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Abstract 

Sustainability components have received increasing attention at passenger airports to improve 

service quality and preserve the environment while reducing costs. Although sustainability 

components can bring a lot of advantages, they are not familiar for many airports’ managers 

especially in developing countries like Iran. That is why after performing interval type-2 

fuzzy Delphi technique; mutual relationships of the components are investigated by 

application of interval type-2 fuzzy DEMATEL technique. It is remarkable that such an 

integrated approach toward determining components has led to a set of components that are 

concise and also sufficiently comprehensive. Meanwhile, interval type-2 fuzzy DEMATEL 

technique is helpful in determining which components have affections on others. Such 

knowledge about relationships among components makes it possible to lead them in the right 

direction by directing influencing components properly. Finally, the weights of the 

components are determined by interval type-2 fuzzy extension of DANP technique in order to 

specify which component has the greatest priority in making passenger airports more 

sustainable. This extended technique considers the mutual relationships of components and 

can keep uncertainty though the whole steps of determining their weights. Results show that 

policy making (C1) and social responsibility (C10) have the highest weights and the greatest 

effects on other components of the system. So, airport managers should consider suitable 

visions, strategies and defined milestones for every aspect of sustainability while policy 

making and pay special attention to the airport social responsibility through this way. 
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1. Introduction 

Economic, social and environmental components have simultaneously gained attention 

under the name of sustainable development [1]. Nowadays governments and different 

international agencies ask organizations to pay attention to environmental components in 
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order to make their procedures consistent 

with green principles [2]. This may be one of the reasons there is increasing concentrations 

on the concept of sustainability in producing goods and services. Acting in line with 

sustainability components provides economic growth and also helps to preserve the 

environment. In addition, it can improve corporate reputation by paying attention to the social 

responsibility concept [3].  

Meanwhile it is noteworthy that the transportation industry can benefit a lot from 

sustainability. It is clear that life in today's world is very dependent on transportation. 

Aviation connects the world and can of course positively or adversely affect the environment. 

It not only connects people but it can connect economies and is crucial for increasing job 

opportunities and GDP growth [4]. It can also cultivate local culture and it can cause different 

kinds of environmental pollution to increase [5].  

 It should be mentioned that airports play a great role in making air transportation 

possible. Airports are more than just a place containing planes. They are vital national 

resources and are essential connections for social and economic interaction. They can 

increase the rate of local employment. So the whole society can benefit if airports do well in 

presenting high quality services [6,7].  

The importance of making airports sustainable is crucial in this respect. Airports need well 

connected infrastructures not just in physical respects but also in social ones. Although 

studies are done about sustainability, actual implementation is still not satisfactory. This 

makes investigations in this domain necessary [8]. Iran airports are not exception too. There 

are 54 airports in Iran and 9 of them are counted of international ones. Many of them are not 

profitable and the rate of non-aviation income is far less that the global rate. Another matter 

is that these airports are encountered with different regional cultures and various atmospheric 

conditions or different species of animals and plants. This means that the airport may not be 

comfortable to communicate effectively with local shareholders and may face natural 

disasters such as hurricanes or have difficulties in not harming species unintentionally. So, it 

is undoubtable that radical review of the ways linked to increased sustainability of each Iran 

airport can enhance its economics, social and environmental situation. 

This is why there is a need to set sustainability components to measure the progress of 

sustainability at airports. There are various components being developed by different 

agencies. Heathrow airport management is one of the first that paid attention to setting a list 

of components for improving the sustainability of its operations [9]. The Sustainable Aviation 

Guidance Alliance (SAGA) has set guidance with the 5 main steps of share, learn, search, 

plan and measure that help airport managers measure progress toward sustainability [10]. The 

Transportation Research Board (TRB) has developed a rational comprehensive list of 

components in order to help airports become green. TRB has conducted the Airport 

Cooperative Research Program (ACRP) which established guidance for identifying and 

incorporating sustainable components, green technologies and recycling strategies into 

traditional airport projects [11].   

In fact a large number of components have been identified. Therefore the selection of 

components and determining their importance or priority is not easy especially for airports in 

developing countries such as Iran that have started progressing toward sustainability so 

recently compared to developed countries. Fortunately, multi-criteria decision making 

(MCDM) techniques can be of great help in sustainable transportation components selection 

or importance determination as a whole [12,13, 14].  
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So the main objective of this paper is to present 

criteria to evaluate sustainability components at airports. These components are determined 

by application of interval type-2 fuzzy Delphi. Based on this objective, Decision Making 

Trial and Evaluation (DEMATEL) technique is used to determine the mutual relationships of 

the considered components. DEMATEL is based on experts’ opinions. This technique is 

combined with interval type-2 fuzzy sets in order to make it possible for the experts to deal 

with existing ambiguity. On the one hand it must be said that membership functions of type-1 

fuzzy sets do not take account of uncertainty and on the other hand, excessive arithmetic 

operations are needed with type-2 fuzzy sets. That is why some fuzzy multi criteria methods 

have recently be extended by using interval type-2 fuzzy sets which consider uncertainty in 

membership functions by paying attention to interval numbers [15]. After that, interval type-2 

fuzzy DEMATEL Analytical Network (IT-2 DANP) is extended in order to determine the 

weights of components. Such a combination is necessary to determine the weights, however 

had not been observed before. Sustainable components’ priorities in planning are identified 

more accurately as such. This makes the strategic planning for sustainable airports’ 

development more precise and that is why such approach is really needed, essential and 

unique. 

