9))

((–1.68, –0.40, –0.40, 0.77;1, 1),

(–0.96, –0.40, –0.40, 0.11;0.9, 0.9))

F9 ((1.04, 1.78, 1.78, 2.71;1, 1),

(1.25, 1.78, 1.78, 2.00;0.9, 0.9))

((1.07, 1.82, 1.82, 2.81;1, 1),

(1.30, 1.82, 1.82, 2.07;0.9, 0.9))

((2.10, 3.61, 3.61, 5.52;1, 1),

(2.55, 3.61, 3.61, 4.07;0.9, 0.9))

((–1.77, –0.04, –0.04, 1.65;1, 1),

(–0.82, –0.04, –0.04, 0.70;0.9, 0.9))

F11 ((0.78, 1.43, 1.43, 2.18;1, 1),

(0.95, 1.43, 1.43, 1.57;0.9, 0.9))

((1.22, 2.03, 2.03, 3.09;1, 1),

(1.47, 2.03, 2.03, 2.30;0.9, 0.9))

((2.00, 3.46, 3.46, 5.28;1, 1),

(2.42, 3.46, 3.46, 3.87;0.9, 0.9))

((–2.32, –0.61, –0.61, 0.96;1, 1),

(–1.36, –0.61, –0.61, 0.10;0.9, 0.9))

F12 ((0.87, 1.55, 1.55, 2.37;1, 1),

(1.05, 1.55, 1.55, 1.72;0.9, 0.9))

((1.10, 1.87, 1.87, 2.85;1, 1),

(1.33, 1.87, 1.87, 2.11;0.9, 0.9))

((1.96, 3.42, 3.42, 5.22;1, 1),

(2.38, 3.42, 3.42, 3.82;0.9, 0.9))

((–1.98, –0.32, –0.32, 1.27;1, 1),

(–1.06, –0.32, –0.32, 0.39;0.9, 0.9))

C3 ((0.62, 1.22, 1.22, 1.85;1, 1),

(0.76, 1.22, 1.22, 1.30;0.9, 0.9))

((0.58, 1.17, 1.17, 1.80;1, 1),

(0.72, 1.17, 1.17, 1.26;0.9, 0.9))

((1.21, 2.39, 2.39, 3.65;1, 1),

(1.48, 2.39, 2.39, 2.56;0.9, 0.9))

((–1.18, 0.05, 0.05, 1.27;1, 1),

(–0.50, 0.05, 0.05, 0.58;0.9, 0.9))

C4 ((0.65, 1.26, 1.26, 1.87;1, 1),

(0.78, 1.26, 1.26, 1.31;0.9, 0.9))

((0.94, 1.65, 1.65, 2.53;1, 1),

(1.15, 1.65, 1.65, 1.85;0.9, 0.9))

((1.60, 2.92, 2.92, 4.40;1, 1),

(1.93, 2.92, 2.92, 3.16;0.9, 0.9))

((–1.88, –0.39, –0.39, 0.93;1, 1),

(–1.07, –0.39, –0.39, 0.17;0.9, 0.9))

C7 ((0.71, 1.33, 1.33, 1.99;1, 1),

(0.85, 1.33, 1.33, 1.41;0.9, 0.9))

((0.82, 1.49, 1.49, 2.27;1, 1),

(1.00, 1.49, 1.49, 1.64;0.9, 0.9))

((1.53, 2.82, 2.82, 4.26;1, 1),

(1.84, 2.82, 2.82, 3.05;0.9, 0.9))

((–1.56, –0.15, –0.15, 1.17;1, 1),

(–0.79, –0.15, –0.15, 0.41;0.9, 0.9))

C8 ((0.46, 1.00, 1.00, 1.53;1, 1),

(0.57, 1.00, 1.00, 1.04;0.9, 0.9))

((0.78, 1.44, 1.44, 2.19;1, 1),

(0.95, 1.44, 1.44, 1.57;0.9, 0.9))

