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4- Multiple Attribute Decision Making
5- Ordered Weighted Averaging
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8- Principal Component Analysis
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1- Analytic Hierarchy Process

2- Preference Ranking Organization Method for
Enrichment Evaluations
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4- Analytical Network Process

5- Evidential Reasoning

6- Technique for Order Preference by Similarity to Ideal
Solution

7- Simple Additive Weighting
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1- DEcision-Making Trial and Evaluation Laboratory
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Table 1- Scale for pairwise comparisons (Saaty, 1980)
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Table 2- Random Index R.1.1 (Alonso & Lamata, 2006)

N 1 2 3 4 5 6 7

9 10 11 12 13 14 15

RI 0 0 052 088 110 124 134
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Table 3- Linguistic scale for influence of criteria (Kamalian, 2015)
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Table 5—- Pairwise comparison matrix for AHP Method

Jbxe g9
Criteria ) ) ) )
type
C, C, C, Ca
A 6.1429 5.2857 47143 33691
A, 8.4286 6.4286 7.8571 42553
Az 4.4286 4.7143 47143 41808
Ay 5.5714 6.7143 4.4286 33968
As 7.8571 5.5714 5.8571 38713
Ag 3.2857 3.2857 4.7143 38730
A, 3.5714 3.5714 3.5714 33571
Ag 2.4286 3.2857 3.2857 43385
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Table 6- Pairwise comparison matrix for DEMATEL Method

)w

Criterion C: C2 Cs Cs
C, 1 3.620 5.924 2.904
C, 0.276 1 4.272 0.530
Cs 0.169 0.234 1 0.370
(o 0.344 1.886 2.704 1
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Table 7- The Final decision making matrix

’l"“ (o7 C3 c4
Criterion

C1 0 0.286 1.143 3.143

C2 1.857 0 1429 1.714

C3 1571 1.286 0 1.429

C4 0.714 0.714 1.000 0

Lulyy 9 L1 g Fle A Jgu
Table 8- Matrix of Influences and Relationships

e D) &) &)
Criterion C. r R+ RrAN  (R- RAN ,,  RAN
' : ) K C) K ' K
C. 3415 3290 6.706 2 0125 3 0250 2
C, 4091 2138 6.228 4 1.953 1 0232 4
Cs 3635 3.064 6.699 3 0571 2 0249 3
Cs 2285 4934 7.219 1 2649 4 0269 1
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Table 9- Final ranking of criteria

e Abdas Jalos (339 a5, Jiasd 359 a5, OPW (29551 039 o,
Criteria ‘-”""‘_’ Rank  Dematel weights  Rank Entropy Shannon Rank
AHP weight weights

Cy 0.541 1 0.250 2 0.5030 1

C, 0.171 3 0.232 4 0.2330 2

Cs 0.067 4 0.249 3 0.2305 3

C, 0.221 2 0.269 1 0.0334 4
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Table 10- Final Ranking of alternatives
926 Entropy-COPRAS “ AHP-COPRAS ) Dematel-COPRAS )
Scenario (N%) Rank (N%) Rank (N%) Rank

Ay 53.2565 5 61.2884 6 72.8180 5
A, 38.2379 8 45.6292 8 52.8571 8
Az 64.1004 4 71.2182 4 76.7488 4
Ay 53.2468 6 61.9298 5 70.8633 6
As 43.7898 7 50.4528 7 61.4535 7
As 80.0236 3 89.0615 3 90.1728 3
A, 81.9398 2 89.7575 2 98.1477 2
Ag 100.0000 1 100.0000 1 100.0000 1
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Introduction: Inter-basin water transfer projects include essential, various, complex parameters where
mostly have a qualitative inherent. Making an appropriate decision on these projects have not been convenient
due to diverse impacts and effectiveness of the parameters as well as irregular and qualitative intrinsic of the
criteria. The main objective of this study is the evaluating and prioritizing of the practical inter-basin water
transfer scenarios to Central Plateau of Iran employing three approaches of the analytic hierarchy process (AHP),
DEMATEL and Shannon Entropy, and proposing this approach for decision making in water resources.

Materials and Methods: In this study to supply municipal water consumption deficit of 580 Million cubic
meters for three provinces of Esfahan, Yazd, and Kerman, eight practical inter-basin water transfer scenarios
were selected. The scenarios transfer water from the great Karun watersheds, including Behesht-Abad, Bazoft,
Khersan, and Gukan basins, to the mentioned provinces located in the Central Plateau of Iran. Four criteria,
considering the proposed UNESCO criteria for the qualitative and quantitative evaluation of these projects, were
assigned including technical risks and performance difficulty (C1); political and social obstacles (C2);
environmental difficulties (C3); and prime cost of a cubic meter of water (C4). Upon employing three
approaches of the AHP, Shannon Entropy, and DEMATEL, the criteria weights for decision making were
determined. Finally, the selected eight scenarios of the study were prioritized, considering the positive and
negative measures within the multi-criteria decision making, by using the COPRAS technique.

Results and Discussion: Regarding the results of the AHP method, criteria with the highest and the lowest
importance were obtained as the technical risks and performance difficulty and the environmental challenges
respectively. In the following, results of the DEMATEL method, considering cause and effect graphs, as well as
the impact and influence of the criteria, revealed that criteria of C1, C2, and C3, got the second, fourth, and the
third ranks respectively, while the C4 criterion was placed in the first rank. Also, the results showed that the
former criteria, C1 to C3, were considered as cause criteria, and the latter one, C4, was an effect criterion. In the
following, the weight of the criteria was computed using the Shannon Entropy method. Accordingly, the C4
criterion, including the lowest weight (W; ) and the highest E; value, had a common impact on the scenarios.
While, the C1, with the highest weight and the lowest E; value, was selected as the most influential and essential
criterion. Then, the COPRAS technique was employed to find out the best scenario. The obtained results
revealed that the 8th scenario was selected as the best scenario and the most suitable one was based on the
assigned criteria. Moreover, the results showed that, except the scenarios 5 to 8 and the second one, other
scenarios had various weights by using the different weighting method.

Conclusion: In this study, eight inter-basin water transfer scenarios were evaluated upon four criteria,
including technical risks and performance difficulty; political and social obstacles; environmental challenges;
and prime cost of a cubic meter of water. In the following, weights of the mentioned criteria were determined to
employ three approaches of the AHP, Shannon Entropy, and DEMATEL, and COPRAS technique was used to
prioritizing of the criteria. The obtained results revealed that 8th scenario, including water transfer from the base
flow of the Behesht-Abad basin to Esfahan province, through the pumping and short water conveyance tunnel,
and from the Kheran-Kersan Dam 3 to Yazd and Kerman provinces was selected as the best scenario for water
transfer to central plateau of Iran. Application of the approach is recommended in complex decision making in
water resources management, mostly incorporated with conflicts and inhomogeneous qualitative and quantitative
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criteria, due to practical utilization of this method in the evaluation and prioritizing of scenarios. It is worth
noting that the proposed method was conducted in forms of fuzzy and crisp configurations.

Keywords: Inter-basin water transfer, Multi criteria decision making, COPRAS technique, Central plateau of
Iran



