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Abstract: In recent years, complexities related to a variety of sustainable development criteria
and several preferences of stakeholders have caused a serious challenge for selecting the more
desirable urban water strategy within watershed. In addition, stakeholders might have several risk
attitudes depending on the number of criteria satisfied by water strategies. Accordingly, a risk-based
consensus-based group decision-support system model is proposed for choosing the more desirable
water strategy, using the external modified ordered weighted averaging (EMOWA) and internal
modified ordered weighted averaging (IMOWA) operators. The operators calculate the scores of
strategies in several risk-taking attitudes of group decision-making, considering the sustainable
development criteria. Additionally, the consensus-seeking phase is considered using a risk-based
weighted Minkowski’s method. This model is successfully implemented for the Kashafroud urban
watershed in Iran, for selecting the more desirable urban water strategy in 2040. Accordingly,
in the completely risk-averse viewpoint, the stakeholders select the combined supply-demand
management strategy satisfying all of the criteria. In contrast, in the completely risk-prone standpoint,
the stakeholders choose the demand management strategy satisfying at least one criterion. Developing
the risk-based consensus-based group decision-support system model is suggested for integrated
urban watershed management for selecting the more desirable strategy, satisfying the sustainable
development criteria.

Keywords: integrated urban watershed management; group decision-support system; risk analysis;
group consensus; Kashafroud watershed

1. Introduction

According to the recent reports published by United Nations, the population of the world has
been estimated at 7.7 billion people in 2019 and projected to continue its increasing trend to around
8.5 billion in 2030, 9.7 billion in 2050, and 10.9 billion in 2100 [1]. Furthermore, it is predicted that most
of the world population will live in urban regions rather than rural areas. The growth of the urban
population faces some challenges, including unsuitable urban planning and management, insufficient
public services, social and cultural anomalies, economic problems associated with urban poverty,
environmental contamination, and supplying secure and sustainable water [1,2].

Amongst the aforementioned urban challenges, the water supply is one of the most serious.
Concerning water supply, water withdrawal from renewable resources, water transfer, treatment of
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wastewater, water allocation for several demands, satisfying security and sustainability, and consensus-
seeking among urban stakeholders with different preferences are the main issues [2,3]. Therefore,
the water supply issues should be met by implementing desirable water strategies, which consider
multiple sustainable development criteria [4]. Additionally, the several preferences of multiple
stakeholders regarding the relevant water demands should be satisfied and group consensus could
be achieved [5]. Accordingly, Parkinson et al. have presented the integrated urban watershed
management (IUWM) approach, which has been developed for better management of water and
wastewater strategies in an urban setting [6].

One of the most complicated challenges for implementing IUWM is increasing the variety
of sustainable development objectives, including water resources sustainability, environmental
sustainability, socio-economic sustainability, and the related criteria [4,7]. This has led to a serious
problem for selecting the more desirable urban water strategy, by which the sustainable development
objectives and the important relevant criteria should be satisfied, in addition to achieving the group
consensus among the stakeholders. Accordingly, implementing IUWM requires evaluation of the
water strategies for supplying the urban demands, while considering the sustainable development
criteria and the final group agreement [8,9].

The other significant challenge for implementing IUWM is related to the variety of risk-taking
attitudes of stakeholders’ groups [10]. The risk-taking attitudes represent the number of criteria that
should be satisfied by the urban water strategies [11,12]. The risk-taking cases, which are identified
by the risk-taking degrees, are expressed by some linguistic phrases such as “selecting the more
desirable strategy for satisfying all criteria” in the completely risk-averse viewpoint, “selecting the
more desirable strategy for satisfying at least one criterion” in the completely risk-prone standpoint,
and the other cases between these two limits [13,14].

In order to take on the aforementioned challenges, an appropriate model for IUWM should be
developed to consider the sustainable development objectives, risk-taking attitudes of stakeholders,
and a final group consensus in evaluation of urban water strategies. Simonovic and Bender analyzed the
collaborative planning-support system (CPSS) model, as the subset of the decision-support system (DSS)
model, which considers all relevant aspects of sustainable water resources planning and management,
especially in the process of criteria selection [15]. In the group decision support system (GDSS)
approach, the main three issues, such as selection of criteria, generation of alternatives, and evaluation
of alternatives based on the criteria are considered based on the balancing and reinforcing aspects for
better decision analysis [16–18]. Accordingly, developing a group decision-support system (GDSS)
model within an urban watershed needs to analyze a multiple criteria decision-making (MCDM)
process, in which the final criteria and water strategies are selected, the strategies are evaluated with
respect to the criteria, and the water strategies are ranked for several risk-taking cases.

For analyzing the MCDM process in a GDSS model, a large variety of methodologies have
been utilized, of which the most frequently used methods have been well demonstrated in the
literature [19]. The most important methods are classified into four categories, including: scoring
methods [20], distance-based methods [20–23], outranking methods [20,24–26], and pair-wise
comparisons methods [27,28]. The differences between these methods are related to their strategies for
solving MCDM problems.

For risk analysis in the MCDM process, some of the risk-based methodologies have been utilized.
The most commonly used method is using the family of the ordered weighted averaging (OWA)
operator, which considers the risk analysis in the decision-making process [4,8,9]. The OWA family
includes a group of operators with several properties. In this family, the most frequently used
operators are the OWA, induced ordered weighted averaging (IOWA), and hybrid weighted averaging
(HWA). The OWA operator considers only the risk-taking attitudes and disregards the criteria weights.
The IOWA operator considers the risk-taking attitudes and the importance orders of criteria, whereas it
ignores the criteria weights. The HWA operator considers the risk-taking attitudes and criteria weights,
while disregards the stakeholders’ power weights [11,12].
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In recent years, related to the context of urban water management, several studies have been done
based on MCDM methodologies [29–37]. However, in this paper, a risk-based consensus-based GDSS
model is developed for IUWM within the study area of an urban watershed. Accordingly, the following
improvements are performed in this study that are distinctive comparing to similar works in IUWM:

• Developing a comprehensive GDSS model for IUWM based on group risk considerations and
group consensus measuring.

• Improving the OWA operator properties, considering the risk-taking attitudes of decision-making,
importance degrees of criteria, and the stakeholders’ power weights simultaneously.

• Considering the two types of aggregation, including the external modified ordered weighted
averaging (EMOWA) and the internal modified ordered weighted averaging (IMOWA),
for selecting the more desirable urban water strategy in several risk-taking attitudes of stakeholders.

• Selecting final criteria for the MCDM process by use of a risk-based group consensus method.
• Seeking group consensus among stakeholders during the GDSS process by use of a risk-based

weighted Minkowski’s method.

Accordingly, in order for sustainable water resources management, this research makes the
connection between the outputs of watershed modeling and the inputs of a GDSS model for analyzing
the risk-based MCDM process. This paper can be used to select the most effective sustainable
development criteria of watershed by the stakeholders of the watershed. Additionally, it can assist
water scientists and analysts of water resources management to analyze the several impacts of
implementing water strategies on the selected sustainable development criteria. Furthermore, it can
help all stakeholders to identify the conditions of watershed including several demands, probable
water supply resources, and the related impacts on the criteria, which result in better decision making
for a sustainable watershed. Ultimately, this study leads to a collaborative group consensus among
stakeholders and, consequently, facilitates integrated watershed management.

This paper is organized as follows: Section 2 proposes the flow diagram and explains the
complete analysis of the risk-based consensus-based GDSS model for the urban watershed. In addition,
this section introduces the study area of the urban watershed, the criteria, the urban water strategies,
and the participating stakeholders in the decision-making process. The methodology is also applied
for IUWM of the study area. In Section 3, the results, including the scores of urban water strategies,
the group consensus measurements, and the final ranking of strategies, are obtained in several
risk-taking cases. Section 4 discusses the results and effects of several risk-taking cases on the scores
and ranking of the strategies. Finally, Section 5 concludes this paper and proposes future research.

2. Materials and Methods

2.1. Overview of the Methodology

In watershed planning and management, especially for IUWM, the stakeholders have several
opinions about the importance degrees of sustainable development criteria. Accordingly, the final
most effective criteria should be selected based on stakeholders’ group consensus. Additionally,
the several water strategies, which are classified in three categories of supply management, demand
management, and combined supply-demand management, should be evaluated with respect to the
selected criteria. The impacts of watershed modeling outputs related to each water strategy on each
criterion is considered as the evaluation value of that corresponding strategy with regard to that
corresponding criteria. Therefore, the evaluation values of water strategies should enter to the MCDM
process of the GDSS model as its inputs for analyzing the model.

In order to analyze the GDSS model based on the risk-taking considerations of the group of
stakeholders and group consensus, the risk-based consensus-based GDSS model is developed for
urban watershed management in this study. In the risk analysis, a type of OWA operator is proposed
to improve the properties of the OWA, IOWA, and HWA operators. Therefore, the stakeholders
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can evaluate the water strategies with respect to the selected criteria and rank the strategies in each
risk-taking attitude of the group. Indeed, each stakeholder and the group of stakeholders can determine
that, in each risk-taking case, which water strategy is more desirable and how many criteria are satisfied
by that strategy. By using a risk-based weighted Minkowski’s method, the stakeholders’ group
consensus is controlled, and the level of group consensus is determined in each risk-taking case. If the
final group agreement is reached, the GDSS process is terminated; otherwise, the threshold level of
agreement is reconsidered, or the iterated GDSS process continues based on evaluating other water
strategies until the final agreement is achieved.