((1.25, 2.44, 2.44, 3.72;1, 1),

(1.53, 2.44, 2.44, 2.61;0.9, 0.9))

((–1.73, –0.44, –0.44, 0.74;1, 1),

(–1.00, –0.44, –0.44, 0.08;0.9, 0.9))

C11 ((0.58, 1.16, 1.16, 1.77;1, 1),

(0.71, 1.16, 1.16, 1.23;0.9, 0.9))

((0.57, 1.14, 1.14, 1.77;1, 1),

(0.70, 1.14, 1.14, 1.23;0.9, 0.9))

((1.15, 2.30, 2.30, 3.54;1, 1),

(1.41, 2.30, 2.30, 2.46;0.9, 0.9))

((–1.19, 0.02, 0.02, 1.20;1, 1),

(–0.52, 0.02, 0.02, 0.53;0.9, 0.9))

O1 ((1.15, 1.94, 1.94, 2.92;1, 1),

(1.38, 1.94, 1.94, 2.16;0.9, 0.9))

((0.68, 1.29, 1.29, 2.00;1, 1),

(0.83, 1.29, 1.29, 1.42;0.9, 0.9))

((1.83, 3.23, 3.23, 4.91;1, 1),

(2.21, 3.23, 3.23, 3.58;0.9, 0.9))

((–0.84, 0.65, 0.65, 2.24;1, 1),

(–0.04, 0.65, 0.65, 1.33;0.9, 0.9))

O2 ((1.04, 1.78, 1.78, 2.69;1, 1),

(1.25, 1.78, 1.78, 1.98;0.9, 0.9))

((0.83, 1.50, 1.50, 2.31;1, 1),

(1.02, 1.50, 1.50, 1.67;0.9, 0.9))

((1.87, 3.28, 3.28, 5.01;1, 1),

(2.26, 3.28, 3.28, 3.65;0.9, 0.9))

((–1.27, 0.28, 0.28, 1.86;1, 1),

(–0.43, 0.28, 0.28, 0.96;0.9, 0.9))

O4 ((1.02, 1.76, 1.76, 2.66;1, 1),

(1.23, 1.76, 1.76, 1.95;0.9, 0.9))

((0.78, 1.43, 1.43, 2.22;1, 1),

(0.96, 1.43, 1.43, 1.60;0.9, 0.9))

((1.80, 3.19, 3.19, 4.88;1, 1),

(2.19, 3.19, 3.19, 3.55;0.9, 0.9))

((–1.20, 0.33, 0.33, 1.88;1, 1),

(–0.37, 0.33, 0.33, 0.99;0.9, 0.9))

O6 ((0.96, 1.67, 1.67, 2.53;1, 1),

(1.15, 1.67, 1.67, 1.85;0.9, 0.9))

((0.80, 1.46, 1.46, 2.26;1, 1),

(0.98, 1.46, 1.46, 1.63;0.9, 0.9))

((1.76, 3.13, 3.13, 4.79;1, 1),

(2.14, 3.13, 3.13, 3.48;0.9, 0.9))

((–1.30, 0.21, 0.21, 1.73;1, 1),

(–0.48, 0.21, 0.21, 0.87;0.9, 0.9))

O8 ((0.68, 1.29, 1.29, 2.00;1, 1),

(0.84, 1.29, 1.29, 1.42;0.9, 0.9))

((0.61, 1.20, 1.20, 1.87;1, 1),

(0.76, 1.20, 1.20, 1.31;0.9, 0.9))

((1.29, 2.50, 2.50, 3.87;1, 1),

(1.59, 2.50, 2.50, 2.73;0.9, 0.9))

((–1.19, 0.09, 0.09, 1.39;1, 1),

(–0.48, 0.09, 0.09, 0.66;0.9, 0.9))

I4 ((0.68, 1.30, 1.30, 2.03;1, 1),

(0.85, 1.30, 1.30, 1.44;0.9, 0.9))

