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Abstract 

Climate change, the quantitative and qualitative decline of water resources, and the 
increasing demand for water consumption are among the most significant challenges for 
sustainable drinking water management, particularly in arid and semi-arid regions. These 
conditions highlight the urgent need to reconsider conventional approaches to drinking 
water supply and distribution and to move toward more sustainable solutions. The 
metropolitan city of Tabriz, due to its semi-arid climate, rapid population growth, and 
considerable dependence on inter-basin water transfer, has faced serious challenges in 
ensuring a sustainable drinking water supply in recent years. Accordingly, the present 
study aims to evaluate and compare alternative drinking water distribution scenarios based 
on the separation of potable water from domestic (non-potable) water. In this study, five 
scenarios dual distribution network, local water withdrawal stations, household water 
treatment systems, bottled water in single-use containers, and bottled water in reusable 
containers were evaluated using a group multi criteria decision making approach based on 
the analytic network process and fuzzy decision making within the group fuzzy decision 
making software. The final ranking of scenarios was performed using the simple additive 
weighting method. The evaluation was conducted based on five main criteria technical, 
economic, social, environmental, and political and 18 key sub criteria, including important 
indicators such as carbon footprint and public acceptance. The required data were 
collected through expert judgments and the analysis of 659 public questionnaires. The 
results indicated that the technical (0.1157), economic (0.1089), and social (0.1073) 
criteria were considered the most important from the decision-makers’ perspective, while 
the political criterion received the lowest weight. Furthermore, the dual distribution 
network scenario, with a score of 0.8014, was identified as the most sustainable option and 
demonstrated superior performance compared with other scenarios across most evaluation 
criteria. The findings of this study indicate that decision making in sustainable drinking 
water management requires a comprehensive and multidimensional approach combined 
with stakeholder participation. This study provides a framework based on group multi-
criteria decision-making for the simultaneous evaluation of alternative drinking water 
distribution scenarios, considering a comprehensive set of evaluation criteria in a semi-
arid metropolitan area. The proposed framework can serve as a basis for planning and 
decision making in other regions facing water stress and similar climatic conditions.
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1. Introduction 
Climate change has intensified precipitation 

variability, increased evaporation, and degraded 

water quality, thereby posing serious challenges 

to the sustainable supply of drinking water (Das 

et al., 2025; Żywiec et al., 2024). Simultaneously, 

population growth and rising water demand have 

further exacerbated pressure on limited water 

resources (Bojer et al., 2025; Rosa and 

Sangiorgio, 2025). Iran, as a semi-arid country, 

has been significantly affected by these trends 

(El-Rawy et al., 2023; Piri et al., 2025). In this 

context, the city of Tabriz, facing declining 

precipitation and a high dependency on inter-

basin water transfer from the Zarrineh-Rud 

system, encounters quantitative, qualitative, and 

energy-intensive challenges in drinking water 

supply (Afsari et al., 2024; Feizizadeh et al., 

2021). Moreover, although only about 10% of the 

distributed water is used for drinking purposes, 

the entire urban supply is treated to potable 

standards, leading to increased costs and energy 

consumption. 

Previous studies have primarily focused on 

water supply alternatives using multi-criteria 

decision analysis
1
 methods (Behzadian et al., 

2014; Savun-Hekimoğlu et al., 2021; He et al., 

2023; Diogo et al., 2021; Hamidifar et al., 2023; 

Pazouki et al., 2022; Srivastava et al., 2023; 

Chavoshian et al., 2024), while comprehensive 

evaluations of innovative drinking water 

distribution approaches have received less 

attention. 

