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Abstract. The ever-increasing natural disasters have been causing the loss of lives, properties and 
resources. By the preparedness and response ability of non-governmental organizations, it is aimed 
to minimize these losses. In this paper, first, the critical success factors of humanitarian relief logis-
tics management operations are determined and categorized. Then, by considering these factors, a 
hybrid method that consists of trapezoidal interval type-2 fuzzy sets, AHP and TOPSIS, is proposed 
to evaluate emergency preparedness and response ability performance of non-governmental relief 
organizations. The proposed hybrid method is applied for non-governmental relief organizations in 
Turkey to evaluate their performance, and to the factors need to be improved for each determined 
organization.
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Introduction

According to the records of the Centre for Research on the Epidemiology of Disasters 
(EM-DAT), 5,714 natural disasters have been registered between 2000 and 2013. The 
EM-DAT estimates 1,554.9 billions of dollars in economic damage from these events, 
1,195,520 casualties, and 2,898 millions of affected people. It has been estimated that ten 
disasters, including Van (Ercis) earthquake in Turkey, that took place between 2004 and 
2013, resulted in 867 casualties and USD 2,611 million in economic damages, which af-
fected 236,522 people (EM-DAT 2013). These statistics show the need to develop strategies 
in order to reduce the impact of disasters for humankind. Activities of humanitarian relief 
logistics management (HRLM) directly focus on helping the sufferers and injured people 
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on disaster areas. In other words, its first aim is saving the lives of people and decreasing 
the death rate during and after a disaster. 

Each of the international humanitarian relief organizations, governments, local and 
regional relief organizations, and private sector companies may have different interests, 
mandates, capacity, and logistics expertise (Balcik et al. 2010). All humanitarian relief ac-
tors must improve their performance to respond effectively to a disaster because there is a 
lack of resources (Bui et al. 2000). During the Asian Tsunami of 2004, more than 40 coun-
tries and 700 non-governmental organizations (NGOs) provided subsequent humanitarian 
assistance (Chia 2007; Balcik et al. 2010). Hence, improving preparedness and response 
ability to humanitarian relief among NGOs is crucial. The NGO supply chains generally 
deal with disasters, and the majority of the literature deals only with analytical models 
(Natarajarathinam et al. 2009). 

This paper evaluates NGOs for the successful operation of HRLM activities with respect 
to critical success factors (CSFs) of emergency management. Therefore, a hybrid method 
that consists of trapezoidal interval type-2 fuzzy sets, AHP and TOPSIS is proposed to 
evaluate emergency preparedness and response ability performances of non-governmental 
relief organizations. Trapezoidal interval type-2 fuzzy sets are used here because of involv-
ing more uncertainties than type-1 fuzzy sets. It is provided additional degrees of freedom 
to represent the uncertainty and the fuzziness of the real world (Chen, Lee 2010). To ad-
dress this concern, first, an effective method that combines type-2 fuzzy sets and analytic 
hierarchy process (AHP) is proposed to determine the importance weights of CSFs deter-
mined for HRLM operations. And then, by benefiting these weights, trapezoidal interval 
type-2 fuzzy TOPSIS is used to evaluate the NGOs’ preparedness and response abilities. 
It is aimed that the results will be beneficial for our country and NGOs to evaluate their 
humanitarian relief operation performance. 

The rest of this paper is organized as follows: Section 1 briefly reviews the literature to 
determine and categorize the CSFs of HRLM operations. Section 2 presents the trapezoidal 
interval type-2 fuzzy sets, trapezoidal interval type-2 fuzzy AHP and trapezoidal interval 
type-2 fuzzy TOPSIS approaches, used in the proposed method to evaluate the NGOs. 
Then, the application of the proposed method to evaluate the CSFs and NGOs for Turkey 
is presented and, a sensitivity analysis is conducted in Section 3. Finally, the conclusion is 
given in last section.

1. The critical success factors of HRLM operations

The concept of success factors was first developed by Daniel (1961). It is extensively applied 
to various contexts such as organizational management, operational management, supply 
chain management, enterprise resource management and so on (Freund 1988; Holland, 
Light 1999; Sumner 1999; Power et al. 2001). Gunasekaran and Ngai (2003) describe five 
key functions critical to a small logistics company as: strategic planning, inventory manage-
ment, transportation planning, capacity planning, and information management. Senevi-
ratne et al. (2010) identify a list of success factors to be considered in disaster knowledge 
management based on literature survey and review. These success factors are classified into 
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several categories as: technological, social, legal, environmental, economic, functional, in-
stitutional and political based on their characteristics. These factors are general for all types 
of disasters and considered the three phases; mitigation/preparedness, relief/recovery and 
reconstruction/rehabilitation, by covering many affected countries. Moe and Pathranarakul 
(2006) specify critical success factors for managing disaster related public projects. Moe 
et al. (2007) propose a balanced scorecard for maximizing desired outcomes from natural 
disaster projects. Zhou et  al. (2011) point out the most existing studies for emergency 
management trying to optimize certain procedures. As a contribution to the supply chain 
management literature for HRLM, this paper investigates to identify the CSFs and their 
ranking for the successful HRLM operations. Lu et al. (2006) discuss CSFs for emergency 
relief logistics and focus on Taiwanese agencies’ response to crises. They consider six in-
dependent criteria groups as strategic planning, inventory management, transport and ca-
pacity planning, information and human resource management, continuous improvement 
and collaboration, and technology utilization. Pettit and Beresford (2009) apply CSFs to 
humanitarian aid sector based on commercial context. They also present the importance 
of understanding that which factors are critical to the success of HRLM. Zhou et al. (2011) 
identify five CSFs for emergency management using fuzzy DEMATEL. They also emphasize 
the great importance and impact of CSFs on the emergency response. CSFs are indispens-
able for a successful relief activity, and directly contribute to obtain the success. According 
to their result, reasonable organizational structure and clear awareness of responsibilities 
are determined to have highest impact on the whole system. Celik et al. (2013a) identify 
and evaluate the critical success factors of HRLM. Abidi et al. (2013) classify the key success 
factors of humanitarian supply chain in strategic, tactical and operational level. Abidi et al. 
(2014) present a systematic literature review for humanitarian supply chain performance 
management. They used 94 humanitarian supply chain performance indicators.

