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Abstract: Decision making is the process of selecting the best choice 

out of multiple alternatives and multiple factors to be considered. 

Decision making which involves human judgments is always 

imprecise and subjective. Fuzzy AHP has been introduced to cater 

those deficiencies in traditional AHP. One of the vital issues in Fuzzy 

AHP is the consistency measure. The studies in that problem has 

been explored by many scholars, however, many applications still 

ignore the consistency measure in their works. Therefore, this paper 

aims to introduce the Cosine Consistency Index (CCI) proposed by 

Kou and Lin into Fuzzy AHP. The proposed methodology is applied 

to the case study of Setiu Wetlands coastal areas in Setiu, Terengganu 

to weight the factors of coastal erosion.  The obtained results show 

that  land use/cover change (17.4%) is the most contributing factor 

towards the coastal erosion. It is followed by sea area class (14%), 

erodibility (11%), population density (10.1%), shoreline 

evolution (9.9%), sedimentary discharge (8.7%), tidal range (7.2%), 

storm surge (7.1%), wave height (4.9%), budgetary revenue of local 

government (3.6%), relative sea level (3.3%) and coastal protection 

(2.8%). The proposed methodology is applicable to many other 

decision making problems. The applied cosine consistency index into 

the Fuzzy AHP evaluation process makes the obtained results more 

plausible and convincing.   

 
Keywords: Fuzzy-AHP, cosine consistency index (CCI), coastal 

erosion. 

 

1. Introduction 

Fuzzy AHP is one of the popular methodologies in Multi 

Criteria Decision Making (MCDM) where the fuzzy set 

theory and the AHP method are combined. Fuzzy AHP has 

been established for solving real world problems especially 

when dealing with fuzziness and uncertainty.  The 

applications of Fuzzy AHP have been widely seen in various 

fields like teaching performance evaluation [1], construction 

project [2], heart failure risk prediction [3], selection problems 

[4], water loss management [5], mineral prospectivity 

mapping [6], design concept evaluation [7], marine 

management and assessment [8-11], assessment of energy 

policies and technologies [12] and coastal erosion [13], just to 

cite few. According to a recent survey on fuzzy MCDM 

techniques [14], Fuzzy AHP is the second most widely used 

technique in a stand-alone model just after AHP. However, 

the final decision of any AHP related method is only plausible 

if the pairwise comparison matrices passed the consistency 

tests.  

In the real world decision problems, the pairwise 

comparison matrices are seldom able to achieve a perfect 

consistency [15]. Consistency is closely related with the 

decision makers’ rationality in providing preferences. If the 

number of element to be compared is large, the decision 

makers tend to confuse during the judgment elicitation and 

this can lead to an inconsistency of preferences.  Besides that, 

the nature complexity of decision problems, limitations of 

scale used and inaccuracies due to lack of concentration 

during judgmental processes can also leads to an 

inconsistency. Inconsistency is an inevitable event, however 

it can be minimize in various ways. Inconsistency in 

judgement may contribute to unreliable weights and ranking 

orders for alternatives. Therefore, checking satisfactory 

consistency is necessary to ensure the rationality of the 

decisions.  

Consistency during judgement process is one of the 

important issues in AHP approach.  Many scholars have 

studied this issue and introduced several consistency indices 

to carry out this task; for instance the Consistency Index [16], 

the Harmonic Consistency Index [17], the Geometric 

Consistency Index [18], the statistical index by Lin et al. [19], 

and the induced matrix method [20] and many more. 

Choosing a right consistency index is very important in 

decision making processes as it can affect the decision 

outcome in real applications. The consistency check must pass 

a certain threshold assigned for each particular consistency 

index, or else the pairwise comparison matrix needs to be 

reviewed until the satisfactory consistency is achieved. On the 

other hand, the revising process is a tedious and time 

consuming process. Many studies have been carried out to 

improve the consistency level of pairwise comparison without 

having to return it back to decision makers [21-25]. These pass 

research shows the importance of consistency in AHP method. 

However, so far, little work has been found in literature on the 

consistency measure involving fuzzy numbers. Many 

applications of Fuzzy AHP have ignored the consistency 

measure step and proceed with priority weights finding [11, 

26-29]. 

The issue of consistency in AHP using fuzzy numbers was 

first undertaken by Salo [30]. Instead of the fuzzy arithmetic 

approach, fuzzy weights using an auxiliary mathematical 

programming formulation describing relative fuzzy ratios 

were derived.  Later on Leung and Cao [31] proposed a notion 

of tolerance deviation of fuzzy relative importance that is 

strongly related to Saaty’s consistency ratio. From the 

literature review on consistency measure involving Fuzzy 
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AHP, it is found that most of the literature implemented the 

consistency index was proposed by Saaty [16]. The fuzzy 

numbers are defuzzified before implementing the consistency 

index. Burut et al. [32] proposed the centric consistency index 

which is extended from the geometric consistency index 

proposed by Crawfold [18]. Ramik and Korviny [33] 

proposed a new inconsistency index based on the distance to 

the specific consistent matrix corresponding to possibility 

theory. Mikhailov [34] proposed a consistency index for fuzzy 

preference programming prioritization method. 

Among many existing consistency indices, the one that 

proposed by Kou and Lin [35] called cosine consistency index 

(CCI) is a good option to check the consistency of pairwise 

comparison matrices. This consistency index is based on 

cosine maximization method. CCI value can be obtained by 

calculating average similarity between priority vector and 

each column of pairwise comparison matrix with an objective 

of maximizing the CCI value. Kou and Lin [35] proposed this 

index to check the consistency level of crisp pairwise 

comparison matrix in AHP method. Hence, this paper aims to 

introduce CCI into Fuzzy AHP and applied the proposed 

methodology in coastal erosion risk assessment.  The 

arrangement of this paper is as follows: section 2 discusses on 

a few preliminary definitions used in this study, section 3 

presents the proposed methodology, section 4 discusses the 

implementation of the proposed methodology to the case 

study of coastal erosion and finally concluding remarks is in 

section 5. 

 

2. Preliminaries 

The fundamental theories used in this study are presented in 

this section. 

