ol O gebio ol
Iran-Water Resources
Research

Innovative Measurement of Water Poverty
Index in West Azerbaijan Province Based on
Effective Data-Mining Mathematical-
Analytical Models

R. Sobhani?, A. Emadi?, R. Fazloula, and S.
Zamanzad-Ghavidel*

Abstract

In recent years, due to drought, population growth, and the decline in
groundwater reserves, the water poverty became an essential measure
to consider. The main objective of this study is to quantitatively and
qualitatively assess the of groundwater resources poverty based on two
innovative effective and data-mining mathematical-analytical methods
considering the six factors of capacity, environment, infrastructure and
access, water resources, management and climate (57 variables) in the
West Azerbaijan province for the period of 1390-1398 (2011-2019).
The value of comprehensive water poverty index was obtained as
53.03 and 53.67 in two effective and data-mining mathematical-
analytical models, respectively. The results showed that for the models
the factors of water resources, management and climate cause relative
unsustainability in  groundwater  resources  systems. The
comprehensive water poverty index has increased from 2012 to 2018,
while the value of this index has reached a relatively stable status after
the implementation of plans and projects related to groundwater
resources management. The years 2011, 2013, and 2017 are
respectively the milestones for the change of the status of the
comprehensive water poverty index from very low to low, low to
medium, and medium to high. As one of the unique innovations of the
current research, considering the climate factor along with the extreme
climatology phenomena in measuring comprehensive water poverty
can play a key role in decision making and formulating management
plans in water sector. Also, the development of a data-mining model
which reduces the number of variables included in the measurement of
the water poverty index, can effectively reduce the time, cost and
resources used for the water projects. Finally, investigating the effect
of the two sub-projects related to the Groundwater reclamation and
balancing plan i.e. 1) equipping wells with smart measuring tools, and
2) culture and information project, on the water poverty index showed
that the mentioned projects in some cases require management reforms
that should be taken into consideration by the managers and the policy
makers.
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Table 1- Introducing the factors, dimensions, and variables used in the research
BT 5 0l 485515 &y (g puile g Slayl by (B pme - Jgua

Factors
(i=1,..., 6)

j-Dimensions
G=1, 2,..., 4)

k-Variables (unit)
(K=1, 2,..., 10) (References)

1-Population density (people per square kilometer) (Bui et al. 2018), 2-The number of issued
life insurance (life), 3-Unemployment rate (percent) (Zamanzad-Ghavidel et al., 2020), 4-
Average of rural income (thousands-rials), 5-Average of urban income (thousands-rials), 6-