((0.26, 0.72, 0.72, 1.10;1, 1),

(0.33, 0.72, 0.72, 0.69;0.9, 0.9))

((0.94, 2.02, 2.02, 3.13;1, 1),

(1.18, 2.02, 2.02, 2.13;0.9, 0.9))

((–0.42, 0.58, 0.58, 1.77;1, 1),

(0.16, 0.58, 0.58, 1.11;0.9, 0.9))

I5 ((0.70, 1.32, 1.32, 2.06;1, 1),

(0.86, 1.32, 1.32, 1.46;0.9, 0.9))

((0.28, 0.76, 0.76, 1.15;1, 1),

(0.36, 0.76, 0.76, 0.73;0.9, 0.9))

((0.98, 2.08, 2.08, 3.21;1, 1),

(1.22, 2.08, 2.08, 2.20;0.9, 0.9))

((–0.45, 0.57, 0.57, 1.77;1, 1),

(0.13, 0.57, 0.57, 1.11;0.9, 0.9))

I6 ((0.65, 1.26, 1.26, 1.96;1, 1),

(0.81, 1.26, 1.26, 1.39;0.9, 0.9))

((0.30, 0.79, 0.79, 1.20;1, 1),

(0.39, 0.79, 0.79, 0.77;0.9, 0.9))

((0.96, 2.05, 2.05, 3.16;1, 1),

(1.19, 2.05, 2.05, 2.16;0.9, 0.9))

((–0.55, 0.47, 0.47, 1.65;1, 1),

(0.04, 0.47, 0.47, 1.00;0.9, 0.9))

I7 ((0.57, 1.14, 1.14, 1.82;1, 1),

(0.72, 1.14, 1.14, 1.27;0.9, 0.9))

((0.25, 0.71, 0.71, 1.06;1, 1),

(0.31, 0.71, 0.71, 0.66;0.9, 0.9))

((0.82, 1.85, 1.85, 2.88;1, 1),

(1.03, 1.85, 1.85, 1.94;0.9, 0.9))

((–0.50, 0.43, 0.43, 1.57;1, 1),

(0.06, 0.43, 0.43, 0.96;0.9, 0.9))

I8 ((0.31, 0.79, 0.79, 1.22;1, 1),

(0.39, 0.79, 0.79, 0.79;0.9, 0.9))

((0.26, 0.73, 0.73, 1.11;1, 1),

(0.33, 0.73, 0.73, 0.70;0.9, 0.9))

((0.57, 1.52, 1.52, 2.33;1, 1),

(0.73, 1.52, 1.52, 1.49;0.9, 0.9))

((–0.80, 0.06, 0.06, 0.96;1, 1),

(–0.30, 0.06, 0.06, 0.46;0.9, 0.9))

S1 ((0.40, 0.92, 0.92, 1.41;1, 1),

(0.50, 0.92, 0.92, 0.95;0.9, 0.9))

((0.42, 0.94, 0.94, 1.42;1, 1),

(0.52, 0.94, 0.94, 0.95;0.9, 0.9))

((0.82, 1.86, 1.86, 2.83;1, 1),

(1.02, 1.86, 1.86, 1.90;0.9, 0.9))

((–1.02, –0.03, –0.03, 1.00;1, 1),

(–0.45, –0.03, –0.03, 0.43;0.9, 0.9))

S2 ((0.82, 1.49, 1.49, 2.27;1, 1),

(1.00, 1.49, 1.49, 1.64;0.9, 0.9))

((0.82, 1.49, 1.49, 2.27;1, 1),

(1.00, 1.49, 1.49, 1.64;0.9, 0.9))

((1.74, 3.11, 3.11, 4.73;1, 1),

(2.11, 3.11, 3.11, 3.43;0.9, 0.9))

((–1.36, 0.12, 0.12, 1.64;1, 1),

(–0.53, 0.12, 0.12, 0.79;0.9, 0.9))