2.1 Fuzzy Sets and its arithmetic operations 

Fuzzy set theory was introduced by Zadeh [36] to deal with 

uncertainty and fuzziness information.  The application of 

fuzzy set theory has been established to solve many real world 

problems. The definition of fuzzy set theory is shown in the 

Definition 1.   

Definition 1. Let X be universe of discourse, A
~

is a fuzzy 

subset of X such that for all Xx .    1,0~ x
A

  which is 

assigned to stand for the membership of x to A
~

, and  x
A
~  is 

called the membership function of set A
~

.  

Informally, fuzzy sets are the concept of a continuum of 

grades of membership ranging between zero and one. If the 

assigned value is zero, the element does not belong to the set 

and if the value assigned is one, then the element belongs 

completely to the set [37]. Lastly, the value which lies 

between 0 and 1 belongs to the fuzzy set only partially. 

The commonly used fuzzy numbers are triangular fuzzy 

numbers and trapezoidal fuzzy numbers. The triangular fuzzy 

numbers is the generalized form of trapezoidal fuzzy numbers 

if the two most promising values of the trapezoidal fuzzy 

number are same. In addition, triangular fuzzy numbers have 

been used in many applications as its intuitive appeal and 

computational efficiency. Triangular fuzzy numbers are 

applied to deal with the fuzziness and vagueness that exist in 

the decision problem. The definition and its arithmetic 

operations are shown in definition 2.  

Definition 2. A triangular fuzzy number of A
~

is represented 

as  umlM ,,
~
   and its membership function is described as 

in (1). 
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The parameters l,m,u, indicate the smallest possible value, 

the most promising value, and the largest possible value that 

describe a fuzzy amount respectively [37].  

The following are the arithmetic operations of triangular 

fuzzy numbers [11]. Let  1111 ,,
~

umlM   and 

 2222 ,,
~

umlM   

i. Addition:  212121 ,, uummll   

ii. Subtraction:  212121 ,, uummll   

iii. Multiplication:  212121 ,, uummll   
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2.2 Assessment Model 

In the following, the outlines of the Chang’s extent analysis 

method [4] on Fuzzy AHP are given: 

 

Let,  m,...,u,uuU 21  be a goal set and  nxxxX ,...,, 21  

be the object set. Each object is taken and extent analysis for 

every goal is performed, respectively. Therefore, m extent 

analysis values for each goal can be obtained, with the 

following signs: 