2.1.1. The Proposed Risk-Based Consensus-Based GDSS Process

The proposed flow diagram of the risk-based consensus-based GDSS process for the IUWM
is represented in Figure 1, which includes the six phases of identification and selection, weighting,
evaluation, aggregation and risk analysis, consensus-seeking, and ranking:
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In the process, first, m′ initial water strategies are scored by each of the p stakeholders. Additionally,
n′ initial criteria are weighted by each of the p stakeholders. Accordingly, C′ =

{
C′1, . . . , C′i′ , . . . , C′n′

}
is assumed as the set of initial criteria; S′ =

{
S′1, . . . , S′j′ , . . . , S′m′

}
is considered as the set of initial

feasible strategies; and Sth. =
{
Sth.1, . . . , Sth.k, . . . , Sth.p

}
is the set of stakeholders. After selection

of final strategies and criteria, m final strategies are evaluated with regard to n final criteria by
each of the p stakeholders. For convenience, C = {C1, . . . , Ci, . . . , Cn} is assumed as the set of final
criteria, and S =

{
S1, . . . , S j, . . . , Sm

}
is considered as the set of final feasible strategies. Additionally,

λ =
(
λ1,λ2, . . . ,λp

)T
is the vector of the stakeholders’ power weights, where λk ≥ 0. In addition,

w(k) =
(
w(k)

1 , w(k)
2 , . . . , w(k)

n

)T
is the vector of criteria weights in the kth stakeholder’s viewpoint

(w(k)
i ≥ 0 ,

∑n
i=1 w(k)

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

2.1.2. Identification and Selection Phase

In Steps 1 and 2 of the proposed process (Figure 1), the stakeholders are identified to select
final sustainable development criteria and choose final water strategies based on the stakeholders’
group consensus.

In order to select the final appropriate criteria from a large number of criteria, first the
Delphi methodology is used to extract the initial criteria from the large number of sustainable
development criteria by obtaining the opinions of stakeholders through a survey process [15,38,39].
After that, considering the watershed facts comprises meteorological, hydrological, and hydrogeological
characteristics of the watershed, priorities of the watershed, and concepts of sustainable development
criteria, all stakeholders are asked about the relevant preferences of the initial criteria. The final
sustainable development criteria are selected from the set of initial criteria based on the primitive
consensus-based weighted Minkowski’s method using Equation (1):

Consensus(G)
(
C′i′

)
= 1−


p∑

k=1

{
λk ×

∣∣∣∣w′(G)
i′ −w′(k)i′

∣∣∣∣2}
1
2

, i′ = 1, 2, . . . , n′ (1)

where λk is each stakeholder’s final power weight. The power weight is determined primarily by
the linguistic variable followed by defuzzifying the equivalent fuzzy number and obtaining each
stakeholder’s final power weight. w′(k)i′ and w′(G)

i′ denote the preference values of the i′th initial
sustainable criteria based on the kth stakeholder’s viewpoint and group viewpoint, respectively,
where w′(k)i′ is determined like the stakeholders’ final power weights, and w′(G)

i′ =
∑p

k=1 λk ×w′(k)i′ .

In addition, Consensus(G)
(
C′i′

)
is the consensus measurement for the i′th initial criteria. According to

the group consensus-seeking literature, a threshold level of agreement (TLA) is determined by group
of stakeholders to control the final agreement level between the individual stakeholders’ viewpoints
and the overall group opinion related to the initial criteria. The criteria that satisfy the condition of
Consensus(G)

(
C′i′

)
≥ TLA are selected as the final sustainable water criteria and considered as the inputs

of the risk-based GDSS model.
Regarding the generate water strategies in the group decision-making process, the design theory

has been widely accepted, as it is one of the most frequently used methodologies [16,40]. Accordingly,
the C-K theory (concepts–knowledge) has been considered as a generative process that allows
stakeholders to describe and analyze innovative design processes for generating strategies [41,42].
For operationalizing the C-K theory, the method of K-C-P (knowledge-concepts-proposals) has been
proposed to manage the GDSS design process, in which multiple stakeholders could be included [43].

In this study, all details about watershed conditions, including meteorological, hydrological,
and hydrogeological characteristics of watershed, water resources, water demands, and properties
of sustainable development criteria, are provided for stakeholders within the questionnaire during
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the survey process [16]. Post-survey, all stakeholders are asked to comment about the initial water
strategies. The final water strategies are chosen from the set of initial strategies according to the
primitive consensus-based weighted Minkowski’s method using Equation (2):

Consensus(G)
(
S′j′

)
= 1−


p∑

k=1

{
λk ×

∣∣∣∣a(G)
j′ − a(k)j′

∣∣∣∣2}
1
2

, j′ = 1, 2, . . . , m′ (2)

where a(k)j′ and a(G)
j′ represent the preference values of the j′th initial water strategy based on the kth

stakeholder’s viewpoint and the group viewpoint, respectively, where a(k)j′ is determined like the

stakeholders’ final power weights, and a(G)
j′ =

∑p
k=1 λk × a(k)j′ . In addition, Consensus(G)

(
S′j′

)
is the

consensus measurement for the j′th initial water strategy. According to the group consensus-seeking

literature, the strategies that satisfy the condition of Consensus(G)
(
S′j′

)
≥ TLA are chosen as the final

water strategies and considered as the inputs of the risk-based GDSS model. The other strategies are not
chosen but have the chance to be reconsidered in the iterative process of the GDSS model. Additionally,
these strategies could be analyzed in the K-C-P methodology for generating new strategies.

2.1.3. Weighting Phase

Regarding Step 3, the criteria weights are determined. In the MCDM problems, several
methods have been applied for calculating criteria weights [38,44]. One of the most commonly
used methodologies is the entropy method, which represents the dispersion of a criterion in evaluations
of strategy [39,45]. In this study, the entropy method is utilized to calculate the entropy weight of each
criterion by using Equation (3):

u(k)
i =

1 + K
∑m

j=1

{
a(k)i j × log

(
a(k)i j

)}
∑n

i=1

{
1 + K

∑m
j=1

{
a(k)i j × log

(
a(k)i j

)}} (3)

where K = 1/ log(n) is a constant value, n and m are the numbers of final criteria and final strategies,
respectively, and a(k)i j is the normalized value of a(k)i j . a(k)i j represents the evaluation value of the jth

strategy with respect to the ith criterion based on the kth stakeholder’s viewpoint. u(k)
i is the entropy

weight of the ith criterion in the kth stakeholder’s viewpoint.
In this paper, in addition to the entropy weight of each criterion as an objective weight, the linguistic

importance degree of each criterion is also considered as a subjective weight, which represents the
stakeholders’ preferences related to that corresponding criterion.

In order to express the stakeholders’ viewpoints, some of the methodologies have been proposed
based on the fuzzy set theory and fuzzy logic [46]. In water resources management problems, the three
types of response, such as crisp response, linguistic fuzzy response, and conditional fuzzy response,
could be utilized for analyzing input values [47].

In this study, the linguistic fuzzy response is used for determining the importance degrees of
criteria, which utilizes fuzzy membership functions and concludes accurate outputs [48]. Accordingly,
each stakeholder determines the importance degree of each criterion by using one of the linguistic
members from the set of S = (No importance, Very low importance, Low importance, Slightly
low importance, Moderate importance, Slightly high importance, High importance, Very high
importance, Perfect importance) [49,50]. The linguistic importance degrees of criteria are fuzzified
by the trapezoidal-triangular fuzzy membership functions [51,52]. The trapezoidal-triangular fuzzy
membership functions, which are used for importance degrees of criteria and the stakeholders’ power
weights, are represented in Figure 2:
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The fuzzified variables are defuzzified by using the centroid method [51,53,54]. Accordingly,
the defuzzified importance degree of each criterion (subjective weight) is determined using Equation (4):

ẃ(k)
i =

∫
µ
(
ẃ(k)

i

)
× ẃ(k)

i × d
(
ẃ(k)

i

)
∫
µ
(
ẃ(k)

i

)
× d

(
ẃ(k)

i

) , i = 1, . . . , n ; k = 1, . . . , p (4)

where ẃ(k)
i is the defuzzified importance degree of the ith criterion in the kth stakeholder’s viewpoint.

µ
(
ẃ(k)

i

)
is the trapezoidal-triangular fuzzy membership function of ẃ(k)

i .

The linguistic variables and the defuzzified values are presented in Table 1.

Table 1. Linguistic variables and the equivalent fuzzy interval and defuzzified values [51].

Linguistic Variable Fuzzy Numbers Defuzzified Value

No importance (NI) (0.00, 0.00, 0.00, 0.01) 0.001
Very low importance (VLI) (0.00, 0.00, 0.00, 0.20) 0.063

Low importance (LI) (0.00, 0.10, 0.00, 0.20) 0.106
Slightly low importance (SLI) (0.20, 0.20, 0.20, 0.20) 0.200
Moderately importance (MI) (0.50, 0.50, 0.20, 0.20) 0.500

Slightly high importance (SHI) (0.80, 0.80, 0.20, 0.20) 0.800
High importance (HI) (0.90, 1.00, 0.20, 0.00) 0.894

Very high importance (VHI) (1.00, 1.00, 0.20, 0.00) 0.937
Perfect importance (PI) (1.00, 1.00, 0.01, 0.00) 1.000

The final weight of the ith criterion in the kth stakeholder’s viewpoint is determined by using
Equation (5):

w(k)
i =

ẃ(k)
i × u(k)

i∑n
i=1 ẃ(k)

i × u(k)
i

(5)

Like the process illustrated for determination of the subjective weight for each criterion, the final
power weight for each stakeholder (λk) is also determined using Equation (6):
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λk =

∫
µ(λk)× λk × d(λk)∫
µ(λk) × d(λk)

, i = 1, . . . , n ; k = 1, . . . , p (6)

2.1.4. Evaluation Phase

Regarding Step 5, a decision matrix is formed for each stakeholder, in which m strategies are
evaluated with regard to n criteria. Each element of decision matrix (a(k)i j ) represents the evaluation
value of the jth strategy with regard to the ith criterion based on the kth stakeholder’s viewpoint.

