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Abstract: The DEMATEL method is one of the powerful tool for capturing the causal

relationship between criteria. Fuzzy Cognitive Map (FCM) determines the cause and effect

relationship among the criteria. Here, this paper proposes a new hybrid Fuzzy cognitive DE-

MATEL method by combining FCM and DEMATEL. Discussing Climate change has become

inevitable as its far reaching impacts are felt almost in all spheres of life. It has affected life

on earth beyond imagination and will continue to affect in future. Hence, it is our objective

to analyze its impacts through a new hybrid Fuzzy cognitive DEMATEL method.
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1. Introduction

An effective decision-making is always preferred, when the environment is get-
ting complicated. Decision-makers will always indebt to assess a complex and
vague situations to identify the causal relationship of a problem to take mean-
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ingful and effective decision. In order to make a meaningful decision or action,
it is essential to understand the cause-effect relationship of the problem when
it is full of uncertain. The DEMATEL method is a powerful tool, originated
from the Geneva research center of battle memorial institute for capturing the
cause and effect relationship by [3]. Especially, it is useful for visualizing the
complicated structure with matrices or digraphs. In many practical decision
problems, experts may provide uncertain linguistic term to express their opin-
ion when they have no clear idea or inadequate experience. The uncertain
linguistic term is frequently used as form of inputs in decision analysis activi-
ties. Promising researchers have focused on uncertain linguistic term in group
decision making processes. Fuzzy DEMATEL method was extended through
triangular, trapezoidal fuzzy number [5, 6], hexagonal, octagonal fuzzy number
[8].

On the another aspects, the hybrid models have been constructed by merg-
ing the DEMATEL, TOPSIS, VIKOR, BAM for choosing emotional music com-
position [1], Impact of Periyar’s philosophy in the society [2]. In 1986, Kosco, B
enhanced power of cognitive maps considering fuzzy values for the concepts of
the cognitive map and fuzzy degrees of interrelationships between concepts [4].
Though DEMATEL is well opted model to divide the criteria into cause and
effect group, it is difficult task to find the correlation among the factor and the
hidden pattern. Hence, an attempt is made by integrating the salient features
of FCM and DEMATEL to bring the new hybrid fuzzy Cognitive DEMATEL
technique to solve the task.

2. Preliminaries

Definition 2.1. A fuzzy set Ã in X is characterized by a membership
function µ

Ã
(x) which associates each point inX, to a real number in the interval

[0, 1]. The value of µ
Ã
(x) represents “grade of membership”of x ∈ µ

Ã(x). More

general representation for a fuzzy set is Ã = {(x, µ
Ã
(x))}

Definition 2.2. A fuzzy set Ã defined on the set of real numbers R is
said to be a fuzzy number if its membership function Ã : R → [0, 1] has the
following characteristics.

(i) Ã is convex
µ
Ã
(λx1 + (1− λ)x2) ≥ min(µ

Ã
(x1), µÃ

(x2)), ∀x ∈ [0, 1], λ ∈ [0, 1]

(ii) Ã is normal, (i.e.) ∃ an x ∈ R such that if maxµ
Ã
(x) = 1.
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(iii) Ã is piecewise continuous.

Definition 2.3. A triangular fuzzy number Ã denoted by (a1, a2, a3), and
the membership function is defined as

µ
Ã
(x) =





x− a1
a2 − a1

, for a1 ≤ x ≤ a2

a3 − x

a3 − a2
, for a2 ≤ x ≤ a3

0, elsewhere.

Definition 2.4. A Linguistic variable / term is variable whose value is
not crisp number but word or sentence linguistic in a natural language.

3. The Proposed Fuzzy Cognitive DEMATEL Method

Step 2. Set up the linguistic initial direct- relation matrix X̂k = [x̂kij ]n×n .