In this study, the CSFs for HRLM are determined and classified through literature re-
view and expert interviews. The predetermined CFSs based on literature review are asked 
to experts for determining final hierarchical structure for HRLM. The aim of the interviews 
is seeking to analyze which of the predetermined CSFs are crucial for effective and efficient 
preparedness and response for HRLM. According to some experts, who work as logisti-
cians, suitability of roof and rack systems and suitability of heating-cooling systems are 
two important CSFs for warehousing. These two CSFs are taken into consideration after 
interviews but the other CSFs are predetermined and these CSFs are also confirmed by 
experts. As the result of the experts’ interviews, five different main criteria are categorized 
and determined as; management and planning, organization, transportation and distribu-
tion, warehousing, and information systems. Management and planning covers a wide and 
complex body of knowledge for evaluating preparedness and response of a disaster. It is 
also clear that effective management and planning incorporate NGOs’ policies which need 
to be more adequately defined. A well designed organizational structure plays a major 
role in order to be prepared and to response effectively to a disaster. Transportation and 
distribution is an important problem encountered by NGOs. Transportation and distribu-
tion is also the second largest overhead cost of humanitarian organizations (Disparte 2007; 
Van Wassenhove, Pedraza Martinez 2012). The NGOs are obliged to preposition and store 



4 E. Celik, A. Taskin Gumus. An assessment approach for non-governmental organizations ...

their items and equipment in the most suitable warehouse considering possible disaster 
areas. Most of the studies in literature present optimization models for warehouse location 
selection (Yushimito et al. 2012; Jia et al. 2007; Döyen et al. 2012; Balcik, Beamon 2008; 
Rawls, Turnquist 2010; Duran et al. 2011; Gunnec, Salman 2007). Information systems are 
critical to the success or failure of humanitarian logistics (Marx 2009). It can only respond 
successfully to the affected area through an efficient information systems infrastructure. 
Hence, NGOs must improve their information system. Leiras et al. (2014) present a lit-
erature review for humanitarian logistics that aims to identify trends and challenges. They 
conclude that technologies and management models used in logistics business can also be 
seized for performance improvements in humanitarian operations.

The surveys with the expert interviewees are conducted to clarify the criteria and sub-
criteria as supporting the literature review, and collect evaluation data for each main cri-
teria and sub-criteria, representing CSFs. Each of the determined five main criteria can be 
thought as one for each dimension of process. It is possible to say that activities of humani-
tarian relief logistics include mainly five different criteria, and all these dimensions must 
be satisfied in order to be successful. After determining the main factors, the sub-criteria 
which are important to satisfy each main factor are determined. Finally, all the criteria and 
their brief literature review can be seen in Table 1. One of the contributions of our paper 
for the field is to determine and categorize these CSFs for HRLM field.

2. The integrated MCDM approach based on trapezoidal interval type-2 fuzzy sets 

AHP and TOPSIS approaches are integrated by researchers for different applications as; 
a suitable partner selection for a strategic alliance in a logistics value chain (Buyukozkan 
et al. 2008), facility location selection (Ertugrul, Karakasoglu 2008), supplier selection (Jolai 
et al. 2011;Wang et al. 2009; Zeydan et al. 2011), selecting a cleaning system for pieces of 
four stroke engines, (Garcia-Cascales, Lamata 2009), material selection (Rathod, Kanzaria 
2011), prioritizing effective 7Ms: Management, Manpower, Marketing, Method, Machine, 
Material, and Money (Rostamzadeh, Sofian 2011), evaluating notebook computer compa-
nies (Sun 2010), evaluating airline service quality (Tsaur et al. 2002), hazardous waste trans-
portation firm selection (Gumus 2009), solid waste transhipment site selection problem 
(Onut, Soner 2008), extinguisher ozone depleting substance (Aiello et al. 2009), refractured 
well selection (Li et al. 2012), government investments in higher education (Kahraman 
et al. 2013). The literature on multi criteria decision making (MCDM) is too large to pres-
ent here. Two comprehensive review papers on MCDM and fuzzy MCDM literature have 
been recently presented by Zavadskas et al. (2014) and Mardani et al. (2015). Interested 
readers are directed to read these useful review papers. 

Here, first, we integrate trapezoidal interval type-2 AHP and trapezoidal interval type- 2 
TOPSIS to evaluate the NGOs’ preparedness and response abilities. In this section, the 
basic definitions of trapezoidal type-2 fuzzy sets (Mendel et  al. 2006; Lee, Chen 2008; 
Chen, Lee 2010; Celik et al. 2013b), the procedure of AHP (Buckley 1985; Gumus 2009; 
Gumus et al. 2013) and TOPSIS (Hwang, Yoon 1981; Chen 2000; Chen, Lee 2010; Nasab, 
Rostamy-Malkhalifeh 2010; Celik et al. 2012) based on trapezoidal interval type-2 fuzzy 
sets are briefly introduced mathematically.
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Table 1. Summary of literature review for main and sub-criteria

Criteria Sub-criteria Sources
In

fo
rm

at
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n 
sy

st
em

s (
C

1) Early Warning Systems (C11) Ju et al. 2012; Oloruntoba 2010; Seneviratne 
et al. 2010

Short Answer and Feedback Time (C12) Zhou et al. 2011; Oloruntoba 2010
Effective Communication and  
Emergency Information Systems (C13)

Zhou et al. 2011; Ju et al. 2012; Apte 2009; 
Moe, Pathranarakul 2006; Moe et al. 2007

Quick and Effective Reporting (C14) Pettit, Beresford 2005; Zhou et al. 2011; Moe, 
Pathranarakul 2006

Effective Information Analysis (C15) Zhou et al. 2011; Apte 2009; Moe, 
Pathranarakul 2006

W
ar

eh
ou

sin
g 

(C
2)

Suitability of Warehouse Location (C21) Lu et al. 2006; Beamon, Balcik 2008; Apte 
2009

Suitability of Roof and Rack Systems 
(C22)
Suitability of Warehouse Personnel (C23) Zhou et al. 2011
Suitability of Warehouse Tools
and Vehicles (C24) Lu et al. 2006; Pettit, Beresford 2009

Suitability of Heating-Cooling Systems 
(C25)

O
rg

an
iz

at
io

n 
(C

3)

Organizational Structure (C31) Oloruntoba 2005; Davidson 2006; Zhou et al. 
2011

Employee Training (C32) Oloruntoba 2010; Zhou et al. 2011; Apte 2009
Continuous Improvement
and Corporation (C33)

Kovacs, Spens 2007; Pettit, Beresford 2009; 
Zhou et al. 2011

Performance Evaluation System (C34) Pettit, Beresford 2009; Balcik, Beamon 2008; 
Sandwell 2011

Certain Job Descriptions (C35) Oloruntoba 2005; Davidson 2006; Zhou et al. 
2011; Sandwell 2011; Moe, Pathranarakul 2006
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an
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ta
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n 
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di

st
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ut
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n 
(C

4)

Safety of Personnel and Inventory (C41) Beamon, Balcik 2008; Zhou et al. 2011

Distribution Speed (C42) Beamon, Balcik 2008; Petit, Bresford 2009; 
Zhou et al. 2011; Apte 2009; Moe et al. 2007

Suitability of Distribution Personnel 
(C43) Pettit, Beresford 2009

Suitability of Distribution Vehicles (C44) Petit, Bresford 2009;Van Wassenhove, 
Martinez 2012

Suitability of Distribution Network (C45) Pettit, Beresford 2005, 2009; Sandwell 2011; 
Seneviratne et al. 2010

M
an
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em

en
t a

nd
pl

an
ni

ng
 (C

5)

Strategic and Operational Planning 
(C51)

Fritz Institute 2005; Lu et al. 2006; Pettit, 
Beresford 2009; Moe, Pathranarakul 2006

Effective Human Resource Management 
System (C52)

Pettit, Beresford 2009; Apte 2009; Tomasini, 
Van Wassenhove 2009; Moe, Pathranarakul 
2006

Effective Inventory Management (C53) Beamon, Kotleba 2006; Whybark 2007; Petit, 
Bresford 2009

