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Objective: The present study aims to compare the results of prioritizing strategies
for mitigating the adverse impacts arising from the construction and operation of
the Marun Dam and Hydropower Plant, based on the application of different
weighting methods for a set of criteria and sub-criteria.

Method: To this end, the environmental impacts of the Marun Dam were first
examined using field observations and previous studies. Subsequently, various
alternatives for reducing the dam’s environmental impacts, along with the
evaluation criteria and sub-criteria, were proposed by a panel of experts. Two
weighting approaches—namely the Analytic Hierarchy Process (AHP) and
Shannon’s Entropy method—were then employed to calculate the criteria weights.
Next, the strategies for mitigating the adverse effects of the Maroon Dam were
prioritized using the Multi-Attributive Border Approximation area Comparison
(MABAC) method. This prioritization was carried out twice: once with the criteria
weights derived from AHP, and again with those obtained from Shannon’s Entropy
method.

Results: The results indicate that under AHP, the sub-criterion “impact on water
quality” holds the highest weight (0.37), whereas under Shannon’s Entropy method,
the sub-criterion “operation and maintenance costs” ranks first with a weight of
0.22. Moreover, the MABAC analysis reveals that the prioritization of alternatives
remains consistent across both weighting methods. Specifically, “Alternative 1—
monitoring and controlling water quality” achieved the highest rank in both cases,
with scores of 0.18 (AHP) and 0.31 (Entropy).

Conclusion: The findings of this study highlight the importance of selecting an
appropriate weighting method to identify the most critical criterion, underscoring
its impact on the final prioritization outcomes. This is particularly important for
long-term policymaking and sustainable resource management.
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Introduction

Prioritizing strategic approaches to mitigate the adverse impacts associated with the
construction and operation of civil infrastructure—particularly in water resources management
projects—represents a multifaceted and demanding challenge. This complexity arises from the
involvement of diverse stakeholders, each with distinct objectives, preferences, and evaluative
criteria.

Consequently, the selection of appropriate methodologies for assigning weights to
decision-making criteria and sub-criteria, as well as for ranking alternative solutions in
accordance with the specific contextual constraints of the problem, plays a pivotal role in
ensuring the robustness and credibility of the final decision-making process. Employing
systematic, transparent, and context-sensitive prioritization frameworks is therefore essential
to reconcile competing interests and to enhance the sustainability and effectiveness of such
projects.

Method

The present study is designed to perform a comparative evaluation of strategic
prioritization approaches aimed at minimizing the environmental consequences resulting from
the construction and operation of the Marun Dam and its associated hydropower plant. Given
the scale and complexity of such infrastructure projects, particularly in ecologically sensitive
regions, the need for systematic and evidence-based decision-making frameworks becomes
paramount. To this end, the environmental impacts of the Marun Dam were first identified and
analyzed through a combination of field observations and a comprehensive review of prior
research and technical reports.

Following this assessment, a panel of interdisciplinary experts—including specialists in
hydrology, environmental engineering, and water resource management—collaboratively
proposed a set of feasible mitigation strategies. These alternatives were evaluated against a
structured hierarchy of criteria and sub-criteria, reflecting ecological, socio-economic, and
technical dimensions relevant to the project context.

To quantify the relative importance of each criterion, two distinct weighting
methodologies were employed: the Analytic Hierarchy Process (AHP), which incorporates
expert judgment through pairwise comparisons, and the Entropy-Shannon method, which
derives weights based on the inherent information content and variability of the data.
Subsequently, the Multi-Attribute Approximate Border Area Comparison (MABAC)
method—a robust multi-criteria decision-making (MCDM) technique—was applied to rank the
proposed strategies under each weighting scheme.

By comparing the prioritization outcomes derived from the AHP-based and Entropy-based
weighting approaches, this study provides critical insights into how the choice of weighting
method can influence strategic decision-making in environmental management. The findings
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contribute to the development of more transparent, adaptable, and context-sensitive
frameworks for prioritizing mitigation strategies in large-scale water infrastructure projects.

Results

The results of the present study show that in the AHP method, the sub-criterion of the
impact on water quality with a weight of 0.37 has the maximum weight, while in the Entropy-
Shannon method, the sub-criterion of maintenance and operation costs with a weight of 0.22 is
in the first place.