Let C = {C1, C2, . . . , Cn} be a finite set of attributes and E = {E1, E2, . . . , Em}
be the finite set of experts. Then, Experts provide their opinion on the correla-
tion among the attributes in terms of their vocal language from the linguistic set
L={Very Low, Low Influence, Medium, High Influence, Very High Influence}.
Here X̂k = [x̂kij] provided by expert Ek can be set up, i.e.,

X̂k = [x̂kij ]n×n=




C1 C2 . . . Cn

C1 − x̂k12 . . . x̂k1m
C2 x̂k21 − . . . x̂k2m
...

...
...

. . .
...

Cn x̂kn1 x̂kn2 . . . −




Step 2. Transform uncertain linguistic matrix X̂k = [x̂kij]n×n into triangular

fuzzy matrix X̃k = [x̃kij]n×n using the table below.

Step 3. Set up the crisp value direct-relation matrix X̃i, i = 1, 2, . . . ,m using
the CFCS method [7].

Let Aij = (lkij ,m
k
ij , r

k
ij , ) be the degree of criteria i affects criteria j and experts

k (k = 1, 2, . . . , p).

• Normalization: xrkij = (rkij −min lkij)/∆
max
min , xm

k
ij = (mk

ij−min lkij)/∆
max
min ,

xlkij = (lkij −min lkij)/∆
max
min , Where, ∆max

min = max rkij −min lkij
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Linguistic terms Triangular fuzzy numbers

Very Low influence (0, 0, 0.25)
Low Influence (0, 0.25, 0.50)

Medium (0.25, 0.50, 0.75)
High Influence (0.50, 0.75, 1.00)

Very High Influence (0.75, 1.00, 1.00)

Table 1: The Fuzzy Linguistic Scale

• Compute right side and left side normalized values:

xrskij =
xrkij

(1 + xrkij − xmk
ij)

, xlskij =
xmk

ij

(1 + xmk
ij − xlkij)

• Compute total normalizes crisp values:xkij =
[xlkij(1− xlkij) + xrskij × xrskij]

(1− xlskij + xrskij)

• Compute crisp values: zkij = min lkij + xkij ×∆max
min

Step 4. Construct the group direct relation matrix X̃k = [x̃kij]n×n.

X̃k = 1
m
(X̃1 + X̃2 + . . .+ X̃m)

Step 5. Construct the normalized direct relation matrix Z̃k = [z̃kij]n×n.

z̃ij = x̃ij/ max
1≤i≤n

{
n∑

j=1
x̃ij

}
∀ i, j = 1, 2, . . . , n

Step 6. Construct the overall-relation matrix T̃ The overall-relation matrix T̃
is defined as T̃ = lim

n→∞
(Z̃1 + Z̃2 + . . .+ Z̃n). Here, where T̃ is consider as

the Dynamical system.

Fuzzy Cognitive Process: Consider the matrix T̃n×n as dynamical sys-
tem and A1×n as the input vector.

Step 6a. Pass on the input vector Ai, (i = 1, 2, . . . , n) into a system T̃ and let
its resultant be AiT̃ = (x

′

1, x
′

2, . . . , x
′

n)

Step 6b. Threshold and update this AiT̃ using the sigmoidal function S as

S(x
′

j) =

{
1 x

′

j ≥ xj , 1 ≤ j ≤ n

0 Otherwise
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i.e., (x
′

1, x
′

2, . . . , x
′

n) →֒ (x1, x2, . . . , xn). We use the symbol →֒ for thresholding.
Moreover, keep the state xj is ON, If it was in ON position in Ai, then the
values of xi are either 0 or 1

Step 6c. Assign Ai ← (x1, x2, . . . , xn). Go to step 6a.

Stop: when the resultant vector converges Ai = Aj .

DEMATEL Process:

Step 7. Calculate the prominence and relation of each factor T̃ .

Let pi be the prominence of factor Ci, and it is calculated by pi = ci+hi, i =
1, 2, . . . , n. Let ri be the relation of factor Ci and it can be obtained by pi =

ci − hi, i = 1, 2, . . . , n, where ci =
n∑

j=1
tij, i = 1, 2, . . . , n, hi =

n∑
i=1

tij, j =

1, 2 . . . , n

Step 8. Construct the causal diagram.