 

2. Theoretical Background 

2.1 Sustainable transportation definition 

The concept of sustainable development as a whole has evolved over time. The United 

Nations World Commission on Environment and Development released a report called Our 

Common Future which is also known as the Brundtland report in 1987. The report presented 

a definition about sustainable development which is widely used. Sustainable development is 

known as a kind of development that meets the needs of the present without compromising 

the ability of future generations to meet their own needs [16, 17]. Since then the sustainable 

development concept has been used in various systems such as urban development, 

agriculture and transportation [18, 19]. 

There are various but similar definitions of sustainable transportation. Sustainable 

transportation which is sometimes called green transportation is any form of transportation 

that does not use or rely on declining natural resources. Instead, it is dependent on renewable 

or regenerated energy rather than fossil fuels [20]. A sustainable transportation system is one 

that allows the basic access and development needs of society to be met safely and in a 

manner consistent with human and ecosystem health. It promotes equity within and between 

successive generations. It is affordable, operates fairly and efficiently, offers a choice of 

transport mode, and supports a competitive economy, as well as balanced regional 

development. It limits emissions and waste within the absorption capability of the planet, 

uses renewable resources at or below their rates of generation, and uses non-renewable 

resources at or below the rates of development of renewable substitutes, while minimizing the 

impact on the use of land and the generation of noise [21]. 

But that is not all. First of all, it is better to have a closer look at the current situation of 

the transportation system and its growth. Although there is the additional requirement for 

transportation infrastructure to improve access to jobs and social welfare or economic and 

social development, the growth of transportation systems as a whole is notable [22]. Because 

of that, many authorities are now cooperating with various stakeholders to plan and operate a 

transportation system that supports environmental, economic and social objectives in addition 

to the objective of mobility. These include protecting natural resources, improving public 
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health, strengthening energy security, 

expanding the economy, and providing mobility to disadvantaged people [21].   

Previous studies shed the light on this matter that poor growth of transportation systems 

has often caused different kinds of environmental emissions or disproportionate economic 

growth. As a result, the focus of transportation has shifted from moving goods or people to 

supplying needs. The new approach is called Avoid- Shift- Improve (ASI) [22]: 

- Avoidance refers to the need to improve the efficiency of the system. Avoidance of 

unnecessary travel or shortening the trip length becomes possible by making some 

plans like integration of land use and transportation policies. 

- Shift component considers trip efficiency. Travelling with the aid of the most efficient 

mode makes the dream of shifting from the most energy consuming transportation 

mode towards more environmentally friendly modes become a reality. In this case 

non-motorized vehicles or public ones are most suitable for moving people. 

- Improve component focuses on improvement of transportation infrastructures by 

technology advancement and usage of renewable energy.  

The ASI approach is comprehensive and coherent and has the potential to contribute to 

emission reductions and climate change more than expectations. It allows decision makers to 

set policies that support the mitigation of climate change. Also it is useful for defining 

strategies to make transport systems more resilient and effective in disaster risk management 

[23].  

Such definitions and approaches are expandable to different modes of transportation or 

their components. For example, airports play an indispensable role in aviation and social, 

economic and environmental impacts are inherent to their operations [7].  In this regard, a 

sustainable airport is the one that is managed so as to ensure the integrity of the economic 

viability, operational efficiency, natural resource conservation and social responsibility 

realization [24, 25]. 

In the long term, airports with powerful economic structures which can meet the social 

needs of stakeholders and minimize negative environmental impacts can be sustainable. In 

the short term, they should be competitive to sustain economic viability while preserving 

natural and human resources to provide continuity for the next generations’ needs [26]. 

 

2.2 Airports sustainability components  

The advantages of going green have led various agencies to make ongoing efforts toward 

implementing more sustainable airports. In this way, comprehensive sets of components are 

determined which help airports to be more sustainable paying attention to different 

operational, maintenance, environmental and social aspects. A set of components has been 

specified by studying diverse previous research. These components are finalized by 

performing interval type-2 fuzzy Delphi technique in 2 rounds and through asking the 

opinions of 7 experts from civil aviation organization in Iran and the Iran airport holding 

company. These experts are familiar with the concept of airport sustainability and the 

situations of Iran airports. They also have experiences such as cooperating in determination 

of airports visions. Each component is as a whole considered. However components contain 

different sub-components and also many practices. The final components considered in this 

study are shown in Table 1.  

 

Table 1 

Airports sustainability components considered in this study 
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Code Component Resources 

Components with the main focus on internal functions of airport 

C1 Policy making [3, 10, 27, 28,  29; 30; 31] 

C2 Coordination [5, 30, 32, 33, 34, 35, 36, 37, 38] 

C3 Commerce [29, 31, 39, 40, 41, 42, 43, 44] 

C4 Human Resources [5, 9, 10, 30, 37] 

C5 Safety and Hygiene [6, 9, 10, 29, 30, 45, 46] 

C6 Security [5, 30, 47,  48] 

C7 Research and 

Development 

[5, 10, 30, 33, 37, 49, 50] 

C8 Design of the airport 

environment 

[6, 10, 28, 29, 32, 34, 37] 

C9 Construction at the 

airport 

[6, 10, 28, 29, 39,  51] 

Components with the main focus on society  

C10 Social Responsibility [5, 10, 29, 30, 35, 40, 52]  

C11 Environmental 

Pollutants Levels 

[3, 28, 39, 53, 54, 55, 56]  

Components with the main focus on passengers 

C12 Service Quality [9, 10, 30, 58, 59] 

 

As mentioned before, components shown in Table 1 are general and contain different sub-

components. For more description it should be mentioned that policy making (C1) determines 

the whole direction of the administration system. Obviously, creating and following up 

mission and vision statements of the whole airport with respect to sustainability can have an 

effect on other operations of the system. Besides, a written description of each project and 

determination of the sustainability vision statement by the project manager can be helpful in 

better specification of the orientation [10, 29]. Definition of strategic roadmaps consistent 

with sustainable principles for main operations such as optimal equipment maintenance, 

research and development, security of passengers and also integration of environmental and 

biodiversity issues with annual planning and policy can be fruitful [27]. 