            ,
~~~ 21 m

ggg iii
M,...,M,M          i=1, 2, …, n   (3) 

where all the 
j

gi
M
~

(j=1,2,…,m) are triangular fuzzy numbers 

(TFNs) and ig  is the corresponding goal. The value of fuzzy 

synthetic extent with respect to the thi  object is defined as 
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To obtain


m

j

j

gi
M

1

~
, the fuzzy addition operation of m extent 

analysis values is performed such as 
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In order to obtain

1

1 1
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M , the fuzzy addition 

operation of 
j

gi
M
~

 (j = 1, 2, . . . ,m) values is carried out as 

below. 
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and then the inverse of the vector in (7) is computed such that 
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The degree of possibility of 

   11112222 ,,
~

,,
~

umlMumlM   is defined as 

 

         yxMMV
MM

xy
21

~~12 ,minsup)
~~

( 


     (8) 

and it can be expressed as follows. 
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The degree of possibility for a convex fuzzy number to be 

greater than k convex fuzzy numbers  kiM i 1,2,...,
~

  can be 

defined by 

 

   ik MMVMMMMV
~~

min
~

,...,
~

,
~~

21      (10) 

Assume that 

                     kii SSVAd  min       (11) 

for iknk  & 1,2,..., , then the weight vector is given by 

                    Tni AdAdAdAW  ,...,, 21    (12) 

where  n1,2,...,iAi  are n elements. 

Via normalization, the normalized weight vectors are 

                       TAdAdAdW n21 ,...,,      (13) 

where W is a non-fuzzy number. 

 

2.3 Cosine Consistency Index 

 

The following theorems are implemented to check for 

consistency of all pairwise comparison matrices in this study. 

Theorem 1. [35] Let C  be the optimal objective function 

value of an optimization model. Then 
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3. The Proposed Fuzzy AHP with Cosine 

Consistency Index (CCI) 

The proposed Fuzzy AHP model to assess the coastal erosion 

risk factors is composed in a systematic flow of framework 

shown in Fig. 1.    

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1. The methodology framework 

 

Step 1. Construct a hierarchical structure of the problem 

 

Developing a hierarchical structure is the most crucial step 

in AHP approach in which can provide a clear representation 

of the whole problem. The hierarchical structure consists of 

main goal, factors, sub-factors and alternatives.   

 

Step 2. Select the decision makers 

 

A group of decision makers is formed which consist of the 

experts from the related field. In order to obtain a reliable 

result, it is important to consider the decision makers’ 

background. The decision makers must be someone who has 

experience with the research topic as each of them needs to 

give judgment in the evaluation process. The relative weights 

of factors and sub-factors are then obtained from the decision 

makers’ judgments. 

 

Step 3. Decide the suitable linguistic variables 

Linguistic variables are applied to describe the relative 

importance of factors and sub-factors. In addition, they are 

able to express words or sentences of human language.  The 

evaluation process is done through questionnaires which are 

in the form of linguistic variables.  In order to proceed with 

mathematical operations, linguistic variables should be 

converted into fuzzy scales. In AHP approach, the nine-point 

ratio scale is used to perform pair-wise comparison while in 

Construct a hierarchical structure  

Select the decision makers 

Decide the suitable linguistic variables 

Create comparison matrices 

Check for consistency 

Aggregate all decision makers’ judgments 

Assess the coastal erosion risk factors 

Compute the factors and sub-factors priority 

weights 
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this study, triangular fuzzy numbers proposed by Kahraman 

et al. [38] are used to represent fuzzy pair-wise comparisons.  

The triangular fuzzy numbers scale is demonstrated in Table 

1. 

 

Table 1. Triangular Fuzzy Numbers 

Fuzzy 

number 

Linguistic 

scale 

Membership 

function 

Inverse 

1 Equally 

important 
 1,1,1   1,1,1  

3 Moderately 

important 
 2,23,1   1,32,21  

5 More 

important 
 25,2,23   32,21,52  

7 Strongly 

important 
 3,25,2   21,52,31  

9 Extremely 

important 
 27,3,25   52,31,72  

 

Step 4. Create comparison matrices 

 

Pair-wise comparison matrices are constructed to transform 

the linguistics variables into triangular fuzzy numbers. A pair-

wise comparison matrix can be expressed as: 
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where ija~ is a triangular fuzzy number after comparing factors 

i to factor j while   1~ 
ija is a triangular fuzzy number 

comparing factor j to factor i. ija~  and   1~ 
ija  can be denoted 

as below. 

 

 ijijijij umla ,,~   

     1111
,,~~ 

 ijijijijji lmuaa  

 

Step 5. Check for consistency 

 

Consistency needs to be measured to assure that the 

decision makers’ judgments are reliable and also to avoid any 

misleading solutions. The fuzzy matrices are converted into 

crisp matrices by defuzzification methods [39]. There are a 

few defuzzification methods [37, 40, 41] that may be used and 

for this study, Chang et al.’s method [42] is used. The Chang 

et al.’s method can clearly display the fuzziness of the 

problem as the preference    and risk tolerance    of 

decision makers are considered. The defuzzification of a 

triangular fuzzy number denoted as  ijijijij umla ,,~   is as 

follows. 

 

      ijijij ula  1   10   , 10    (17) 

 

where   ijijijij llml   , is the left-end value of  -cut for 

ija ,     ijijijij muuu , is the right-end value of  -cut 

for ija . The higher the  , the more stable the decision making 