Also, the results of the MABAC multi-criteria decision-making method show that the
prioritization of alternatives based on the input weights obtained from the AHP and Entropy-
Shannon methods is the same, so that the first alternative, including monitoring and controlling
water quality based on the weights of the criteria, was ranked first in both cases with a score of
0.18 and 0.31, respectively.

Conclusion

The results of the present study show the importance of determining the weighting method
to select the most important criterion according to the nature of the problem and its impact on
the final results of ranking the alternatives, especially for long-term policy-making.

For this reason, the selection of the appropriate method should be made according to the
nature of the data and the preferences of the decision-makers in order to increase the accuracy
and reliability of the results.
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Figure 1. The final weight of sub-criteria obtained from
AHP method
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Table 1. Aggregate matrix of pairwise comparisons for

the main criteria
(a) Aggregate matrix of pairwise comparisons

Main criteria
Main criteria A B C D
A 1 283  4.08 4.76
B 0.35 1 1.83 2.33
C 0.24 054 1 1.83
D 0.21 0.42 0.54 1

A = Environmental criteria, B = Social criteria, C =
Economical criteria, D = Technical criteria
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Table 2. Weights of main criteria

Main criteria Weight
A 0.54
B 0.22
C 0.15
D 0.09
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Table 3. Weights of the sub-criteria and inconsistency ratio

Main criteria Sub-riteria Weight CR

C1 0.69

A c2 0.31 0.00
C3 0.59

B C4 0.41 0.00
C5 0.56

¢ C6 0.44 0.00
c7 0.43

D C8 0.29 0.1
C9 0.26

Cl = Impact on surface water quality, C2 = Impact on
biodiversity restoration, C3 = local community participation,
C4 = Increasing the empowerment of local stakeholders, C5
= Initial investment costs, C6 = Operation and maintenance
costs, C7 = Ability to implement in the climatic and
geographical conditions of the region, C8 = Access to
equipment, C9 = Flexibility against environmental changes.
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Table 6. Weight of main criteria from Entropy-Shannon

method
Main criteria Weight
A 0.22
B 0.12
Cc 0.44
D 0.21
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Table 7. Degree of entropy, deviation rate of the degree,
and the weight of sub-criteria

Sub-criteria Degree of Deviation Weight
entropy rate of the
degree
C1 0.97 0.02 0.85
Cc2 0.99 0.01 0.15
C3 0.99 0.01 0.11
c4 0.98 0.01 0.89
C5 0.98 0.1 0.48
C6 0.98 0.1 0.52
c7 0.98 0.1 0.28
c8 0.98 0.1 0.32
C9 0.98 0.1 0.40
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Table 4. Aggregated initial decision-making matrix, and
normalized decision-making matrix for main criteria

(a) Aggregated initial decision-making matrix

Alternatives

Sub-criteria Al A2 A3
A 74.33 62.66 50.33
B 51 67.66 61.66
C 59 63.66 37.33
D 79.33 61.66 55.33

(b) normalized decision-making matrix

Alternatives

Sub-criteria Al A2 A3
A 0.39 0.33 0.26
B 0.28 0.37 0.34
C 0.36 0.39 0.23
D 0.40 0.31 0.28

Al = Monitoring and controlling water quality, A2 = Using
artificial wetlands in the water outlet to improve water quality,
A3 = Creating protected areas around the dam lake and
implementing restoration programs for affected species.
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Table 5. Degree of entropy and deviation rate of the
degree for each criterion

(a) Degree of entropy

Main criteria
A B C D
Degree of 0.98 0.99 0.97 0.98
entropy
(b) Deviation rate of the degree
A B C D
Degree of 0.01 0.01 0.02 0.01
entropy
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Table 9. Normalized aggregated matrix

Sub-criteria Alternatives

Al A2 A3
C1 1.00 0.54 0.00
c2 0.00 1.00 0.85
C3 0.52 0.00 1.00
C4 0.01 0.00 1.00
C5 1.00 0.00 0.02
Cé 1.00 0.64 0.00
c7 0.00 1.00 0.09
C8 1.00 0.26 0.00
C9 0.00 1.00 0.83