This study evaluates five alternative drinking 

water distribution scenarios including a separate 

distribution network, local water stations, 

household treatment systems, and bottled water 

(single-use and reusable) using a multi-criteria 

decision-making framework based on the 

Analytic Network Process
2
 and the Fuzzy Simple 

Additive Weighting
3
 method. The alternatives 

were assessed against social, economic, technical, 

political, and environmental criteria, 

incorporating 18 key sub-criteria such as energy 

consumption, carbon footprint, and public 

acceptance. To address uncertainty and the 

subjective judgments of experts, fuzzy numbers 

were applied in the scoring phase of the 

scenarios. The results provide a practical 

decision-support framework for selecting 

sustainable drinking water distribution options in 

Tabriz and other semi-arid cities facing water 

stress under climate change. 

                                                 
1
 Multi-Criteria Decision Analysis (MCDA) 

2
 Analytic Network Process (ANP) 

3
 Simple Additive Weighting (SAW) 

2. Methodology 
In this study, a group multi-criteria decision-

making
4
 framework was employed to evaluate 

different scenarios for drinking water supply and 

distribution in the city of Tabriz. The research 

process included defining the scenarios, 

identifying the evaluation criteria and sub-criteria, 

weighting the criteria, and finally ranking the 

alternatives. 

In this study, five scenarios were examined: a 

separate drinking water distribution network, 

local drinking water supply stations, household 

water purification systems, bottled water in 

single-use containers, and bottled water in 

reusable containers. To evaluate these scenarios, 

five main criteria-political, environmental, 

technical, economic, and social-were considered. 

These were further divided into 18 sub-criteria, 

including carbon footprint, energy consumption, 

water quality, costs, public acceptance, and 

consumer health. 

The weights of the criteria and sub-criteria 

were determined using the ANP method (Saaty, 

2005) and the Super Decisions software, based on 

the opinions of six experts including managers in 

the fields of water resources, environmental 

management, and urban management, as well as 

university scholars specializing in water resources 

and economics. Subsequently, the performance of 

each scenario with respect to the sub-criteria was 

evaluated according to the nature of each 

indicator using a combination of technical data, 

expert judgments, results from 659 questionnaires 

completed by citizens of Tabriz, and carbon 

footprint calculations conducted using the 

SimaPro software. 

To account for uncertainty in some 

estimations, triangular fuzzy numbers were 

employed, and the final ranking of the scenarios 

was carried out using the Fuzzy Simple Additive 

Weighting
5
 method in the Group Fuzzy Decision 

Making
6
 software. Finally, a sensitivity analysis 

was performed with respect to each of the main 

criteria to assess the independent influence of 

each criterion on the final ranking of the 

scenarios. 

 

3. Discussion and results 
The results of the ANP analysis indicate that 

among the main criteria, the technical criterion 

obtained the highest priority weight (0.1157). 

This was followed by the economic (0.1089) and 

social (0.1073) criteria, while the environmental 

                                                 
4
 Group Multi-Criteria Decision-Making (GMCDM) 

5
 Fuzzy Simple Additive Weighting (FSAW) 

6
 Group Fuzzy Decision Making (GFDM) 
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Fig. 1. Final weights of the sub-criteria 

 

and political criteria received comparatively 

lower weights. These results suggest that 

technical feasibility and economic sustainability 

play a more decisive role in evaluating alternative 

drinking water supply and distribution scenarios. 

Among the 18 evaluated sub-criteria, 

operation and maintenance costs, consumer health 

protection, and wastewater generation received 

the highest weights. The prominence of these sub-

criteria reflects the importance of long-term 

economic efficiency, protection of public health, 

and environmental considerations in the selection 

of the most suitable alternative. The relative 

importance weights of all sub-criteria (A1-E3) are 

presented in Fig. 1. 

The final ranking of the scenarios was 

obtained using the FSAW method implemented in 

the GFDM software. The results show that the 

separate (dual) drinking water distribution 

network (Scenario A) achieved the highest 

sustainability score (0.8014) and ranked first 

among all alternatives. This scenario performs 

better in terms of water quality control, long-term 

operational reliability, and protection of public 

health. 

The local drinking water station scenario 

(Scenario B) ranked second, mainly due to its 

relatively lower infrastructure investment 

requirements. Household treatment systems 

(Scenario C) and bottled water options (Scenarios 

D and E) received lower rankings, primarily due 

to maintenance uncertainties, environmental 

concerns associated with plastic waste generation, 

and logistical challenges related to supply and 

distribution. 