Well-Planned Supply System (C54)
Davidson 2006; Pettit, Beresford 2009; Zhou 
et al. 2011; Oloruntoba 2010; Seneviratne 
et al. 2010; Moe, Pathranarakul 2006

Effective Suppliers Relationships (C55) Beamon, Balcik 2008
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2.1. Trapezoidal interval type-2 fuzzy sets

In this section, some definitions about trapezoidal type-2 fuzzy sets and trapezoidal interval 
type-2 fuzzy sets are briefly reviewed mathematically (Mendel et al. 2006; Lee, Chen 2008; 
Chen, Lee 2010; Celik et al. 2013b).
Definition 1. A type-2 fuzzy set A in the universe of discourse X can be represented by a 
type-2 membership function

A
µ




, shown as follows:

 
{ }(( , ), ( , )) , 0,1 ,0 ( , ) 1XA A

A x u x u x X u J x u= µ ∀ ∈ ∀ ∈ ⊆ ≤µ ≤   

 



 ,

where XJ  denotes an interval in (0, 1). Moreover, the type-2 fuzzy set A  also can be rep-
resented as follows:

 
( , ) / ( , )

X Ax X u J
A x u x u

∈ ∈
= µ∫ ∫ 





 ,

where 0,1XJ ⊆    and ∫∫ denotes union over all admissible x and u.

Definition 2. Let A be a type-2 fuzzy set in the universe of discourse X represented by the 
type-2 membership function

A
µ




. If all ( , ) 1
A

x uµ =




, then A is called as an interval type-2 
fuzzy set. An interval type-2 fuzzy set A can be regarded as a special case of a type-2 fuzzy 
set, represented as follows:

 
1/ ( , )

Xx X u J
A x u

∈ ∈
= ∫ ∫



 
where 0,1XJ ⊆    .

Definition 3. The upper and the lower membership function of an interval type-
2 fuzzy set are type-1 membership functions, respectively. In this paper, we present 
a method using interval type-2 fuzzy sets for handling fuzzy multiple attributes group 
decision-making problems, where the reference points and the heights of the upper 
and the lower membership functions of interval type-2 fuzzy sets are used to charac-
terize interval type-2 fuzzy sets. Figure 1 shows a trapezoidal interval type-2 fuzzy set 

( ) ( ) ( )( ) ( ) ( )( )( )1 2 3 4 1 2 1 2 3 4 1 2, , , , ; , , , , , ; , ,U L U U U U U U L L L L L L
i i i i i i i i i i i i i i iA A A a a a a H A H A a a a a H A H A= =

        

where U
iA and L

iA are type-1 fuzzy sets, 1 2 3 4 1 2 3 4, , , , , ,  and U U U U L L L L
i i i i i i i ia a a a a a a a  are the refer-

ence points of the interval type-2 fuzzy iA ; ( )U
j iH A denotes the membership value of 

Fig. 1. The trapezoidal interval type-2 fuzzy sets membership function
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the element ( 1)
U
i ja +  in the upper trapezoidal membership function U

iA ; 1 2j≤ ≤ , ( )L
j iH A

denotes the membership value of the element ( 1)
L
i ja + in the lower trapezoidal membership 

function L
iA ; 1 2j≤ ≤ , ( )L

j iH A ;

 ( )1 0,1U
iH A ∈   , ( )2 0,1U

iH A ∈   , ( )1 0,1L
iH A ∈   , ( )2 0,1L

iH A ∈   and 1 i n≤ ≤ .

Definition 4. The addition operation between the trapezoidal interval type-2 fuzzy sets:

( ) ( ) ( )( ) ( ) ( )( )( )1 1 1 11 12 13 14 1 1 2 1 11 12 13 14 1 1 2 1, , , , ; , , , , , ; ,U L U U U U U U L L L L L LA A A a a a a H A H A a a a a H A H A= =

       ;
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      

( ) ( )
( ) ( )( ) ( ) ( )( )( )
( ) ( )( ) ( ) ( )( )( )

1 2 1 1 2 2

11 21 12 22 13 23 14 24 1 1 1 2 2 1 2 2

11 21 12 22 13 23 14 24 1 1 1 2 2 1 2 2
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.
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 

+ + + + 
 

     

   

   

Definition 5. The subtraction operation between the trapezoidal interval type-2 fuzzy sets

( ) ( )
( ) ( )( ) ( ) ( )( )( )
( ) ( )( ) ( ) ( )( )( )

1 2 1 1 2 2

11 21 12 22 13 23 14 24 1 1 1 2 2 1 2 2

11 21 12 22 13 23 14 24 1 1 1 2 2 1 2 2

, ,

, , , ;min , ,min , ,
.

, , , ;min , ,min ,

U L U L

U U U U U U U U U U U U

L L L L L L L L L L L L

A A A A A A

a a a a a a a a H A H A H A H A

a a a a a a a a H A H A H A H A

Θ = Θ =

 − − − − 
 

− − − − 
 

     

   

   

Definition 6. The multiplication operation between the trapezoidal interval type-2 fuzzy 
sets:

( ) ( )
( ) ( )( ) ( ) ( )( )( )
( ) ( )( ) ( ) ( )( )( )

1 2 1 1 2 2

11 21 12 22 13 23 14 24 1 1 1 2 2 1 2 2

11 21 12 22 13 23 14 24 1 1 1 2 2 1 2 2

, ,

, , , ;min , ,min , ,
.

, , , ;min , ,min ,

U L U L

U U U U U U U U U U U U

L L L L L L L L L L L L

A A A A A A

a a a a a a a a H A H A H A H A

a a a a a a a a H A H A H A H A

⊗ = ⊗ =

 × × × × 
 

× × × × 
 

     

   

   

Definition 7. The arithmetic operations between the trapezoidal interval type-2 fuzzy sets:

( ) ( )( )
( ) ( )( )

11 12 13 14 1 1 2 1
1

11 12 13 14 1 1 2 1

, , , ; , ,

, , , ; ,

U U U U U U

L L L L L L

k a k a k a k a H A H A
kA

k a k a k a k a H A H A

 × × × × =  × × × × 
 

 





 

;

( ) ( )

( ) ( )

11 12 13 14 1 1 2 1
1

11 12 13 14 1 1 2 1

1 1 1 1, , , ; , ,

1 1 1 1, , , ; ,

U U U U U U

L L L L L L

a a a a H A H A
A k k k k
k

a a a a H A H A
k k k k

  × × × ×  
  =
  × × × ×  
  

 





 

.
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2.2. Trapezoidal interval type-2 fuzzy AHP

Buckley’s fuzzy AHP algorithm is preferred to determine criteria weights since it is easy to 
extend to the fuzzy case, guarantees a unique solution to the reciprocal comparison matrix 
and the steps of this approach are relatively easier than the other fuzzy AHP approaches 
(Gumus 2009; Gumus et al. 2013). The proposed trapezoidal interval type-2 fuzzy AHP 
(TIT2FAHP) in consideration with Buckley (1985) can be summarized as follows.
Step 1. Construct fuzzy pair wise comparison matrix among all the criteria in the hierar-
chical structure. Assign linguistic terms shown in Table 2, to the pair wise comparisons by 
asking which is more important of each two criteria, such as:

 

12 112 1

21 2 12 2

1 2 1 2

11

1 1 / 1

1 1 / 1 / 1

nn

n n

n n n n

a aa a

a a a a
M

a a a a

  
  
  = =   
  
  

   

 

 

 



 





   



   

 





       

   

 

   



 



, (1) 

 where
( ) ( )

( ) ( )

1 2
4 3 2 1

1 2
4 3 2 1

1 1 1 1, , , ; , ,

1 /
1 1 1 1, , , ; ,

U U
ij ijU U U U

ij ij ij ij
ij

L L
ij ijL L L L

ij ij ij ij

H a H a
a a a a

a

H a H a
a a a a

  
  
    =
  
  
    







 .