environment and   of zero indicates the highest degree of 

uncertainty. In addition,   shows the degree of a decision-

maker’s optimism. The decision-maker is highly optimistic 

when   is 0 and vice versa.  

The crisp matrices can be expressed as follows: 

 

   
   

   

    



























1~~

~1~

~~1

~~

21

221

112

















nn

n

n

ij

aa

aa

aa

aA (18) 

 

The cosine consistency index for the pairwise comparison 

matrices can be computed using CCI equation in Theorem 1. 

According to Kou and Lin [36] the pairwise comparison 

matrix is perfectly consistent if nC  . On the contrary, if

nC  0 , the pairwise comparison matrix is inconsistent. In 

order to eliminate the influence of the size of a pairwise 

comparison matrix, the objective function value C  is divided 

by n, where nC  is called cosine consistency index (CCI) of 

the pairwise comparison matrix and takes on values in the 

interval (0, 1]. CCI of 1 indicates a perfect consistency or 

otherwise, if CCI value less than zero, it is considered as 

inconsistent. Kou and Lin [36] gives a general rule to accept a 

pairwise comparison matrix which is the CCI must be at least 

90% or else the decision makers need to review their 

judgments. 

 

Step 6. Aggregation of decision makers’ judgments 

 

Aggregation of individual decision maker’s judgments is 

necessary to achieve a consensus group decision. There are 

two commonly used aggregation operators for AHP method 

which are aggregation of individual judgments (AIJ) and 

aggregation of individual priorities (AIP) [40]. These 

approaches can also be employed in the Fuzzy AHP. In the 

AIJ approach, the group comparison matrix is obtained from 

the individual comparison matrices. The priorities are 

calculated from the new constructed group judgment matrices. 

However, in the AIP approach, the individual priorities are 

obtained beforehand, and then the group priorities are 

calculated. AIJ is calculated using geometric mean operations 

whereas AIP is calculated using arithmetic mean operations. 

This paper utilizes the AIJ approach to do the aggregation 

process. Let R is the number of decision-makers and n is 

number of elements. As a result of the pairwise comparisons, 

we get a set of R matrices,  ijrr aA ~~
 , where 

 ijrijrijrijr umla ,,~   represents a relative importance of 

element i to j, as assessed by the expert r. The triangular fuzzy 

numbers in the group judgment matrix can be obtained by 

using the following equation: 
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 ijrij ll min       r = 1,2,…,R 

R
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r
ijrij mm  


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 ijrij uu max       r = 1,2,…,R      (19) 

 

Step 7. Compute the factors and sub-factors priority 

weights 

 

The weights of factors and sub-factors can be obtained by 

performing the extend analysis Fuzzy AHP method from the 

group fuzzy pairwise comparison matrices. 

4. Case Study 

The proposed methodology is applied to find relative weights 

of coastal erosion risks factors.  First, the factors and sub-

factors of coastal erosion were identified which was adapted 

from Luo et al. [13]. Since Luo et al. [13] listed the criteria 

based on the case study in China, the factors and sub-factors 

for this study is finalize after some discussions with the 

experts. Table 2 shows the chosen factors and sub-factors for 

this study. 

 

Table 2. List of criteria and sub-criteria of coastal erosion 

risk factors 

Factor  Code  Sub-factor Code  

Geo-

environmental 

Hazard  

GEH Shoreline 

evolution  

SE 

 Erodibility   E 

 Storm surge  SS 

 Tidal range   TR 

 Relative sea-

level   

RSL 

 Wave height  WH 

 Sediment 

discharge  

SD 

Socio-

economic 

Vulnerability 

SEV Population 

density 

PD  

 Coastal 

protection  

CP  

 Budgetary 

Revenue of 

Local 

Government  

BRLG 

 Sea area class SAC 

 Land use/cover 

change  

LUCC 

   

 

The hierarchical structure of coastal erosion risks factors 

assessment is then constructed. The final hierarchical 

structure is achieved, as shown in Fig. 2. 

It consists of two main factors which are “geo-

environmental hazard” and “socio-economic vulnerability”, 

each of which is divided into seven and five sub-factors 

respectively. 

This study area is at Setiu Wetlands coastal areas in 

Terengganu, Malaysia. This study is investigated the coastal 

erosion risks factors around the Setiu Wetlands. In assessing 

the coastal erosion risks factors, the main factors’ weights and 

sub-factors’ weights must be significantly considered. To 

acquire that, a group of three decision makers consists of a 

senior supervisor and two experienced coastal engineer, is 

formed. They are asked to provide judgments via 

questionnaires and along with our guidance. They need to 

compare two main factors and twelve sub-factors in the scope 

of this study.  

Pairwise comparison matrices are constructed to analyse 

the decision makers’ judgments and find out the relative 

importance of one factor over another.  The fuzzy pairwise 

comparison matrix of all three decision makers’ judgments 

when comparing main factors is shown in Table 3. 

 

Table 3. Fuzzy Pairwise Comparison Matrix of factors 

 GEH SEV 

GEH  1,1,1   2,23,1  

 1,1,1  

 23,2,21  

SEV  1,32,21   

 1,1,1  1,1,1  

 2,21,32  

 

GEH and SEV are the codes stand for Geo-environmental 

Hazard and Socio-economic Vulnerability respectively.  By 

employing Eq. (19), the group pairwise comparison matrices 

can be obtained. The group pairwise comparison matrix 

acquired when making pairwise comparisons of the main 

factors with respect to the goal is shown in Table 4. 

 

Table 4. Group Fuzzy Pairwise Comparison Matrix of 

factors 

 GEH SEV 

GEH  1,1,1
 

 2,14.1,5.0
 

SEV (0.5, 0.87, 2)  1,1,1
 

 

