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ABSTRACT. Decision making takes into account a myriad of factors about the future topics, which
often prove challenging and quite complicated. Multiple Attribute Decision-Making (MADM) methods
still have not become powerful enough to help decision makers to adopt the best solutions regarding
future issues. Different scenarios are suitable for developing an appropriate outlook toward different
probable futures. Scenarios are not inherently quantitative, but recently different integrated quantita-
tive methods have been incorporated with the processes in various studies. Previously, different types
of scenario-based MADM methods have been presented in different studies, but they just considered
each case separately. In those studies, MADM methods were only applied to evaluate the situation
in scenario-based MADM. This research concentrates on another paradigm in applying scenarios to
upcoming events, MADM methods in the new area are explored, and the concept, which is called
MADM based scenarios, is presented. In different situations and scenarios, different MADM models
will happen. New concepts about most useful criterion and applicable alternatives are introduced in
this new approach for decision-making about the future. In addition, a general framework is proposed
for applying MADM-based scenarios for unpredictable scenarios and situations, which can be almost
controlled future in practice.

KEYWORDS: Multiple Attribute Decision Making (MADM); Scenario planning; MADM based sce-

narios; future; The most useful criterion; The most applicable alternative

1. INTRODUCTION

One of the most famous branches of operation re-
search models is Multi-Criteria Decision Making
(MCDM) which is divided into multiple objective
decision making (MODM) and multiple attrib-
ute decision making (MADM) (Potvin et al. 2004;
Rousis et al. 2008; Zavadskas, Turskis 2011; Liou,
Tzeng 2012; Zavadskas et al. 2014).

In the new century, Multiple Attribute Decision
Making (MADM) was considered as a multi-discipli-
nary methodology for solving problems and decision
making in many fields including management sci-
ence, social sciences, engineering issues, economics
etc. (Behzadian et al. 2010, 2012; Ishizaka, Labib
2011; Chen, Li 2011; Chai et al. 2013; Wang et al.
2014; Aguezzoul 2014; Mardani et al. 2015).

*
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Nowadays, decision making about the future
is in the focus of the data analysts and experts.
Strategic decision-making is so complicated that
evaluating the alternatives in the decision-making
process about a topic is a challenge. The MADM
framework is a valuable tool for making the best
decisions. This framework classically could not an-
swer all decision-maker needs; but in recent years,
it has changed quite a lot due to the needs. Dy-
namic perspective and trend has added more in
different studies with a different paradigm (Xu
2008; Lou et al. 2010; Campanella, Ribeiro 2011;
Trutnevyte et al. 2012; Zhang 2012; Durbach,
Stewart 2012a; Hashemkhani Zolfani et al. 2013;
Tadic et al. 2014; Gonzalez-Prida et al. 2014; Jass-
bi et al. 2014).
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Scenario planning is considered a useful tool in
the strategic management and future study fields for
long-term planning and decision-making (Bradfield
et al. 2005; Stelzer et al. 2015). In general, scenarios
are valuable and useful for exploring the future and
for strategic decision-making. Although scenarios are
powerful, they are not quantitative, and this is one of
the disadvantages of scenarios in practice.

Multiple Attribute Decision Analysis (MADM)
and Scenario Planning are two consequential
methodologies in the management science field
(Stewart et al. 2013). Different situations result
in different scenarios that will probably happen.
In these situations, MADM methods cannot be as
effective. In the next section, more explanations
will be provided in terms of applying both MADM
methods and scenarios altogether. In previous
studies, scholars have tried to evaluate scenarios
based on MADM methods.

Briefly, this research is designed based on a
new paradigm in decision-making about future
topics. MADM based scenarios will be introduced
in this study. MADM based scenarios have a
big difference in comparison to “Scenarios-based
MADM?” and that is the general perspective of this
new approach. In the decision making about future
issues, same MADM models should exist due to a
number of scenarios. The most effective criterion
and applicable alternative will be introduced as a
key part of MADM-based scenarios. The last part
of MADM-based scenarios is presenting a logical
solving framework for decision making based on
unpredictable scenarios (wild-card scenarios).