S3 ((0.92, 1.62, 1.62, 2.46;1, 1),

(1.11, 1.62, 1.62, 1.79;0.9, 0.9))

((0.92, 1.62, 1.62, 2.46;1, 1),

(1.11, 1.62, 1.62, 1.79;0.9, 0.9))

((1.71, 3.06, 3.06, 4.71;1, 1),

(2.08, 3.06, 3.06, 3.41;0.9, 0.9))

((–1.68, –0.18, –0.18, 1.33;1, 1),

(–0.82, –0.18, –0.18, 0.51;0.9, 0.9))

S4 ((1.15, 1.93, 1.93, 2.93;1, 1),

(1.38, 1.93, 1.93, 2.17;0.9, 0.9))

((1.15, 1.93, 1.93, 2.93;1, 1),

(1.38, 1.93, 1.93, 2.17;0.9, 0.9))

((2.09, 3.58, 3.58, 5.48;1, 1),

(2.53, 3.58, 3.58, 4.03;0.9, 0.9))

((–1.99, –0.28, –0.28, 1.40;1, 1),

(–1.02, –0.28, –0.28, 0.48;0.9, 0.9))

S5 ((0.82, 1.49, 1.49, 2.30;1, 1),

(1.01, 1.49, 1.49, 1.66;0.9, 0.9))

((0.82, 1.49, 1.49, 2.30;1, 1),

(1.01, 1.49, 1.49, 1.66;0.9, 0.9))

((1.25, 2.44, 2.44, 3.83;1, 1),

(1.56, 2.44, 2.44, 2.70;0.9, 0.9))

((–1.87, –0.54, –0.54, 0.71;1, 1),

(–1.11, –0.54, –0.54, 0.04;0.9, 0.9))
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revealed to be the highest weighted criterion (0.442).
Financial factors are important to the survival of airlines
in times of crisis because commercial passenger revenues

decline significantly. The level of liquidity and ‘‘daily
cash burn’’ is closely related to how long airlines can
endure the crisis, as they continue to bear various fixed
costs (employee wages, leasing payments, loan payments,
etc.). Therefore, during the COVID-19 pandemic, the
amount of cash that airlines need to remain in operation
has become critical. Airline cash holdings also show how
long airlines can stay in operation with their current
liquidity before running out of money (170). The find-
ings of this study indicate that liquid assets (F8) is the
most weighted sub-factor among the financial factors.
Whether an airline will remain in operation in times of
crisis, such as during COVID-19, depends on its level of
liquid assets. Consequently, these findings demonstrate
that liquid assets are the most critical variable for airline
survival.

The COVID-19 pandemic led to the closure of flight
operations and the depletion of income sources for air-
lines. This situation resulted in the capability of airlines
to acquire money being decreased significantly. ICAO
(104) announced airline revenue losses of approximately
372billion USD for 2020. In the COVID-19 process, the
operating revenues and cash flow of the airlines almost
stopped completely. In addition, during the pandemic
period, it became difficult for airlines to predict passen-
ger demand and operating income. Airline revenue man-
agement includes specific algorithms and is based on
traditional historical demand patterns for estimation. In
this way, airlines determine ticket prices, estimating
potential demand and revenue. However, with COVID-
19 it became impossible for airlines to effectively imple-
ment revenue management systems. Therefore, the finan-
cial indicators of airlines’ earnings and revenues became
important in this pandemic period. The findings indicate
that earnings capacity (F2), operating revenue (F12), and
net income/revenues (F11) are important factors for air-
lines to achieve resilience. Therefore, the financial vari-
ables about earnings and revenues will determine
whether airlines will survive the COVID-19 process.