The final sustainability scores and the ranking 

of the scenarios are presented in Fig. 2. 

To examine the stability of the results, a 

sensitivity analysis was conducted by varying the 

weights of the main criteria. The findings indicate 

that Scenario A remained the most robust  

 
Fig. 2. Ranking of scenarios based on GFDM 

results 

 

alternative under different weighting conditions. 

Only under extreme emphasis on short-term 

economic savings did the bottled water 

alternatives show improved rankings. These 

results confirm the overall robustness and 

sustainability of the dual drinking water 

distribution network under balanced multi-criteria 

evaluation conditions. 

 

4. Conclusions 
This research indicated that decision-making in 

the context of sustainable drinking water supply 

in regions under climate change pressure and 

water resource reduction, with a long history of 

using low-cost traditional water supply methods 

for consumers, requires a multi-criteria, group-

based approach that involves stakeholder 

participation. The weighted results of the criteria 

revealed that technical sustainability, economic 

efficiency, and social acceptance are the three 

main pillars of decision-making, while political 

factors and environmental dimensions were less 

significant in practice. 

The scenario ranking demonstrated that the 

isolated drinking water network (Scenario A) is 
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considered the most sustainable scenario due to 

its simultaneous superiority in technical, social, 

and environmental criteria. One reason for this 

superiority could be its high similarity to the 

conventional structure of drinking water supply in 

Tabriz, thus creating a greater sense of connection 

and acceptance among citizens and officials. 

However, other options also have relative 

advantages; particularly single-use bottled water 

(Scenario D) in terms of economics and domestic 

treatment systems (Scenario C) in terms of 

political acceptance, which can be considered in 

specific situations or in combination with other 

approaches. 

Consequently, to change and replace 

traditional water supply methods, compromise 

among multiple criteria and active participation of 

decision-makers and stakeholders are essential 

conditions for achieving sustainable and publicly 

accepted options. This approach not only reduces 

costs and optimizes resource management but 

also enhances public health by providing high-

quality drinking water. Furthermore, it can be 

applicable to a wide range of arid and semi-arid 

cities worldwide facing pressures from climate 

change and water resource reduction, serving as a 

framework for designing climate adaptation 

policies and strengthening urban resilience.
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Fig. 1. Conceptual structure of criteria and sub-criteria in Super Decisions Software
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2026Safari et al., 
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1
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2
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3
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4
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5
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Table 1. Multi-criteria decision-making (MCDM) matrix of scenarios

C3 C2 C1 B3 B2 B1 A3 A2 A1 
Indicator 

name 

Triangular 

fuzzy 
Crisp 

Triangular 

fuzzy 

Triangular 

fuzzy 

Triangular 

fuzzy 
Crisp 

Triangular 

fuzzy 

Triangular 

fuzzy 

Triangular 

fuzzy 

Indicator 

data type 

W:0.0165 W:0.0227 W:0.0231 W:0.0415 W:0.0435 W:0.0132 W:0.0138 W:0.023 W:0.0103 
Indicator 