1-Socio- Employment in the industry sector (percentage), 7-Employment in the agriculture sector
economic (percentage), 8-Export amount (tons), 9- Share of the agriculture, hunting, forestry, and fishing
from the GDP (percentage) (El-Gafy, 2015), 10-Share of the water supply, wastewater
i management, and treatment activities from the GDP (percentage) (El-Gafy, 2015)
Capacny 2-Education- 1-Literate population (percentage) (Forouzani et al., 2013), 2-Internet users (population 6 years
(i=1) communication and old and older) (people) (Zamanzad-Ghavidel et al., 2020), 3-Computer users (population 6
technology years old and older) (people) (Zamanzad-Ghavidel et al., 2020)
3-Hygiene 1-Death of children under 5-years old (people) (El-Gafy, 2015), 2-Number of patients (adults)
and health due to internal diseases (people)
1-Female population (percentage) (El-Gafy, 2015), 2-Female to male employment in the
4-Gender agricultural sector (percentage) (Zamanzad-Ghavidel et al., 2020), 3-Female to male employment
in the industrial sector (percentage) (Zamanzad-Ghavidel et al., 2020)
1-Industries _— . - . .
. 1-The amount of distributed chemical fertilizers (tons), 2-Poisons sold (kilograms)
and chemicals
Environment g\;’:ﬂ:ral 1-Fire area in pastures (hectares)
(i:2) 3- 1-The area under cultivation of annual crops (hectares), 2-Amount of production of main
Agriculture agricultural products annually (hectares) (El-Gafy, 2015)
4- Eisheries 1-Amount of aquaculture production (collection from natural and semi-natural resources - rivers
and dams) (tons)
1-The population covered by urban wastewater collection and sanitary disposal services (people)
(Liang et al., 2020), 2-The length of the collection network in urban areas covered by the Water
1-Sewage and Wastewater Company (kilometers) (Haak and Pagilla, 2020), 3-The number of sewage
branches in the urban areas covered by the Water and Wastewater Company (Haak and Pagilla,
2020)
1-The volume of water tanks in the circuit (thousand cubic meters), 2-The number of water
Infrastructure treatment plants in the circuit, 3-The number of branches in urban areas covered by the water and
and access 2-Water sewage company, 4-The capacity of water supply sources in rural areas (thousand cubic meters),
(i:3) 5-The number of water branches in rural areas, 6-The volume of reservoirs in rural areas
(thousand cubic meters), 7-The length of distribution network in rural areas (kilometers), 8-The
length of water transmission lines in rural areas (kilometers)
1-Gross production of electricity (million KWh) (El-Gafy, 2015), 2-Number of electricity
3-Electricity _subscri_bers in the agricultural sector (percentage_),_s- Num_ber of ele_ctricity subscribers in the
industrial sector (percentage), 4-Amount of electricity sales in the agricultural sector (MWh), 5-
Amount of electricity sales in the industry sector (MWh)
1-Water 1-The volume of water sales in urban areas covered by the Urban Water and Wastewater
Water consumption Company (cubic meters) (Haak and Pagilla, 2020), 2-The volume of water sales in rural areas
resources (quantity) covered by the Rural Water and Wastewater Company (cubic meters) (Haak and Pagilla, 2020)
(i=4) 2-Water 1-Electrical conductivity (umho/cm) (EI-Gafy, 2015), 2-Water temperature (Celsius) (El-Gafy,
quality 2015)
1- 1-Biological and biomechanical operations in watershed management (hectares), 2-Stone
Management Management actions  operations (including gabions, etc.) in watershed management (cubic meters), 3-Mounding and
Y of institutions direct cultivation for pasture management and its improvement (hectares)
(i=5) 2-Goverment Performance of credits for the acquisition of capital assets (million-rials) in the following sectors:
1-Water resources, 2-Agriculture and natural resources, 3-Environment, 4-Industry
1-Humidity 1-Relative humidity-12hr (percentage)
Climate 2- 1-Average monthly temperature (Cglsius), 2-Average minimum temperature (Celsius), 3-
(i—6) Temperature Average maximum temperature (Celsius)
= 3-

Precipitation

1-Sum of precipitation (mm)

Representative of water
resources systems (RWS)

The amount of discharge from groundwater resources (million cubic meters)
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Fig. 2- Schematic of the function of gene expression programming method to select the variables of water
resources factor in the data-mining method
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Table 2- Water poverty index based on the capacity factor using effective and data-mining mathematical-

Sl (i s ol
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analytical models
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Dimensions Variables . Wik WPI; WPI;
() ) e R 5 5 5
Effective A3 Efoctive A8 Efrective ata-
mining mining mining
Population density 57.90" 0.97 0.12 0.20
The r_]urr_]ber of issued 30.97 0.74 0.09 )
life insurance
Unemployment rate 46.77 0.67 0.08 0.14
Aver_age of rural 66.68°" 0.83 010 )
income
Average of urban 7010 082 010 }
income
Employment in the )
Soci industry sector 4000 0.59 0.07
ocio- Employment in the 51.19 49.79
economic agriculture sector 31.50 0.64 0.08 0.13
Export amount 47.01 0.70 0.09 0.14
Share of the
agriculture, hunting, 49.14 096  0.12 0.19
forestry, and fishing
from the GDP
Share of the water
supply, wastewater
management, and 58.35™" 0.99 0.13 0.20 4985  49.38
treatment activities
from the GDP
Education- Literate population 50.00™ 0.94 0.34 0.51
Communication  Internet users-older 6
o years old 48.89 0.89 0.32 0.49 4957 49.46
Technology Computer users older 49 78°- 0.93 034 )
6 years old
Death of children 46.40 0.86 0.49 )
Sanitati q under 5-years old
an::aet;clatr;] an Number of patients 47.04 47.66
(adults) due to internal 47.66™ 0.88 0.51 1.00
diseases
Female population 54577 0.90 0.44 -
Female to male
employment in the 50.61” 0.66 0.32 1.00
Gender agricultural sector 51.59 50.61
Female to male
employment in the 47.44 0.49 0.24 -

industrial sector

*[*

Unsustainable variables in Effective model / Unsustainable variables in Data-mining model