The volume of air traffic decreased because of the
impact of the pandemic. Airlines departures decreased
by 71.5% in May 2020 compared with May 2019 (171).
During this process, it was realized that the operational
skills of airlines are important in providing resilience.
The findings of this study reveal that, during the
COVID-19 process, the operational factors of airlines
are the second most important of the main factors. The
operational factors determined in this study are related
to the control power of the airlines over the flight and
operation activities in the pandemic period. According to
the findings, operational sub-factors of reducing capacity
(O2) and reducing flight frequency (O6) have become
highly critical for airlines. This finding of the analysis
provides significant information that airlines with more

Table 6. D+R, D2R, wi, Wi crisp values

Sub-factor D+R D2R wi Wi Rank Identify

F2 3.46 0.49 3.49 0.05 1 Effect
F8 2.20 0.40 2.23 0.03 17 Effect
F9 3.40 0.05 3.40 0.05 2 Effect
F11 3.26 0.60 3.31 0.05 4 Effect
F12 3.21 0.31 3.23 0.05 5 Effect
C3 2.19 0.05 2.19 0.03 18 Cause
C4 2.70 0.41 2.73 0.04 12 Effect
C7 2.61 0.16 2.61 0.04 13 Effect
C8 2.24 0.43 2.28 0.04 16 Effect
C11 2.11 0.01 2.11 0.03 19 Cause
O1 3.02 0.63 3.09 0.05 7 Cause
O2 3.08 0.27 3.09 0.05 6 Cause
O4 2.99 0.31 3.01 0.05 8 Cause
O6 2.93 0.20 2.94 0.05 9 Cause
O8 2.31 0.09 2.31 0.04 15 Cause
I4 1.84 0.59 1.93 0.03 21 Cause
I5 1.89 0.57 1.98 0.03 20 Cause
I6 1.86 0.48 1.92 0.03 22 Cause
I7 1.67 0.45 1.73 0.03 23 Cause
I8 1.33 0.07 1.33 0.02 25 Cause
S1 1.66 0.02 1.66 0.03 24 Effect
S2 2.90 0.12 2.90 0.05 10 Cause
S3 2.87 0.16 2.87 0.04 11 Effect
S4 3.38 0.27 3.39 0.05 3 Effect
S5 2.27 0.52 2.33 0.04 14 Effect

Figure 3. Causal diagram developed with Di + Ri and Di2Ri

values.
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operational capabilities and flexibility will be more suc-
cessful than others during the COVID-19 pandemic.

Cause and Effect Analysis

The findings of this study should be handled separately
as cause factors and effect factors. Cause factors demon-
strate the success factors that have a significant effect on
other factors. The high D2R value indicates that the suc-
cess factor has an important effect on other factors. The
findings of the study reveal that operational factors are
the cause of financial factors. In other words, the opera-
tional decisions taken by airlines affected their financial
indicators. These findings are reasonable because opera-
tional decisions made by airlines, such as temporarily
stopping air services, have an impact on financial indica-
tors, such as operating revenue. The findings of the study
also indicate that the operational decisions of airlines, such
as temporarily stopping air services (O1), halting direct
flights (O4), reducing capacity (O2), and reducing flight fre-
quency (O6), significantly affect financial indicators,
namely net income/revenues (F11), earnings capacity (F2),
and operating revenue (F12). In addition, the operational
decisions taken during the COVID-19 process have also
had an impact on the general customer satisfaction (C4)
and the recommendation of the firm’s products/services to
others (C8). In other words, operational decisions made by
airlines, such as temporarily stopping air services, had an
impact on the customers’ satisfaction factor. According to
the findings, operational decisions made by airlines also
had an impact on the relationships with other stakeholders,
and relationships with owners and other financiers.