Next, the consistency measure is calculated using cosine 

consistency index. In order to measure the consistency, the 

triangular fuzzy numbers must be converted into crisp 

numbers. Decision makers can determine the value of  -cut 

subjectivity, depending on environmental uncertainty. In this 

study,  = 0.5 was used to denote that environmental 

uncertainty is steady, and   = 0.5 expresses that the attitude 

is fair. Taking pairwise comparison matrix of the factors in 

Table 4 as an example, when   and  = 0.5, the 

defuzzification was performed as follows: 

 

5.05.0)5.014.1(5.0
12 l  

 82.05.0
12 l  

 5.0)14.12(25.0
12 u  

57.15.0
12 u  

    57.15.0182.05.0
5.05.0

12 a  

  197.1
5.05.0

12 a  
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Table 5 shows the defuzzified matrix of main factors. 

Table 5. Defuzzified matrix 

 GEH SEV 

GEH 1 1.19 

SEV 0.84 1 

 

Normalize the matrix of Table 5 to a transformation matrix 

using (15b).  Table 6 presents the normalized matrix for main 

factors. 

Table 6. Normalize matrix of main factors 

 GEH SEV 

GEH 0.793 0.80 

SEV 0.61 0.60 

 

Then the optimal objective function value are calculated 

by (15a), we get 

0.2C  

Then 

nCCCI   

  22  

  100%or  1  

The CCI value is 1, shows the perfect consistency. Hence, 

the pairwise comparison matrix of main factors is acceptable. 

Then, the local weights evaluation can be preceded by 

Chang’s extend analysis of Fuzzy AHP.  Local weights of the 

main factors can be calculated as steps below. First of all, the 

synthetic extent values of two main factors are determined as 

follows. 

  









3

1
,

01.4

1
,

6

1
3,14.2,5.1

GEH
S  

   1,534.0,25.0  

  









3

1
,

01.4

1
,

6

1
3,87.1,5.1

SEV
S  

   1,466.0,25.0  

Then, the minimum degree possibility  iAd   of 

  nknkSSV ki  ;1,2,...,for   were calculated. 

)(min
SEVGEH

SSV(GEH)d   

1)min(  

1  

)(min
GEHSEV

SSV(SEV)d   

0.92)min(  

92.0  

Hence, we obtain weights  T1,0.92W  and the 

normalized weights are  T0.52,0.48W . The final weights 

of the two main factors, GEH and SEV are 0.52 and 0.48 

respectively.   

For numerical example purposes, the calculations of 

relative weights for sub-factors will be discussed below in 

similar way as discussed above. Table 7 shows the group 

fuzzy comparison matrix of Geo-environmental Hazard 

(GEH) sub factors. SE, E, SS, TR, RSL, WH and SD stand for 

shoreline evolution, erodibility, storm surge, tidal range, 

relative sea level, wave height and sediment discharge 

respectively. 

 

 
Figure 2. The hierarchy tree 

Coastal Erosion Risk 

Factors 

Socio-economic 

Vulnerability (SEV) 

P
o

p
u

latio
n

 D
en

sity
 (P

D
) 

S
ea A

rea C
lass (S

A
C

) 

 C
o

astal P
ro

tectio
n

 (C
P

) 

B
u

d
g

etary
 R

ev
en

u
e o

f L
o

cal 

G
o

v
ern

m
en

t (B
R

L
G

) 

L
an

d
 

U
se/C

o
v

er 
C

h
an

g
e 

(L
U

C
C

) 

Geo-environmental 

Hazard (GEH) 

S
h

o
relin

e ev
o

lu
tio

n
 (S

E
) 

E
ro

d
ib

ility
 (E

) 

W
av

e H
eig

h
t (W

H
) 

 S
to

rm
 S

u
rg

e (S
S

) 

R
elativ

e S
ea-lev

el (R
S

L
) 

T
id

al ran
g

e (T
R

) 

S
ed

im
en

t d
isch

arg
e (S

D
) 

112 Fuzzy Analytic Hierarchy Process (FAHP) with Cosine Consistency Index for Coastal Erosion Problem: A Case Study of
Setiu Wetlands



 

 

Table 7. Group Fuzzy Comparison Matrix of GEH sub-factors 

 SE E SS TR SD RSL WH 

SE  1,1,1
 

 2.00,0.76,0.50
 

 3,1.96,1
 

 2.50,1.82,1
 

 3.50,2.62,1.5
 

 3,1.96,1
 

 2.50,1.31,0.50
 

E  2,1.31,0.50
 

 1,1,1
 

 3,2.32,1.5
 

 2.5,2,1.5
 

 5.3,3,5.2
 

 3,2.32,1.5
 

 2.5,1.82,1
 

SS  1,0.51,0.33
 

 0.67,0.43,0.33
 

 1,1,1
 

 2,0.76,0.5
 

 3,1.96,1
 

 3,1.96,1
 

 1,0.61,0.4
 

TR  1,0.55,0.4
 

 0.67,0.5,0.4
 

 2,1.31,0.5
 

 1,1,1
 

 3,2.11,1
 

 2.5,1.82,1
 

 1,0.61,0.4
 

SD  0.67,0.38,0.29
 

 0.4,0.33,0.29
 

 1,0.51,0.33
 

 1,0.47,0.33
 

 1,1,1
 

 2,0.76,0.5
 

 0.67,0.41,0.29
 

RSL  1,0.51,0.33
 

 0.67,0.43,0.33
 

 1,0.51,0.33
 

 1,0.55,0.4
 

 2,1.31,0.5
 

 1,1,1
 

 2,0.69,0.4
 

WH  1,0.76,0.40
 

 0.55,1,0.4
 

 2.5,1.65,1
 

 2.5,1.65,1
 

 3.5,2.47,1.5
 

 2.5,1.44,0.5
 

 1,1,1
 

 

The group fuzzy comparison matrix is defuzzified using 

(17) to obtain a crisp comparison matrix. Table 8 shows the 

defuzzified matrix of GEH sub-factors.

 

Table 8. Defuzzified comparison matrix of GEH sub-factors 

 SE E SS TR SD RSL WH 

SE 1.00 1.01 1.98 1.78 2.56 1.98 1.41 

E 0.99 1.00 2.29 2.00 3.00 2.29 1.78 

SS 0.51 0.44 1.00 1.01 1.98 1.98 0.65 

TR 0.56 0.50 0.99 1.00 2.05 1.78 0.65 

SD 0.56 0.33 0.51 0.49 1.00 1.01 0.44 

RSL 0.51 0.44 0.51 0.56 0.99 1.00 0.95 

WH 0.71 0.56 1.53 1.53 2.27 1.06 1.00 

 

Normalize the matrix of Table 8 to a transformation matrix 

using (15b). Table 9 shows the normalize matrix of GEH sub-

factors. 

 

Table 9. Normalize matrix of GEH sub-factors 

 SE E SS TR SD RSL WH 

SE 0.52 0.57 0.53 0.51 0.46 0.45 0.49 

E 0.52 0.57 0.61 0.58 0.54 0.52 0.63 

SS 0.27 0.25 0.27 0.29 0.36 0.45 0.23 

TR 0.29 0.29 0.27 0.29 0.37 0.41 0.23 

SD 0.29 0.19 0.14 0.14 0.18 0.23 0.15 

RSL 0.27 0.25 0.14 0.16 0.18 0.23 0.33 

WH 0.37 0.32 0.41 0.44 0.41 0.24 0.35 

From Table 9 above, the optimal objective function value 

are calculated by (15a), then we get 

922.6C  
Then 

nCCCI 
 

  
7922.6

 

  98.8%or  988.0  
 

The obtained CCI is considered as having a consistent 

fuzzy comparison matrix, therefore the local weights 

evaluation can be preceded with Chang’s extend analysis of 

Fuzzy AHP.  First of all, the synthetic extent values of eight 

sub-factors are determined as follows. 

  









39.37

1
,

72.58

1
,

24.87

1
5.17,43.11,5.6

SE
S  

   5,0.4680.075,0.19  

  









39.37

1
,

72.58

1
,

24.87

1
,17.509.50,13.77

E
S  

   5,0.4680.109,0.23  

  









39.37

1
,

72.58

1
,

24.87

1
11.674.57,7.23,

SS
S  

 3,0.3120.052,0.12  