Based on prominence pi and relation ri, a causal diagram can be plotted to
visualize the importance and classification of all factor.

4. Illustration of Fuzzy Cognitive DEMATEL Method

Climate change in the world can be caused by various activities. When climate
change occurs; temperatures can increase a dramatically. When temperature
rises, many different changes can occur on Earth such as oceans are warming
and becoming more acidic, glaciers are melting, and sea levels are rising. Hence,
to analyze the cause and effect of climate change, the following attributes are
picked from the various sources.

C1-Green house gas (GHG) emissions / C2-Deforestation / C3-Water and
land pollution / C4-Solid waste management / C5-Migration of species / C6-Sea
level rise / C7-Rise in average temperature / C8-Crop yields (Agricultural) /
C9-Glacier and snowpack decline / C10-Spread of new diseases. Three experts
are called to give their opinion on the existence and intensities of the correlation
among the factors from S = {Very Low, Low, Medium, High, Very High}. All
The initial uncertain direct-relation matrices provied by the experts are then
transformed into triangular fuzzy numbers using table 1.

Then, convert them into single crisp value using CFCS algortithm. Using
the proposed algorithm of step-2-step 6, overall-relation matrix T̃ is obtained
as below in table-3.
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C1 C2 C3 C4 C5 C6 C7 C8 C9 C10

C1 0.54 0.63 0.56 0.31 0.56 0.51 0.67 0.49 0.55 0.51
C2 0.62 0.49 0.56 0.31 0.58 0.48 0.64 0.47 0.51 0.46
C3 0.54 0.53 0.40 0.27 0.47 0.42 0.55 0.46 0.43 0.47
C4 0.47 0.41 0.40 0.19 0.36 0.35 0.46 0.38 0.36 0.32
C5 0.35 0.36 0.34 0.19 0.25 0.24 0.34 0.27 0.27 0.25
C6 0.58 0.54 0.49 0.29 0.48 0.37 0.59 0.44 0.47 0.43
C7 0.60 0.56 0.49 0.30 0.49 0.49 0.49 0.41 0.50 0.44
C8 0.45 0.41 0.41 0.24 0.37 0.33 0.42 0.27 0.32 0.32
C9 0.57 0.54 0.45 0.27 0.48 0.46 0.58 0.38 0.37 0.39
C10 0.50 0.45 0.47 0.27 0.45 0.38 0.50 0.36 0.38 0.31

Table 2: The Overall relation matrix T̃

Fuzzy Cognitive Process: By using this process, it is observed that all
the ten attributes play the major role of affecting the climate change.

DEMATEL Process: The following results are obtained using the step-7
and step-8,

ci pi ci + pi ci − pi Rank

C1 5.22 5.33 10.55 -0.11 1
C2 4.91 5.13 10.04 -0.21 2
C3 4.56 4.53 9.09 0.02 4
C4 2.64 3.71 6.35 -1.06 10
C5 4.50 2.85 7.34 1.65 9
C6 4.03 4.69 8.72 -0.66 5
C7 5.24 4.78 10.02 0.47 3
C8 3.94 3.54 7.48 0.39 8
C9 4.15 4.47 8.62 -0.32 6
C10 3.89 4.06 7.94 -0.17 7

Table 3: Computational results

From the analysis, the evaluation criteria were divided into the cause group,
including C3, C5 C7 and C8 and the effect group, including C1, C2, C4, C6, C9

and C10. This method also help us to find the ranking of the criteria. Here,
C1-Green house gas (GHG) emissions has got the highest rank, which is the
main cause of climate change.
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5. Conclusion

The DEMATEL method is suitable for solving a group decision-making problem
in a fuzzy environment. With this method, excellent and meaningful decision
can be taken for any complex probelm.
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