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Abstract

In this research, the water security index (WSI) in Tabriz city
was evaluated using the PSIR (Pressure-State-Impact-
Response) index. In this method, there are four main indices,
and 56 sub-indices, all of which were evaluated. The values of
the first three indices, i.e., pressure, state, and impact, were
determined according to the relevant references and previous
reliable research for Tabriz city. But, the value of the fourth
index, i.e., the Response Index, is evaluated based on a
qualitative approach via questionnaire and experts’ opinions in
the field of water engineering. The findings indicated that the
value of the Pressure Index (P-Index) for Tabriz city was 22.83
out of 100 (the value is dimensionless). Tabriz city scored 28.5
out of 100 in the Status Index (S-Index), 25 out of 100 in the
Impact Index, and 30.92 out of 100 in the Response Index.
Ultimately, the obtained results showed that the final value of
Water Security Index (W-Index) for Tabriz was equal to 26.81
out of 100, which implied the poor condition compared to the
values reported for ten other cities around the globe i.e.
Amsterdam, Toronto, Singapore, Dubai, Beijing, Hong Kong,
Sao Paulo, Nairobi, Lima, and Jakarta. Therefore, it is
necessary for decision makers to use new scientific and
practical methods to manage water insecurity in this city and
reduce restrictions and impacts. Finally, it should be
emphasized that the method used in this study represents a
novel perspective in the perception of water security and its
complexity. This method was efficient in analysing the Tabriz
city water security, and it is recommended to use it for other
cities in Iran.
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Fig. 1- Flowchart of different stages of the current research
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Table 1- One questionnaire prepared to evaluate the water security response, main and sub-index, in Tabriz

city
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An example of obstacle in a surface- 3.Fig
waterway in Tabriz city
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Fig. 4- The value of the sub-indices related to the main environmental pressure index in Tabriz

city
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Table 2- Calculation methods of Environmental pressure index and its sub-indexes in Tabriz city
28 e 3 ol (8 Sl g g (e JLi3) jUiS (ol (ad LS dpwlowe by, =Y Jga

Code Index name Method Index
amount*
1000 Pressure Index (PI) [Average (1100,1200)-17*25 22.83
1100 Environment pressure Average (1110,1120) 2.2
1110 Water shortage Average (1111,1112) 2
o ) o Asakere (2011)
1111 Annual precipitation and its variability (Mirzaei, 2022 ) 2
1112 Lack of drinking water around the city (Zarghami et al., 2009) 2
1120 Flood vulnerability in the city Average (1121, ..., 1126) 2.33
. . . e . (Zarghami et al., 2011)
1121 Runoff intensity and its variability in the city (Salimi, 2022) 1
1122 Storm risk (Namjo et al., 2019) 3
1123 Earthquake risk (Namjo et al., 2019) 1
1124 Risk of rising sea level Based on its locatlon,. t.he city has 5
very safe conditions.
Height of the studied area compared to the average
1125 sea height (Nabourah, 2021) 2
. (Zarghami, 2011)
112 I f 2
6 ssue of subsidence (Salimi, 2022)

* The index amount is obtained based on the findings of previous references and/or data.

Name of index

Population of city

Population growth

GDP (Gross domestic Product)
Poor residents

Houshold water consumption
Water footprint
Water-intensive industries

Upstream watershed status

0 1 2 3 4 5

Security degree

Fig. 5- The degrees of security in the sub-indexes related to the main economic and social pressure index

for Tabriz

city
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Table 3- Calculation method of Social and Economic Pressure Index and its sub-indexes for Tabriz city
2o e 50 0l (£ sl g sloinl g ol jLiS Lol (ald jlado dwlmo (g, -Y Jgu

Code Index name Method Index
amount*
1200 Economic and social pressures Average (1201, ...,1208) 1.625
1201 Population of the city (Anonymous, 2016) 1
1202 Growth rate of the population in the city (Anonymous, 2016) 2
1203 The Gross Domestic Product (GDP) (Anonymous, 2024) 3
1204 The status of poor settlements in terms of (Ghanbari et al., 2023) )
access to water
1205 The amount of household water (Ghanbari et al., 2023) 1
consumption
The footprint of water consumption (Barzegar Nemati et al.,
1206 2
2024)
1207 The status of water-intensive industries (Anonymous, 2023) 1
1208 The condition of the basin in the upstream (Salimi et al., 2022) 1