2. LITERATURE REVIEW

In this section, all past-related significant studies
about the combination of the MADM methodol-
ogy and scenario planning and other quantitative
methodologies with scenario planning are present-
ed as follow.

2.1. MADM and scenario planning

This study considers different projects, and for
each of them, two scenarios are generated. The pri-
ority of each project is evaluated based on MADM
and scenario planning concept.

Browne et al. (2010) presented a new perspective
in evaluating scenarios and policies according to the
MCDA framework. Scenarios were assessed gener-
ally, and the best scenario was selected among other
scenarios. Supriyasilp et al. (2009) applied MCDA
framework in hydropower development priorities.

Durbach and Stewart (2012b) focused on the anal-
ysis of scenarios with a general MADM framework
and integrated fuzzy numbers. This research tried to
consider more uncertainties in developing the model.
Petit and Fraser (2012) worked on selecting the best
energy-delivery system for hand-held stop drilling.
They evaluated different scenarios for this aim and
applied AHP as the methodology in the study.

Ribeiro et al. (2013) created a specialized MCDA
model for evaluating future scenarios for the pow-
er generation sector in Portugal. Like authors of
other previous studies, they considered some cri-
teria for assessing scenarios based on the MCDA
general framework. In this, research optimiza-
tion models were applied in generating scenarios.
Marzouk et al. (2013) concentrated on a feasibility
study of projects based on Simos’ procedure and
the MADM framework. Construction projects con-
sidered as the case of study and different scenarios
considered as the alternatives. The Weighted-Sum
Model (WSM) was applied in this research.

Ram and Montibeller (2013) also worked on
evaluating scenarios based on Multiple Criteria
Decision Analysis (MCDA). The paper proposed
scenario-based MCDA methods to identify robust
choices. In addition, that research applied the
MCDA framework to evaluate each scenario and
checked the consistency for each scenario. Stewart
et al. (2013) reviewed previous studies about sce-
nario planning and MCDM together. Furthermore,
some extensions added through the research ar-
ticle. For instance, meta-criteria were introduced
as a combination between scenarios and primary
criteria. In the new extension, each criterion can
be examined in a different context of scenarios.

Chung and Kim (2014) considered fuzzy logic
for evaluating the future. A decision-making meth-
od under complete uncertainty (DMCU) was used
with fuzzy TOPSIS for robust final ranking. Differ-
ent decades as separate scenarios for the future of
climate changing were considered in the study. Re-
sults of TOPSIS and fuzzy TOPSIS were compared
together for a greater reliability of results. Sa-
wicka and Zak (2014) proposed a new approach to
evaluating scenarios. A traditional MADM method
ELECTRE III was combined with Bayes classifier
to develop a new stochastic MCDM/A procedure.
All scenarios were assessed based on this new ap-
proach and, eventually, they were ranked.

Streimikiene et al. (2016) evaluated different sce-
narios about electricity generation technologies with
a hybrid MADM model. AHP-ARAS was applied as
the methodology of the research, and five different
scenarios were analysed with the hybrid model.
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2.2. Other quantitative methodologies and
scenario planning

Durbach and Stewart (2003) developed a model for
scenario planning used in decision making under
uncertainty. They worked on the integration of
goal programming and scenario planning with an
emphasis on conflict among criteria.

Weng et al. (2010) considered MCDM and sce-
narios together. In this research article, multiple
objectives were measured for generating scenarios
and, finally, the MCDM general model was applied
in evaluating the created scenarios. The proposed
model of this research was called an integrated sce-
nario-based multi-criteria decision support system.

Liu et al. (2015a) investigated the scenario
analysis for the urban transport of passengers in
terms of energy consumption. In the stated research
system, the dynamic approach was applied for the
analysis of generated scenarios. All scenarios in
the research were policy-based scenarios and the
system-dynamic approach played a proper role in
the decision-making process. Liu et al. (2015b) re-
searched the scenario analysis for energy consump-
tion in the 2020 vision and for China. The system
dynamic model was applied in that study, and pol-
icy scenarios about emissions target were assessed.