33 08B B35y (e odbisile by sle
‘5;..:].9.: ))A d..~.>l) ‘U"‘"'}f“'m w‘ AW 00)3] ). Jsd.?-
b a3 alold 9 VY ooz 0 ol ;51 SG 2 (ol

el 00l SIINVY Jgaz 10 oo )85 50 4l

BB B39 (e 053l lep e yile =) ¢ Jgu

Table 10. Normalized weighted aggregated matrix
Alternatives

Sub-criteria Al A2 A3
C1l 0.74 0.57 0.37
Cc2 0.17 0.34 0.31
C3 0.20 0.13 0.26
(o7} 0.09 0.09 0.18
C5 0.16 0.08 0.08
C6 0.12 0.10 0.06
c7 0.04 0.08 0.04
c8 0.05 0.03 0.02
C9 0.02 0.05 0.04
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Table 11. Border approximation area for sub-criteria

Sub-criteria Border approximation area
C1 0.54
Cc2 0.26
C3 0.19
c4 0.11
C5 0.10
C6 0.09
c7 0.05
c8 0.03
C9 0.04
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Figure 2. Final weight of sub-criteria from Entropy-
Shannon method
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Table 8. Aggregated decision-making matrix

Sub-criteria Alternatives
Al A2 A3
C1 73.66 60.66 45.33
Cc2 50.66 67 64.66
C3 68.33 52.66 82.66
C4 37.33 36.33 80.00
C5 73.66 58.00 58.33
C6 55.33 66.00 85.00
c7 46.33 39.33 45.66
C8 70.66 43.33 33.66

C9 45.00 70.66 66.33
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Table 13. Normalized weighted aggregated matrix

Sub-criteria Alternatives

Al A2 A3
C1 0.38 0.29 0.19
Cc2 0.04 0.08 0.07
C3 0.03 0.02 0.04
C4 0.11 0.11 0.22
C5 0.44 0.22 0.22
C6 0.46 0.37 0.23
c7 0.06 0.12 0.06
c8 0.14 0.08 0.07
C9 0.09 0.18 0.16
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Table 14. Border approximation area for sub-criteria

Sub-criteria Border approximation area
C1 0.27
c2 0.06
C3 0.02
C4 0.13
C5 0.27
C6 0.34
c7 0.07
cs8 0.09
c9 0.13
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Table 15. Distance of the alternatives from Border
approximation area
Alternatives

Sub-criteria Al A2 A3
C1 0.10 0.01 -0.08
c2 -0.02 0.02 0.01
C3 0.01 0.00 0.01
C4 -0.02 -0.02 0.08
C5 0.16 -0.05 -0.05
Cé6 0.11 0.03 -0.11
c7 -0.01 0.04 -0.01
C8 0.04 0.00 -0.02
C9 -0.04 0.04 0.03
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Table 12. Distance of the alternatives from Border
approximation area

Alternatives

Sub-criteria Al A2 A3
C1l 0.20 0.31 -0.16
c2 -0.09 0.07 0.05
Cc3 0.01 -0.05 0.07
C4 -0.02 -0.02 0.06
C5 0.05 -0.02 -0.01
Cé 0.03 0.01 -0.03
Cc7 -0.01 0.02 0.01
c8 0.01 -0.01 -0.01
Cc9 -0.01 0.01 0.00
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Figure 3. Ranking of the alternatives based on the
weights of AHP method
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Figure 4. Ranking of the alternatives based on the
weights of Entropy-Shannon method

o5l el sloys bl ey 337 (ganas, -F IS
Ol 9]

