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Abstract

Assessment of water security can be considered as a comprehensive approach towards analysis of status of water resources and water resource
management practices. This approach can be especially helpful for Iran, which faces complex problems in the management of water and natural
resources. In this paper, an index is developed for assessing the state of water security in Iranian provinces using the geometric mean as the
aggregation method. Finally, the Iran provinces were ranked by this index and a number between 0 (for the worst condition) and 1 (for the best
condition) is estimated as water surety index for each of them. The results indicated that the security index value can not be more than 0.43 for none of
the provinces, which shows weak water security for all of the provinces. The provinces located on the eastern border and the eastern part of the central
Iranian plateau, Sistan and Baluchestan, Khurasan Razavi, Yazd, and Kerman are provinces that face the worst conditions and had the least values for
water security index (all below 0.22). Mazandaran province with water security index of 0.416 was ranked first mostly due to good condition in
resource dimension. East Azerbaijan province due to balance and relatively good status in all dimensions was ranked second. Hormozgan province
with water security index of 0.386, because of the best condition in economic dimension was ranked 3™,

Keywords: Composite Indicators, Geometric Aggregation, Indicator Normalization, Security of Access to Water, Water Security.
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Table 1. Key dimensions considered for water security in different references

Reference

Water Security Dimensions

Xiao ef al. (2008)

1- Conflict between water supply and demand
2- Ecological environment

3- Food security
4- Disaster management capacity

1- Basic household needs

Lautze and Manthrithilake (2012) 2- Food production

3- Environmental flows

4- Risk management
5- Independence

1- Household water security

4- Environmental water security

ADB (2016) 2- Economic water security 5- Resilience to water-related disasters
3- Urban water security
1- Security of resources & consumption 4- Economic water security
Zekri (2017) 2- Environmental water security 5- Water security disaster
3- Social water security 6- Water independence
1- Resources 3- Risks
Jensen & Wu (2018) 2- Access 4- Governance
Ray & Shaw (2019) 1- Physical 3- Institutional

2- Socio-economic
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Table 2. Indicators, sub-indicators, references for the indicators for the “Resources” dimension and the sources of the
data used for their calculation

Indicator Sub-indicator Variable Data Year References”
source
. Per capita IRWR Population I 2016 A,B,D,E,
Predicted
IRWR (Internal renewable water resources) Internal renewable water resources 1 2011 F
Population change ratio 5-year population growth rate 1 2016 -
Inter-annual coefficient of variation Average annual precipitation time series I 2019 B.C
Climate Monthly coefficient of variation Average monthly precipitation time series m 2019 i
Precipitation anomaly Average annual precipitation time series I 2019 C
Temperature anomaly Average annual temperature time series il 2019
Surface water stress Internal renewable surface water resources il 2011
Annual surface water withdrawal 11 2011
Water stress C,E
Groundwater stress Internal renewable groundwater resources i 2011
Annual groundwater withdrawal 11 2011
Dependence of agriculture on groundwater Agricultural groundwater withdrawal I 2011
resources Total agricultural water withdrawal 1 2011
Dependence of urban drinking water on Urban groundwater withdrawal v 2018
Dependence on
oundwater groundwater Total water produced for urban use v 2018 E
grresources Dependence of rural drinking water on Rural groundwater withdrawal v 2018
groundwater Total water produced for rural use v 2018
Dependence of industry on groundwater Industrial groundwater withdrawal il 2011
resources Total industrial water withdrawal I 2011
Annual deficit of aquifers Average annual grou.ndwate? reservoir deficit I 2018 G
o . Total annual groundwater withdrawal 1T 2011
Aquifers’ deficit . . .
. . . Cumulative groundwater reservoir deficit I 2018
Cumulative deficit of aquifers F
Internal renewable groundwater resources 1 2011

* A: Xiao et al. 2008, B: Lautze && Manthrithilake, 2012, C: ADB, 2016; D: Jensen & Wu, 2018, E: Zekri, 2017, F: Ray & Shaw 2018, G: Gain et al., 2016.
°© I: Census data, II: Iran water resources management company, III: Iran meteorological organization, IV: Water & wastewater statistical yearbook.

Table 3. Indicators, sub-indicators, references for the indicators in the “Access” dimension and sources of data used
for their calculation

Indicator Sub-indicator Variable Data Year References”
source
Drinking Ratio of urban population that treat water Number of urban households that use inhouse water I 2016
Water domesticall treatment packages C,F
Quality Y Total number of urban households I 2016
Quantity & Urban access to piped water Urban access to piped treated water I 2018
. B,C,D,F, G
Quality Rural access to clean water Rural access to clean water it 2018
of Access to Ratio of population under water stress Population under water stress v 2020
Drinking water pop Total population under coverage v 2020
Urban access to sanitation services Urban access to sanitation services I 2018
L . . . C,D,G
State of Rural access to sanitation services Rural access to sanitation services m 2018
Sanitation Total access to sanitation services m 2018
Services Wastewater treatment plants' coverage Total wastewater collected \% 2018 F
Operational capacity of wastewater treatment plants I 2018
State of Dams Opcratlopal capacity of dams to renewable surface Total volume of operational dams VI 2020 B.C.D
water ratio Renewable surface water resources VI 2011