Fasanghari et al. (2015) investigated the Data
Envelopment Analysis (DEA) for scenario analysis.
In this study, different strategies (actions) were
considered as different decision-making units.
P-robust group DEA and fuzzy credibility con-
strained programming DEA were applied.

3. METHODOLOGICAL APPROACH

In previous analyses, MADM structures were con-
sidered as a part of scenarios’ structures. This re-
search 1is considered to use scenarios as a minor part
of the decision-making process. MADM structure
should also be a major part of the process. Undoubt-
edly, the performance of the MADM framework will
be changing in different periods. Formerly, MADM
was considered only for a specific time or duration
of time in a stable environment and situation. How-
ever, in reality, situations are constantly changing,
and MADM models need to be considered dynami-
cally to answer the existing needs. Making a decision
about the dynamic future is a complicated issue in
management science and strategic management per-
spectives. Nowadays, a new MADM model is needed
to play this role in the decision science field.
Scenario planning is a useful methodology in
strategic management and studies on futures,

which has an explorative perspective. Scenarios
provide appropriate points of view to consider all
aspects of a decision-making topic. Scenario plan-
ning is generally qualitative and does not have a
quantitative aspect.

Scenario planning and MCDM have been consid-
ered jointly by different researchers (Durbach, Stew-
art 2012a; Stewart 2005: chap. 11; Stewart et al.
2013; Durbach 2014). This research is quite different
in its methodology. Considering different periods of
time and situations in a special type of a multiple-
attribute decision-making process is especially com-
plicated. How should a decision in a dynamic and un-
certain situation be answered? Is it possible to make
a better decision with different scenarios with the
MADM framework? If so, what strategies are best
in applying said methods and principles?

This research will answer these questions, and
the process of MADM-based scenarios is illustrat-
ed in Figure 1.

First step: Developing Scenarios

}

Second step: Creating MADM model

}

Third step: Solving each
MADM model

l

Fourth step: Final evaluations
based on results

First round analysis: finding the
most effective criterion and
applicable alternative

!

Second round analysis: preparing
for unpredictable scenarios
(Wild card Scenarios)

First step: Categorizing wild card
in different categories

!

Second step: Following weak signals

v

Third step: Partnership with
different institutions and crisis
management centres

v

Fourth step: Creating wild
card scenarios

Fig. 1. The process of MADM-based scenarios
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4. ILLUSTRATIVE EXAMPLE

In this section, the new methodology will be exam-
ined with an example. Scenarios based on Multiple
Attribute Decision Making is a new paradigm in
decision-making, which is presented as a sub-field
of MCDM, in general. The main difference between
scenarios based on Multiple Attribute Decision
Making (MADM) and scenario-based MADM is in
the type of perspective behind this new paradigm
that can be completely useful in decision making
about topics and their future. This difference will
show how different scenarios can make a differ-
ence meaning in MADM field and MADM methods.

Undoubtedly, in different scenarios issues can-
not be fixed. Altered scenarios have different as-
pects, which can make a model. Criteria and al-
ternatives will be changed due to different envi-
ronments, situations, and scenarios. A challenge,
which should be considered in solving these kinds
of problems, is the way of thinking and solving the
problem. Development of a framework for making
a better decision in MADM-based scenarios needs
to be analysed well. To achieve this goal, a power-
ful framework is developed in this research, which
will be explained in more detail.

Making of an appropriate conclusion is considered
as the best output for MADM-based scenarios. It is
especially important when decision makers want to
take the best decision about a vision of the future.

4.1. Presenting methodology based on
an example

An example is established considering different as-
pects, which can happen in a real case. Next, it is
described based on Figure 1.