weight 

m:5 a:4.5 

b:5.5 
m:1.553 

m:5 a:4.5 

b:5.5 

m:1 

a:0.75 

b:1.25 

m:1.5 a:1 

b:2 
m:0.799 

m:5 a:4.5 

b:5.5 

m:1 a:0.5 

b:1.5 

m:5a:4.5 

b:5.5 
Scenario A

m:4.5 a:4 

b:5 
m:1.473 

m:4 a:3 

b:5 

m:1.5 a:1 

b:2 

m:1.5 a:1 

b:2 
m:0.757 

m:4.5 a:4 

b:5 

m:2 a:1.5 

b:2.5 

m:4.5 a:4 

b:5 
Scenario B 

m:4.5 a:4 

b:5 
m:20.9 

m:3.5 a:3 

b:4 

m:2 a:1.5 

b:2.5 

m:5 a:4 

b:6 
m:10.8 

m:3.5 a:3 

b:4 

m:5 a:4.5 

b:5.5 

m:4 a:3.5 

b:4.5
Scenario C 

m:3.5 a:3 

b:4 
m:694.5 

m:3.5 

a:2.5 

b:4.5 

m:5 a:4 

b:6 

m:1 

a:0.75 

b:1.25 

m:109 
m:2.5 a:2 

b:3 

m:3 a:2.5 

b:3.5 

m:3 a:2.5 

b:3.5 
Scenario D 

m:3 a:2.5 

b:3.5 
m:348.38 

m:3 a:2 

b:4 

m:3 a:2 

b:4 

m:2 a:1.5 

b:2.5 
m:74.6 

m:2 a:1.5 

b:2.5 

m:2.5 a:2 

b:3 

m:3.5 a:3 

b:4 
Scenario E 

 

Count. Table 1. Multi-criteria decision-making (MCDM) matrix of scenarios

E3 E2 E1 D4 D3 D2 D1 C5 C4 
Indicator 

name 

Triangular 

fuzzy 

Triangular

fuzzy 
Crisp 

Triangular 

fuzzy 

Triangular 

fuzzy 

Triangular 

fuzzy 

Triangular 

fuzzy 

Triangular 

fuzzy 

Triangular 

fuzzy 

Indicator 

data type 

W:0.0698 W:0.0176 W:0.0199 W:0.0807 W:0.0433 W:0.0297 W:0.0184 W:0.0103 W:0.0432 
Indicator 

weight 

m:5 a:4.5 

b:5.5 
m:5 a:4.5 b:5.5 m:0.742 

m:5 a:4.5 

b:5.5 

m:5 a:4.5 

b:5.5 

m:1.5 a:1 

b:2 

m:5 a:4.5 

b:5.5 

m:5 a:4.5 

b:5.5 

m:5 a:4.5 

b:5.5 
Scenario A

m:4.5 a:4 

b:5 

m:4 a:3.75 

b:4.25 
m:0.382 

m:4.5 a:4 

b:5 

m:4.5 a:4

b:5 

m:2 a:1.5 

b:2.5 

m:4.5 a:4 

b:5 

m:4 a:3.5 

b:4.5 

m:4.5 a:4 

b:5 
Scenario B 

m:3.5 a:3 

b:4 
m:54.5a:4.25b:4.75 m:0.76 

m:3 a:2.5 

b:3.5 

m:4 a:3.5 

b:4.5 

m:4.5 a:4 

b:5 

m:3 a:2.5 

b:3.5 

m:3.5 a:3 

b:4 

m:4 a:3 

b:5 
Scenario C 

m:4.75 

a:4 

b:5.5 

m:4.25 a:4 

b:4.5 
m:0.556 

m:3.5 a:3 

b:4 

m:2.5 a:2

b:3 

m:5 a:4.5 

b:5.5 

m:3.5 a:3 

b:4 

m:2 a:1.5 

b:2.5 

m:4.75 

a:4 

b:5 

Scenario D 

m:3 a:2.5 

b:3.5 

m:3.5a:3.25 

b:3.75 
m:0.428 

m:4 a:3.5 

b:4.5 

m:3.25 

a:2.75 

b:3.75 

m:4 a:3.5 

b:4.5 

m:3.25 

a:2.5 b:4 

m:3 a:2.5 

b:3.5 

m:4.25 

a:3.75 

b:4.75 

Scenario E 

Safari et al., 2023
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1
 Simple Additive Weighting (SAW)

2
 Technique for Order Preference by Similarity to Ideal Solution 
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3
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 Super DecisionsANP

Table 2. Final weights of criteria and sub-criteria (ANP results from Super Decisions)

Criterion Sub-criterion 
Sub-criterion final weight 

(Limiting) 
Criterion final weight 

(Limiting) 