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  









39.37

1
,

72.58

1
,

24.87

1
11.174.70,7.89,

TR
S  

 4,0.2990.054,0.13  
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

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
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39.37

1
,

72.58

1
,

24.87

1
6.733.02,3.87,

SD
S  

 6,0.1800.035,0.06  

  









39.37

1
,

72.58

1
,

24.87

1
8.673.30,5.01,

RSL
S  

   5,0.2320.038,0.08  
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








39.37

1
,

72.58

1
,

24.87

1
14.005.80,9.52,

WH
S  

   2,0.3740.066,0.16  

 

The degree of possibility of ki SS   is calculated as 

follows. 

  9.0
ESE

SSV        45.0
SESD

SSV   

  1
SSSE

SSV         3.0
ESD

SSV  

  1
TRSE

SSV         69.0
SSSD

SSV  

  1
SDSE

SSV         65.0
TRSD

SSV  

  1
RSLSE

SSV         88.0
RSLSD

SSV  

  1
WHSE

SSV         54.0
WHSD

SSV  

       

  1
SEE

SSV         59.0
SERSL

SSV  

  1
SSE

SSV         45.0
ERSL

SSV  

  1
TRE

SSV         83.0
SSRSL

SSV  

  1
SDE

SSV         78.0
TRRSL

SSV  

  1
RSLE

SSV         1
SDRSL

SSV  

  1
WHE

SSV         68.0
WHRSL

SSV  

              

  77.0
SESS

SSV        9.0
SEWH

SSV  

  65.0
ESS

SSV        79.0
EWH

SSV  

  96.0
TRSS

SSV        1
SSWH

SSV  

  1
SDSS

SSV         1
TRWH

SSV  

  1
RSLSS

SSV         1
SDWH

SSV  

  86.0
WHSS

SSV       1
SSLWH

SSV  

      

  79.0
SETR

SSV        

  65.0
ETR

SSV       

  1
SSTR

SSV        

  1
SDTR

SSV        

  1
RSLTR

SSV        

  89.0
WHTR

SSV      

      

      

By using formula (11), we obtain 

 

),,,,,(min
SDWHRSLTRSSESE

SSSSSSSV(SE)d   

1,1)0.9,1,1,1,min(  

9.0  

),,,,,(min
SDWHRSLTRSSSEE

SSSSSSSV(E)d   

,1),1,1,1,1,11min(  

1  

),,,,,(min
SDWHRSLTRESESS

SSSSSSSV(SS)d   

0.86),0.96,1,1,0.77,0.646min(  

646.0  

),,,,,(min
SDWHRSLSSESETR

SSSSSSSV(TR)d   

9),1,1,1,0.80.79,0.655min(  

655.0  

),,,,,(min
SDWHTRSSESERD

SSSSSSSV(RSL)d   

),0.88,0.54,0.69,0.650.451,0.30min(  

30.0  

),,,,,(min
SDRSLTRSSESERD

SSSSSSSV(WH)d   

,1,0.68),0.83,0.780.59,0.452min(  

452.0  

),,,,,(min
WHRSLTRSSESERD

SSSSSSSV(SD)d   

,1,1,1)0.9,0.79,1min(  

79.0  

Therefore we obtain weights  

 T793,0.452,0.6,0.655,0.0.9,1,0.64W  

and the normalized weights are 

 T.095,0.16738,0.063,0,0.136,0.10.19,0.211W . 

For the sub-factors under the Socio-economic Vulnerability 

(SEV), the analysis of linguistic data is shown below. Table 

10 shows the group fuzzy comparison matrix of SEV sub-

factors. LUCC, CP, BRLG, SAC, and PD are the codes stand 

for land use/cover change, coastal protection, budgetary 

revenue of local government, sea area class and population 

density respectively. 

Table 10. Group Comparison matrix of SEV sub-factors 

 PD CP BRLG SAC LUCC 

PD  1,1,1   1,1.65,2.5   1,1.65,2.5   0.4,0.69,2   0.670.33,0.43,  

CP  0.4,0.61,1   1,1,1   0.5,1.31,2   0.670.33,0.46,   0.50.29,0.35,  

BRLG  0.4,0.61,1   0.5,0.76,2   1,1,1   0.670.33,0.46,   0.40.29,0.33,  

SAC  .50.5,1.44,2   1.5,2.15,3   1.5,2.15,3   1,1,1    0.5,0.76,2  

LUCC  1.5,2.32,3   2,2.82,3.5   2.5,3,3.5   0.5,1.31,2   1,1,1  

 

Table 11 shows the crisp matrix of SEV sub-factors. 
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Table 11. Defuzzified matrix of SEV sub-factors 

 PD CP BRLG SAC LUCC 

PD 1.00 1.70 1.70 0.95 0.47 

CP 0.59 1.00 1.28 0.48 0.37 

BRLG 0.59 0.78 1.00 0.48 0.34 

SAC 1.06 2.07 2.07 1.00 1.01 

LUCC 2.15 2.68 2.96 0.99 1.00 

 

Table 12 is the normalized matrix of SEV sub-factors to a transformation matrix using (15b)  

 

Table 12. Normalized matrix of SEV sub-factors 

 PD CP BRLG SAC LUCC 

PD 0.37 0.43 0.39 0.52 0.30 

CP 0.22 0.25 0.30 0.26 0.24 

BRLG 0.22 0.20 0.23 0.26 0.21 

SAC 0.39 0.52 0.48 0.55 0.64 

LUCC 0.79 0.67 0.69 0.54 0.63 

 

The optimal objective function value are calculated by 

(15a), then we get 

95.4C  

Then 

nCCCI   

  595.4  

  99%or  99.0  

The cosine consistency test is 99% which is considered as 

having an acceptable consistency.  Then, the Fuzzy AHP 

extend analysis is applied as follows.  
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The degree of possibility of ki SS   is calculated as 

follows. 

  1
CPPD

SSV        69.0
PDBRLG

SSV  

  1
BRLGPD

SSV       1
CPBRLG

SSV  

  79.0
SACPD

SSV      46.0
SACBRLG

SSV  

  58.0
LUCCPD

SSV      21.0
LUCCBRLG

SSV  

  66.0
PDCP

SSV      1
PDSAC

SSV  

  99.0
BRLGCP

SSV      1
CPSAC

SSV  

  42.0
SACCP

SSV      1
BRLGSAC

SSV  

  16.0
LUCCCP

SSV      80.0
LUCCSAC

SSV  

  1
PDLUCC
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BRLGLUCC

SSV  

  1
CPLUCC
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SACLUCC

SSV  

 

By using formula (11), we obtain 

 

),,,(min
LUCCSACBRLGCPPD

SSSSSV(PD)d   

.58)1,1,0.79,0min(  

58.0  

 

),,,(min
LUCCSACBRLGPDCP

SSSSSV(CP)d   

0.42,0.16)0.66,0.99,min(  

16.0  

),,,(min
LUCCSACCPPDBRLG

SSSSSV(BRLG)d   

6,0.21)0.67,1,0.4min(  
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),,,(min
LUCCBRLGCPPDSAC

SSSSSV(SAC)d   

1,1,1,0.8)min(  

8.0  

),,,(min
SACBRLGCPPDLUCC

SSSSSV(LUCC)d   

1,1,1,1)min(  

1  

Therefore we obtain weights  T0.21,0.8,10.58,0.16,W  

and the normalized weights are 
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 T291,0.3648,0.076,0.0.211,0.05W . 

In the five sub-factors, LUCC, BRLG and PD are the most 

preferred sub-factors compared with the other sub-factors.  

Table 13 shows the computed global weights of all sub-

factors. 

Table 13 shows the computed global weights of all sub-

factors 

 

Table 13. Computed global weights of sub-factors 

Factor (Layer 1) Weights  Sub-factor (Layer 2) Local weights  Global 

weights 

Global 

rank 

Geo-environmental Hazard (GEH) 

 

0.52 Shoreline evolution (SE) 0.190 0.099 5 

Erodibility (E) 0.211 0.110 3 

Storm Surge (SS) 0.136 0.071 8 

Tidal range (TR) 0.138 0.072 7 