The stakeholders’ decision matrices are then normalized by using the first type of linear
normalization method, which is applicable for both the positive and negative criteria based on
Equations (7) and (8), respectively [55]. a(k)i j is the normalized evaluation value of a(k)i j :

a(k)i j =
a(k)i j

a(k)∗i

where a(k)∗i = max j

{
a(k)i j

}
(7)

a(k)i j =
a(k)∼i

a(k)i j

where a(k)∼i = min j

{
a(k)i j

}
(8)

2.1.5. Aggregation and Risk Analysis Phase

In GDSS for watershed management, a group of stakeholders have several risk-taking attitudes
towards decision-making, which are expressed by linguistic phrases such as “selecting the more
desirable water strategy based on satisfying all of criteria” in the completely risk-averse (completely
conservative or completely pessimistic) viewpoint and “selecting the more desirable water strategy
based on satisfying at least one criterion” in the completely risk-prone (completely nonconservative or
completely optimistic) standpoint. In addition, the other risk-taking attitudes such as “most of, many of,
half of, some of, and a few of” are applied between these two cases [13,56]. Accordingly, the risk-
taking degree of θ has been assigned for each of the risk-taking cases [57,58]. Several risk-taking cases,
equivalent linguistic phrases, and the relevant risk-taking degrees are presented in Table 2.

Table 2. Risk-taking cases, equivalent linguistic phrases, and relevant risk-taking degrees [58].

Risk-Taking Case Equivalent Linguistic Phrase Risk-Taking Degree (θ)

Completely risk-averse Satisfies all of the criteria 0.001
Risk-averse Satisfies most of the criteria 0.091

Fairly risk-averse Satisfies many of the criteria 0.333
Neutral risk Satisfies half of the criteria 0.500

Fairly risk-prone Satisfies some of the criteria 0.667
Risk-prone Satisfies few of the criteria 0.909

Completely risk-prone Satisfies at least one criterion 0.999

Regarding Step 7, for each risk-taking case, a corresponding risk-based order weights vector of
v = (v1, v2, . . . , vn)

T, vi ≥ 0,
∑n

i=1 vi = 1 is determined. The order weights are determined for several
risk cases and the relevant risk-taking degrees of θ based on the regular increasing monotone (RIM)
fuzzy linguistic quantifier and using Equation (9) [13,56,58,59]:

vi =
( i

n

)( 1
θ )−1
−

( i− 1
n

)( 1
θ )−1

, i = 1, 2, . . . , n (9)
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2.1.6. External Aggregation

In the external aggregation, the order weights vector for each risk-taking case is utilized to
calculate the scores of water strategies in each stakeholder’s opinion. In order to complete Step 8,
an n-dimensional function of F : In

→ J is used for a weighted normalized matrix related to each
stakeholder for aggregating its evaluation values within the first aggregation. In this function, I denotes
the set of evaluation values of each strategy, and J represents the corresponding score.

Therefore, according to the external risk analysis through the EMOWA operator, the evaluation
values of each strategy associated with each stakeholder are aggregated to calculate the score of that
corresponding strategy in several risk-taking cases using Equation (10):

F(k)
EMOWA

(
w(k)

1 a(k)1 j , . . . , w(k)
n a(k)nj

)(
S j

)
=

n∑
i=1


( i

n

)( 1
θ )−1
−

( i− 1
n

)( 1
θ )−1

× b(k)i

 (10)

where v = (v1, v2, . . . , vn)
T is the risk-based order weights vector associated with n criteria, for which

vi ≥ 0 ,
∑n

i=1 vi = 1. Additionally, b(k)i is the ith largest value of the
(
w(k)

1 a(k)1 j , w(k)
2 a(k)2 j , . . . , w(k)

n a(k)nj

)
vector related to each stakeholder’s weighted normalized evaluation matrix. Finally, F(k)

EMOWA

(
S j

)
is the

score of the jth strategy from the kth stakeholder’s viewpoint. In Equation (10), the scores of strategies
from each stakeholder’s viewpoint is calculated for several risk-taking cases.

Regarding Step 9, in the second aggregation, a p-dimensional function of FG : Ip
→ J is applied

to a group of stakeholders for aggregating their scorings related to each strategy. In this function,
I denotes the set of stakeholders’ scorings related to each strategy, and J represents the corresponding
group score.

Therefore, the second aggregation step is accomplished, in which the stakeholders’ scorings
related to each strategy are aggregated to calculate the group score of that corresponding strategy in
several risk-taking cases by using Equation (11):

FG
EMOWA

(
S j

)
=

p∑
k=1

λk

n∑
i=1


( i

n

)( 1
θ )−1
−

( i− 1
n

)( 1
θ )−1

× b(k)i


 (11)

where λk is the kth stakeholder’s power weight, and FG
EMOWA

(
S j

)
is the score of the jth strategy from

the viewpoint of the group. In Equation (11), the scores of strategies from the group of stakeholders’
viewpoints is calculated for several risk-taking cases.

2.1.7. Internal Aggregation

In the internal aggregation, the order weights vector for each risk-taking case is directly used
to calculate the scores of water strategies in the group of stakeholders’ viewpoints. Accordingly,
in the one-step aggregation, an n-dimensional function of FG : Ip

→ J is used for the group weighted
normalized matrix related to the group of stakeholders for aggregating its evaluation values. In this
function, I denotes the set of group evaluation values of each strategy, and J represents the corresponding
group score.

Therefore, with respect to the internal risk analysis performed by the IMOWA operator,
the evaluation values of each strategy associated with the group of stakeholders are aggregated
to calculate the score of that corresponding strategy in several risk-taking cases using Equation (12):

F(G)
IMOWA

(
w(G)

1 a(G)
1 j , . . . , w(G)

n a(G)
nj

)(
S j

)
=

n∑
i=1


( i

n

)( 1
θ )−1
−

( i− 1
n

)( 1
θ )−1

× b(G)
i

 (12)
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where v = (v1, v2, . . . , vn)
T is the risk-based order weights vector related to n criteria, for which

vi ≥ 0 ,
∑n

i=1 vi = 1. Additionally, b(G)
i is the ith largest value of the

(
w(G)

1 a(G)
1 j , w(G)

2 a(G)
2 j , . . . , w(G)

n a(G)
nj

)
vector related to the group weighted normalized evaluation matrix. Finally, F(G)

IMOWA

(
S j

)
is calculated

as the score of the jth strategy from the group of stakeholders’ viewpoints for several risk-taking cases.

2.1.8. Group Consensus-Seeking Phase

Regarding Step 10 (Figure 1), group consensus should be controlled to confirm that a final
agreement is reached among stakeholders about water strategies. Accordingly, the consensus
measurement for each strategy is calculated in order to control the final agreement amongst stakeholders
associated with all water strategies.

In recent years, various methodologies have been utilized for calculating consensus measurements.
Most of the frequently used methodologies have been classified in the two general approaches [60–65].
The first approach has been developed based on the hard consensus, in which the consensus
measurements are calculated concerning the similarity of individual preferences compared with
the group opinion [5]. Next, this is compared with the threshold level of agreement (TLA) index.
The second approach has been developed according to the soft consensus, in which the individuals
change their opinions collaboratively, until a consensus is reached [66,67].

In this paper, a hard consensus approach is utilized for seeking consensus among stakeholders
for the first implementation of the risk-based GDSS process. After the first implementation, a soft
consensus approach is used in the iterative implementation of the risk-based GDSS process if a final
agreement is not reached. First, the risk-based weighted Minkowski’s method is applied to calculate the
consensus measurements for water strategies. In this study, the Euclidean Minkowski’s distance is used
for calculating the consensus measurement of each strategy, which implies a simple squared weighting
and the related parameter of q equals 2 (q = 2). Regarding the relationship between the Minkowski’s
parameter of q and the risk-taking degree of decision-making [68], the Euclidean Minkowski’s method
minimizes the distance between the individual viewpoints and the group opinion regarding water
strategies leading to a consensus amongst the majority of stakeholders [69]. By using the Euclidean
distance, the score of each water strategy (F(k)

EMOWA

(
S j

)
, j = 1, 2, . . . , m), determined by individual

stakeholders, is compared with the score of that corresponding strategy, determined by the group of
stakeholders (F(G)

EMOWA

(
S j

)
or F(G)

IMOWA

(
S j

)
, j = 1, 2, . . . , m). The consensus measurement for each water

strategy is calculated based on the EMOWA and IMOWA results, using Equations (13) and (14):

Consensus(G)
EMOWA

(
S j

)
= 1−


p∑

k=1

λk ×

∣∣∣∣F(G)
EMOWA

(
S j

)
− F(k)

EMOWA

(
S j

)∣∣∣∣2
1
2

, j = 1, 2, . . . , m (13)

Consensus(G)
IMOWA

(
S j

)
= 1−


p∑

k=1

λk ×

∣∣∣∣F(G)
IMOWA

(
S j

)
− F(k)

EMOWA

(
S j

)∣∣∣∣2
1
2

, j = 1, 2, . . . , m (14)

where Consensus(G)
EMOWA

(
S j

)
and Consensus(G)

IMOWA

(
S j

)
are the consensus measurements for the jth water

strategy, where its score is calculated based on using EMOWA or IMOWA in several risk-taking
cases, respectively.