Table 2. Fuzzy evaluation scale for the weights

Linguistic 
variable

Crisp 
number

Type-1 fuzzy 
number Type-2 fuzzy number

Absolutely 
strong (AS) 9 (8;9;9;10) ((8;9;9;10;1;1),(8.5;9;9;9.5;0.9;0.9))

Very strong 
(VS) 7 (6;7;7;8) ((6;7;7;8;1;1),(6.5;7;7;7.5;0.9;0.9))

Fairly strong 
(FS) 5 (4;5;5;6) ((4;5;5;6;1;1),(4.5;5;5;5.5;0.9;0.9))

Slightly 
strong (SS) 3 (2;3;3;4) ((2;3;3;4;1;1),(2.5;3;3;4.5;0.9;0.9))

Equal (E) 1 (1;1;1;1) ((1;1;1;1;1;1),(1;1;1;1;0.9;0.9))
Slightly weak 
(SW) 1/3 (0.25;0.33;0.33;0.5) ((0.25;0.33;0.33;0.5;1;1),(0.22;0.33;0.33;0.4;0.9;0.9))

Fairly weak 
(FW) 1/5 (0.17;0.2;0.2;0.25) ((0.17;0.2;0.2;0.25;1;1),(0.18;0.2;0.2;0.22;0.9;0.9))

Very weak 
(VW) 1/7 (0.13;0.14;0.14;0.17) ((0.13;0.14;0.14;0.17;1;1),(0.13;0.14;0.14;0.15;0.9;0.9))

Absolutely 
weak (AW) 1/9 (0.1;0.11;0.11;0.13) ((0.1;0.11;0.11;0.13;1;1),(0.11;0.11;0.11;0.12;0.9;0.9))
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Step 2. Examine the consistency of the fuzzy pair wise comparison. In this step, if the result 
of the A is consistent, then the result of the A is also consistent. In order to identify the 
consistency ratio (CR) of a matrix, first the matrix consistency index CI is found as follows:

 max( ) / ( 1)CI n n= λ − − , (2)
where maxAw w= λ .

Then, the consistency index of a randomly generated reciprocal matrix with reciprocal 
forces is called the random index (RI) that depends on (n) and is calculated using the ma-
trix order (n) and the table explained by Saaty (1980). maxλ is the largest or principal eigen 
value of the A decision matrix of pairwise comparison. It turns out that A is consistent if 
and only if max nλ =  and that we always have max nλ ≥ . A CR of 0.1 or less is considered 
acceptable. So, the matrix consistency ratio is calculated using:

 /CR CI RI= . (3)

Step 3. Use geometric mean technique to define the fuzzy geometric mean as follows:

                     ( )1/
1 2

n
i i i inr a a a= ⊗ ⊗ ⊗   

   

 ,
  

(4)

 where
( ) ( )( )
( ) ( )( )

1 21 2 3 4
1

1 2 3 4 1 2

, , , ; , ,

, , , ; ,

U U U U U Un n n nij ij ij ij ij ij
n

i
L L L L L Ln n n nij ij ij ij ij ij

a a a a H a H a
a

a a a a H a H a

 
 

=  
 
 



 .

Step 4. Calculate the fuzzy weights of each criterion using

 ( ) 1
1 2i i nw r r r r

−
= ⊗ ⊕ ⊕ ⊕    

    

 .
 

(5)

2.3. Trapezoidal interval type-2 fuzzy TOPSIS

TOPSIS, developed by Hwang and Yoon (1981), is a simple ranking method in conception 
and application. The standard TOPSIS method attempts to choose alternatives that simulta-
neously have the shortest distance from the positive ideal solution and the farthest distance 
from the negative-ideal solution (Chen, Hwang 1992; Yoon, Hwang 1995; Behzadian et al. 
2012; Celik et al. 2012). In this paper, we present trapezoidal interval type-2 fuzzy TOPSIS 
(TIT2FTOPSIS) method (Nasab, Rostamy-Malkhalifeh 2010; Chen, Lee 2010). The pro-
posed TIT2FTOPSIS can be expressed in a series of steps:
Step 1. In the first step, assume that there is a set X of alternatives, where { }1 2, ,..., nX x x x=  , 
and assume that there is a set F of criteria, { }1 2, ,..., mF f f f=  and there are K experts

{ }1 2, ,..., KD D D D= . Each expert is a participant in our questionnaire and he has his own 
rating (performance value) on alternatives with respect to each criterion. Next, the ag-
gregate rating (performance value) of alternatives with respect to each criterion can be 
calculated using Eq. (6):

 

1 2

11 12 11

2 21 22 2

1 2

                                           

( )

n
p p p

n
p p p

p n
c m nij

p p pm
mnm m

x x x

f f ff
f f f fE f

f f f f

×

 
 
 

= =  
 
 
  



  

  



  

  







   

  

  



.

 

(6)
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where
1 2 k
ij ij ij

ij
f f f

f
k

 ⊕ ⊕ ⊕ =   
 

  

  





 , ijf  is an interval type-2 fuzzy set1 ,1 ,1i m j n c k≤ ≤ ≤ ≤ ≤ ≤  

and k denotes the number of decision-makers, 

( ) ( )( ) ( ) ( )( )( )1 2 3 4 1 2 1 2 3 4 1 2, , , ; , , , , , ; ,U U U U U U L L L L L L
ij i i i i i i i i i i i if a a a a H A H A a a a a H A H A=


    .

Step 2. Construct the weighting matrix Wc of the criteria and it is obtain by TIT2FAHP.

 
( )

1 2

1 21

                                       

,  ,  ,  ,
m

c c c c
c i mm

f f f

W w w w w
×

 = =  



   

   



 
(7)

where iw is an interval type-2 fuzzy set1 ,1i m j n≤ ≤ ≤ ≤ .
Step 3. Considering the different weights of each criterion, the weighted decision matrix 
is computed by multiplying the importance weights of evaluation criteria and the values 
in the decision matrix. The weighted decision matrix V for each criterion is defined as:

 
 x ij ij iv r w=  

   , (8)

where ijv  denotes the weighted trapezoidal interval type-2 fuzzy numbers.
Step 4. Determine the fuzzy positive ideal solution ( *v ) and the fuzzy negative ideal solu-
tion ( v− ):

 

( )
( )

* 1,1,1,1,1,1 ,     for benefit criteria,
0,0,0,0,1,1 ,  for cost criteria.

v
= 
  

(9)

 

( )
( )
0,0,0,0,1,1 ,   for benefit criteria,
1,1,1,1,1,1 ,    for cost criteria.

v−
= 
  

(10)

Step 5. Calculate the separation measures using Euclidean distance. The separation of each 
alternative from the fuzzy positive ideal solution is given as,

 
( ) ( )* * * * * *

1 1
( ) , ,  ( ) ,

m m
U U U L L L

j j ijij
i i

d x d v v d x d v v
= =

= =∑ ∑    ,
 

(11)

where

( ) ( ) ( )( ) ( ) ( )( )( )1 2 3 4 1 2 3 4
1 2 1 2, , , ; , , , , ; ,U L U U U U U U L L L L L L

ij ij ij ij ij ij ijij ij ij ij ij ij ij ijv v v v v v v H v H v v v v v H v H v= =

       ;

( ) ( ) ( ) ( )
4 4

* * * * * *

1 1

1 1, ,  ,
4 4

U U kU L L kL
ijij ij ij

k k
d v v v v d v v v v

= =
= − = −∑ ∑    .