Relative Sea-level (RSL) 0.063 0.033 11 

Wave Height (WH) 0.095 0.049 9 

Sediment discharge (SD) 0.167 0.087 6 

Socio-economic Vulnerability (SEV) 0.48 Population Density (PD) 0.211 0.101 4 

Coastal Protection (CP) 0.058 0.028 12 

Budgetary Revenue of 

Local Government 

(BRLG) 

0.076 0.036 10 

Sea Area Class (SAC) 0.291 0.140 2 

Land Use/Cover Change 

(LUCC) 

0.364 0.174 1 

    

 

5. Discussion 

The result of this study shows that the weightage of main 

factors (GEH and SEV) are quite similar. This means that 

these two main factors are almost equally important towards 

coastal erosion. When examining the sub-factors of coastal 

erosion, it is seen that LUCC (17.4%), SAC (14%) and E 

(11%) are the top three most preferred sub-factors compared 

to the other sub-factors.  These followed by PD (10.1%), SE 

(9.9%), SD (8.7%), TR (7.2%) and SS (7.1%) Therefore, these 

sub-factors are the key risk factors that should be considered 

in any coastal erosion management, assessment or mitigation 

plans. The other sub-factors just barely contributed to the 

coastal erosion; and WH (4.9%), BRLG (3.6%), RSL (3.3%) 

and CP (2.8%).   

The obtained result is reliable since it has passed through 

the CCI test and in other word; the judgments made by 

decision makers are consistent during the judgmental 

elicitation. 

6. Conclusion 

The cosine consistency index (CCI) has successfully 

implemented to check the consistency level of pairwise 

comparison matrices involving fuzzy numbers.  The 

consistency index is easy to compute and able to synchronize 

with Fuzzy AHP. The obtained CCI value reflects the 

consistency level of fuzzy pairwise comparison matrix.  

However, future studies can explore on the threshold for CCI 

for achieving desirable value which has not been derived yet 

using relationship between pairwise comparison matrix 

consistency and CCI.   

The focused of this paper which is to introduce CCI into 

Fuzzy AHP and applied it to find out the relative weights of 

risk factors of coastal erosion has been achieved.  Fuzzy AHP 

has properly reflected the vagueness associated with human 

thoughts. The advantage of using a fuzzy approach is to assign 

the relative importance of attributes using fuzzy numbers 

instead of precise crisp numbers. Multiple criteria decision 

making techniques based on Fuzzy AHP helps to choose the 

best decision- making strategy using a weighting process 

through pairwise comparisons.  

The coastal erosion assessment has become an important 

study before applying any coastal management plans. The 

potential factors that contribute towards coastal erosion are 

the key towards coastal erosion mitigation plans. The results 

of this research can provide decision makers with a strategic 

approach for coastal management and selecting the most 

effective mitigation plans. The government also can carry out 

a better solution for the coastal erosion problem.  

Acknowledgment 

This study was funded by Niche Research Grant Scheme 

(NRGS), Grant No. 53131. 

References 

[1] J. Chen, H. Hsieh, Q. Do, “Evaluating teaching 

performance based on fuzzy AHP and comprehensive 

evaluation approach”, Applied Soft Computing, vol. 28, 

pp. 100-108, 2015. 

[2] E. Radziszewska-Zielina, B. Szewczyk, “Supporting 

Partnering Relation Management in the Implementation 

of Construction Projects Using AHP and Fuzzy AHP 

Methods”, Procedia Engineering, vol. 161, pp. 1096-

1100, 2016. 

[3] O. Samuel, G. Asogbon, A. Sangaiah, P. Fang, G. Li, 

“An integrated decision support system based on ANN 

116 Fuzzy Analytic Hierarchy Process (FAHP) with Cosine Consistency Index for Coastal Erosion Problem: A Case Study of
Setiu Wetlands



 

 

and Fuzzy_AHP for heart failure risk prediction”, Expert 

Systems with Applications, vol. 68, pp. 163-172, 2017. 

[4] D. Chang, “Applications of the extent analysis method 

on fuzzy AHP”, European Journal of Operational 

Research, vol. 95, no. 3, pp. 649-655, 1996. 

[5] S. Zyoud, L. Kaufmann, H. Shaheen, S. Samhan, D. 

Fuchs-Hanusch, “A framework for water loss 

management in developing countries under fuzzy 

environment: Integration of Fuzzy AHP with Fuzzy 

TOPSIS”, Expert Systems with Applications, vol. 61, pp. 

86-105, 2016. 

[6] N. Zhang, K. Zhou, X. Du, “Application of fuzzy logic 

and fuzzy AHP to mineral prospectivity mapping of 

porphyry and hydrothermal vein copper deposits in the 

Dananhu-Tousuquan island arc, Xinjiang, NW China”, 

Journal of African Earth Sciences, vol. 128, 2017. 

[7] H. Shidpour, C. Da Cunha, A. Bernard, “Group multi-

criteria design concept evaluation using combined rough 

set theory and fuzzy set theory”, Expert Systems with 

Applications, vol. 64, pp. 633-644, 2016. 

[8] A. Keprate, R. Ratnayake, “Enhancing offshore process 

safety by selecting fatigue critical piping locations for 

inspection using Fuzzy-AHP based approach”, Process 

Safety and Environmental Protection, vol. 102, pp. 71-

84, 2016. 

[9] O. Soner, U. Asan, M. Celik, “Use of HFACS–FCM in 

fire prevention modelling on board ships”, Safety 

Science, vol. 77, pp. 25-41, 2015. 

[10] Y. Senol, Y. Aydogdu, B. Sahin and I. Kilic, “Fault Tree 

Analysis of chemical cargo contamination by using fuzzy 

approach”, Expert Systems with Applications, vol. 42, no. 

12, pp. 5232-5244, 2015. 

[11] E. Beşikçi, T. Kececi, O. Arslan, O. Turan, “An 

application of fuzzy-AHP to ship operational energy 

efficiency measures”, Ocean Engineering, vol. 121, pp. 

392-402, 2016 

[12] S. Lee, G. Mogi, K. Hui, “A fuzzy analytic hierarchy 

process (AHP)/data envelopment analysis (DEA) hybrid 

model for efficiently allocating energy R&D resources: 

In the case of energy technologies against high oil 

prices”, Renewable and Sustainable Energy Reviews, 

vol. 21, pp. 347-355, 2013. 

[13] S. Luo, H. Wang, F. Cai, “An integrated risk assessment 