In this way, it is better to set sustainability standards and determine the details related to 

them for the implementation of sustainability measures in regard to airport operations and 

details of contracts with contractors, suppliers or exhibitors at the airport. Certainly, 

international standards should be considered. The principles of  ISO 26000 which relates to 

social responsibility, ISO 5001 which relates to energy management or ISO 14064 which is 

about greenhouse gases can be helpful [28, 49]. Although Occupational Health and Safety 

Management System (OHSAS) and Health, Safety and Environment (HSE) are not part of 

ISO standards, they can be helpful in safety and hygiene improvement [28].  

Paying attention to such orientation, the development of internal and external 

communication plans to inform the public about the performance of sustainability or 

regularly reporting activities carried out in line with sustainable development and stating 

sustainability goals associated with each project in simple language that people can easily 

understand becomes important [10]. 

Another matter that is related to policy making (C1) is about efficient usage of airport 

capacity. Trying to predict the exact number of passengers annually, the number of 

passengers per hour and the number of trips generated by the escort and the greeters are 

helpful for efficient use of airport capacity. Creation of a flexible development plan in 
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accordance with the needs of growth, technological 

change and the types of aircraft in the future is necessary too [31]. 

Good governance can also be important since it can set the trend of administration. It 

should be mentioned that good governance as a whole describes the process of decision 

making and the process by which decisions are implemented or not. It can be said that all 

forces that can influence human behavior are potential tools of governance [28]. 

Environmental good governance is a branch of good governance. Environmental good 

governance can be said to be the right to use of natural resources and the environment. The 

definition of environmental governance includes such norms and values, policies, 

technologies and organizations through which sustainable economic growth and social 

development are achieved by managing natural resources in a transparent, accountable, 

participatory and equitable manner [61]. 

Coordination (C2) is the second component in Table 1. Working with local, regional and 

national planning agencies can be helpful to align with the official goals of government [10, 

30].  It is useful to increase cooperation with private agencies based on public-private 

partnership contracts in order to improve efficiency and flexibility of operations [30].  

Expansion of cooperation with airlines, air navigation services, aircraft manufacturers and 

maintenance companies with the objective of the adoption of a coordinated policy in terms of 

trade, services and preserving the environment should not be ignored. Comprehensive 

cooperation with other transport systems in the manner and timing of providing services is 

important too. As a whole, all parts of the supply chain should try to be coordinated in 

providing services and shaping sustainability. Without cooperation, sustainability cannot be 

realized properly [10, 48].  

Commerce (C3) is an important component for airports. Airport managers should prepare 

a comprehensive business plan in accordance with the principles of sustainability. In addition, 

a brand management plan should be prepared so that it becomes assured that commercial 

policy as an important economic center is in line with the trade policy of the area [29, 40]. 

Nowadays, airports rely on non-aviation revenues more than before. So, working with 

media can be helpful in presenting business plans and promoting the products and services of 

the tenants. Giving business executives the permission to promote their brand at the airport is 

an opportunity for attracting tenants and increasing revenue from non-aviation sources. 

However, a committee should be specified to ensure the quality of products and services of 

those who want to rent part of the airport space based on predetermined standards [31].  

Airport is like other organizations in many ways. This is why human resources (C4) play 

a great role in running its functions. This component consists of some critical matters such as 

justice in dealing with staff, training and evaluation of staff and communicating with them [5, 

10, 33]. In other words, the health and welfare of all staff should be supported equally and 

racial, ethnic and religious diversity should be respected in a way that opportunity for 

equitable development for all employees emerges. At the same time, a systematic program 

should be established to develop skills and knowledge in a manner consistent with the overall 

objectives of the airport so employees can face the challenges of environmental and 

competitiveness simultaneously. Sustained attention should be applied to ensure how staff 

performance is aligned with business strategy. Simultaneously, administrators should have a 

close relationship with employees in order to be able to solve their needs correctly [9, 30]. 

  Safety and hygiene (C5) constitutes the next component. Training about safety and 

hygiene is about training for all senior managers and usage of basic training methods to 

prevent the spread of illness among employees and passengers by application of billboards or 
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other appropriate methods for each group. For 

example all construction area staff must have safety course certifications [10]. 

Cultural programs to enhance staff and passenger attention to the issues of hygiene and 

safety and establish specific procedures for exchange of information related to hygiene and 

safety at the airport is useful in improving awareness about the importance of safety and 

hygiene matters [6, 10].  

It should be noted that in order to implement safety and hygiene, the current level must be 

determined first. General and periodic inspections to ensure that the status of employees is 

consistent with the health and safety program and creating a clear process to document the 

data gathered through audit and inspection reports can be a great help in this matter [29].  

Designating some places for providing sanitation for staff, especially staff of construction 

areas, such as places for taking showers or changing clothes and providing health and 

personal protective equipment are certainly required [10, 37].  

The establishment of a security system is also undoubtedly important. The security (C6) 

component refers to the establishment of a security system which can provide the security of 

the passengers and the whole system while causing minimum inconvenience. In this way, it 

would be useful to set up structured security management systems run by security senior 

management to ensure the effectiveness, efficiency and appropriateness of the security 

system [30, 37]. 

Research and development (C7) can be helpful in making other components work better. 