During the COVID-19 pandemic, the communication
strategy used by the airlines during the crisis has signifi-
cantly affected both financial factors and customer satis-
faction. The findings of this study demonstrate that the
information sharing sub-factors of: exchange of timely
information (I4), exchange of accurate information (I5),
exchange of complete information (I6), and exchange of
confidential information (I7) have an impact on net
income (or revenues) (F11), earnings capacity (F2), and
operating revenue (F12). This reveals that the communi-
cation mistakes made by airlines in their management of
COVID-19 have had financial consequences. The find-
ings also show that information sharing factors also
influence customer satisfaction factors, such as general
customer satisfaction (C4) and the recommendation of
the firm’s products/services to others (C8). In other
words, the communication strategy preferred by airlines
about flight operations has an effect on customer satis-
faction factors. Finally, the findings reveal that the infor-
mation sharing factors affect the stakeholders of the
airline. For example, information sharing factors, such
as the exchange of timely information (I4), exchange of

accurate information (I5), exchange of complete informa-
tion (I6), and the exchange of confidential information
(I7) affect the relationships with other stakeholders (S5),
relationships with owners and other financiers (S4), and
relationships with suppliers and partners (S3), which are
the affected social resources factors.

Validation of Results

To ensure the robustness of the results, the authors
received confirmation from a team of academics and an
airline industry expert about the consistency of the fac-
tors. The confirmation from this expert team, who were
not involved in the previous stages of the study, is about
whether the weights of the factors were significant or not.
The airline industry expert has worked in many airline
companies as a senior manager at the operational level,
vice president of sales and marketing, trade director,
director, deputy general manager and consultant to the
CEO for more than 20 years. The opinions of this expert
were taken since they have long-term experience in the
airline industry and the ability to analyze the airline
industry in all its dimensions. In addition, the authors
have taken the opinion of an expert from academia who
holds bachelor, master and PhD degrees in the field of
aviation management and has carried out academic stud-
ies in the field of airline management. Therefore, this
expert’s opinion was sought since they have competence
in the relationship between COVID-19 and the airline
industry. In addition, the authors obtained opinions from
the expert team on the consistency of the causal relation-
ships between variables in the IT2FDEMATEL analysis
results. The expert team agreed that the financial and
operational factors have become more critical for the air-
line industry during the COVID-19 process. In addition,
they confirmed that operational factors and information
sharing factors affect both financial and customer satis-
faction factors in the COVID-19 era.

During the validation meeting with the expert team,
they stated that airline companies have begun a ‘‘contin-
uous operation period’’ during the COVID-19 time.
During the continuous operation period, airlines have
focused on operational factors, such as temporarily stop-
ping air services, reducing capacity, halting direct flights,
reducing flights and flight frequency since it had become
difficult to continue operations with the past routines. In
addition, because of developments in the outbreak, there
were last-minute changes to operational processes. Both
financial and information sharing factors have become
critical. Therefore, changes related to the operational
process (e.g., reducing capacity) have financially affected
airline companies. At the same time, sharing information
accurately and in a timely manner has been effective dur-
ing the COVID-19 pandemic for crisis management.
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At the validation meeting, experts indicated that
‘‘early bird’’ reservations decreased during the COVID-
19 period and this has had a significant impact on finan-
cial factors. In addition, airlines’ business and corporate
traffic decreased significantly. Decreases in passenger
demand have caused airlines to make various operational
decisions, such as temporarily stopping air services,
reducing capacity, halting direct flights, and reducing
flight frequency. As a result, operational decisions have
led to a decrease in the airlines’ cash flows. These deci-
sions also affected the customer satisfaction level and
social resources.

Considering the study findings, the expert team were
asked what actions airline decision makers could make
in the upcoming stages of the pandemic. The expert team
recommended that airlines should re-evaluate their fleets
to avoid overcapacity problems. They emphasized that it
is critical to modify passenger aircraft to carry more
cargo. In addition, they expressed that the retirement of
aircraft with high maintenance and operational costs will
contribute financially.

Managerial Implications

Airlines are looking for ways to be resilient, first to sur-
vive and then to be sustainable in a highly uncertain cri-
sis environment, such as COVID-19. At this point, this
study presents a robust proposed model that guides air-
line executives in how to direct their strategic actions for
their companies to be resilient during the pandemic cri-
sis. To achieve this aim, it would be beneficial for airline
executives to consider the decision factors in the model
proposed in this study.