According to Equations (13) and (14), it is considered that the lower distances between the
individual stakeholders’ viewpoints and the overall group opinion associated with each water strategy
leads to higher consensus measurement for that strategy.

To control the hard consensus in this study, the TLA index is determined as the linguistic
variable of “slightly high” and defuzzified to the corresponding crisp value of 0.800. The consensus
measurements for strategies are compared with the selected TLA. Accordingly, the final agreement
amongst stakeholders is achieved when ∀ j, Consensus(G)

EMOWA

(
S j

)
≥ TLA for external aggregation or
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∀ j, Consensus(G)
IMOWA

(
S j

)
≥ TLA for internal aggregation. Otherwise, the risk-based GDSS process is

iterated, and the soft consensus approach is implemented. According to this issue, all stakeholders are
asked about their preferences related to the generation of new strategies, considering the combination
of rejected strategies. The generation of strategies’ process could be modeled by the K-C-P methodology.
The iterative risk-based GDSS process is then implemented based on the evaluation of newly generated
strategies, the combined rejected strategies, and the previously agreed strategies with respect to the
final selected criteria. This process is iterated until a sufficient level of agreement is achieved amongst
all stakeholders.

Ultimately, after a final agreement among all stakeholders, the water strategies are ranked based
on the group scores in the several risk-taking cases.

2.2. Study Area

The study of the risk-based GDSS model is performed on the Kashafroud urban watershed area,
which is located in North-Eastern Iran with a longitude of 58◦20′ up to 60◦08′ and latitude of 35◦40′

up to 36◦03′ (Figure 3). The Kashafroud watershed is one of the largest and the most populated
watersheds in Iran. The mean, minimum, and maximum watershed elevations above sea level are
1846 m, 390 m, and 3302 m, respectively. The watershed has a total area of 1,565,000 ha and a growing
population that is estimated to reach 5,100,000 by 2040 [70]. The total urban water demand is predicted
to reach 490 million cubic meters (MCM) by 2040. This watershed has a cold and arid climatic, and the
mean annual precipitation is less than 250 mm [71].
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In recent years, the Kashafroud urban watershed has encountered challenges, including an
increase in the variety of water demands, quantitative and qualitative degradation of water resources,
and relevant conflicts among stakeholders [72,73]. In efforts to resolve the challenges, the integrated
water resources management (IWRM) approach for the Kashafroud watershed was proposed by the
Iran Ministry of Energy in 2010. Since 2015, the IWRM project for this watershed has been analyzed
based on the MODSIM modeling by common collaboration between the ToossAb Water Engineering
Consultant Company and Iran Water Resources Management Company. The summary of the average
40-year long-term hydrological and hydrogeological budget entail results from comprehensive studies
performed for this project, including the meteorological and climatic, hydrologic, hydrogeologic,
and socio-economic issues [74–77] (see Appendix A, Table A1). Additionally, for several urban,
agricultural, industrial, and environmental water demands of the Kashafroud watershed, the current
water consumptions have been specified, and the water demands of 2040 have been predicted [71,78–80]
(see Appendix A, Table A2).

According to the detailed data obtained from reports and several analysis on the watershed
data, the most competitive water strategies have been modeled by the collaboration of the Iran
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Water Resources Management Company and ToossAb consultant company based on the iterative
calibration-validation process within the MODSIM modeling project [81].

However, a GDSS model should be developed for the Kashafroud watershed based on the IWRM
project data and MODSIM modeling outputs considering the stakeholders’ participation in a group
MCDM process. This study proposes the risk-based GDSS model for evaluating the predefined water
strategies with respect to the criteria while improving the properties of the risk-based operator for
modeling GDSS, analyzing the effects of several risk-taking attitudes of stakeholders based on strategies
ranking, and investigating the stakeholders’ consensus.

2.2.1. Stakeholders

A thorough and extensive study was performed in efforts to analyze the risk-based consensus-based
GDSS process for the Kashafroud watershed. The six most influential stakeholders in the urban
watershed decision-making process, including governmental stakeholders and non-governmental
organizations (NGOs), were selected based on the study. The governmental stakeholders’ members
include experts, deputies, and chief executive officers (CEOs). Details on the six identified stakeholders
and the relevant members for Kashafroud urban watershed are presented in Table 3.

Table 3. List of stakeholders and the relevant members collaborated in the Kashafroud GDSS model.
NGOs: non-governmental organizations.

Stakeholder’s ID Stakeholder’s Name Stakeholder’s Role Number of
Members Members’ Roles

Sth.1
The state regional
water company

Regional water
management

authority
9 1 CEO, 2 deputies,

6 experts

Sth.2
The state agricultural

organization
Agricultural
water user 2 1 deputy, 1 expert

Sth.3
The urban water and
wastewater company

Potable urban water
and wastewater user 4 1 CEO, 1 deputy,

2 experts

Sth.4
The state industrial
township company Industrial water user 1 1 CEO

Sth.5
The state

environmental
protection agency

Environmental
water user 2 2 experts

Sth.6
The NGOs as the

representative
of people

Water and
environmental

resources defenders
3

2 faculty members,
1 farmers’

representative

2.2.2. Initial Criteria

In order to qualify the four sustainable development objectives for the Kashafroud watershed,
including water resources sustainability, environmental sustainability, economic sustainability,
and social sustainability, a detailed survey was distributed in the urban watershed to collect viewpoints
from the relevant stakeholder members. The survey was conducted through one-on-one interviews,
collaborative workshop meetings in the presence of all members, and responses from the provided
questionnaires. Fifty-three multiple criteria in the four categories of sustainable development objectives
were reviewed by the stakeholders in the primitive screening process. Considering the watershed
conditions and related priorities, 21 criteria were voted as the initial criteria and are represented in
Table 4. These criteria are defined according to reports provided by the United Nations Educational,
Scientific, and Cultural Organization (UNESCO), International Association of Hydrogeologists, and the
national reports provided by Iran Water Resources Management Company in the IWRM project [82–86].
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Table 4. The initial sustainable development criteria for the Kashafroud watershed [82–85].

Objective Initial Criterion Criterion ID

Water resources sustainability

Water stress C’1

Groundwater dependency C’2

Adjustable protentional of Surface Water Resources C’3

Development of groundwater C’4

Percentage of water supply for agricultural demand C’5

Percentage of water supply for potable urban demand C’6

Percentage of water supply for industrial demand C’7

Percentage of water supply for environmental demand C’8

Renewable water resources per capita C’9

Potable water consumption per capita C’10

Industrial water consumption per capita C’11

Reliability for water supply C’12

Balancing between using surface water and groundwater C’13

Groundwater unsustainability C’14

Surface water dependency on other watersheds C’15

Environmental sustainability Purified sewerage ratio C’16

Economic sustainability
Potable water losses C’17

Benefit per cost ratio C’18

Social sustainability

Conflict resolution amongst water stakeholders C’19

Creating job opportunities C’20

Social equity C’21

The initial criteria were weighted in the final screening process to select the final criteria based on
a group consensus.

2.2.3. Water Strategies

After the investigation of several water strategies by the Ministry of Energy and the watershed
stakeholders, the most competitive urban water strategies were selected by the stakeholders for the
IWRM project to make a decision about choosing the more desirable strategy within the Kashafroud
watershed [81]. Table 5 presents the five final water strategies for the Kashafroud urban watershed
classified by supply management, demand management, and combined supply-demand management.

The main reasons for the selection of these five competitive strategies by the stakeholders include:

• Classification of the strategies within supply management, demand management, and combined
supply-demand management.

• Investigating the effects of Doosti Dam on supplying the several demands, as well as the influences
of substituting other water strategies instead of this project.

• Comparing the supply management and demand management approaches in regard to the several
sustainable development criteria.

• Comparing the role of the two under-studied supply management projects, including the Idelik
inter-basin water transfer and the utilization of purified wastewater on agricultural lands.
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Table 5. The urban water strategies for the Kashafroud watershed by the 2040 vision.

Type of
Strategy Strategy ID

The Existing
water Resources

The Under-Studying Supply
Management Strategies

The Under-
Studying Demand

Management
Strategies Dependency on

Water Transfer
from Doosti DamWithdrawal from

Existing Dams
and Groundwater

Reservoir

Utilization of
Purified

Wastewater on
Agricultural lands

Idelik Inter-Basin
Water Transfer

Improving Water
Network Efficiency

and Modifying
Cropping Pattern

Supply
management

S1 Yes No No No Yes

S2 Yes No Yes No Yes

S3 Yes Yes No No Yes

Demand
management S4 Yes No No Yes Yes

Combined
supply-demand

management
S5 Yes Yes Yes Yes No

The existing water resources include the Ardak, Kardeh, Torogh, Dolatabad, Chalidarreh, and Esjil
dams, as well as the groundwater reservoir. The under-studying supply management strategies include
the utilization of purified wastewater on agricultural lands and the Idelik inter-basin water transfer.
However, the Idelik project might cause conflicts between the stakeholders of the northern watershed
and the Kashafroud watershed. The multi-criteria effects of this project and utilization of purified
wastewater on agricultural lands are compared for the strategies S2 and S3.

The Doosti Dam is considered as a structural supply management that plays an active role
in supplying water for the Kashafroud watershed. However, this project has high operation and
maintenance costs, and its implementation could lead to dependence on the transboundary river basin.
Therefore, the stakeholders’ approach is to substitute more reliable water strategies instead of the dam
for providing urban water.