*I- Unsustainable variables in Effective model / Sustainable variables in Data-mining model
" Sustainable variables in Effective model / Unsustainable variables in Data-mining model
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Table 3- Water poverty index based on the environmental factor using effective and data-mining
mathematical-analytical models
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. . . Wi; WPI;; :
Dimensions Variables T R ijk Dat L Dat WPI, Dat
0] K Nijk UK Effective ala”  Etfective Al Etfective o
mining mining mining
Industries  The amount of distributed “l
and chemical fertilizers 63.36 0.59 0.40 47.56 36.90
chemicals and pesticides sold 36.90"  0.87 0.60 1.00
Natural Fire area in pastures 27.69 0.40 1.00 - 27.69 -
events
The area under cultivation 39.68 42.85
of annual crops 40.53 0.87 0.52 0.52
Agriculture  Amount of production of 48.81 48.81
main agricultural products ~ 57.88*  0.79 0.48 0.48
annually
. . Amount of aquaculture
Fisheries production 34.66 0.61 1.00 - 34.66 -

*[*

Unsustainable variables in Effective model / Unsustainable variables in Data-mining model

*I- Unsustainable variables in Effective model / Sustainable variables in Data-mining model
" Sustainable variables in Effective model / Unsustainable variables in Data-mining model
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Table 4- Water poverty index based on the infrastructure and access factor using effective and data-mining
mathematical-analytical models

9 p5e lodi— @by g0 3l 03] U L o yiawsd g BCS g 5 5981 3o asT U ol ;88 (ad Ll pdlio -F Jouo
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Dimensions Variables Wik WPI; WP

. Inii R;; - N N
0] (k) Nijk UK Effective D22 Effective D2 Effective Data
mining mining mining

The population covered by
urban wastewater collection
and sanitary disposal
services
The length of the collection
network in urban areas
covered by the Water and
Wastewater Company
The number of sewage
branches in the urban areas
covered by the Water and
Wastewater Company
The volume of water tanks
in the circuit
The number of water

treatment plants in the 36.11 0.60 0.09 0.19
circuit
The number of branches in
urban areas covered by the ~ 68.197  0.80 0.12 -
water and sewage company
The capacity of water
supply sources in rural 61.13"  0.90 0.13 0.28
areas
The number of water
branches in rural areas
The volume of reservoirs in
rural areas
The length of distribution
network in rural areas
The length of water
transmission lines in rural 55.89 0.96 0.14 -
areas
Gross production of
electricity
Number of electricity
subscribers in the 52.27 0.94 0.21 0.26
agricultural sector
Number of electricity
subscribers in the industrial 52.01 0.94 0.21 0.26
sector
Amount of electricity sales
in the agricultural sector
Amount of electricity sales
in the industry sector

50.82"  0.92 0.33 1.00
49.11 0.93 0.33 - 50.97 50.82

Sewage

52.94"  0.95 0.34 -

69.887" 0.81 0.12 0.25

Water 56.78 55.04 53.51 53.62
53.05 0.94 0.14 -
48.03 0.87 0.13 0.27

5759  0.94 0.14 -

57.93"* 0.85 0.19 0.23

Electricity 52.78 55.01

58.17"  0.92 0.20 0.25

43.26 0.85 0.19 -

" Unsustainable variables in Effective model / Unsustainable variables in Data-mining model
*I- Unsustainable variables in Effective model / Sustainable variables in Data-mining model
" Sustainable variables in Effective model / Unsustainable variables in Data-mining model
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Table 5- Water poverty index based on the water resources factor using effective and data-mining
mathematical-analytical models
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Dimensions Variables o R. Wit WPI; WPI
() (K Nijk WK Effective P2 Effective D2 Effective D2
mining mining mining
The volume of water sales
in urban areas covered by e
Water the Urban Water and 59.23 0.95 051 1.00
. Wastewater Company
cczgzl;r:t?tt;/?n The volume of water sales 58.21 59.23
in rural areas covered by the 53.99 59.64
Rural Water and 57.15 091 049 )
Wastewater Company
Electrical conductivity ~ 60.05”  0.63 0.53 1.00
water 4977 6005
quality Water temperature 3835 057 047 -

7" Unsustainable variables in Effective model / Unsustainable variables in Data-mining model
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Table 6- The amount of water poverty index based on the management factor using effective and data-
mining mathematical-analytical models

15900313 g yipe lodi— ool gl 31 83l b Cu prte 495 1 &G U of 85 (ad L palie —F Jgua