4.1.1. First step: developing scenarios

Scenarios can be created based on different ap-
proaches and methodologies. In this research, the
type of scenarios was not considered because the
MADM approach is regarded as the core of the re-
search and scenarios of all types can be helpful in
the research process. In general, different situations
can be considered as scenarios instead of develop-
ing scenarios. Hence, as an example, three different
situations or scenarios are considered in this step.
An MADM model should be considered for each sit-
uation or scenario, and finally, a general schematic
form of MADM-based scenario is presented.

4.1.2. Second step: creating the MADM model

Due to each situation and scenario, evaluation can
be very different. Alternatives and criteria can be

dynamically changed according to different scenar-
ios and situation. It can be concluded that each
MADM model based on different scenarios can be
a unique model with different alternatives and cri-
teria. Different MADM methods can be applied in
this section, and it does not have a direct impact
on the structure of this study. Eventually, a deci-
sion-making matrix for each MADM model should
be created based on the selected MADM method.

This research tries to illustrate all different
probable situations. For this aim, scenarios are de-
fined very dynamically in terms of criteria and al-
ternatives. In each situation, the number, weights
and definitions of criteria can be different. In addi-
tion, the situation for alternatives can be dynami-
cally different. Alternatives can be evaluated dif-
ferently due to different scenarios and situations.
Therefore, this perspective to a topic is closer to
real cases in comparison to previous classic per-
spectives in solving problems.

This section presents three scenarios, which are
the general framework of studies on futures. Infor-
mation about alternatives and criteria is presented
in practice and tables. The decision matrix for each
scenario is presented below:

Scenario 1:

Four alternatives are considered for this sce-
nario. In addition, five criteria with different
weights are again considered for this scenario. All
information about the first scenario is shown in
Table 1. For two other scenarios, the situation is
different in a dynamic situation.

Table 1. Decision-making matrix for the first scenario

Scenario1 ~ C; C, C,q C, C;
0.25 0.2 0.3 0.15 0.1
Min Max Max Max Min

A 4 5 5 6 5

A, 7 8 7 8 7

Aq 6 7 7 7 8

A 5 7 5 7 6

W~

Scenario 2:

In this scenario, some changes happened. There
are five alternatives in this scenario because there
are more alternatives for this situation to be select-
ed. Alternative 3 in the first scenario is not suitable
enough to consider again as a probable alternative
to be taken as a good solution in the decision-mak-
ing process. In addition, six criteria are considered
in this scenario. Some more changes also occurred
in this scenario. Both criteria 2 and 4 are not men-
tioned in this scenario because they are not critical
to consider as probable criteria for making the de-
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cision procedure. Hence, criteria 7 and 8 are added

to the Table 2. In addition, weights of criteria are
changed depending on their importance in the new-
er scenario. All needed information about the deci-
sion matrix of scenario 2 is presented in Table 2.

Table 2. Decision-making matrix for the second
scenario

Scenario 2 C, C, Cq Cq C; Cq

0.2 0.15 0.15 0.1 0.2 0.2

Min Max Min Max Min Max
Ay 5 6 5 6 5 7
A, 8 6 7 7 7 7
Ag 7 7 6 7 7 7
A, 5 8 8 7 5 8
A 6 7 7 7 6 8

ot

Scenario 3:

In the last scenario, there are four alternatives,
where a new alternative is considered as a poten-
tial alternative to the decision-making process.
Also, just four criteria among previous criteria
are considered as appropriate criteria for decision
making in this scenario. Finally, weights of crite-
ria have considered dynamically according to prob-
able needs. More information about scenario 3 is
demonstrated in Table 3.