The under-studying demand management strategies include improving water network efficiency
and modifying cropping patterns, which are typical for strategies S4 and S5. The difference between
these two strategies is that the strategy S4 is considered as just a demand management approach with
dependency on the Doosti Dam, while the strategy S5 is considered as both a supply and demand
management approach with no dependency on water transfer from the Doosti Dam.

The existing and under-studying strategies of the Kashafroud watershed are shown in Figure 4.

2.2.4. Data Collection

In order to analyze the risk-based GDSS model for selecting the more desirable water strategy,
two types of data were collected. The first type of data is related to the criteria, including the selection
of final criteria and weighting of the final criteria. The second type of data is associated with the
strategies, including the evaluation of strategies with respect to the final criteria.

Accordingly, for collecting the first type of data, a survey questionnaire was prepared, and the
21 members of the six stakeholders were interviewed to capture their viewpoints about the importance
degrees of the initial criteria and the final criteria, using the linguistic answers (no importance, very low
importance, low importance, slightly low importance, moderately importance, slightly high importance,
high importance, very high importance, and perfect importance) (see Appendix B, Table A3)

For collecting the second type of data, the results of the MODSIM modeling project and the data
from the meteorology and climatology, hydrology, hydrogeology, and socio-economic reports [74–77,79],
as well as information from the reports of urban, agricultural, industrial, and environmental water
demands for the Kashafroud watershed, were utilized for evaluation of the water strategies with
respect to the sustainable development criteria (see Appendix A, Tables A1 and A2; see Appendix C,
Table A6).



Water 2020, 12, 1305 15 of 34

Water 2020, 12, x FOR PEER REVIEW 14 of 36 

 

basin. Therefore, the stakeholders’ approach is to substitute more reliable water strategies instead of 
the dam for providing urban water.  

The under-studying demand management strategies include improving water network 
efficiency and modifying cropping patterns, which are typical for strategies S4 and S5. The difference 
between these two strategies is that the strategy S4 is considered as just a demand management 
approach with dependency on the Doosti Dam, while the strategy S5 is considered as both a supply 
and demand management approach with no dependency on water transfer from the Doosti Dam. 

The existing and under-studying strategies of the Kashafroud watershed are shown in Figure 4. 

 
Figure 4. Location of Kashafroud in Iran and the existing and the under-studying water strategies. 

2.2.4. Data Collection 

In order to analyze the risk-based GDSS model for selecting the more desirable water strategy, 
two types of data were collected. The first type of data is related to the criteria, including the selection 
of final criteria and weighting of the final criteria. The second type of data is associated with the 
strategies, including the evaluation of strategies with respect to the final criteria. 

Accordingly, for collecting the first type of data, a survey questionnaire was prepared, and the 
21 members of the six stakeholders were interviewed to capture their viewpoints about the 
importance degrees of the initial criteria and the final criteria, using the linguistic answers (no 
importance, very low importance, low importance, slightly low importance, moderately importance, 
slightly high importance, high importance, very high importance, and perfect importance) (see 
Appendix B, Table A3)  

For collecting the second type of data, the results of the MODSIM modeling project and the data 
from the meteorology and climatology, hydrology, hydrogeology, and socio-economic reports [74–
77,79], as well as information from the reports of urban, agricultural, industrial, and environmental 
water demands for the Kashafroud watershed, were utilized for evaluation of the water strategies 
with respect to the sustainable development criteria (see Appendix A, Tables A1 and A2; see 
Appendix C, Table A6). 

Figure 4. Location of Kashafroud in Iran and the existing and the under-studying water strategies.

2.2.5. Final Criteria Selection

Regarding Step 2 of the GDSS model (Figure 1), in order to consider the four sustainable
development objectives for evaluating the five water strategies, the final criteria should be selected from
the initial criteria. The first step in the survey process is an interview with the stakeholders, where the
definitions of the initial criteria are explained. Next, the provided questionnaires are completed by the
21 members of the six stakeholders, in which the linguistic importance degrees of the initial criteria
are assigned (see Appendix B, Table A4). In the end, the members’ viewpoints of each of the six
stakeholder’s community are aggregated. The aggregated results related to the six stakeholders on the
defuzzified weights of the initial criteria and the stakeholders’ defuzzified normalized weights are
presented in Figure 5.
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Figure 5. Assigned weights for the initial criteria by the stakeholders of the Kashafroud watershed.
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The initial criteria weights are utilized to calculate the relevant group consensus measurements
using Equation (1). The group consensus measurement results of the initial criteria are presented in
Figure 6.
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Figure 6. The group consensus measurements of the initial criteria for the Kashafroud watershed.

In order to select the final criteria from the 21 initial criteria, the group consensus measurements
that are higher than the determined TLA (TLA = 0.800) are selected as the final criteria. According
to Figure 6, the 10 black-filled criteria of C′1, C′2, C′5, C′9, C′12, C′14, C′16, C′17, C′18, and C′21 have
been selected as the final sustainable development criteria, which are the most preferable criteria in the
group viewpoints for the decision-making process within the watershed. The final selected criteria
that are marked by C1, C2, C3, C4, C5, C6, C7, C8, C9, and C10, are defined in Table 6 [82–85].

Table 6. The final sustainable development criteria for the Kashafroud watershed by the 2040 vision.
TWW is the total water withdrawal (includes urban, agricultural, and industrial and water withdrawal);
TWS is the total water storage; EGW is the exploitation from groundwater; TEWR is the total exploitation
of water resources (TWW + environmental water withdrawal); SAWD is the supplied agricultural
water demand; AWD is the agricultural water demand; SWR is the surface water resources; RGW is the
renewable groundwater resources; P is the population; SPWD is the supplied potable water demand;
PWD is the potable water demand; SIWD is the supplied industrial water demand; IWD is the industrial
water demand; SEWD is the supplied environmental water demand; EWD is the environmental water
demand; GWD is the groundwater discharge; GWR is the groundwater recharge; PS is the purified
sewerage; US and IS are the urban sewerage and industrial sewerage, respectively; and B and C are the
amount of benefit and cost values of the implementation of the water strategies, respectively.

Criterion ID Criterion Definition Data Resource

Water stress C1 TWW/TWS [81,86]
Groundwater dependency C2 EGW/TEWR [71,75,76,78–81]

Percentage of water supply for
agricultural demand C3 SAWD/AWD [78,81]

Renewable water resources per capita C4 (SWR + RGWR)/P [70,81,86]
Reliability for water supply C5 0.25×

(
SAWD
AWD + SPWD

PWD + SIWD
IWD + SEWD

EWD

)
[71,78–81]

Groundwater unsustainability C6 GWD/GWR [81,86]
Purified sewerage ratio C7 PS/(US + IS) [71,79,81]

Potable water losses C8 Percentage of water distribution losses [71]
Benefit per cost ratio C9 B/C [77]

Social equity C10
0.333× (0.970× SAWD

AWD + 1× SPWD
PWD +

0.970× SIWD
IWD

[71,78–81]
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2.2.6. Final Criteria Weights

Following Step 3, each stakeholder determines the importance degree for each selected criterion
using linguistic variables (see Appendix B, Table A5). The linguistic variables are fuzzified and
defuzzified. The defuzzified weights of the criteria in viewpoints of the stakeholders are presented in
Figure 7.Water 2020, 12, x FOR PEER REVIEW 17 of 36 
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Finally, the criteria are weighted based on the entropy method. According to Step 4, the stakeholders’
power weights are determined by using linguistic variables, which are finally defuzzified. Consequently,
the final criteria weights in the individual stakeholders’ viewpoints are presented in Figure 8.
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Figure 8. The final weights of the selected criteria in each individual stakeholder’s viewpoint.

The final criteria weights in the group viewpoint are represented in Figure 9.
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2.2.7. Decision Matrix (Evaluation Matrix)

Regarding Step 5, the decision matrix is formed for evaluating the five water strategies with respect
to the 10 selected sustainable criteria (see Table 6). The decision matrix elements are common among
the six stakeholders. In the decision matrix, each evaluation value is the influence of implementing
each water strategy on each criterion, which is obtained from MODSIM modeling outputs report [81],
the data related to the hydrologic report [75], the hydrogeologic and budget reports [76,86], the socio-
economic report [77], and the several demands reports [71,78–80] (see the data source in Table 6).
Accordingly, the evaluation matrix of the water strategies with respect to the sustainable development
criteria for the Kashafroud watershed is presented in Table 7 (see Appendix C, Table A6).

Table 7. Evaluation matrix of the water strategies with respect to the criteria for the Kashafroud watershed.

Selected Criteria Dimension S1 S2 S3 S4 S5

C1
(−) Nondimensional 0.958 0.973 1.136 0.919 1.012

C2
(−) Nondimensional 0.753 0.742 0.704 0.728 0.742

C3
(+) Nondimensional 0.798 0.818 0.890 0.828 0.869

C4
(+) m3/Person 269.8 269.8 251.9 253.4 245.0

C5
(+) Nondimensional 0.943 0.948 0.966 0.950 0.961

C6
(−) Nondimensional 1.027 1.027 1.133 0.980 1.081

C7
(+) Nondimensional 0.248 0.248 0.555 0.241 0.541

C8
(−) Nondimensional 0.232 0.232 0.232 0.171 0.171

C9
(+) Nondimensional 1.101 1.103 1.081 1.418 0.941

C10
(+) Nondimensional 0.915 0.921 0.944 0.925 0.938

It is noticeable that, in the decision matrix, some of the criteria, including C3 , C4 , C5, C7, C9,
and C10, are positive (C+), and the other criteria, including C1 , C2 , C6, and C8, are negative (C−).