Dimensions Variables o R.. Wit 5 WPI”D WPI; 5
(i) (k) Nijk K Effective A8 Effective Aa-  Etfoctive ata-
mining mining mining
Biological and biomechanical
operations in watershed 79.60 0.56 0.35 0.49
Management management o
- Stone operations in watershe .
_act!on§ of management 86.04 0.44 0.28 - 82.35 80.94
Institutions Mounding and direct cultivation
for pasture management and its 82.22  0.59 0.37 0.51
improvement
Water e 60.77 62.78
Performance resources 44.99 0.58 0.23 0.43
of credits Agriculture
Government for_ t_hge and natural 32.45 0.50 0.20 39.19 44.62
acquisition resources
ofcapital  Enyironment 44347 076 0.30 057
assets:
Industry 33.44 0.68 0.27 -

" Unsustainable variables in Effective model / Unsustainable variables in Data-mining model
*I- Unsustainable variables in Effective model / Sustainable variables in Data-mining model
*Sustainable variables in Effective model / Unsustainable variables in Data-mining model
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Table 7- Water poverty index based on the climate factor using effective and data-mining mathematical-
analytical models

sgpmondls 5 e o= ol b o 31 o3lisel U waldl 153516 3 45 b 1 i S yalio ¥ Jgan

- . W;; WPI; :
Dimensions Variables o R ik Dat L Dat WP Dat
0} ) Nijk WK Effective ata- - Etfective ata- e ttective ata-
mining mining mining
Humidity Re'a“"izh#rm'd'ty' 7377 0.65 1.00 ; 73.77 -
Average monthly 5y 55 65 0.33 0.33
temperature
Temperature ~ A\Verage minimum - gq 0, g g5 0.28 0.28 52.02 52.02 60.40 53.72
temperature
Average maximum gz age g 75 0.38 0.38
temperature
Precipitation ~ Sum of precipitation ~ 55.43"*  0.44 1.00 1.00 55.43 55.43

" Unsustainable variables in Effective model / Unsustainable variables in Data-mining model
*I- Unsustainable variables in Effective model / Sustainable variables in Data-mining model
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Fig. 3- The sustainability of studied factors to measure water poverty index based on effective and data-
mining mathematical-analytical models
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Table 8- Trend of water poverty index changes according to the studied factors
axdllao 3,90 (51,98 (gl3l 4 o B8 Lad L Ol W) —A Jgo

Type of Factors Year
models 1390 1391 1392 1393 1394 1395 1396 1397 1398
Capacity 26.45 2891 3560 37.74 5886 62.00 6576 6519 68.10
Environment 22.03 19.99 2904 1979 3410 4181 4968 58.85 81.80
Effective '”frasgcli?:srea”d 1.66 1651 3161 4820 5493 6292 7848 8730 100.00
model Water Resources 0.00 3001 4161 5330 5950 5276 7349 7878  96.46
Management 49.67 2333 5313 60.07 5476 63.15 8959 8757  65.65
Climate 33.33 65.77 6183 7259 5739 5739 76,78 8524  33.32
Capacity 20.72 28.04 2840 3863 6629 67.15 6343 57.97 73.80
Environment 25.18 2756 2780 2157 1974 6235 7557 6427 6165
Data- Infrastructure and 0.00 1843 3489 4972 5857 5962 7580 8559 100.00
mining access
model Water Resources 0.00 2281 5345 6411 8412 5823 8254 7825 93.26
Management 47.41 34.35 57.44  55.00 49.25 70.99 93.19 8446 7293
Climate 0.00 3821 3335 4544 3024 3024 5400 5753 33.32
--I--- Effective model --#--- Data-mining model
100.00
Very High
8000 { ——————————— e — —
BT = L LSRR
High ,,[:*’ ----- AT ' }
8 Pl
S 6000 ——————————————————— T ————
——
(&) . ___‘l_-—.*
2 Medium T
= | _E
= MW0{ ——————— e
o Low g~
200{ LPmoo---—
A
Very Low
0.00
1390 1391 1392 1393 1394 1395 1396 1397 1398
Year
Fig. 4- Trend of changes of comprehensive water poverty index based on effective and data-mining
mathematical-analytical models
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1- Sustainable Development
2- Comprehensive Water Poverty Index (CWPI)
3- Capacity

4- Environment

5- Infrastructure and Access
6- Water Resources

7- Management

8- Climate

9- Harvard

10- Skudai

11- Hanoi

12- Vietnam

13- Sichuan

14- Effective

15- Data-mining
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