* A: Xiao et al., 2008, B: Lautze & Manthrithilake, 2012, C: ADB, 2016, D: Jensen & Wu, 2018, E: Zekri, 2017, F: Ray & Shaw, 2018, G: Gain et al., 2016.
° I: Urban environmental characteristics survey, II: Census data, III: Water & wastewater statistical yearbook, IV: Water and Wastewater Company of Iran, V: Environmental
statistical yearbook, VI: Iran water resources management company.

Table 4. Indicators, sub-indicators, references for the indicators in the “Economy” dimension and sources of used for
their calculation

Indicator Sub-indicator Variable Data source Year References
Agricultural . .. Agricultural added value I 2011
productivity Agricultural productivity Agricultural water withdrawal 11 2011 CE
S Ratio of irrigated land using modern ArAea . of irigated land using  modem it 2018
Modern irrigation irrication irrigation -
S Total area of irrigated land 111 2018
Employment Employment under threat due to  Agriculural emplyment v 2017 E
under threat groundwater reservoir deficit Internal renewable water resource per capita 11 2011
Industrial . .. Industrial added value I 2011
productivity Industrial productivity Industrial water withdrawal 11 2011 CE
Urban non-revenue water Urban non-revenue water \% 2018
Non-revenue water E F
Rural non-revenue water Rural non-revenue water \ 2018

* A: Xiao et al. 2008, B: Lautze & Manthrithilake, 2012, C: ADB, 2016, D: Jensen & Wu, 2018, E: Zekri, 2017, F: Ray & Shaw, 2018, G: Gain et al., 2016.

© 1: Detailed report on GDP by statistical centre of Iran, II:

Employment survey by statistical centre of Iran, V: Water & wastewater statistical yearbook.
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Norm alized Value

0

0

Worst Condition (Min)  Best Condition (Max)

a) “The larger, the better”

Best Condition (Min) Worst Condition (Max)

0

Min Reference Value = Max

Initial Value

b) “The smaller, the better”

¢) “The closer to the reference point, the
better”

Figure 1. Proposed normalization method for water security indicators
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Table 5. Assessment results-dimension scores, water security index scores and provincial rankings
(1: best and 31: worst) based on geometric and arithmetic aggregation of water security index

Province Resources  Access  Economy  Water security index  Ranking (Geometric)  Ranking (Arithmetic)
Mazandaran 0.81 0.22 0.46 0.43 1 1
East Azerbayjan 0.36 0.4 0.5 0.42 2 6
Hormozgan 0.22 0.41 0.65 0.39 3 5
Gilan 0.89 0.4 0.16 0.38 4 2
Markazi 0.23 0.48 0.51 0.38 5 9
Kurdistan 0.78 0.52 0.14 0.38 6 3
West Azerbayjan 0.34 0.59 0.26 0.38 7 11
Esfehan 0.22 0.54 0.43 0.37 8 12
Kermanshah 0.69 0.31 0.22 0.36 9 8
Lorestan 0.82 0.17 0.32 0.36 10 4
Charmahal &Bakhtiari 0.64 0.46 0.14 0.35 11 7
Ardabil 0.26 0.45 0.33 0.34 12 14
Ilam 0.72 0.36 0.14 0.33 13 10
Alborz 0.2 0.51 0.32 0.32 14 16
Fars 0.26 0.37 0.31 0.31 15 17
Golestan 0.23 0.37 0.33 0.3 16 18
Kohgiluye & Buyerahmad 0.57 0.32 0.14 0.3 17 15
Tehran 0.08 0.55 0.55 0.28 18 13
North Khorasan 0.17 0.47 0.27 0.28 19 19
Hamedan 0.23 0.32 0.26 0.27 20 21
Zanjan 0.23 0.38 0.19 0.26 21 22
Bushehr 0.15 0.12 0.65 0.23 22 20
Qazvin 0.17 0.19 0.34 0.22 23 27
Semnan 0.12 0.33 0.28 0.22 24 24
Khoozestan 0.23 0.42 0.11 0.22 25 23
Yazd 0.13 0.19 0.37 0.21 26 26
Qom 0.1 0.18 0.44 0.2 27 25
Sistan & Baluchestan 0.16 0.34 0.14 0.2 28 28
Razavi Khorasan 0.14 0.34 0.16 0.2 29 29
Kerman 0.16 0.27 0.14 0.18 30 31
South Khorasan 0.19 0.33 0.09 0.18 31 30
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Figure 2. Resources dimension mapping
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Figure 4. Economy dimension mapping
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Figure 3. Access dimension mapping
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