Similarly, the separation from the fuzzy negative ideal solution is given as,

 
( ) ( )

1 1
( ) , ,  ( ) , ,

m m
U U U L L L

j j ijij
i i

d x d v v d x d v v− − − − − −

= =
= =∑ ∑   

 
(12)

 
( ) ( ) ( ) ( )

4 4

1 1

1 1, ,  , ,
4 4

U U kU L L kL
ijij ij ij

k k
d v v v v d v v v v− − − − − −

= =
= − = −∑ ∑    .
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Step 6. Then the closeness coefficient ( )jCC x  is determined.

 

1 2( ) ( )
( ) ,

2
j j

j
CC x CC x

CC x
+

=
 

(13)

 1 2* *

( ) ( )
( ) ,  ( ) .

( ) ( ) ( ) ( )

U L
j j

j jU U L L
j j j j

d x d x
CC x CC x

d x d x d x d x

− −

− −
= =

+ +

Step 7. The alternatives can be ranked in decreasing order. The larger the value of ( )jCC x
 
, 

is the higher the preference of the alternative.

3. The preparedness and response ability evaluation  
of non-governmental organizations 

Here, we present an empirical case to evaluate the performances of NGOs in Turkey. The 
aim of the case is to show the applicability and advantages of the proposed technique. Four 
prominent NGOs which serve in Turkey are selected to evaluate their emergency prepared-
ness and response capability. These NGOs are listed alphabetically as Deniz Feneri Associa-
tion (The Lighthouse Association), Kimse Yok Mu Association (Is Anybody There?), İnsani 
Yardım Vakfı (IHH) (The Foundation for Human Rights and Freedoms and Humanitarian 
Relief) and Yardımeli Association (Helping Hand Association). Deniz Feneri Association 
implements humanitarian projects in 47 countries in Africa, Asia, Balkans, and Middle 
East. It is a prominent NGO with its international aid activities, too. Kimse Yok Mu As-
sociation categorizes its field of works as follows: aid for disasters, aid for health, aid for 
education, aid in Bairams, individual aid campaigns, aid for Africa and sister family aids. 
IHH aims to deliver humanitarian relief to all people who are suffering as a result of crises, 
wars or natural disasters, in the possible quickest way. Yardımeli Association aims to restore 
the environment and deliver humanitarian relief. We only mention the names of NGOs 
here because of privacy. In the final ranking, we use NGO1, NGO2, NGO3 and NGO4 for 
each NGO without giving their names.

The survey was conducted between May 2013 and September 2013 via online and face 
to face. Among the 50 surveys, 32 were returned for a return rate of 64%. The evaluation of 
NGOs’ performances is done by totally 32 experts. The survey about evaluation of NGOs’ 
performances was mainly composed of three sections. The first was about the user char-
acteristics. The user characteristics questions which are asked to experts, who are directly 
related with NGOs in Turkey, are detailed in Table 3. There are only 3 female experts of 
the 32 experts. Most of the sample is older than 25 years old and 25% of the respondents 
are academicians, 56% are logisticians and 6% are logistics managers. About 60% of the 
experts’ experiences are smaller than seven years. Only two of them have fifteen years and 
above experiences.

The second section contains questions for evaluating the relative importances of criteria, 
and respondents were asked to indicate the perceived importance weights of each CSF by 
asking pair wise comparison using nine point scales from absolutely strong to absolutely 
weak (it is shown in Table 2). In this part, there are sixty different comparisons for the 
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pair wise comparison of the main and sub-criteria within the context of CFSs. In the last 
section, the NGOs’ performance evaluations with respect to each CSF are asked for each 
expert using seven point scales from very low to very high. There are one hundred ques-
tions and each expert assessed all of the four NGOs with respect to each CSF.

In this study, a novel methodology that integrates TIT2FAHP and TIT2FTOPSIS ap-
proaches is proposed. In this methodology, the importance weights of each CSF are deter-
mined by TIT2FAHP and then the preparedness and response abilities of NGOs to a di-
saster are evaluated via TIT2FTOPSIS approach. Figure 2 shows the details and flow of the 
proposed methodology. This methodology can be applied to any complex decision making 
problem which encounters imprecise, indefinite, and subjective data or vague information; 
as proved by sensitivity analysis.

The hierarchical structure of evaluation criteria and sub-criteria within the context of 
CFSs, which have determined in Section 2 and the NGOs is shown in Figure 3. Trapezoidal 
interval type-2 fuzzy pair wise comparison matrix for all sub-criteria among in the hier-
archical structure is constructed by using Eq. (1). Then, the consistency ratio is calculated 
(Eqs (2)–(3)) and it is shown in Table 4 for all main and sub-criteria. Consistency ratio 
for each sub-criterion is less than 0.1. Therefore, the comparison results can be considered 
as consistent. The fuzzy geometric mean of the criteria is obtained in Step 3 using Eq. (4). 
In the last step of the TIT2FAHP, the fuzzy weight of each CSF is calculated using Eq. (5) 
and it is shown in Table 4.

Table 3. The demographic information of respondents

Question Option Number observed Percentage

No. of invalid survey 18 36%
No. of valid survey 32 64%

Educational levels
High School 14 44%

College/University 10 31%
MSc/PhD 8 25%

Expertise Area
Academician 8 25%
Logistician 18 56%

Logistics Manager 6 19%

Age (years)

15–25 5 16%
25–35 11 34%
35–45 13 41%
45+ 3 9%

Gender Male 29 91%
Female 3 9%

Experience

0–3 6 19%
3–7 13 41%

7–15 11 34%
15+ 2 6%
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Fig. 2. The proposed hybrid TIT2FAHP and TIT2FTOPSIS methodology

Fig. 3. The hierarchical structure
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Table 4. Type-2 fuzzy weights obtained with TIT2FAHP

Criteria Sub-criteria Trapezoidal interval type-2 fuzzy weights Consistency ratio
C1 ((0.05;0.08;0.08;0.13;1;1),(0.06;0.08;0.08;0.11;0.9;0.9))

0.045
C2 ((0.09;0.15;0.15;0.26;1;1),(0.1;0.15;0.15;0.23;0.9;0.9))
C3 ((0.04;0.06;0.06;0,1;1;1),(0.04;0.06;0.06;0.08;0.9;0.9))
C4 ((0.19;0.29;0.29;0.47;1;1),(0.2;0.29;0.29;0.41;0.9;0.9))
C5 ((0.25;0.41;0.41;0.66;1;1),(0.29;0.41;0.41;0.63;0.9;0.9))