3. Results

3.1. Risk Analysis-Based Scores of the Water Strategies

According to Step 6, the decision matrix is first normalized; then, the weighted normalized decision
matrix is formed for each of the stakeholders. Regarding Step 8, the weighted normalized decision
matrix associated with each stakeholder is applied to implement the external risk analysis-based
aggregation process. The scores of strategies in each stakeholder’s viewpoint are calculated in several
risk-taking cases. The results are presented in Figures 10 and 11 for the two risk-taking cases of
completely risk-averse and completely risk-prone standpoints.
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Figure 10. Scores of the water strategies in each stakeholder’s viewpoint (satisfying all criteria).
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Figure 11. Scores of the water strategies in each stakeholder’s viewpoint (satisfying at least one criterion).

Following Step 9, the scores of water strategies in the viewpoint of a group of stakeholders are
calculated based on the two types of EMOWA and IMOWA operators. Figures 12 and 13 represent the
scores of strategies in each group viewpoint in several risk-taking attitudes, based on the EMOWA and
IMOWA operators, respectively:
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Figure 12. The external modified ordered weighted averaging (EMOWA) scores of the Kashafroud
water strategies in the group viewpoint for the risk cases.
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Figure 13. The internal modified ordered weighted averaging (IMOWA) scores of the Kashafroud
water strategies in the group viewpoint for the risk cases.

3.2. Group Consensus Measurements of the Water Strategies

Regarding Step 10, the consensus measurements of water strategies in the viewpoint of a group of
stakeholders are calculated based on the Euclidean Minkowski’s distance-based method two types of
EMOWA and IMOWA operators. According to the group decision-making amongst the stakeholders
of the Kashafroud watershed, the TLA index is selected as the linguistic variable of “slightly high”,
which equals a numerical value of 0.800. Accordingly, the consensus measurement of each water
strategy is compared with the numerical value of TLA.

Figures 14 and 15 represent the consensus measurements of water strategies in a group viewpoint
in the several risk-taking attitudes, based on the EMOWA and IMOWA operators, respectively. The TLA
of 0.800 is represented by the dashed line.
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Figure 15. The IMOWA group consensus measurements of water strategies in the risk cases.

3.3. The Final Ranking of the Water Strategies

Finally, according to Step 11, the watershed strategies are ranked based on the group scores
calculated by the two types of EMOWA and IMOWA operators in the several risk-taking cases, presented
in Table 8. Additionally, the number of criteria that are satisfied in each case are specified [13].

Table 8. The final ranking of water strategies for the Kashafroud watershed in the risk-taking cases.

Type No. 1: EMOWA Operator

Satisfaction of
criteria by
strategies

Satisfies at
least one (1)

criterion

Satisfies
few of (2)

the criteria

Satisfies
some of (3)
the criteria

Satisfies
half of (5)

the criteria

Satisfies
many of (7)
the criteria

Satisfies
most of (9)
the criteria

Satisfies all
of (10) the

criteria

S1 2 3 5 5 5 5 5
S2 3 2 4 4 4 4 4
S3 5 5 3 3 2 2 1
S4 1 1 1 2 3 3 3
S5 4 4 2 1 1 1 2

Type No. 2: IMOWA Operator

Satisfaction of
criteria by
strategies

Satisfies at
least one (1)

criterion

Satisfies
few of (2)

the criteria

Satisfies
some of (3)
the criteria

Satisfies
half of (5)

the criteria

Satisfies
many of (7)
the criteria

Satisfies
most of (9)
the criteria

Satisfies all
of (10) the

criteria

S1 3 3 4 5 5 5 5
S2 4 4 5 4 4 4 4
S3 2 2 2 3 2 2 3
S4 1 1 1 2 3 3 2
S5 5 5 3 1 1 1 1
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4. Discussion

Discussion about the results of the risk-based consensus-based GDSS modeling for the Kashafroud
urban watershed is illustrated in four subjects, including 1—importance degrees of the criteria in
the viewpoints of the group of stakeholders, 2—scores of water strategies in each stakeholder’s
viewpoint and the group of stakeholders’ opinions, 3—group consensus measurements for the
strategies, and 4—final ranking of the water strategies.

According to the results of criteria weights in group viewpoint (Figure 9), the stakeholders’
group assigned the most weight to the criteria C7 and C1, respectively. In the viewpoint of the group,
the priority of the criterion C7 (purified sewerage ratio) in comparison with the other criteria shows
that utilization of purified wastewater for some agricultural demands could reduce its withdrawal
from groundwater resources, which instead be used to supply the increasing urban potable demand.
Additionally, the relative priority of C1 (water stress) emphasizes the importance of a close ratio
between water withdrawal and renewable water resources in a semi-arid climate in order to control
the withdrawal from other water resources. On the other hand, the group of stakeholders assigns the
least weight for the criterion C8 (potable water losses), because the criterion C8 has no significant effect
on water stress in comparison with the other factors.

Regarding the results related to the scores of water strategies in each stakeholder’s viewpoint
(Figures 10 and 11), in the completely risk-averse case, each stakeholder desires to select the strategy that
satisfies all criteria. In this conservative viewpoint, half of the stakeholders choose the strategy S3 as the
more desirable strategy. These stakeholders have the supply management approach with an emphasis
on utilization of purified wastewater for agricultural irrigation and dependency on water transfer from
the Doosti Dam. Vice versa, in the completely risk-prone standpoint, each stakeholder desires to select
the strategy that satisfies at least one criterion. Therefore, in this nonconservative standpoint, half of
the stakeholders choose the strategy S4 as the more desirable strategy. These stakeholders have just
the demand management approach while considering the water transfer from the Doosti Dam. As it
is expected from the risk analysis results, the scores of strategies in each stakeholder’s viewpoint in
the completely risk-prone viewpoint (completely optimistic viewpoint) are greater than the scores in
the completely risk-averse viewpoint (completely pessimistic viewpoint). The completely optimistic
viewpoint emphasizes on a fully positive and fully nonconservative approach of each stakeholder,
while the completely pessimistic standpoint emphasizes on a fully negative and a fully conservative
approach of each stakeholder.

With respect to the results of the group scores of water strategies (Figures 12 and 13), the group
scores of strategies are increased from the completely risk-averse viewpoint to the completely risk-prone
standpoint. Risk-averse cases have a conservative viewpoint and emphasize a pessimistic approach
from stakeholders in the GDSS process, while the risk-prone cases have a nonconservative standpoint
and emphasize an optimistic approach from stakeholders. For several risk-taking cases, the trend of
changes for EMOWA scores is almost the same as the trend of changes for IMOWA scores, except
for the completely risk-averse case. According to the EMOWA results, in the completely risk-averse
viewpoint, strategy S3 is selected as the more desirable strategy by the group. On the other hand,
in the completely risk-averse viewpoint of the IMOWA results, strategy S5 is chosen as the more
desirable strategy by the group. It means that, for the Kashafroud watershed, the completely risk-averse
viewpoint of the EMOWA operator emphasizes a supply management approach with dependency on
water transfer from the Doosti Dam, whereas the completely risk-averse viewpoint of the IMOWA
operator emphasizes a combined supply-demand management approach with no dependency on
water transfer from the Doosti Dam. On the other hand, in accordance with the EMOWA and IMOWA
results, in the completely risk-prone standpoint, strategy S4 is chosen as the more desirable strategy
by the group. For this watershed, the completely risk-prone viewpoint of the EMOWA and IMOWA
operators emphasizes a demand management approach with dependency on the water transfer from
the Doosti Dam.
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Following the results of group consensus measurements (Figures 14 and 15), the consensus
measurements of all water strategies in several risk-taking cases are higher than the selected TLA,
except for the strategy S3 in the completely risk-averse viewpoint (which has a consensus measurement
with a really small distance to the selected TLA of 0.800). Therefore, a final group agreement amongst
the stakeholders was reached. Additionally, according to the results of Figures 14 and 15, it is observed
that the group consensus measurements have an increasing trend from a completely risk-averse
viewpoint to a completely risk-prone standpoint. It is therefore more difficult to achieve group
consensus by satisfying all criteria by the water strategies in the completely risk-averse viewpoint than
accomplishing a group consensus by satisfying just one criterion by the strategies in the completely
risk-prone standpoint. In addition, changing the Minkowski’s parameter of q from 1 to infinity,
the deviation and conflict between the individual and group viewpoints about the water strategies
increased, which caused a decrease of group consensus measurements on strategies. After the
achievement of the group consensus, the final ranking of water strategies can be implemented
to determine the more desirable strategy in several risk-taking cases in both the EMOWA and
IMOWA operators.

Consequently, according to the results of group scores achieved by the EMOWA and IMOWA
operators, the final ranking of water strategies is determined in several risk-taking cases (Table 8).
Regarding the EMOWA results, in the three risk-prone cases, the strategy S4 is selected as the more
desirable water strategy. In the neutral risk and the two risk-averse cases, the strategy S5 is chosen as
the more desirable strategy. Additionally, in the completely risk-averse case, the strategy S3 is selected
as the more desirable strategy. In accordance with the IMOWA results, in the three risk-prone cases,
the strategy S4 is selected as the more desirable water strategy, while, in the neutral risk and the three
risk-averse cases, the strategy S5 is chosen as the more desirable strategy.