Political (A) 
Acceptance by policymakers (A1) 0.010266 

0.029469 Availability of infrastructure (A2) 0.023036 
Need for legal adjustments (A3) 0.013792 

Environmental (B) 
Carbon footprint (B1) 0.013175 

0.098205 Wastewater generation (B2) 0.043531 
Solid waste generation (B3) 0.041500 

Technical (C) 

System reliability & stability (C1) 0.023082 

0.115746 
Energy consumption (C2) 0.022648 

Regional compatibility (C3) 0.016531 
Quality of produced water (C4) 0.043175 

Skilled operator requirement (C5) 0.010310 

Economic (D) 

Government expenditure (D1) 0.018352 

0.108919 Consumer expenditure (D2) 0.029650 
Initial investment cost (D3) 0.043292 

Operation & maintenance cost (D4) 0.080715 

Social (E) 
Public acceptance (E1) 0.019916 

0.107302 Accessibility for general public (E2) 0.017626 
Protection of consumer health (E3) 0.069761 

Fig. 2. Final weights of the evaluation criteria

Fig . 3. Final weights of the sub-criteria
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 (CR) 

(CR) 

 Super Decisions 

 

 

 ANP 

 ANP 

.

  (CR) 

Table 3. Results of the consistency ratio (CR) 
assessment for criteria and sub-criteria

Cluster / Criteria 
Inconsistency 

ratio (CR) 
Consistency 

status 

Main criteria 0.000 Desirable 

Economic 

sub-criteria 
0.068 Desirable 

Environmental 

sub-criteria 
0.002 Desirable 

Social sub-criteria 0.068 Desirable 

Technical 

sub-criteria 
0.165 

Within acceptable 

range 

Political 

sub-criteria 
0.165 

Within acceptable 

range 

GFDM

A 

 D

 B E

 E

. 
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 E 

.

 A .
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Table 4. Ranking of alternative drinking-water supply 
scenarios based on the results of the GFDM software

Scenario Score Rank 
A 0.8014 1 
D 0.7476 2 
B 0.7381 3 
C 0.6852 4 
E 0.6082 5 

Fig. 4. Ranking of scenarios based on GFDM results
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Table 5. Sensitivity analysis results based on the 
political criterion

Political (A) 

Rank Scenario Point 

1 C 84.23 

2 E 70.62 

3 D 67.92 

4 B 54.79 

5 A 43.22 

Fig. 5. Scenario scores based on sensitivity analysis of 
the political criterion
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Table 6. Sensitivity analysis results for alternative 
drinking-water supply scenarios with respect to the 

environmental criterion

Environmental (B) 

Rank Scenario Point 

1 A 83.39 

2 B 68.93 

3 D 53.08 

4 E 35.85 

5 C 31.15 
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Fig. 6. Scenario scores based on sensitivity analysis 
of the environmental criterion
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Table 7. Sensitivity analysis results for alternative 
drinking-water supply scenarios with respect to the 

technical criterion 

Technical (C) 

Rank Scenario Point 

1 A 93.93 

2 B 88.21 

3 D 69.03 

4 E 66.12 

5 C 59.52 

Fig. 7. Scenario scores based on sensitivity analysis 
of the technical criterion
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Table 8. Sensitivity analysis results for alternative 
drinking-water supply scenarios with respect to the 

economic criterion 

Economic (D) 

Rank Scenario Point 

1 D 80.93 

2 C 80.34 

3 E 72.46 

4 B 67.58 

5 A 66.24 

 

Fig. 8. Scenario scores based on sensitivity analysis of 
the economic criterion 
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Table 9. Sensitivity analysis results for alternative 
drinking-water supply scenarios with respect to the 

social criterion 

Social (E) 

Rank Scenario Point 

1 A 99.56 

2 D 90.87 

3 B 81.06 

4 C 79.53 

5 E 62.15 

 

 
Fig. 9. Scenario scores based on sensitivity analysis of 

the social criterion 
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