of coastal erosion based on fuzzy set theory along Fujian 

coast, southeast China”, Ocean & Coastal Management, 

vol. 84, pp.68-76, 2013. 

[14] A. Mardani, A. Jusoh, E. Zavadskas, “Fuzzy multiple 

criteria decision-making techniques and applications – 

Two decades review from 1994 to 2014”, Expert Systems 

with Applications, vol. 42, no. 8, pp. 4126-4148, 2015. 

[15] S. Bozóki, T. Rapcsák, “On Saaty’s and Koczkodaj’s 

inconsistencies of pairwise comparison matrices”, 

Journal of Global Optimization, vol. 42, no. 2, pp. 157-

175, 2007. 

[16] T. L. Saaty, The Analytic Hierarchy Process: Planning, 

Priority Setting, Resource Allocation, McGraw-Hill 

International Book Co., New York, 1980. 

[17] W. E. Stein, P. J. Mizzi, “The harmonic consistency 

index for the analytic hierarchy process”, European 

Journal of Operational Research, vol. 177, pp. 488–497, 

2007. 

[18] J. Aguarón, J. M. Moreno-Jiménez, “The geometric 

consistency index: approximated thresholds”, European 

Journal of Operational Research, vol. 147, no. 1, pp. 

137–145, 2003. 

[19] C. Lin, G. Kou, D. Ergu, “An improved statistical 

approach for consistency test in AHP”, Annals of 

Operations Research, vol. 211, no. 1, pp. 289-299, 2013. 

[20] D. Ergu, G. Kou, Y. Peng, Y. Shi, “A simple method to 

improve the consistency ratio of the pair-wise 

comparison matrix in ANP”, European Journal of 

Operational Research , vol.213, no. 1, pp. 246–259, 

2011. 

[21] S. Siraj, L. Mikhailov, J. Keane, “A heuristic method to 

rectify intransitive judgments in pairwise comparison 

matrices”, European Journal of Operational Research, 

vol. 216, no. 2, pp. 420-428, 2012. 

[22] M. Fedrizzi, S. Giove, “Incomplete pairwise comparison 

and consistency optimization”, European Journal of 

Operational Research, vol. 183, no. 1, pp. 303-313, 

2007. 

[23] H. Li, L. Ma, “Detecting and adjusting ordinal and 

cardinal inconsistencies through a graphical and optimal 

approach in AHP models”, Computers & Operations 

Research, vol. 34, no. 3, pp. 780-798, 2007. 

[24] J. Benítez, X. Delgado-Galván, J. Izquierdo and R. 

Pérez-García, “Achieving matrix consistency in AHP 

through linearization”, Applied Mathematical Modelling, 

vol. 35, no. 9, pp. 4449-4457, 2011. 

[25] G. Kou, D. Ergu, J. Shang, “Enhancing data consistency 

in decision matrix: Adapting Hadamard model to 

mitigate judgment contradiction”, European Journal of 

Operational Research, vol. 236, no. 1, pp. 261-271, 

2014. 

[26] Y. Tang, T. Lin, “Application of the fuzzy analytic 

hierarchy process to the lead-free equipment selection 

decision”, International Journal of Business and Systems 

Research, vol. 5, no. 1, pp. 35, 2011. 

[27] M. Haghighi, A. Divandari, M. Keimasi, “The impact of 

3D e-readiness on e-banking development in Iran: A 

fuzzy AHP analysis”, Expert Systems with Applications, 

vol. 37, no. 6, pp. 4084-4093, 2010. 

[28] S. Mangla, P. Kumar, M. Barua, “Risk analysis in green 

supply chain using fuzzy AHP approach: A case study”, 

Resources, Conservation and Recycling, vol. 104, pp. 

375-390, 2015. 

[29] A. A. Salo, “On fuzzy ratio comparison in hierarchical 

decision models”, Fuzzy Sets and Systems, vol. 84, no. 1, 

pp. 21–32, 1996. 

[30] L. C. Leung, D. Cao, “On consistency and ranking of 

alternatives in fuzzy AHP”, European Journal of 

Operational Research, vol. 124, no. 1, pp. 102–113, 

2000. 

[31] E. Bulut, O. Duru, T. Keçeci, S. Yoshida, “Use of 

consistency index, expert prioritization and direct 

numerical inputs for generic fuzzy-AHP modeling: A 

process model for shipping asset management”, Expert 

Systems with Applications, vol. 39, no. 2, pp. 1911-1923, 

2012. 

Azzah Awang et al. 117



 

 

[32] J. Ramík, P. Korviny, “Inconsistency of pair-wise 

comparison matrix with fuzzy elements based on 

geometric mean”, Fuzzy Sets and Systems, vol. 161, no. 

11, pp. 1604-1613, 2010. 

[33] L. Mikhailov, “Deriving priorities from fuzzy pairwise 

comparison judgements”, Fuzzy Sets and Systems, vol. 

134, no. 3, pp. 365-385, 2003. 

[34] G. Kou, C. Lin, “A cosine maximization method for the 

priority vector derivation in AHP”, European Journal of 

Operational Research, vol. 235, no. 1, pp. 225-232, 

2014. 

[35] L. Zadeh, “Fuzzy sets”, Information and Control, vol. 8, 

no. 3, pp. 338-353, 1965. 

[36] G. Büyüközkan, G. Çifçi, “A combined fuzzy AHP and 

fuzzy TOPSIS based strategic analysis of electronic 

service quality in healthcare industry”, Expert Systems 

with Applications, vol. 39, no. 3, pp. 2341-2354, 2012. 

[37] C. Kahraman, T. Ertay, G. Buyukozkan, “A fuzzy 

optimization model for QFD planning process using 

analytic network approach”, European Journal of 

Operational Research, vol.171, pp. 390–411, 2006. 

[38] C. F. Chen, “Determining the attribute weights of 

professional conference organizer selection: an 

application of the fuzzy AHP approach”, Tourism 

Economics, vol. 17, no. 5 pp. 1129–1139, 2011. 

[39] E. S. Lee, R. J. Li, “Comparison of fuzzy numbers based 

on the probability measure of fuzzy events”, Computers 

& Mathematics with Applications, vol. 15, no. 10, pp. 

887–896, 1988. 

[40] W. B. Lee, H. Lau, Z. Z. Lau, S. Tam, “A fuzzy analytic 

hierarchy process approach in modular product design”, 

Expert Systems, vol. 18, no. 1, pp. 32–42,2001. 

[41] C. W. Chang, C. R. Wu, H. H. Lin, “Applying fuzzy 

hierarchy multiple attributes to construct an expert 

decision making process”, Expert Systems with 

Applications, vol. 36, no. 4, pp.7363–7368, 2009. 

[42] G. Buyukozkam, O. Feyzioglu, “A fuzzy logic based 

decision-making approach for new product 

development”, International journal of production 

economics, vol. 90, no. 1, pp. 27–45, 2004. 

 

  

118 Fuzzy Analytic Hierarchy Process (FAHP) with Cosine Consistency Index for Coastal Erosion Problem: A Case Study of
Setiu Wetlands