5. Conclusions

In modeling the GDSS for effective urban watershed management, there are numerous stakeholders
and beneficiaries with several opinions and preferences that should be used to evaluate water strategies
with respect to sustainable development criteria for selecting the more desirable water strategy.
The stakeholders’ group may have several risk-taking attitudes, each of which risk-taking cases is
related to satisfying the number of criteria by water strategies. The risk-taking attitudes vary from a
completely risk-averse viewpoint to a completely risk-prone standpoint. The completely risk-averse
viewpoint (completely conservative opinion) believes that all criteria should be satisfied by water
strategies, while the completely risk-prone standpoint (completely nonconservative opinion) believes
that at least one criterion can be satisfied by strategies. The other risk-taking attitudes are expressed
between these two limited risk-taking cases. Accordingly, for analyzing the effect of risk-taking cases
on the selection of the more desirable water strategy, the risk-based consensus-based GDSS model
should be developed for effective urban watershed management.

In this research, in order to select the more desirable water strategy for the Kashafroud watershed,
the risk-based EMOWA and IMOWA operators were proposed in the two types of external and
internal aggregations to calculate the group scores of water strategies with respect to the criteria.
These operators consider the importance degrees of criteria, the risk-taking degrees of the stakeholders’
group, and the stakeholders’ power weights simultaneously. Additionally, the group consensus-seeking
process was implemented based on the weighted Minkowski’s method, in which the group consensus
measurements for strategies have been calculated using the squared mean deviation between the
individual and group viewpoints of stakeholders. Finally, the ranking of the water strategies was
determined in several risk-taking attitudes of the group of stakeholders with respect to the EMOWA
and IMOWA scores for the strategies.

Therefore, the proposed methodology, including the main phases of water strategies’ scoring,
group consensus measuring, and the water strategies’ ranking, was successfully developed for the
study area of the Kashafroud watershed. The scoring results related to the EMOWA and IMOWA
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operators represents that the group scores of the water strategies are dependent on the risk-taking
attitudes of the stakeholders within the watershed. Accordingly, for each strategy, the group scores in
the risk-prone cases (at least one, a few, and some of the criteria satisfied by the strategies) are greater
than the group scores in the risk-averse situations (many, most, and all of the criteria satisfied by the
strategies). In addition, the group consensus measuring results shows that the final agreement among
the stakeholders for all strategies was almost fully achieved. According to the findings of each strategy,
the group consensus measurements in the risk-prone cases are greater than the group consensus
measurements in the risk-averse situations. Finally, regarding the ranking results of strategies, for the
risk-averse viewpoint in the EMOWA results, the group of stakeholders has a conservative approach
and tend to select the strategy of S3 as a supply management strategy, which satisfies all sustainable
development criteria, while, in the IMOWA results with the risk-averse viewpoint, the group of
stakeholders tends to choose the strategy of S5 as a combined supply-demand management strategy.
For the risk-prone standpoint in both EMOWA and IMOWA results, the group of stakeholders have
a nonconservative approach and like to select the strategy of S4 as a demand management strategy,
which satisfies at least one sustainable development criteria.

Besides the advantages of the proposed risk-based consensus-based GDSS model in this study,
there are some issues that should be improved in future studies, which include:

• Improving the GDSS model for use of the other input variables in the MCDM process, including
the combination of crisp and linguistic data, as well as fuzzy interval valued data.

• Considering the alternative generation process during the GDSS modeling by use of the design
theory, such as the K-C and K-C-P methodologies.

• Modeling the other probable water strategies such as climate changes strategies; additionally,
changes in the percentage of water supply for the agricultural demand with respect to more
several criteria.

• Resolving probable conflicts among stakeholders within the GDSS model using the game-theoretical
Nash Bargaining solution.

For future studies, it is suggested to develop this proposed risk-based consensus-based GDSS
model for any other watershed management by generating several water strategies based on
the stakeholders’ group consensus, which considers the combination of agricultural, industrial,
and environmental demands and climate changes conditions. Furthermore, a conflict resolution
process among stakeholders within the risk-based consensus-based GDSS process for resolving the
probable conflicts of preferences among the watershed stakeholders should be analyzed. Additionally,
an analysis of the varieties of the Minkowski’s parameter and its effect on the group consensus
measurement should be studied for future research.
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Appendix A

A.1. The Average 40-Year Long-Term Hydrological and Hydrogeological Budget of Kashafroud (1975–2015)

The summary of the results related to the average 40-year long-term hydrological and
hydrogeological budget for the Kashafroud watershed (1975–2015) are presented in Table A1 [74–77].

Table A1. Long-term hydrological and hydrogeological budget of the Kashafroud watershed [74–77].

Hydrological Budget

Mean annual
precipitation (MCM) Mean annual runoff (MCM) Mean annual soil moisture (MCM)

Plain Highland Plain Highland Plain Highland

Evaporation Infiltration Evaporation Infiltration

896 1953 21 342 758 117 1279 332

Hydrogeological Budget

Mean annual groundwater recharge from (MCM) Mean annual groundwater
discharge by (MCM) Mean annual

changes in
reservoir (MCM)Rainfall Surface

runoff
Agricultural reversible water

Urban and
Industrial

reversible water
Withdraw Outflow from

aquifer

449 207 181 180 1105 31 −119

A.2. The Estimated Water Consumptions and Predicted Water Demands for Kashafroud by the 2040 Vision

Additionally, for several urban, agricultural, industrial, and environmental water demands of the
Kashafroud watershed, the current water consumptions have been specified, and the water demands
by the 2040 vision have been predicted, which are presented in Table A2 [71,78–80].

Table A2. Water consumptions and water demands for the Kashafroud watershed by 2040 [71,78–80].

Current Water Consumptions

Annual consumptions from surface water resources (MCM) Annual consumptions from groundwater resources (MCM)

Agricultural water Urban water Industrial water Agricultural water Urban water Industrial water

173 173.5 1.5 806 227 32

Predicted Water Demands by the 2040 Vision

Urban demand
(MCM)

Equivalent
Produced

sewerage (MCM)
Agricultural demand (MCM)

Allocable
sewerage for

demand (MCM)

Industrial demand
(MCM)

Equivalent
Produced sewerage

(MCM)

Environmental
water demand

(MCM)

489 382 806 404 90 52 43

Appendix B

B.1. Sample Questionnaire for the Selection of the Final Criteria

(1) Firstly, please overview the definitions of the initial criteria. After that, overview Table A3
containing the sustainable development objectives and the relevant initial criteria. Ultimately, give your
viewpoint about the importance degree of each of the following criteria for the decision-making process and
water resources planning and management in the study area of the Kashafroud urban watershed. (Please
mark √ as a linguistic importance degree for each criterion within just one of the 4th to 12th columns of
the table, according to the name of the criterion and the description of that corresponding criterion.)

• Please note that, in Table A3, the 21 initial criteria (taking into account the sustainability objectives
including water resources sustainability, environmental sustainability, economic sustainability,
and social sustainability) are specified and defined. Choose your priorities so that you can
ultimately choose from all four objectives to be included in the final decision-making process.
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Definitions of criteria:

• C’1: (Urban water withdrawal + Agricultural water withdrawal + Industrial water withdrawal)/
(Total water storage);

• C’2: (Exploitation from groundwater resources) / (Urban water withdrawal + Agricultural water
withdrawal + Industrial water withdrawal + Environmental water withdrawal);

• C’3: (Adjustable water potential from surface water resources—adjusted surface water resources
by hydraulic structures) / (Surface water resources);

• C’4: (Groundwater withdrawal) / (Renewable groundwater resources);
• C’5: (Supplied agricultural water demand) / (Agricultural water demand);
• C’6: (Supplied potable urban water demand) / (Potable urban water demand);
• C’7: (Supplied industrial water demand) / (Industrial water demand);
• C’8: (Supplied environmental water demand) / (Environmental water demand);
• C’9: (Surface water resources + Renewable groundwater resources)/(Population);
• C’10: (Sold urban water to urban water consumer) / (Urban water population);
• C’11: (Industrial water withdrawal) / (Industrial employed population);
• C’12: 0.25 × {(Supplied agricultural water demand) / (Agricultural water demand) + (Supplied

potable urban water demand) / (Potable urban water demand) + (Supplied industrial water
demand) / (Industrial water demand) + (Supplied environmental water demand) / (Environmental
water demand)};

• C’13 (Qualitative): Balancing between the supply and withdrawal from surface water and
groundwater resources;

• C’14: (Groundwater discharge) / (Groundwater recharge);
• C’15: (Entranced surface water + Transferred surface water) / (Surface water resources + Entranced

surface water + Transferred surface water);
• C’16: (Purified sewerage) / (Urban sewerage + Industrial sewerage);
• C’17: (Total urban water withdrawal for water distribution network—sold urban water to urban

water consumer) / (Total urban water withdrawal for water distribution network);
• C’18: (Total benefit of implementation of water strategy) / (Total cost of implementation of water

strategy);
• C’19 (Qualitative): Resolving conflicts among stakeholders in agricultural water, potable water,

industrial water, and environmental water;
• C’20 (Qualitative): Creating job opportunities in agricultural, industrial, and service sectors during

the implementation and operation periods of the strategies; and
• C’21: 0.25 × {0.970 × (Supplied agricultural water demand) / (Agricultural water demand) + 1

× (Supplied potable urban water demand) / (Potable urban water demand) + 0.970 × (Supplied
industrial water demand) / (Industrial water demand)}.
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Table A3. Sample questionnaire for the linguistic importance degrees of the initial criteria.