GrS el (g, b 1y leasy 35 ganas, ¥ USS

o9y Sl el slagiy obuly MABAC o Laescr
Jsl 435 F S Gllae s oo (it (gl 93]
Jsl 4y 5 <17 Slael b o ot 585 Gl (o
oYU 5l solatwl slaan ;s (o) 51w 23,5 )8
Gzl g dw azb o Bkl o sabcbla> ble sl
/¥ 6L°)'L::"°‘ L o&goWT LgLa:dJ; skl 6L®Mbﬁ
@l dnlie a8 5 )18 pous g pgo slaas; jo -2 /0 )
slasbron) Gjs oeluly MABAC (b9, L ganas,
Locdle g0 )0 banss ol sl 425 &5 was o
3 5 bansS sancaglyl bl s Sglise RS,
o ol ol e (LS JolS jsbay K0S, L
AHP 25059 (g, abl alSe Julse 51 oAU wiles
9 795 Slwlie p i (83 (23059 gy S
Lol R0y 2 e ez Ol sl Gl gl
SBO03s B9y S olim sl (B005s s, U
R LQ)L\.!.A Sl 9 osls (_;“A"SUJ )"U;"M =
b bajloe ) g bajloe (59 oo Solite nlnly
~ 9551 29y 5 Sl Sl 5 AHP (39, 15 e
Oo9 QLMASJ Sl )lw‘ 6)L41 6[@0&‘& 5 uyL..u

el kel o il @i w8, e ban 35 sancasls



\f’f <Y OJLQ.JB A 0)55 ‘f""@/)”"yj u[éJLA

\Al

etz RIS L I
e peld irjp S5 O Ao O Gy, S plxl 1) Slaslre oS gy

sl 03,55 Ol magy opl sbbamsl poo,S wwb |, Lbss

L S8l Allis pled a5ed 53 5 d50i o |y gl sl
5 &l lala bl jbloay i ol ygls ] sl
e @le ole8

S5 wilie o)l allie ol odiangi Lol o Lo
References

[1] Saadatpour M. An adaptive surrogate assisted CE-QUAL-W2 model embedded in hybrid NSGA-11 AMOSA
algorithm for reservoir water quality and quantity management. Water Resources Management. 2020 Feb
17; 34(4): 1437-1451. https://doi.org/10.1007/s11269-020-02510-x.

[2] Deng X, Song C, Liu K, Ke L, Zhang W, Ma R, Zhu J, Wu Q. Remote sensing estimation of catchment-scale
reservoir water impoundment in the upper Yellow River and implications for river discharge alteration.
Journal of Hydrology. 2020 Mar 07; 585, 124791. https://doi.org/10.1016/j.jhydrol.2020.124791.

[3] Potomski M, Wiatkowski M. Impounding reservoirs, benefits and risks: A review of environmental and
technical aspects of construction and operation. Sustainability. 2023 Nov 16; 15(22): 16020.
https://doi.org/10.3390/s5u152216020.

[4] Hatamkhani A, Moridi A, Randhir TO. Sustainable planning of multipurpose hydropower reservoirs with
environmental impacts in a simulation—optimization framework. Hydrology Research. 2023 Jan 1; 54(1): 31-
45, https://doi.org/10.2166/nh.2022.084.

[5] Madani K, AghaKouchak A, Mirchi A. Tran’s socio-economic drought: Challenges of a water-bankrupt nation.
Iranian Studies. 2016 Dec 07; 49(6): 997-1016. https://doi.org/10.1080/00210862.2016.1259286.

[6] Del Bene D, Scheidel A, Temper L. More dams, more violence? A global analysis on resistances and
repression around conflictive dams through co-produced knowledge. Sustainability Science. 2018 Apr 10;
13(4): 617-633. https://doi.org/10.1007/s11625-018-0558-1.

[7] Ribas JR, Pérez-Diaz JI. A multi-criteria fuzzy approximate reasoning approach for risk assessment of dam
safety. Environmental Earth Sciences. 2019 Aug 09; 78, 514. https://doi.org/10.1007/s12665-019-8526-3.

[8] Darvishi S, Jozi S. A, Malmasi S, Rezaian S. Environmental risk assessment of dams at constructional phase
using VIKOR and EFMEA methods (Case study: Balarood Dam, Iran). Human and Ecological Risk
Assessment: An International Journal. 2019 Jan 22; 20(4). https://doi.org/10.1080/10807039.2018.1558396.

[9] Guanjie H, Junrui Ch, Youn Q, Zenggung X, Shouyi L. Hierarchy process and its application to the social and
environmental impact evaluation of dam breaks. Water Resources Management. 2020 Jul; 34: 2677-2697.
https://doi.org/10.1007/s11269-020-02556-X.