of the studied area

* The index amount is obtained based on previous resources and data.
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Fig. 6- Degrees of security of sub-indices related to the main state index for Tabriz city
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Table 4- Calculation process of the main state index and its sub-indexes for Tabriz city
o8 e 2 Ol £ P Srad LGy o " by e L dmlone Al,8 F g
Code Index name Method Index "
amount
2000 State Index (SI) [Average (2100, ..., 2500)-1] x25 28.5
2100 Accessible Water Averagex(2101,2102,2103) 1
2101 Sustainability of water reservoirs (Maidani et al., 2020) 1
and lakes (Emami and Koch, 2019)
2102 Excessive exploitation of (Vaezihir and Tabarmayeh, 2015) 1
underground water resources (Darabad et al, 2020)
2103 Reducing the level of underground (Vaezihir and Tabarmayeh, 2015) 1
water (Darabad et al., 2020)
Flood vulnerability in the ci Average (1121, ..., 1125
2200 Y &4 ge ) 2.5
2201 Runoff intensity anq its variability (Najafzadeh et al., 2017) )
in the city
2202 Storm risk (Najafzadeh et al., 2017) 2
2300 Rate of subsidence in the city Average (2301, 2302, 2303) 3
2301 Coastal flood protection According to the location of the 5
infrastructure city
2302 River flood protection infrastructure (Yazdani, 2016) 3
2303 Storm flood drainage infrastructure (Yazdani, 2016) 1
2400 Health infrastructure Average (2401, 2402) 2
2401 Covering and leakage of sewage (Najafzadeh et al., 2017) 3
infrastructure
2402 Adequacy of wastewater treatment (Najafzadeh et al., 2017) 1
2500 Water quality Average (2501, ..., 2505) 2.2
2501 Surface water quality (Sadeghzadeh Sadat et al., 2016) 7
2502 Contaminated sediments (Sadeghzadeh Sadat et al., 2016) 3
2503 Garbage in surface water (Sadeghzadeh Sadat et al., 2016) 2
. (Sadeghzadeh Sadat et al., 2016)
2504 Groundwater quality (Vaezihir and Tabarmayeh, 2015) 2
2505 Salt infiltration in groundwater (Sadeghzadeh Sadat et al., 2016) 2

(Vaezihir and Tabarmayeh, 2015)

* The index amount is obtained based on previous resources and data
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Fig. 7- Degrees of security for sub-indexes related to the main impact index for Tabriz city
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Table 5- Index values for the main Impact Index and its sub-indexes for Tabriz city
225 RS 2 ol (£ SR Wi g Sl ol pad s 3o -0 Jgaa

Code Index Name Method Index amount*
3000 Impact Index (IT) [Average (3100, ..., 3600)-1]x25 25
3100 dependency on the water supply Average (3101, ..., 3102) 2
3101 Challenges;gfefgfl;agllss related to Beheshti et al. (2019) 2
3102 S“Stai“abiggt;rfiﬁfban water Barzegar Nemati (2024) 2
3200 Water supply Equal to (3201) 2
3201 The number of people with access Najaf Zadeh et al. (2017) )
to water
3300 Flood protection Average (3301, 3302, 3303) 3
3301 Coastal flooding Considering the location of the city 5
3302 River flooding Yazdani (2016) 2
3303 Storm-induced flooding Yazdani (2016) 2
3400 Hygiene Average (3401, 3402) 3
3401 People with access to hygiene Asl-Hashemi et al. (2022) 3
3402 Water-related diseases Asl-Hashemi et al. (2022) 3
3500 Ecology Average (3501) 1
3501 Ecological quality of the city Mikayili and Sadeghi Benis (2010) 1
3600 Aesthetics Average (3601) 1
3601 Urban water perspective Mikayili and Sadeghi Benis (2010) 1
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Fig. 8- Degrees of security for the response index and its sub-indexes for Tabriz city
75 e 3 2955wl ol (as L 4 by SBad Wi j (Swal 423 A JSu
VFoF luanli oF 2ol o8 5 Camnt Jlw o3l ! qilho ol
Volume 21, No. 2, Summer 2025 (IR-WRR)

WY

= Organizational Framework
H Planning

Operational Management



Table 6- Estimated values for the response index and its sub-indexes for Tabriz city
7255 e 2 Ol (£ SBa L g5 9 25Swly (ol (ad Ll gl 8akd 835 (oS 3o —F Jgi>

Code Index name Method Index amount*
4000 Response Index (RI) [Average (4100, ...,4300)-1]*25 30.92
4100 Organizational framework Average (4101, ..., 4105) 2.82
4101 Clarity Qf roles and r.esp.0n51b111t1es Questionnaire 312
in the organization
Horizontal coordination and
4102 communication within the Questionnaire 3.14
organization
Vertical coordination and
4103 communication within the Questionnaire 3.45
organization
4104 Deviations Or errors 1n the Questionnaire 1.65
organization
4105 Responsibilities in the organization Questionnaire 2.75
4200 Planning in the organization Average (4201, ..., 4205) 2.01
4201 Access to data and information Questionnaire 32
4202 Financial resources Questionnaire 1.51
4203 Effectiveness of disaster Questionnaire 212
management
4204 Strategic planning Questionnaire 1.42
4205 Level of public participation Questionnaire 1.81
4300 Operational management Average (4301, ..., 4304) 1.88
4301 Effectiveness of urban water Questionnaire 29
management
4302 Effectiveness of health management Questionnaire 2.54
4303 Effectiveness of flood protection Questionnaire 1.45

management

4304 Effect1venes§ of environmental and Questionnaire 131
ecological management
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Table 7- Water Security Index (WSI) and its four related sub-indexe for Tabriz city
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Name of city  Pressure index

State index

Impact Index

Response index WSI

Tabriz 22.83 28.5

25 30.92 26.81
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Fig. 8- Water Securlty Index (WSI) for Tabriz city and ten other cities according to the WS and
its four sub-indices
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1- Water Security Index (WSI)

2- Pressure- State-Impact- Response (PSIR)
3- Water Unsecurity

4- Water Security

5- World Resource Institute

6- Ecosystem

7- World Water Council (WWC)
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