Table 3. Decision-making matrix for the third scenario

Scenario 3 C, C, Cs Cq
0.2 0.25 0.3 0.25
Min Max Min Max

A, 4 6 7 8

A, 7 7 7 7

A, 5 7 5 6

A 6 8 7 7

(2]

4.1.3. Third step: solving each MADM model

Each model should be calculated in this step. The
calculation should be done based on the selected
methodology. All scenarios and situations should
be considered just based on one selected MADM
method. In this study, WASPAS is selected for
evaluating MADM models based on different sce-
narios. WASPAS is established based on Weighted
Sum Model (WSM) and Weighted Product Model
(WPM). Zavadskas et al. (2012) presented this
methodology as a developed methodology with bet-
ter accuracy in calculations and results. WASPAS
as a new methodology in MADM methods has been

recently applied in different fields such as:
— Civil and environmental engineer-
ing (Bagocius et al. 2014a,b; Zavadskas

et al. 2013b; Dejus, Antucheviciene 2013;
Sioéinyté, Antucheviciené 2013; Bitarafan
et al. 2014).
— Managerial decisions (Hashemkhani Zolfani
et al. 2013; Chakraborty, Zavadskas 2014).
— Developing methodologies (Zavadskas et al.
2013a; Hashemkhani Zolfani et al. 2015).
All steps of the WASPAS methodology are as
follow:
1. Normalized decision-making matrix based
on:
X.: - N

=—2—  wherei=1,m; j=1,n; 1)
opt; X;;

If opt value is max:

_  optx ) .
=—— where: i=1,m; j=1,n; (2)

X.:: y
ij x;
If opt value is min:
2. Calculating WASPAS weighted and normal-
ized decision-making matrix for the summarizing

part:

Xij sum =%ij+4 » where: i=1,m; j=1,n; 3

3. Calculating WASPAS weighted and normal-
ized decision-making matrix for the multiplication
part:

;ij,muhzfgj , where: i=1,m; j=Ln; (4)

4. The final calculation for evaluating and pri-
oritizing alternatives based on:

no__ [
WPS, = 0.52 Xij,sum +0.5] | Xij,mult,

j=1 j=1

where i=1,m; j=1,n. (5)

4.1.3.1. WASPAS results

Scenarios and alternatives will be evaluated in
this section. During the first step, decision-mak-
ing matrixes based on three scenarios were estab-
lished. Decision-making matrixes are shown in Ta-
bles 4-7. Each scenario is considered separately in
this level and methodology can be done based on
the classic methodology of WASPAS.

Table 4. Normalized decision-making matrix for the
first scenario

Scenario1 ~ C; C, C, C, Cs
0.25 0.2 0.3 0.15 0.1
Min Max Max Max Min
A 1.000 0.625 0.714 0.750  1.000
A, 0.571 1.000 1.000 1.000 0.714
Aq 0.667 0.875 1.000 0.875 0.625
A, 0.800 0.875 0.714 0.875 0.833
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Table 5. Normalized decision-making matrix for the
second scenario

Scenario 2

G,

C,

Cy

Cg

C;

Ce

0.2

0.15

0.15

0.1

0.2

0.2

Min

Max

Min

Max

Min

Max

[

P N e

5

1.000
0.625
0.714
1.000
0.833

0.750
0.750
0.875
1.000
0.875

1.000
0.714
0.833
0.625
0.714

0.857
1.000
1.000
1.000
1.000

1.000
0.714
0.714
1.000
0.833

0.875
0.875
0.875
1.000
1.000

Table 6. Normalized decision-making matrix for the
third scenario

Weighted and normalized matrixes for the
multiplication part are illustrated according to
the third section of the WASPAS methodology in
Tables 10-12.

Table 10. Weighted and normalized decision-making
matrix for the multiplication part (first scenario)

Scenario 1 C; C, C, C, C;

Ay 1.000 0.910 0.904 0.958 1.000
A, 0.869  1.000 1.000 1.000  0.967
Aq 0.904 0974 1.000  0.980  0.954
A, 0.946 0974 0.904 0.980 0.982

Table 11. Weighted and normalized decision-making
matrix for the multiplication part (second scenario)