1 2 3 4 5 6 7 8 9 10 11 12

Objective Criterion Definition
Linguistic Importance Degree

NI VLI LI SLI MI SHI HI VHI PI

Water resources
sustainability

C’1: Water stress

C’2: Groundwater
dependency

C’3: Adjustable
protentional of Surface
Water Resources

C’4: Development of
groundwater

C’5: Percentage of water
supply for
agricultural demand

C’6: Percentage of water
supply for potable
urban demand

C’7: Percentage of water
supply for
industrial demand

C’8: Percentage of water
supply for
environmental demand

C’9: Renewable water
resources per capita

C’10: Potable water
consumption per capita

C’11: Industrial water
consumption per capita

C’12: Reliability for
water supply

C’13: Balancing between
using surface water and
groundwater

C’14: Groundwater
unsustainability

C’15: Surface water
dependency on other
watersheds

Environmental
sustainability

C’16: Purified
sewerage ratio

Economic
sustainability

C’17: Potable
water losses

C’18: Benefit per
cost ratio

Social
sustainability

C’19: Conflict resolution
amongst water
stakeholders

C’20: Creating job
opportunities

C’21: Social equity

NI: no importance, VLI: very low importance, LI: low importance, SLI: slightly low importance, MI:
moderate importance, SHI: slightly high importance, HI: high importance, VHI: very high importance, and PI:
perfect importance.
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B.2. Stakeholders’ Individual Viewpoints about the Importance Degree of the Initial Criteria

Table A4. The linguistic importance degrees of the initial criteria in the individual’s viewpoints.

Member’s ID
Initial Criterion ID

C’1 C’2 C’3 C’4 C’5 C’6 C’7 C’8 C’9 C’10 C’11 C’12 C’13 C’14 C’15 C’16 C’17 C’18 C’19 C’20 C’21

Sth.11 P VH N VH P SH SL H P SH SL P VH P SL VH H SL H H H
Sth.12 P P M VH H SL L L SH SL H M SH P VL M M VH M M SH
Sth.13 P P VL VH M VH VH VH H M VL P VH P SH P P M H SL VH
Sth.14 P VH L VH H VH H H M L SL VH VH P H M SH M L VL H
Sth.15 P P SL H P VH VH SH P VH VH P VH P VH P VH VH VH M P
Sth.16 P VH H VH H VH VH VH P VH VH VH VH P H VH VH H SH M H
Sth.17 VH H SH VH VH VH VH VH P H VH VH VH VH H H H VH SH VH P
Sth.18 P P M VH P VH VH VH VH VH VH P VH P SL P P P VH VH P
Sth.19 P P L VH P L M VL H L M VH VH P H P SL VH SL H VH

Sth.21 P P M VL P SL SL VH L L SL P VH P M P M P H VH P
Sth.22 P P M VL P SL M M P L SH P VH P M P VL VH VH H VH

Sth.31 P P M VH P VH VH M P VH VH P VH P VL P P VH VH H P
Sth.32 P P VH VH P VH VH VH P VH VH P VH P VH P P P VH VH P
Sth.33 P P VL M P VL VH H P VH SH P VH M VH P M VH VH M P
Sth.34 VH H VL M P SH M SL SH H M P VH VH VH SH H M SH H SH

Sth.41 P P M N P SL VL SL P L VH P SL P SH P L P M M P

Sth.51 P H H M M L VH SL VH H VH H M VH H SH SL L M SH M
Sth.52 P SH H VH P VH SH VH H VH SH P VH P SH P P SH H M SH

Sth.61 P P N L VH H VH H P H VH SL VH P SL H N VH VH SL M
Sth.62 P P N L VH H VH H VH H VH M VH P SL VH N P VH SL VH
Sth.63 P P H VH VH M M M VH H M VH M VH SH M SL SL SL H VH

B.3. Sample Questionnaire for Weighting the Final Criteria

(2) Please overview the Table A5 containing the final selected criteria. Give your viewpoint about
the importance degree (linguistic weight) of each of the following criteria for the decision-making
process and water resources planning and management in the study area of the Kashafroud urban
watershed. (Please mark √ as a linguistic importance degree for each criterion within just one of the
4th to 12th columns of the table, according to the name of the criterion and the description of that
corresponding criterion.)

Table A5. Sample questionnaire for the linguistic importance degrees of the final criteria.

1 2 3 4 5 6 7 8 9 10 11 12

Objective Criterion Definition
Linguistic Importance Degree

NI VLI LI SLI MI SHI HI VHI PI

Water resources
sustainability

C’1: Water stress

C’2: Groundwater
dependency

C’5: Percentage of water
supply for agricultural
demand

C’9: Renewable water
resources per capita

C’12: Reliability for
water supply

C’14: Groundwater
unsustainability

Environmental
sustainability

C’16: Purified
sewerage ratio

Economic
sustainability

C’17: Potable
water losses

C’18: Benefit per
cost ratio

Social
sustainability C’21: Social equity
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Appendix C

Determination of the Water Strategies’ Evaluation Values

In order to select the evaluation values of each water strategy with respect to the final sustainable
development criteria for the risk-based GDSS model, the related variables have been extracted from
the relevant IWRM project reports [71,74–77] and MODSIM modeling report [81], which have been
provided by the Iran Water Resources Management Company and ToossAb Water Engineering
Consultant Company and approved by the Iran Ministry of Energy. Indeed, the variables of the GDSS
modeling for the Kashafroud watershed are related to the outputs of the IWRM project and MODSIM
modeling project, which have been already analyzed for this study area.

The input data that should be entered into the MODSIM modeling includes the following:

1. Monthly data for the simulation of the model, including the data of the hydrometric stations
related to the surface water, as well as the data of the aquifer unit hydrograph associated with the
groundwater resources.

2. Monthly evaporation from the reservoir of each dam.
3. Monthly water withdrawal from the aquifer.
4. Monthly existing water consumptions for the base strategy, including urban, agricultural industrial,

and environmental waters.
5. Estimated infiltration fraction (return flow) from urban, agricultural, and industrial consumptions.

Accordingly, the output data that are taken out from the MODSIM modeling includes the simulated
results in hydrometric stations and aquifer unit hydrograph, which are compared with the observed
data, based on an iterative calibration-validation process.

The parameters that are involved in the model calibration include the return water to aquifers
from agricultural, urban, and industrial consumptions, the surface runoff infiltration values into the
groundwater reservoirs, the outflow groundwater, and, if necessary, the efficiency of used water.

Additionally, the model calibration criterion for surface flows is primarily the hydrometric stations
and the water resources budget data of the study area.

In addition, the model calibration criterion for the aquifers and groundwater reservoir is primarily
the unit hydrograph of the aquifer and then the water resources budget data of the study area.

Accordingly, the model calibration is done in two parts: surface water and groundwater. In the
surface water calibration, the output data from the station in the model is compared with the
hydrometric station data within the watershed.

To calibrate and validate the outputs of the groundwater reservoir, it is done by calculating the
changes in groundwater volume from the unit hydrograph of the aquifer. This is implemented for the
modeling period. Then, the changes in the volume of the aquifer are compared with the changes in the
volume of the groundwater reservoir in the simulated model. It should be noted that the calibration
of the surface and groundwater due to the dependence of the parameters on each other should be
performed simultaneously.

Ultimately, in order to determine the evaluation values of each water strategy with respect to each
sustainable development criteria, the related data (see Table 6, Appendix B—Definitions of criteria) are
extracted from the IWRM project reports [70,71,75–80,86], as well as the relevant variables are obtained
from the outputs of the MODSIM modeling project report [81]. Accordingly, the detailed variables
used for calculation of the evaluation values of the five water strategies with respect to the 10 final
selected sustainable development criteria are presented in Table A6:
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Table A6. The detailed variables for the determination of the evaluation matrix of the water strategies.

S1 S2 S3 S4 S5

C1
(488.2+880.3+71.5)

(1503.3)
(488.2+902.3+71.5)

(1503.3)
(488.2+981.9+71.5)

(1356.7)
(437.2+792.7+65.8)

(1410.3)
(437.2+831.7+65.8)

(1319.4)

C2
(1092.45)

(488.2+880.3+71.5+10.9)
(1092.45)

(488.2+902.3+71.5+10.9)
(1092.45)

(488.2+981.9+71.5+10.9)
(951.19)

(437.2+792.7+65.8+10.9)
(999.09)

(437.2+831.7+65.8+10.9)

C3
(880.3)
(1103.4)

(902.3)
(1103.4)

(981.9)
(1103.4)

(792.7)
(956.8)

(831.7)
(956.8)

C4
(1533.8×106)
(5686046)

(1533.8×106)
(5686046)

(1432.2×106)
(5686046)

(1440.8×106)
(5686046)

(1392.9×106)
(5686046)

C5 0.25× (0.798 + 1 + 1 + 0.973) 0.25× (0.818 + 1 + 1 + 0.973) 0.25× (0.890 + 1 + 1 + 0.973) 0.25× (0.828 + 1 + 1 + 0.973) 0.25× (0.869 + 1 + 1 + 0.973)

C6
(1110.95)
(1082)

(1110.95)
(1082)

(1110.95)
(980.4)

(969.69)
(989)

(1017.59)
(941.1)

C7
(105.858)
(426.667)

(105.858)
(426.667)

(236.976)
(426.667)

(94.445)
(391.41)

(211.775)
(391.41)

C8 0.232 0.232 0.232 0.171 0.171

C9 1.101 1.103 1.081 1.418 0.941

C10
0.333×

(0.97× 0.798 + 1× 1 + 0.97× 1)
0.333×

(0.97× 0.818 + 1× 1 + 0.97× 1)
0.333×

(0.97× 0.890 + 1× 1 + 0.97× 1)
0.333×

(0.97× 0.828 + 1× 1 + 0.97× 1)
0.333×

(0.97× 0.869 + 1× 1 + 0.97× 1)
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