Although investment in research into the improvement of passenger security systems and 

investment in conducting studies on appropriate technology development for optimal 

management of air traffic are necessary, cooperation with other airports, transportation 

systems and research institutions to exchange information and research achievements in such 

areas as safety and security is also useful [5, 49]. 

Design of the airport environment (C8) refers to landscape and interior design with the 

goal of reducing energy consumption while maintaining the beauty of the environment. 

Considering visual pollution and using colors or plants in a correct way can make this 

objective achievable. It is better to use plants that are compatible with the climatic conditions 

of the region. Air conditioning can facilitate this too [10, 28, 29]. In addition, the space 

should be designed in a way that usage of daylight and air conditioning become possible 

without any harmful effect on individuals. The use of panels in sufficient number, size and 

appropriate readability containing a brief message doesn’t cause visual pollution and is also 

beneficial for users [6, 51].  

Another matter that can cause pollution is related to construction at the airport (C9). 

Therefore, contractors with sufficient experience in the field of sustainable construction, with 

priority given to contractors and suppliers in the area, should be chosen to do the work [10, 

29, 51]. Of course, the expected requirements of sustainability should be announced to 

contractors at the beginning and equipment with lower emissions should be used during 

construction. It is important to reuse materials and equipment and to not use hazardous 

chemicals as much as possible. Finally, it should be mentioned that traffic management 

during construction is also important and can keep the environment calm [6, 28].  

So far, most activities have been related to airport operations. But airport functions are 

not limited only to these. Airports like other organizations have special responsibilities 

towards the community. Social responsibility (C10) is about communication with 

stakeholders, support of the people and culture of the region and raising awareness about the 

importance of sustainability and preserving environmental resources [10].  
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In this way, it is better to put stakeholders into 

groups and communicate regularly with each of them in order to communicate the progress of 

activities in suitable ways such as publishing newsletters [10].  

Supporting locals with finding jobs, improving their skills, investment in local projects 

and holding special events to promote the local and national culture are among other social 

responsibilities of airports [3, 9].  

In addition, holding training courses for employees and members of the public, especially 

children, regarding the topic of aviation and sustainability through means such as 

communication with schools should be considered. Training programs in the field of 

environmental ethics using appropriate methods such as social media or training courses are 

other social activities that can be very useful in informing the community [60]. 

Another aspect of airport responsibility can be considered to be environmental pollutants 

levels (C11). There has been increasing demand, from different agencies, for usage of 

renewable energy sources instead of non-renewable ones. Taking advantage of the equipment 

with fuel cells, batteries, electronic or hybrid engines to reduce CO2 emissions and NOX can 

be very beneficial. Using appropriate technology in order to continuously control the amount 

of air pollution generated by the airport as well as cooperating with other institutions and 

groups involved in environmental protection to help reduce emissions are other advantageous 

activities [10, 49].  

However, air pollution is not the only pollution that must be under consideration. Noise, 

light and water pollution are also important. Usage of appropriate insulation for noise 

pollution reduction, preparing a timetable for determining the times that artificial lighting is 

really necessary and reducing water consumption through the use of high technology such as 

electronic-eye faucets are appropriate actions to reduce these forms of pollution [5]. 

Because waste disposal can be harmful to the environment it is important to ensure that 

all employees are familiar with the principles of waste management. This includes the 

grouping and separation of waste at source and the disposal of waste that can transmit 

infectious diseases under the supervision of an expert. The reason for its importance is that 

waste disposal can also be harmful for the environment [6]. 

The last component is service quality (C12) which is directly about passengers. The 

service provided must be reliable and must meet passenger’s needs. This means that airports 

must have the ability to provide what is promised and the necessary facilities [33]. The 

availability of both necessary and recreational facilities such as toilets, baby changing rooms, 

post office and parking with sufficient capacity needs to be considered. Informing passengers 

of their rights, such as those penalties that airport management should suffer for flight delays 

must also be considered [59].  

 

3. Research methodology 

As it is observable from literature, most the studies have just focused on a special aspect 

of sustainable development concept such as preserving environment or paying attention to 

social responsibility. However, considering different components of this concept can be 

really helpful for airport’s functions assessment. This can be seen as a gap in the literature. 

Hence, a literature review and interval type-2 fuzzy Delphi technique are performed to 

determine a set of components that can contribute to the sustainability of airports especially 

in developing countries that do not have much experience in this domain. As a result, 

adoption of the sustainability concept and determination of its current level can be facilitated 
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in developing countries such as Iran. Since the 

main focus of this study is not on Delphi technique, just total steps of interval type-2 fuzzy 

Delphi is depicted in figure 1. 

After that, special techniques are used in two steps in order to gather more information 

about components and make the sustainability implementation easier at airports. DEMATEL 

technique is performed as the first step to obtain more information about the relationships 

among the components. In this way, the components can be divided into cause and effect 

groups. The cause group includes the components that have greater impact on other 

components of the system, while components in the effect group are those affected more. 

Thus management of the components in the cause group will make the components in the 

effect group be directed in a desired way. However, interval type-2 fuzzy sets are considered 

to better deal with ambiguity in the decision-making process. 

It is also obvious that determination of the weights of components can show their 

priorities in planning. DEMATEL and ANP techniques (which can be called DANP in short) 

are combined with each other in order to consider the mutual relationships of components in 

determination of their weights. However, the importance of interval type-2 fuzzy set 

extension of DANP is clear. 

Consideration of interval type-2 fuzzy set theory is essential in order to become capable 

to deal with ambiguity in experts’ opinions and face criticisms about this matter that the 

membership function in ordinary fuzzy sets which can be called Type-1 fuzzy set does not 

indicate any uncertainty [62, 63]. 