Scenario 3 C, C, Cs Cq
0.2 0.25 0.3 0.25 Scenario 2 C; C, C, Cq Cs Cq
Min Max Min Max A 1.000 0.958 1.000 0.985 1.000 0.974
A, 1.000 0.750 0.714 1.000 A, 0.910 0.958 0.951 1.000 0.935 0.974
A, 0.571 0.875 0.714 0.875 A 0.935 0.980 0.973 1.000 0.935 0.974
A, 0.800 0.875 1.000 0.750 A, 1.000 1.000 0.932 1.000 1.000 1.000
A 0.667 1.000 0.714 0.875 Ay 0.964 0.980 0.951 1.000 0.964 1.000

(=2}

In this part, decision-making matrixes are nor-
malized for WASPAS methodology. Tables 7-9 il-
lustrate the weighted and normalized matrix for
the summarizing part. The multiplication part is

be presented next.

Table 7. Weighted and normalized decision-making

matrix for the summarizing part (first scenario)

Scenario 1 C, C, (0N C, Cy

Ay 0.250 0.125 0.214 0.113 0.100
A, 0.143 0.200 0.300 0.150 0.071
A3 0.167 0.175 0.300 0.131 0.063
A 0.200 0.175 0.214 0.131 0.083

4

Table 8. Weighted and normalized decision-making
matrix for the summarizing part (second scenario)

Scenario 2 C; C; C,q Cq Cs Cq

Ay 0.200 0.113 0.150 0.086 0.200 0.175
A, 0.125 0.113 0.107 0.100 0.143 0.175
Ag 0.143 0.131 0.125 0.100 0.143 0.175
A, 0.200 0.150 0.094 0.100 0.200 0.200
A 0.167 0.131 0.107 0.100 0.167 0.200

5

Table 9. Weighted and normalized decision-making
matrix for the summarizing part (third scenario)

Scenario 3 C, C, C, Cq

A 0.200 0.188 0.214 0.250
A, 0.114 0.219 0.214 0.219
A, 0.160 0.219 0.300 0.188
A 0.133 0.250 0.214 0.219

(o2}

Table 12. Weighted and normalized decision-making
matrix for the multiplication part (third scenario)

Scenario 3 C; C, C; Cq

A, 1.000 0.931 0.904 1.000
A, 0.894 0.967 0.904 0.967
A, 0.956 0.967 1.000 0.931
Ay 0.922 1.000 0.904 0.967

The last part is about final evaluating and
ranking of the alternatives. All three scenarios
and alternatives are shown in Table 13. The infor-
mation about scenarios is separated but presented
just in one table. Table 13 presents the general
view of the scenarios.

Table 13. Results-based scenarios

Scenarios Alter- N n WSP, Rank-

na- 0.52 X 0.5| |a?- Ing
tives v L 1Y
J=1 j=1

Scenario 1 A, 0.401 0.394 0.795 4
A, 0.432 0.420 0.852 1
A, 0.418 0.411 0.829 2
A, 0.402 0.401 0.803 3
Scenario 2 A, 0.462 0.459 0.921 2
A, 0.381 0.377 0.756 5
Ay 0.408 0.406 0.814 4
A, 0.472 0.466 0.938 1
Ay 0.436 0.433 0.869 3
Scenario 3 A, 0.426 0.421 0.847 2
A, 0.383 0.378 0.761 4
A, 0.433 0.430 0.863 1
A, 0.408 0.403 0.811 3

(2]
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In the next section, the main contribution of
this study will be described carefully in detail,
which can help to understand what exactly MADM
based scenarios are.

4.1.4. Fourth step: final evaluations based on
results

The last step of this new concept is about evaluat-
ing all information and results in the best way.
Presenting all data together is considered as the
first step in the final evaluation. Weights of cri-
teria are shown in Table 14. It is easier to put all
information together for making a better decision.

Table 14. Weights of criteria based on the scenarios

¢, C C C C C, C C

Scenariol 0.25 0.2 0.3 0.15 0.1 - — -
Scenario 2 0.2 — 0.15 — 0.2 0.2 0.15 0.1
Scenario 3 0.2 0.25 — - 0.3 - - 0.25

In addition, Table 15 is designed to illustrate
all information about alternatives and priorities
based on WASPAS methodology results.