C1

C11 ((0.34;0.5;0.5;0.72;1;1),(0.38;0.5;0.5;0.68;0.9;0.9))

0.003
C12 ((0.14;0.19;0.19;0.28;1;1),(0.14;0.19;0.19;0.25;0.9;0.9))
C13 ((0.03;0.04;0.04;0.06;1;1),(0.03;0.04;0.04;0.05;0.9;0.9))
C14 ((0.05;0.08;0.08;0.12;1;1),(0.05;0.08;0.08;0.1;0.9;0.9))
C15 ((0.14;0.19;0.19;0.28;1;1),(0.14;0.19;0.19;0.25;0.9;0.9))

C2

C21 ((0.19;0.29;0.29;0.44;1;1),(0.21;0.29;0.29;0.38;0.9;0.9))

0.085
C22 ((0.31;0.47;0.47;0.69;1;1),(0.36;0.47;0.47;0.65;0.9;0.9))
C23 ((0.08;0.12;0.12;0.18;1;1),(0.09;0.12;0.12;0.15;0.9;0.9))
C24 ((0.05;0.08;0.08;0.13;1;1),(0.06;0.08;0.08;0.11;0.9;0.9))
C25 ((0.03;0.04;0.04;0.07;1;1),(0.03;0.04;0.04;0.05;0.9;0.9))

C3

C31 ((0.31;0.47;0.47;0.69;1;1),(0.36;0.47;0.47;0.65;0.9;0.9))

0.022
C32 ((0.03;0.05;0.05;0.07;1;1),(0.03;0.05;0.05;0.06;0.9;0.9))
C33 ((0.14;0.2;0.2;0.3;1;1),(0.15;0.2;0.2;0.27;0.9;0.9))
C34 ((0.14;0.2;0.2;0.3;1;1),(0.15;0.2;0.2;0.27;0.9;0.9))
C35 ((0.05;0.08;0.08;0.12;1;1),(0.06;0.08;0.08;0.1;0.9;0.9))

C4

C41 ((0.24;0.35;0.35;0.49;1;1),(0.27;0.35;0.35;0.47;0.9;0.9))

0.060
C42 ((0.22;0.33;0.33;0.46;1;1),(0.25;0.33;0.33;0.44;0.9;0.9))
C43 ((0.07;0.1;0.1;0.16;1;1),(0.07;0.1;0.1;0.13;0.9;0.9))
C44 ((0.03;0.04;0.04;0.05;1;1),(0.03;0.04;0.04;0.04;0.9;0.9))
C45 ((0.13;0.19;0.19;0.29;1;1),(0.13;0.19;0.19;0.24;0.9;0.9))

C5

C51 ((0.12;0.18;0.18;0.27;1;1),(0.13;0.18;0.18;0.25;0.9;0.9))

0.068
C52 ((0.03;0.04;0.04;0.06;1;1),(0.03;0.04;0.04;0.05;0.9;0.9))
C53 ((0.05;0.07;0.07;0.11;1;1),(0.06;0.07;0.07;0.09;0.9;0.9))
C54 ((0.3;0.46;0.46;0.66;1;1),(0.35;0.46;0.46;0.63;0.9;0.9))
C55 ((0.18;0.25;0.25;0.35;1;1),(0.19;0.25;0.25;0.3;0.9;0.9))

The related linguistic terms to describe the importance of NGOs with respect to CSFs 
are shown in Table 5, and assessed by the experts as seen in Table 6. For example, NGO1 
is evaluated with respect to C11 as very low by 8 experts, low by 3 experts, medium low by 
5 experts, medium by 4 experts, medium high by 7 experts, high by 3 experts, and very 
high by 2 experts (shown in Table 6, row 3 and columns 3–9). The all evaluations for four 
NGOs with respect to all CSFs are presented in the same manner, in Table 6. Then, the 
linguistic evaluations are converted into trapezoidal interval type-2 fuzzy numbers. The ag-
gregated matrix for NGOs’ ratings is calculated by using Eq. (6), and it is shown in Table 7. 
Hence, the weighted fuzzy decision matrix is calculated by multiplying the aggregated fuzzy 
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performance values of NGOs with fuzzy weights using Eq. (8), which is obtained by TIT-
2FAHP (Table 8). The fuzzy positive ideal solution and the fuzzy negative ideal solution for 
beneficial criteria are determined by using Eqs ((9)–(10)). 

Table 5. Linguistic terms and their corresponding interval type-2 fuzzy sets

Linguistics Terms Interval type-2 fuzzy sets

Very Low (VL) ((0;0;0;0,1;1;1),(0;0;0;0.05;0.9;0.9))

Low (L) ((0;0.1;0.1;0.3;1;1),(0.05;0.1;0.1;0.2;0.9;0.9))

Medium Low (ML) ((0.1;0.3;0.3;0.5;1;1),(0.1;0.3;0.3;0.5;0.9;0.9))

Medium (M) ((0.3;0.5;0.5;0.7;1;1),(0.5;0.5;0.5;0.6;0.9;0.9))

Medium High (MH) ((0.5;0.7;0.7;0.9;1;1),(0.5;0.7;0.7;0.9;0.9;0.9))

High (H) ((0.7;0.9;0.9;1;1;1),(0.8;0.9;0.9;0.95;0.9;0.9))

Very High (VH) ((0.9;1;1;1;1;1),(0.95;1;1;1;0.9;0.9))

Table 6. Expert evaluation scores of the NGOs alternatives

NGO1 NGO2 NGO3 NGO4

VL L ML M MH H VH VL L ML M MH H VH VL L ML M MH H VH VL L ML M MH H VH

C1

C11 8 3 5 4 7 3 2 2 3 5 7 6 4 5 2 4 3 5 7 3 8 8 6 5 7 4 2 0
C12 7 5 4 3 6 5 2 8 4 3 4 5 3 5 4 3 7 5 5 4 4 7 6 7 4 6 1 1
C13 3 5 5 7 5 3 4 4 5 7 4 5 2 5 2 5 7 6 2 2 8 8 6 9 4 2 2 1
C14 5 4 8 3 2 5 5 4 8 4 2 5 5 4 2 3 5 2 8 7 5 7 6 8 3 2 4 2
C15 5 7 2 6 8 2 2 4 5 5 6 5 5 2 2 4 6 4 5 5 6 4 7 6 8 4 1 2

C2

C21 6 5 7 2 3 4 5 2 8 2 7 5 4 4 3 5 2 8 5 6 3 5 4 6 6 2 4 5
C22 4 5 8 3 2 7 3 4 3 6 5 6 7 1 4 5 5 3 2 5 8 7 6 9 4 3 2 3
C23 4 6 7 5 5 3 2 7 5 4 5 3 4 4 6 5 5 7 0 2 7 3 8 6 7 2 3 3
C24 5 6 4 7 6 2 2 5 6 4 7 5 3 2 5 4 2 6 5 7 3 9 5 5 3 4 4 2
C25 2 5 8 2 9 4 2 2 5 8 5 4 5 3 2 2 8 4 9 2 5 8 7 7 4 3 1 2