  
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Selection of experts 

Determination the 

mean of experts’ 

opinions for each 

component 

Omission of the component 

from the set 

Determination of the possibility 

degree of the mean of experts’ 

opinions in the last round from the 

value of high linguistic scale 

Calculation the 

difference value of 

experts’ opinions mean 

in current round and 

the mean of their 

opinions in the 

previous round 

The emergence of 

consistency between 

experts 

Delphi questionnaire 

distribution 

Stabilizing the 

component in the set 

Determination of the 

possibility degree of 

this difference from the 

value of low linguistic 

scale 

Value of possibility 

degree less than 0.5 

Value of possibility 

degree less than 0.5 

Value of possibility 

degree equal and more 

than 0.5 

Value of possibility 

degree equal and 

more than 0.5 

Questionnaire 

review and 

correction 

 

Archive of SID

www.SID.ir

http://www.sid.ir


 
 

 
 

 
 

www.QMTM.ir         10 

 

 

 

Fig. 1. Total steps of interval type-2 fuzzy Delphi 

In order to investigate the necessity of developing sustainable airports in Iran and to 

further understand sustainability components, experts from civil aviation organization in Iran 

and the country’s airport holding company are asked their opinions. Sustainability 

components must be under consideration in these companies and these companies are the 

ones that need to investigate the importance of sustainability, ranks and priority of 

sustainability components in order to come up with a decision. For this reason, 12 senior 

managers such as the planning manager are selected from these organizations as decision 

makers to determine the components’ mutual relationships and their ranks (Components are 

shown in Table 1). Data have been gathered based on the questionnaire measurement tool. 

 

 

 

 

4. Research analysis and results 

4.1 Application of interval type-2 fuzzy DEMATEL 

In order to determine the mutual relationship between the components depicted in Table 

1, the DEMATEL technique is combined with the Interval type-2 fuzzy sets. Interval type-2 

fuzzy DEMATEL (IT2 DEMATEL) with the aid of structural modeling approach divides the 

components into two separate groups- cause and effect. Components that affect other 

components of the system (the cause group) are differentiated from the ones that are affected 

by others (the effect group) in this way [64].  

IT2 DEMATEL is developed by Abdullah and Zulkifli (2015). Its main steps are the same 

as the traditional one. Showing the interval fuzzy number with ((a,b,c,d;e,f), (g,h,i,j;k,l)), then 

matrices with names Xa, Xb, Xc, Xd, Xg, Xh, Xi and Xj  must be calculated at each step. 

This is the main difference between the traditional DEMATEL and the IT2 DEMATEL.  

The magnitude of impact each component has on others is determined by each expert. 

The opinions are integrated by averaging the individual expert scores (equation 1) and initial 

direct relation matrix (A) is thus determined (H is the number of experts). As said before, 

there will be 8 matrices, considering the 8 elements of interval type-2 fuzzy number. 





H

k

k

ijx
H

A
1

1

                                                                                                                         (1) 

  

Initial direct relation matrix is normalized by paying attention to equation 2 where S is the 

maximum aggregate amount of rows and columns of matrix A. The aggregate amount of 

rows shows the amount of effect each component has on others while the aggregate amount 

of columns illustrates the amount of effect each component receives from others (see Table 3 

and 4).  

s

A
Z                                                                                                                                       (2) 
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Total relation matrix (T) is obtained at the next step (equation 3). Similarly, different 

matrix T’s (Ta, Tb, Tc, Td, Tg, Th, Ti and Tj) are obtained. I is the identity matrix at equation 

3.  

 
1)(  ZIZT                                                                                                                        (3) 

For providing the cause - effect graph, the total sum of each column and row of the total 

relationship matrix (called in turn R and D) is obtained. The higher value of (R+D) means 

that the relevant component has more interaction (or relationships) with other components 

and as a result, gets a lot of importance. When (D–R) has a positive value, it can be said that 

this component has more of an effect on others and vice versa. Finally, the cause - effect 

graph is made by drawing the points with the coordinates of (D+R, D–R). Before that, the 

expected values of interval type-2 fuzzy numbers must be attained by using equation 4. Fuzzy 

and crisp amounts of (D+R) and (D-R) for each component are respectively shown in Table 2 

and Table 3. 
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Table 2 

Fuzzy amount of (D+R) and (D-R) for each component 

Code Component D+R D-R 

C1 Policy making 
(1.2271,1.2474,1.2474,1.3544;1,1) 

(1.2244,1.2474,1.2474,1.2873;0.9,0.9) 

(1.0709,1.1962,1.1962,1.2446;1,1)(

1.0756,1.1962,1.1962,1.2057;0.9,0

.9) 

C2 Coordination 
(0.4719,0.4852,0.4852,0.5845;1,1) 

(0.4399,0.4852,0.4852,0.5148;0.9,0.9) 

(0.00335,0.0108,0.0108,0.0191;1,1

) 

(0.0053,0.0108,0.0108,0.0156;0.9,

0.9) 

C3 Commerce 
(0.2707,0.3032,0.3032,0.3651;1,1) 

(0.2817,0.3032,0.3032,0.3319;0.9,0.9) 

(-0.2515,-0.2792,-0.2792,-

0.2865;1,1) (-0.2597,-0.2792,-

0.2792,-0.2799;0.9,0.9) 

C4 
Human 

Resources 

(0.4011,0.4479,0.4479,0.5273;1,1)(0.4

087,0.4479,0.4479,0.4869;0.9,0.9) 

(-0.0853,-0.0805,-0.0805,-

0.0517;1,1)(-0.907,-0.0805,-

0.0805,-0.0655;0.9,0.9) 