Table 15. All information about alternatives and
priorities in the scenarios

Ay Ay Ag Ay Ay Ag Aq
Scenario 1 4 1 2 3 - - -
Scenario 2 2 5 - 1 3 4 -
Scenario 3 — 4 - 1 - 3 2

4.1.4.1. First round analysis: finding the most
effective criterion and applicable alternative
The first action in the final analysis part is find-
ing the most influential criterion and applicable
alternative. How should they be considered? The
answer is, the same forms exist due to the number
of scenarios. As it can be seen in Table 14, two
criteria (one and five) are critical in all scenarios,
and it can be concluded that these are the most ef-
fective criteria in comparison to others. Moreover,
the process is the same for Table 15. Both alter-
natives, two and four, are active in all scenarios.
Hence, these two alternatives can be considered
as the most applicable alternatives. Table 16 is
the shown priority of criteria based on their ef-
fectiveness. Weights of criteria based on different
scenarios are presented as well.

The possibility rate about the occurrence of a
scenario is considered in this part. This rate is
predicted by experts, methods of analysis etc. The
possibility rate can be easily added to calculations.

The same as criteria, alternatives are evaluated
based on applicability. The final priority based on
their applicability is illustrated in Table 16.

4.1.4.2. Second round analysis: preparing

for unpredictable scenarios (wild card
scenarios)

As presented in the previous section, all probable
scenarios can be considered, but some scenarios

Table 16. Investigation on effectiveness of criteria based on scenarios

Impact on scenarios Average weights

Weights based on effectiveness Ranking based on effectiveness

C, 3 of 3=%100 0.217 0.217*1=0.217 1
C, 2 of 3 = %66.67 0.225 0.225 * 0.6667 = 0.150 3
C, 2 of 3 = %66.67 0.225 0.225 * 0.6667 = 0.150 3
C, 1 of 3=%33.34 0.15 0.15 * 0.3334 = 0.050 7
Cs 3 of 3=%100 0.2 0.2*1=0.2 2
Cq 1 of 3=%33.34 0.2 0.2 *0.3334 = 0.067 6
C,; 1 of 3=%33.34 0.15 0.15 * 0.3334 = 0.050 7
Cg 2 of 3 = %66.67 0.175 0.175 * 0.6667 =0.117 5
Table 17. Investigation on effectiveness of criteria based on scenarios
Applicability impact on Priority based on  Primary ranking =~ Weights based on ef-  Priority based of ap-
scenarios average fectiveness plicability
Ay 2 of 3 = %66.67 3 4 3/0.6667 = 4.498 3
A, 3 of 3=%100 3.33 5 3.33/1=3.33 2
A, 10of 3 =%33.34 2 2 2/0.3334 = 5.989 5
A, 3 of 3=%100 1.667 1 1.667/1 =1.667 1
Ay 1 of 3=%33.34 3 4 3/0.3334 = 8.983 7
Ay 2 of 3 = %66.67 3.5 6 3.5/0.6667 = 5.250 4
A 1 of 3=%33.34 2 2 2/0.3334 = 5.989 5

3
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and cases cannot be even imagined. This type of
unpredictable scenario is called a wild-card sce-
nario. In the previous section, the most effective
criterion and applicable alternative were identi-
fied. However, a question still remains open: can
we predict everything that will happen in the fu-
ture? The answer is no because some accidents can
occur suddenly without any control of them. What
can decision makers do with these situations? This
is the last step and analysis section for MADM-
based scenarios.