C3

C31 7 5 7 4 3 2 4 4 6 7 5 3 6 1 4 5 8 7 1 1 6 2 8 9 5 2 5 1
C32 4 5 8 3 2 7 3 2 5 5 4 6 5 5 1 1 8 7 9 2 4 8 5 9 3 4 2 1
C33 7 5 6 2 7 3 2 4 7 3 5 5 6 2 4 4 7 3 6 6 2 5 6 7 5 3 2 4
C34 3 5 8 4 2 5 5 5 2 4 6 6 5 5 2 2 8 4 8 2 6 9 1 11 2 3 2 4
C35 5 2 7 5 6 3 4 4 3 5 2 7 6 5 4 5 2 6 5 7 3 4 8 8 6 5 1 0

C4

C41 5 5 8 3 1 4 6 5 4 3 8 8 0 4 2 4 5 3 8 4 6 11 5 8 4 2 0 2
C42 5 8 2 6 7 2 2 4 8 2 6 7 5 0 5 4 3 2 8 8 2 7 8 5 5 4 3 0
C43 4 8 5 2 7 4 2 5 5 6 4 9 3 0 2 2 5 6 8 9 0 5 6 5 10 2 2 2
C44 5 4 7 8 6 2 0 4 5 6 5 5 7 0 3 3 7 6 5 5 3 11 2 8 7 2 2 0
C45 4 5 8 5 1 5 4 5 4 5 3 5 8 0 2 4 4 6 8 2 6 12 5 7 2 2 2 2

C5

C51 3 5 4 6 8 4 2 2 5 7 5 5 6 2 2 1 4 7 8 5 5 2 4 7 8 10 1 0
C52 5 5 8 9 3 2 0 7 5 6 5 7 1 1 5 4 8 7 6 1 1 8 2 5 7 3 5 2
C53 9 5 2 1 7 5 3 8 4 5 2 6 5 2 4 5 3 4 7 5 4 8 8 6 4 4 2 0
C54 7 5 3 5 4 6 2 8 2 6 4 5 2 5 5 5 2 1 8 6 5 9 9 2 7 4 0 1
C55 6 3 5 5 7 2 4 5 6 3 2 6 8 2 3 2 2 7 8 5 5 2 1 13 4 7 5 0
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Table 9 illustrates the separation from the ideal and negative-ideal solutions for each 
NGO by using Eqs (11)–(12), respectively. Next, the closeness coefficient is calculated and 
the results are presented in Table 10.

Table 9.The separation measure of each alternative and the closeness coefficient

dU*(xj) dL*(xj) dU–(xj) dL–(xj) 

NGO1 24.4026 24.4811 0.7756 0.6027
NGO2 24.3769 24.4578 0.8074 0.6289
NGO3 24.2814 24.3637 0.9176 0.7329
NGO4 24.5043 24.5818 0.6608 0.4925

Table 10. The closeness coefficient

CC1(xj) CC2(xj) CC(xj) 
NGO1 0.0308 0.0240 0.0274

NGO2 0.0321 0.0251 0.0286

NGO3 0.0364 0.0292 0.0328

NGO4 0.0263 0.0196 0.0229

Finally, according to the closeness coefficients of the four NGOs, we obtain the priority 
sequence of NGOs as; NGO3 > NGO2 > NGO1 > NGO4. NGO3 is determined to have the 
best preparedness and response ability rank in case of disaster. However there are several 
criteria need to be improved in order to increase preparedness and response ability level 
for NGO3. Effective human resource management system and certain job descriptions cri-
teria are needed to be revised. NGO2 should focus on the warehousing and transportation 
and distribution criteria. The possible improvements in these criteria will provide a better 
preparedness and response ability and contribute significantly to their performances. NGO1 
should also improve information systems and warehousing criteria. NGO4 is the worst one 
considering preparedness and response ability. For NGO4, the major criteria that decrease 
preparedness and response ability levels are information systems, management and plan-
ning, organization. To increase preparedness and response ability, NGO4 has to improve 
these major criteria.

3.1. Sensitivity analysis

Sensitivity analysis is applied to evaluate emergency preparedness and response ability per-
formances of NGOs to a disaster by changing the weights of main criteria mutually. For 
example, if the weights of information systems (C1) and warehousing (C2) are changing 
mutually, the weights of the organization (C3), transportation and distribution (C4), and 
management and planning (C5) are constant as presented in Table 11 for Scenario 1. For 
this reason, the weights gained from TIT2FAHP are changed for two main criteria while 
the others are constant.
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Table 11. The weights of main criteria for sensitivity analysis of scenarios

Scenario 1 Scenario 2

C1 ((0.09;0.15;0.15;0.26;1;1),(0.1;0.15;0.15;0.23;0.9;0.9)) ((0.04;0.06;0.06;0.1;1;1),(0.04;0.06;0.06;0.08;0.9;0.9))

C2 ((0.05;0.08;0.08;0.13;1;1),(0.06;0.08;0.08;0.11;0.9;0.9)) ((0.09;0.15;0.15;0.26;1;1),(0.1;0.15;0.15;0.23;0.9;0.9))

C3 ((0.04;0.06;0.06;0.1;1;1),(0.04;0.06;0.06;0.08;0.9;0.9)) ((0.05;0.08;0.08;0.13;1;1),(0.06;0.08;0.08;0.11;0.9;0.9))

C4 ((0.19;0.29;0.29;0.47;1;1),(0.2;0.29;0.29;0.41;0.9;0.9)) ((0.19;0.29;0.29;0.47;1;1),(0.2;0.29;0.29;0.41;0.9;0.9))

C5 ((0.25;0.41;0.41;0.66;1;1),(0.29;0.41;0.41;0.63;0.9;0.9)) ((0.25;0.41;0.41;0.66;1;1),(0.29;0.41;0.41;0.63;0.9;0.9))

Scenario 3 Scenario 4

C1 ((0.19;0.29;0.29;0.47;1;1),(0.2;0.29;0.29;0.41;0.9;0.9)) ((0.25;0.41;0.41;0.66;1;1),(0.29;0.41;0.41;0.63;0.9;0.9))

C2 ((0.09;0.15;0.15;0.26;1;1),(0.1;0.15;0.15;0.23;0.9;0.9)) ((0.09;0.15;0.15;0.26;1;1),(0.1;0.15;0.15;0.23;0.9;0.9))

C3 ((0.04;0.06;0.06;0.1;1;1),(0.04;0.06;0.06;0.08;0.9;0.9)) ((0.04;0.06;0.06;0.1;1;1),(0.04;0.06;0.06;0.08;0.9;0.9))

C4 ((0.05;0.08;0.08;0.13;1;1),(0.06;0.08;0.08;0.11;0.9;0.9)) ((0.19;0.29;0.29;0.47;1;1),(0.2;0.29;0.29;0.41;0.9;0.9))

C5 ((0.25;0.41;0.41;0.66;1;1),(0.29;0.41;0.41;0.63;0.9;0.9)) ((0.05;0.08;0.08;0.13;1;1),(0.06;0.08;0.08;0.11;0.9;0.9))

Scenario 5 Scenario 6

C1 ((0.05;0.08;0.08;0.13;1;1),(0.06;0.08;0.08;0.11;0.9;0.9)) ((0.05;0.08;0.08;0.13;1;1),(0.06;0.08;0.08;0.11;0.9;0.9))