Accordingly, this research provides several managerial
implications. The findings of this study reveal that opera-
tional factors and information sharing factors affect
financial and customer satisfaction factors. In addition,
it can be seen that information sharing factors also affect
relations with stakeholders. Financial resources/supports
are the first aspects that airline companies need in times
of such devastating crisis. To achieve these resources/
supports, airlines should use their relationships with the
owner and financiers, and other stakeholders, such as
governments. At the same time, for airline companies,
customer satisfaction is very important in these COVID-
19days when airline transportation has been interrupted,
both to benefit from the current market share and to
obtain a larger share of the market in the future.
Therefore, airline executives must, on the one hand,
attach importance to customer relations and, on the
other hand, design a product that their customers desire
to convince their customers to fly in the COVID-19 envi-
ronment. Achieving this is critical for airline businesses
to maintain the flow of financial resources. In addition,

it is essential to use operational resources effectively and
efficiently. Airlines should be able to balance customer
satisfaction with profitability. To do this, low-
profitability flight points should be abandoned, and
flight frequency should be regulated by taking passenger
circulation into consideration. In addition, it would be a
good decision to design connecting flights rather than
direct flights for some destinations.

Conclusion, Limitations, and Future
Research

The COVID-19 pandemic has caused the airline industry
to experience uncertainty and turbulence. In crises like
COVID-19, airlines need an action plan that leads them
to make correct decisions. Through strategic actions, air-
lines can better manage crisis processes and survive the
crisis with minimal damage. In this context, determining
the factors that will affect the success of airlines in crisis
periods, and revealing the relationship between these suc-
cess factors, is critical. By examining the literature in
detail, this study first determined the success factors
(seven main factors and 65 sub-factors) that may be
effective for the maximization of airlines’ resilience during
crisis periods. In the second stage, the number of main
and sub-factors obtained in the literature was decreased to
five main factors (financial factors, operational factors,
customer satisfaction factors, information sharing factors,
social resource factors) and 25 sub-factors using the
IT2FAHP technique. In the third stage, these success fac-
tors were analyzed with the IT2FDEMATEL technique to
determine which of these factors are significantly impor-
tant for airlines in the COVID-19 period and to reveal the
relationship between these success factors. Thus, a robust
proposed model was created that enables an objective eva-
luation process and could facilitate critical decision stages
for airline decision makers in times of crisis. Airlines can
determine the strategic actions that will enable their suc-
cess by increasing their resilience in the crisis period by
comparing the factors in the proposed model, and the rela-
tionship between them, with their own values.

This study focused on the relationship between organi-
zational resilience, crisis management, and sustainability.
Some limitations of the study should be considered when
interpreting the results. The study examined the decision
factors that affect the strategic actions of airlines that will
increase their resilience in the period after the pandemic
crisis starts. Therefore, first, the work is limited to the
strategic actions to be taken after the crisis period begins.
Later studies may focus on how airlines should be pre-
pared for such crises before a crisis occurs. Second, the
study is limited by the factors and sub-factors that were
taken from the factor pool in the context of COVID-19
by the experts who contributed to the study. Factors and
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sub-factors may vary in studies conducted in different
contexts.

The results of the study provide valuable information
on maximization survival resilience for both airline deci-
sion makers and investors. In addition, the study is
expected to inspire researchers for other future studies.
Research on evaluating the crisis performance of airlines
by the factors in the proposed model of this study may
be among these future studies. Finally, this study pro-
vides a framework for airline companies for successfully
managing crisis processes that occur by catastrophic
events which adversely affect their work outputs. To this
end, the proposed model put forward in this study is a
novel approach that can be taken into consideration by
the executives of airline companies when generating solu-
tions for, and coping with, other types of crisis times as
well as outbreak crises.
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