C5 
Safety and 

Hygiene 

(0.3439,0.3986,0.3986,0.6515;1,1)(0.3

63,0.3986,0.3986,0.4417;0.9,0.9) 

(-0.1427,-0.1288,-

0.1288,0.0811;1,1)(-0.1388,-

0.1288,-0.1288,-0.1161;0.9,0.9) 
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C6 Security 
(.3026,0.3644,0.3644,0.5308;1,1)(0.28

55,0.3644,0.3644,0.3972;0.9,0.9) 

(-0.2132,-0.1894,-0.1894,-

0.149;1,1)(-0.2131,-0.1894,-

0.1894,-0.1676;0.9,0.9) 

C7 
Research and 

Development 

(0.5484,0.5809,0.5809,0.6575;1,1)(0.5

517,0.5809,0.5809, 0.6188;0.9,0.9) 

(0.1214,0.1435,0.1435,0.1495;1,1)(

0.1195,0.1435,0.1435,0.1448;0.9,0

.9) 

C8 

Design of the 

airport 

environment 

(0.5313,0.5311,0.5311,0.5574;1,1)(0.4

682,0.5311,0.5311,0.5653;0.9,0.9) 

(-0.0459,-0.0233,-0.233,-

0.0768;1,1)(-0.0458,-0.0233,-

0.0233,-0.0205;0.9,0.9) 

C9 
Construction at 

the airport 

(0.36,0.3688,0.3688,0.4449;1,1)(0.361

3,0.3688,0.3688,0.4214;0.9,0.9) 

(-0.0129,-0.058,-0.058,-

0.0527;1,1)(-0.0599,-0.058,-

0.058,-0.07;0.9,0.9) 

C1

0 

Social 

Responsibility 

(1.1258,1.1927,1.1927,1.3488;1,1)(1.0

825,1.1927,1.1927,1.2655;0.9,0.9) 

(0.7048,0.7891,0.7891,0.7782;1,1)(

0.6875,0.7891,0.7891,0.7647;0.9,0

.9) 

C1

1 

Environmental 

Pollutants 

Levels 

(0.6787,0.7063,0.7063,1.0274:1,1)(0.6

897,0.7063,0.7063,0.7876:0.9,0.9) 

(-0.6595,-0.6551,-0.6551,-

0.5974;1,1)(-0.6695,-0.6551,-

0.6551,-0.6012;0.9,0.9) 

C1

2 
Service Quality 

(0.6146,0.696,0.696,0.8464;1,1)(0.674

1,0.696,0.696,0.7733;0.9,0.9) 

(-0.7146,-0.696,-0.696,-

0.6202;1,1)(-0.6971,-0.696,-

0.696,-0.695;0.9,0.9) 

 

Table 3 

Crisp amount of (D+R) and (D-R) for each component 
Code C1 C2 C3 C4 C5 C6 

Component 
Policy 

making 
Coordination Commerce 

Human 

Resources 

Safety and 

Hygiene 
Security 

D+R 1.1973 0.4692 0.2923 0.42935 0.40309 0.35312 

D-R 1.1140 0.0102 0.0189 -0.1699 -0.0987 -0.1780 

Code C7 C8 C9 C10 C11 C12 

Component 
Research and 

Development 

Design of 

the airports 

environment 

Construction at 

the airport 

Social 

Responsibili

ty 

Environme

ntal 

Pollutants 

Levels 

Service 

Quality 

D+R 0.55812 0.50428 0.31366 1.13921 0.71352 0.6759 

D-R 0.1317 -0.0335 -0.0508 0.7233 -0.61133 -0.6544 

 

Based on the crisp values of (D+R) and (D-R), the cause – effect graph is depicted (Fig. 

2). Considering the values of (D-R), it can be said that policy making (C1), social 

responsibility (C10), research and development (C7), commerce (C3) and coordination (C2) 

constitute the cause group. All of these components can direct the entire system. However, 

design of the airport environment (C8), construction at the airport (C9), safety and hygiene 

(C5), human resources (C4), security (C6), environmental pollutants levels (C11) and service 

quality (C12) determine the effect group. 
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Fig. 2. Cause – effect graph 

 

As is obvious, policy making (C1) has the highest value of (D+R) and social responsibility 

(C10) is in the second place. This means that these components have the most interactions 

with the others, while commerce (C3) has the least. 

Policy making (C1) and social responsibility (C10) also have the highest value of (D-R). 

This means that these components have great impact on all the components. By directing the 

procedure of policy making and implementation of social responsibility in coordination with 

the concept of sustainability, other components will be directed in a desirable way. 

Environmental pollutants levels (C11) and service quality (C12) have the least value of 

(D-R). It can be said that these components are very much under the influence of other 

components. This is not unexpected. It is clear that the interior design of the airport space 

with consideration to the air conditioning and the usage of sun light in a relaxing way can 

cause pollutant levels to be decreased. Besides, paying attention to matters such as social 

responsibility can cause service quality to be increased (Atlanta International Airport, 2015). 

 

4.2 Interval type-2 fuzzy set extension of DANP 
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Analytic Network process (ANP) is an 

extension of Analytical Hierarchy Process (AHP) that has the capability to include all the 

relevant components in arriving at a decision. In many cases, interdependence exists among 

components and interactions among the components of a system set a network structure. In 

these cases, AHP cannot be helpful while ANP can provide an effective tool via a super-

matrix approach [65, 66].  

ANP can determine the weights of the components. In this regard, it can be made clear 

which component should receive more attention in the context of sustainability. First of all, it 

should be mentioned that the ANP technique is based on experts’ opinions and because of 

this, interval type-2 fuzzy sets are considered in this section too. Experts are asked to evaluate 

all proposed components pairwise. 