C2 ((0.04;0.06;0.06;0.1;1;1),(0.04;0.06;0.06;0.08;0.9;0.9)) ((0.19;0.29;0.29;0.47;1;1),(0.2;0.29;0.29;0.41;0.9;0.9))

C3 ((0.09;0.15;0.15;0.26;1;1),(0.1;0.15;0.15;0.23;0.9;0.9)) ((0.04;0.06;0.06;0.1;1;1),(0.04;0.06;0.06;0.08;0.9;0.9))

C4 ((0.19;0.29;0.29;0.47;1;1),(0.2;0.29;0.29;0.41;0.9;0.9)) ((0.09;0.15;0.15;0.26;1;1),(0.1;0.15;0.15;0.23;0.9;0.9))

C5 ((0.25;0.41;0.41;0.66;1;1),(0.29;0.41;0.41;0.63;0.9;0.9)) ((0.25;0.41;0.41;0.66;1;1),(0.29;0.41;0.41;0.63;0.9;0.9))

Scenario 7 Scenario 8

C1 ((0.25;0.41;0.41;0.66;1;1),(0.29;0.41;0.41;0.63;0.9;0.9)) ((0.05;0.08;0.08;0.13;1;1),(0.06;0.08;0.08;0.11;0.9;0.9))

C2 ((0.09;0.15;0.15;0.26;1;1),(0.1;0.15;0.15;0.23;0.9;0.9)) ((0.09;0.15;0.15;0.26;1;1),(0.1;0.15;0.15;0.23;0.9;0.9))

C3 ((0.04;0.06;0.06;0.1;1;1),(0.04;0.06;0.06;0.08;0.9;0.9)) ((0.19;0.29;0.29;0.47;1;1),(0.2;0.29;0.29;0.41;0.9;0.9))

C4 ((0.19;0.29;0.29;0.47;1;1),(0.2;0.29;0.29;0.41;0.9;0.9)) ((0.04;0.06;0.06;0.1;1;1),(0.04;0.06;0.06;0.08;0.9;0.9))

C5 ((0.09;0.15;0.15;0.26;1;1),(0.1;0.15;0.15;0.23;0.9;0.9)) ((0.25;0.41;0.41;0.66;1;1),(0.29;0.41;0.41;0.63;0.9;0.9))

Scenario 9 Scenario 10

C1 ((0.05;0.08;0.08;0.13;1;1),(0.06;0.08;0.08;0.11;0.9;0.9)) ((0.05;0.08;0.08;0.13;1;1),(0.06;0.08;0.08;0.11;0.9;0.9))

C2 ((0.09;0.15;0.15;0.26;1;1),(0.1;0.15;0.15;0.23;0.9;0.9)) ((0.09;0.15;0.15;0.26;1;1),(0.1;0.15;0.15;0.23;0.9;0.9))

C3 ((0.25;0.41;0.41;0.66;1;1),(0.29;0.41;0.41;0.63;0.9;0.9)) ((0.04;0.06;0.06;0.1;1;1),(0.04;0.06;0.06;0.08;0.9;0.9))

C4 ((0.19;0.29;0.29;0.47;1;1),(0.2;0.29;0.29;0.41;0.9;0.9)) ((0.25;0.41;0.41;0.66;1;1),(0.29;0.41;0.41;0.63;0.9;0.9))

C5 ((0.04;0.06;0.06;0.1;1;1),(0.04;0.06;0.06;0.08;0.9;0.9)) ((0.19;0.29;0.29;0.47;1;1),(0.2;0.29;0.29;0.41;0.9;0.9))

The results of the sensitivity analysis can be seen from Table 12 and graphically from 
Figure 4. According to the sensitivity analysis results, the value of closeness coefficient is 
changing but the ranking of the NGOs is same. As it is clearly seen, NGO3 is always the 
best and NGO4 is the worst alternative whatever the weights for criteria is changed (From 
scenario 1 to 10).
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Table 12. The sensitivity analysis results

Scenario 1 Scenario 2 Scenario 3 Scenario 4 Scenario 5
NGO1 0.0276 0.0275 0.0279 0.0278 0.0274
NGO2 0.0282 0.0284 0.0286 0.0285 0.0283
NGO3 0.0327 0.0326 0.0324 0.0322 0.0325
NGO4 0.0226 0.0230 0.0233 0.0222 0.0228

Scenario 6 Scenario 7 Scenario 8 Scenario 9 Scenario 10
NGO1 0.0277 0.0277 0.0275 0.0272 0.0274
NGO2 0.0287 0.0289 0.0289 0.0289 0.0283
NGO3 0.0325 0.0323 0.0319 0.0314 0.0326
NGO4 0.0237 0.0235 0.0241 0.0234 0.0224

Conclusions

All humanitarian relief actors must develop their performances for preparedness and re-
sponse ability to a disaster because there is a lack of resources. NGOs are also accountable 
and have reporting responsibilities to their shareholders. On the other hand, if NGOs fail 
to focus on their performances for preparedness and response abilities, it may result in dis-
satisfaction and it jeopardizes immediate and future funding of the NGOs and other aspects 
of the relief effort. Therefore, it is crucial for NGOs to find a suitable approach to evaluate 
their preparedness and response abilities. In this paper, a hybrid AHP and TOPSIS method 
based on trapezoidal interval type-2 fuzzy sets is proposed to evaluate the performance of 
preparedness and response ability of NGOs. This hybrid fuzzy method has the ability to 
capture the vagueness of human thinking style and effectively solve multi-criteria decision 
making problems due to the fact that it uses interval type-2 fuzzy sets rather than type-1 
fuzzy sets to represent the evaluating values and the weights of attributes. 

The contributions of the paper to the literature are as follows: (1) By conducting a 
literature review and surveys with the expert interviewees, the criteria and sub-criteria 
representing CSFs are determined and categorized for NGOs; (2) it presents a novel per-

Fig. 4. Model result changes caused by the sensitivity analysis
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formance evaluation model for NGOs for their HRLM operations by TIT2AHP and TIT-
2TOPSIS integration. By using these two methods together and in an integrated way, the 
CSF evaluations can be made in a more healthy manner; (3) this hybrid fuzzy method has 
the ability to capture the vagueness of human thinking style and effectively solve multi-
criteria decision making problems due to the fact that it uses interval type-2 fuzzy sets, 
rather than type-1 fuzzy sets to represent the evaluating values and the weights of attributes; 
(4) the proposed method can be applied to any complex decision making problem which 
encounters imprecise, indefinite, and subjective data or vague information, i.e. manufactur-
ing, organizational management, information systems, social sciences, etc.; as proved by 
sensitivity analysis considering expert importance weights changing; (5) it is aimed that, 
the proposed method will be used in different and possible disaster areas in our country, 
and in non-governmental organizations to evaluate their humanitarian relief operation 
performance.

The critical success factor can be investigated in detail based on literature review and 
the experts’ decision. The proposed hybrid method can be applied to different numbers of 
NGOs and the NGOs of other countries. It can be also applied to manufacturing, orga-
nization management, information system and social science decision making problems. 
Besides, it is applicable to all systems facing problems that require hierarchical decision 
making.
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