[10] Eslami V, Ashofteh PS, Golfam P, Loaiciga HA. Multi-criteria decision-making approach for environmental
impact assessment to reduce the adverse effects of dams. Water Resources Management. 2021 Aug 19; 35:
4085-4110. https://doi.org/10.1007/s11269-021-02932-1.

[11] Hamidifar H, Yaghoubi F, Rowinski PM. Using multi-criteria decision-making methods in prioritizing
structural flood control solutions: A case study from Iran. Journal of Flood Risk Management. 2024 Apr 10;
17(3): 1-17. https://doi.org/10.1111/jfr3.12991.

[12] Sinha L, Narulkar SM. Optimal operation of multi-reservoir system utilizing DEA, AIDE Algorithm and
flood control assessment by MCDM approach. Water Resources Management. 2025 Mar; 39: 1783-1802.
https://doi.org/10.1007/s11269-024-04046-w.


https://doi.org/10.1007/s11269-020-02510-x
https://doi.org/10.1016/j.jhydrol.2020.124791
https://doi.org/10.3390/su152216020
https://doi.org/10.2166/nh.2022.084
https://doi.org/10.1080/00210862.2016.1259286
https://doi.org/10.1007/s11625-018-0558-1
https://doi.org/10.1007/s12665-019-8526-3
https://doi.org/10.1080/10807039.2018.1558396
https://doi.org/10.1007/s11269-020-02556-x
https://doi.org/10.1007/s11269-021-02932-1
https://doi.org/10.1111/jfr3.12991
https://doi.org/10.1007/s11269-024-04046-w

Yo plalS | . (23059 0 sk 5 03 (5100, g, (o IS il

[13] Lee YS, Kang SU, Choi SJ. Evaluation of dam operations during drought using multi-objective optimization
and multi-criteria decision-making approaches. Journal of Korea Water Resources Association. 2025 Feb 28;
58(2): 169-182. https://doi.org/10.3741/JKWRA.2025.58.2.169.

[14] Saaty TL. The analytic hierarchy process: Planning, priority setting, resource allocation. New York:
McGraw-Hill; 1980.

[15] Pathan Al, Agnihotri PG, Said S, Patel D. AHP and TOPSIS based flood risk assessment: A case study of
the Navsari City, Gujarat, India. Environmental Monitoring and Assessment. 2022 Jun 17; 194(7):1-37.
https://doi.org/10.1007/s10661-022-10111-X.

[16] Saaty TL. A scaling method for priorities hierarchical structures. Journal of Mathematical Psychology. 1977
Jun; 15(3): 234-281. https://doi.org//10.1016/0022-2496 (77)90033-5.

[17] Shannon CE. A mathematical theory of communication. The Bell System Technical Journal. 1948; 27(3):
379-423. 27(4): 623-656.

[18] Pamucar D, Cirovic G. The selection of transport and handling resources in logistics centers using Multi-
Attributive Border Approximation area Comparison (MABAC). Expert systems with applications. 2015 Apr
15; 42(6): 3016-3028. https://doi.org/10.1016/j.eswa.2014.11.057.

[19] Saadaty M, Madadinia M, Pourveis Sh. Investigating the environmental impacts of the Marun Dam in
Behbahan. The Second National Water Conference. 2011 Mar 11. https://civilica.com/doc/83589 [In
Persian].

[20] Kianersi F, Mazravi M, Ahangarzadeh M, Houshmand H, Mortezavizadeh SA, Hekmatpour F, Nazemroaya
S, Banitorfizadegan J, Saneai Dehkordi K, Abdevaise S. Water quality assessment of Maroon Dam Lake
using WQI index. Iranian Scientific Fisheries Journal. 2024 May, 33(2): 113-123.
https://doi.org/10.22092/1SFJ.2024.131722 [In Persian].


https://doi.org/10.3741/JKWRA.2025.58.2.169
https://doi.org/10.1007/s10661-022-10111-x
https://doi.org/10.1016/0022-2496%20(77)90033-5
https://doi.org/10.1016/j.eswa.2014.11.057
https://civilica.com/doc/83589
https://doi.org/10.22092/ISFJ.2024.131722