Components are compared pair-wise with respect to their importance towards the 

objective of making airports sustainable. That is, aij=1/aji, where aij denotes the importance of 

the ith component. Pair-wise comparison is made in the framework of a matrix, and an 

eigenvector can be derived as an estimate of relative importance associated with the 

components being compared by solving equation 5 [67]. 

wwA  max                                                                                                                        (5) 

 There will be 8 matrices in each step considering the 8 elements of the interval type-2 

fuzzy numbers. Lastly, the eigenvector (shown in Table 4) in companion with the total 

relationship matrix in the DEMATEL technique will constitute the super-matrix. This is why 

the technique is called DANP. In this way, the amount of affection components have on each 

other can be included in determination of their weights. The Supermatrix for the first element 

of interval type-2 fuzzy number is shown in Table 5. 

Table 4 

Eigenvector of components 

Code Eigenvector 

C1 ( 0.2284, 0.2286, 0.2286, 0.2986; 1, 1)(0.2285, 0.2286, 0.2286, 0.2966 ; 0.9, 0.9) 

C2 ( 0.1223, 0.128, 0.128, 0.1258; 1, 1)(0.1223, 0.128, 0.128, 0.129; 0.9, 0.9) 

C3 (0.0346, 0.0353, 0.0353, 0.046; 1, 1)(0.0349, 0.0353, 0.0353, 0.042; 0.9, 0.9) 

C4 ( 0.0124, 0.0129, 0.0129, 0.034; 1, 1)(0.01279, 0.0129, 0.0129, 0.026; 0.9, 0.9) 

C5 ( 0.064, 0.0654, 0.0654, 0.081; 1, 1)(0.0645, 0.0654, 0.0654, 0.076; 0.9, 0.9) 

C6 ( 0.064, 0.0654, 0.0654, 0.081; 1, 1)(0.0645, 0.0654, 0.0654, 0.076; 0.9, 0.9) 

C7 ( 0.1104, 0.119, 0.119, 0.1199; 1, 1)(0.1105, 0.119, 0.119, 0.1194; 0.9, 0.9) 

C8 ( 0.043, 0.045, 0.045, 0.0512; 1, 1)(0.044, 0.045, 0.045, 0.049; 0.9, 0.9) 

C9 ( 0.043, 0.045, 0.045, 0.0512; 1, 1)(0.044, 0.045, 0.045, 0.049; 0.9, 0.9) 

C10 ( 0.079, 0.097, 0.097, 0.0995; 1, 1)(0.079, 0.097, 0.097, 0.098; 0.9, 0.9) 

C11 ( 0.073, 0.075, 0.075, 0.0808; 1, 1)(0.074, 0.075, 0.075, 0.079; 0.9, 0.9) 

C12 ( 0.072, 0.088, 0.088, 0.0893; 1, 1)(0.073, 0.088, 0.088, 0.088; 0.9, 0.9) 

 

Table 5 

Supermatrix for the first element of the interval type-2 fuzzy number  
 objective C1 C2 C3 C4 C5 C6 C7 C8 C9 C10 C11 C12 

objective 0 0 0 0 0 0 0 0 0 0 0 0 0 

Archive of SID

www.SID.ir

http://www.sid.ir


 
 

 
 

 
 

www.QMTM.ir         15 

C1 0.046 0.0024 0.0023 0.002 0.0023 0.0023 0.0024 0.002 0.0024 0.0022 0.0007 0.0092 0.0089 

C2 0.1158 0.0143 0.0043 0.002 0.0137 0.0098 0.0141 0.013 0.0137 0.0038 0.0111 0.0914 0.0906 

C3 0.1786 0.1137 0.1087 0.006 0.1092 0.1085 0.114 0.104 0.1099 0.1042 0.1082 0.1635 0.1486 

C4 0.034 0.0148 0.0105 0.002 0.0049 0.0142 0.0149 0.013 0.0143 0.0136 0.0181 0.0479 0.0684 

C5 0.081 0.0081 0.0062 0.002 0.0192 0.0058 0.0425 0.004 0.0484 0.0046 0.0189 0.1721 0.0331 

C6 0.081 0.0439 0.0396 0.002 0.0172 0.0039 0.0043 0.003 0.0041 0.0036 0.0112 0.0172 0.0396 

C7 0.1109 0.0174 0.017 0.012 0.0167 0.0166 0.0174 0.010 0.0168 0.0159 0.0765 0.0944 0.0916 

C8 0.0512 0.0035 0.0033 0.002 0.0032 0.0124 0.0129 0.002 0.0034 0.0028 0.0131 0.0944 0.0992 

C9 0.0512 0.0035 0.0033 0.002 0.0032 0.0124 0.0129 0.002 0.0034 0.0028 0.0041 0.096 0.0493 

C10 0.0855 0.0974 0.1 0.014 0.0935 0.0929 0.0977 0.089 0.0941 0.0891 0.0159 0.1511 0.1279 

C11 0.0808 0.0034 0.0033 0.002 0.0032 0.0032 0.0034 0.003 0.0033 0.0031 0.0103 0.0126 0.014 

C12 0.0813 0.0034 0.0033 0.002 0.0032 0.0032 0.0034 0.003 0.0033 0.0031 0.0103 0.0126 0.0121 

 

After that, each supermatrix should be made normal by the Saaty method (equation 6).  