4.1.4.2.1. First step: categorizing the wild card in
different categories

Categorizing can be considered as the first step
toward reaching this aim of controlling unpredict-
able scenarios. Decision makers should consider
different categories such as political, social con-
cepts, movements, radical technological changes,
militaries, and other situations in practice for a
specific topic. This action can separate different
complicated unpredictable situations into smaller
parts, which can be easier to solve. This helps deci-
sion makers think better and concentrate.
4.1.4.2.2. Second step: following weak signals
Experts are needed for different critical categories
and situations. Experts who are part of national
and international movements in all aspects of dif-
ferent categories can be helpful in this section of
the study. They can follow up weak signals in dif-
ferent categories. This can be one of the best so-
lutions for controlling and monitoring the future.
Eventually, control over weak signals can turn
into controlling of wild card scenarios. Also, some
scenarios can be created for weak signals but not
necessarily.

4.1.4.2.3. Third step: partnership with different
institutions and crisis management centres

Once categorizing for identifying weak signals is
improved, a partnership with critical institutions
and centres seems necessary for controlling unpre-
dictable futures. Making a decision about critical
and vital topics needs a special attention. Decision
makers should be more cautious about everything
related to the future. A partnership can provide
much suitable information for making a better de-
cision. Being ready for unpredictable futures and
scenarios needs appropriate cooperation among all
data centres.

4.1.4.2.4. Fourth step: creating wild card
scenarios

After completion of all previous sections, decision
makers can provide some wild card scenarios. Be-
ing prepared for unpredictable futures is compli-
cated and hard, but these types of scenarios can

be useful preparing for the future. Undoubtedly,
these scenarios will not be able to consider all fu-
ture actions but can make some suitable abilities
and potentials to control future happenings. These
scenarios can be considered just as calculations for
a most effective criterion and applicable alterna-
tive. These scenarios can be joined with the previ-
ous scenarios or considered completely separately,
and this is related to decision makers’ needs. This
step, generally, can be considered more in future
studies about MADM-based scenarios.

5. CONCLUSIONS

The study about future topics is critical. MADM
models are valuable and useful methods for deci-
sion making at different levels of decision process-
es. Classical MADM models do not consider future
in their concepts. There are some new trends in
applying the future perspective in MADM calcula-
tion structures. As a quantitative structure, this
framework is powerful and can be used in other
qualitative methods. The MADM structure is flex-
ible to be applied to other methods. This is the
general paradigm for applying MADM with other
methodologies in future studies.

Scenarios in both versions, planning and build-
ing, are especially powerful for exploring the fu-
tures. Scenarios are very useful but they are quali-
tative and can be considered as a disadvantage.
Recently, different quantitative methodologies
have been applied with scenarios in a wide range.
These combinations are discussed in the literature
review section. This new trend is in the developing
phase and will be progressed continually until big
changes.

Scenarios-based MCDM 1is one of the new com-
binations of these two fields but follows a differ-
ent perspective. MCDM and especially MADM
methods were applied to evaluating scenarios in
practice for selecting the best scenario. This is not
the general paradigm of this study and it can be
seen easily in its structure. MADM framework is
the main concept and scenarios just working as
directors of structure, which means in a different
situation and scenario, MADM model of decision-
making can be dynamically changed. This study
demonstrated how decisions can be made in such
situations.

New definitions have been introduced for the
final analysis of MADM-based scenarios, which
have the most effective criterion and applicable
alternative. With these steps, MADM-based sce-
narios were evaluated dynamically for all scenari-
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os and situations. As mentioned in Tables 16 and
17, the final evaluation was done due to its special
structure.

Eventually, wild card scenarios were consid-
ered for unpredictable situations and scenarios.
This section answers a special need. A question is
answered on how to apply MADM-based scenarios
for these unpredictable situations. Four steps were
designed to reach this aim and described in detail.
This research presents a new paradigm in decision
making about the future topics with applying both
MADM models and scenarios in a suitable frame-
work and can be considered in future studies as a
new methodology.

Suggestions for probable future studies:

— Applying wild card scenarios as a test run

with a case study.

— Developing a classical framework of MADM
models for MADM-based scenario needs.

— Simulating scenarios based on MADM-based
scenario approach in real cases with numer-
ous probable situations in practice.

— Working in a multi-disciplinary manner on
categories and their reasons (concentrat-
ing more on social, political and other con-
straints).
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