The Limit supermatrix can be obtained by raising the normalized supermatrix to powers until 

all the elements of each row become equal to other numbers of that row. The numerical value 

of each row of the supermatrix is the weight of each component. The interval type-2 fuzzy 

weight of each component is obtained by calculating the 8 limit supermatrix. Table 6 points 

to these weights and their equivalent crisp numbers. 





m

i

ij

ij

ij

a

a
r

1

                                                                                                                                   

(6) 

 

Table 6 

Interval type-2 fuzzy weight of each component and its equivalent crisp numbers 

Code Interval type-2 fuzzy weight Equivalent crisp weight Rank 

C1 
(0.3146,0.3396,0.3396,0.337;1,1) 

(0.3341,0.3396,0.3396,0.3344;0.9,0.9) 
0.318071875 1 

C2 
(0.0251,0.0299,0.0299,0.0542;1,1) 

(0.0284,0.0299,0.0299,0.0417;0.9,0.9) 
0.03194375 4 

C3 (0,0,0,0.0129;1,1)(0,0,0,0.0101;0.9,0.9) 0.00273125 12 

C4 
(0.0238,0.0298,0.0298,0.0479;1,1) 

(0.0282,0.0298,0.0298,0.0448;0.9,0.9) 
0.031338125 6 

C5 
(0.0134,0.0349,0.0349,0.0663;1,1) 

(0.0135,0.0349,0.0349,0.0355;0.9,0.9) 
0.031860625 5 

C6 
(0.0013,0.0032,0.0032,0.0481;1,1) 

(0.0017,0.0032,0.0032,0.0225;0.9,0.9) 
0.01026 8 

C7 
(0.2337,0.2756,0.2756,0.2962;1,1) 

(0.2752,0.2756,0.2756,0.2921;0.9,0.9) 
0.2612025 3 

C8 
(0.0026,0.0045,0.0045,0.0391;1,1) 

(0.0027,0.0045,0.0045,0.0317;0.9,0.9) 
0.011174375 7 

C9 
(0.0001,0.0009,0.0009,0.032;1,1) 

(0.0008,0.0009,0.0009,0.0191;0.9,0.9) 
0.0066025 9 

C10 
(0.2994,0.3046,0.3046,0.3587;1,1) 

(0.3045,0.3046,0.3046,0.3583;0.9,0.9) 
0.301541875 2 

C11 (0,0,0,0.021;1,1)(0,0,0,0.0173;0.9,0.9) 0.004548125 10 

C12 (0,0,0,0.0208;1,1)(0,0,0,0.017;0.9,0.9) 0.00448875 11 
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As depicted in Table 5, policy making (C1), social responsibility (C10) and research and 

development (C7) have the first, second and third rank. While, environmental pollutants 

levels (C11), service quality (C12) and commerce (C3) have the last three ranks. This result 

can be explained in the following way. Policy making (C1) determines the whole direction of 

a system and is truly dependent on the decision makers’ knowledge. This knowledge is also 

affected by research and development (C7). Besides, social responsibility is a concept which 

is very much under consideration in society. It is known that paying attention to social 

responsibility improves an organization’s reputation [3]. 

Environmental pollutants levels (C11) and service quality (C12) receive the greatest 

impact from other components. That is why they have the lowest ranks. But, there is 

something different about commerce (C3). Non-aviation income has recently received 

attention in developing countries such as Iran. It does not mean that this component is not 

important. Experts confirm this result. 

 

5. Managerial implications 

Airports’ managers can benefit from components introduced in this study (Table 1) and 

use them as a roadmap to achieve a consensual understanding of the best way of achieving 

sustainability. Airports can identify new ways to improve their functions according to the 

priority of mentioned components that shed the light on matters such as reduction of 

environmental pollutants levels and increasing service quality, resulting in savings in 

resources and cost and improving corporate reputation. Also, it reveals the strengths and 

weaknesses of the current situation of airports from the viewpoint of sustainability. In 

addition, the proposed approach can be used to set better processes and cooperation with the 

governmental and private partners. This viewpoint can cause partners to improve certain 

defects and move towards promotion of sustainability of airports.  

 

6. Conclusion 

The main objective of this study was to propose a comprehensive set of components to 

investigate the concept of sustainability at airports by taking advantage of interval type-2 

fuzzy DEMATEL and interval type-2 fuzzy DANP. This paper contains interesting 

contributions as below: 

 Components related to sustainability of airports are investigated based on experts’ 

opinions. A succinct yet comprehensive set of components is determined in this way that 

is matched with situation of airports in developing countries like Iran. This makes it 

possible to have a clear and deep perception of critical success components influencing 

the sustainability of airports.  

 This study applied interval type-2 fuzzy DEMATEL for determination of the mutual 

relationships of components. It becomes clear that “policy making” and “social 

responsibility” are the components that can affect the other ones. It is obvious that by 

directing these components; other components of the system can be directed in the same 

path. Such analysis about the components related to sustainability of airports has not been 

observed before. 

 Interval type-2 fuzzy DANP is extended for the first time to specify the weights of 

components. Thus, not only the interaction between the components is determined, but 

their priority is distinguished in a way that uncertainty and fuzziness remains in the whole 

steps of the technique. This enhances the accuracy of the calculations. In this way, the 
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knowledge of decision makers about 

sustainability is improved and they also understand how they should move toward 

shaping a sustainable airport. Results reveal that paying full attention to policy making at 

airport management and implementing social responsibility are in the highest priorities at 

the moment. 

This study raises the possibility of carrying out several studies in the future. Future 

studies could concentrate on evaluation of airports’ sustainability performance paying 

attention to such components and taking advantages of techniques such as Data Envelopment 

Analysis (DEA) and Malmquist index. In this way, airports can determine their path through 

success by suitable benchmarking and administration. Such an investigation is necessary 

through the whole parts of the air transportation value chain too. This increases coordination 

and improves service quality. 
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