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Abstract 
Kurdistan region-Iraq can be considered the richest area in the MENA for water availability 

per capita. However, water management, economic situation, sustainability and utilisation of water 
are controversial. Water Poverty Index (WPI) is a holistic tool to find the link between socio-
economic development, livelihood, water availability, and water management. In addition, it is an 
effective method for comparison between different regions and countries. In this work, depending 
on available data of Kurdistan region-Iraq, and literature review, 14 elements (indicators) has been 
used to extract WPI score of the study area. The WPI has been used to find water utilisation, and 
water stress level in Kurdistan region. Then, the result of this work has been compared with WPI 
scores in some countries in the MENA. The work has shown that the WPI score of the study area is 
52. The work has found that, although water availability per person/year in Kurdistan region is more 
than all countries in the MENA, WPI score of the study area is lower than its neighbours like Iran, 
and Turkey. The low scores of Kurdistan region regarding WPI are because of many factors like 
variation of water income, mismanagement of water resources and water use. 

Keywords: Economy, Kurdistan Region, Sanitation, Water Management, Water Poverty In-
dex (WPI), Water Resources, and Water Use. 

 
Introduction 
Water Poverty Index WPI is a sophisticated multi-disciplinary tool to evaluate and analyse 

the water-related and it uses for management and planning purposes. It has been introduced by Sul-
livan (2002) basing on hydrological modeling works (Craswell et al., 2007; & Anju et al., 2017).  

There are many definitions of this tool. Craswell et al., (2007) define WPI as a holistic indi-
cator to find the link between livelihood and availability, generally, it is used for water management. 
Whereas Anju et al., (2017) believe Water poverty index (WPI) is a transparent, open and sample 
tool to attract the decision-makers and poor people to participate in water management and its de-
velopment and it is used to evaluate the water situation in a specific area. Farolfi, (2011) claims, 
WPI is tool can link water availability with socioeconomic variables.  

 However, some claim WPI is a tool, purely, uses in water management. The WPI can be de-
scribed as great water management tool relevance in policy-making chiefly in resources allocation 
and processes of prioritization (Shalamzari, and Zhang, 2018). In addition, Koirala et al., (2020) 
claim, Water Poverty Index (WPI) is an interdisciplinary tool to evaluate water stress and scarcity, 
linking the general socio-economic drivers of poverty problem with physical estimates of water 
availability. In fact, WPI is a tool to link water with general socio-economic development in a spe-
cific area. It is used for general development planning purposes in a particular area.  
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There is a strong link between water poverty and development. Koirala et al., (2020) be-
lieves, poverty and water interface is strongly interlinked, accessing to adequate water is a highly 
relevant issue while addressing the poverty problem. Adds that it is impossible to eradicate the po-
verty problem without suitable allocation and access to water (Koirala et al., 2020).  

The ability to adapt WPI for different scales is one of the important advantages of this tool. 
For example, some scholars proposed a watershed-based WPI and successfully piloted (Shalamzari, 
and Zhang, 2018), others proposed the national and regional level as a case study. Shalamzari, and 
Zhang, (2018) have classified WPI a severe (WPI <48), high (48–56), medium (56–62), medium-
low (62–68) and low (WPI >68) (Shalamzari, and Zhang, 2018). Whereas some scholars use other 
classifications such as numbering (Mlote et al., 2002; & Lawrence et al., 2003). The index score 
should be between 1 and 100. So, this tool can be used to evaluate the water-related issues in Kur-
distan region-Iraq and the MENA, and rank the countries basing on water-socioeconomic develop-
ment. 

The aim of this work is to give an outlook on an application of the WPI indicator to extract 
the water stress level of Kurdistan region, and then a comparison between Kurdistan region-Iraq and 
some countries in the MENA. In this work, firstly, the meaning of WPI, and the purposes of using 
this tool has been explained. After that, WPI score of the study area has been extracted, and finally, 
the results of this work will be compared with previous works results about the MENA 

Purposes of using WPI 
Generally, this tool is to find the link between water availability, its uses, and socio-

economic development in a specific area.  Lawrence et al, (2003) explain the main purpose of using 
the Water Poverty Index (WPI) is to indicate an interdisciplinary measure that links welfare of 
household with availability and reliability of water and indicates of water scarcity. In addition, it is a 
planning indicator. Moreover, the WPI is a first pass at trying to introduce an international measure 
for comparing performance in the water-related sectors in the world (Craswell et al., 2007). WPI can 
be used to identify and evaluate poverty in relation to water resources availability (Mlote et al., 
2002) 

Furthermore, it uses to evaluate and analyse the statue in an area in order to deal with the fu-
ture planning process. It is giving direction to allocation of resources and managerial policy (Law-
rence et al., 2003). Performance Indicators are an important tool for evaluating processes of 
achievement, particularly for planning purposes. Sullivan et al,( 2002) have developed this index to 
consider all the aspects involved with the management of water, it is basing on five elements which 
are Resource- R, Access A, Capacity C, Use U, and finally Environment E. (Sullivan, 2002; & Anju 
et al., 2017). 

.The sub-indicators (elements) of this tool which are (Water resources, Access of water and 
sanitation, Using of water, Human development index and Environmental protection level) are cor-
related with socioeconomic development, water availability and natural environment of the specific 
area. Fo example, clean water and sanitation have been set as a one of the United Nations 2030 
Agenda for Sustainable Development explicitly (SDGs) (Koirala et al., 2020).  

This tool can be used everywhere around the world. It makes it possible to rank regions, and 
countries taking into account the economic and physical factors associated with water scarcity (Law-
rence et al., 2003). For example, this indicator can be used to compare two or more countries and 
regions (Mlote et al., 2002). It is international comparison tool (Koirala et al., 2020). In addition, it 
can be used to compare different parts of one country. 

Furthermore, Farolfi, (2011) uses this tool to find water scarcity in the south of Africa. 
While, Craswell et al., (2007) used this method to evaluate water stress and security in Tanzania, Sri 
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Lanka and South Africa. Koirala et al., (2020) used WPI tool to evaluate water stress and security in 
Koshi River Basin, Nepal. In addition, Shalamzari, and Zhang, (2018) has determined 41 as aWPI 
score of Province of Golestan in the North of Iran.  

 
Materials and Methods 
Study Area  
Kurdistan Region-Iraq is an autonomous territory, situated in the north of Iraq. See Figure 1. 

The size of Kurdistan region-Iraq is about 41,000 square kilometers (KRG, 2019). It is bigger than 
the Netherlands. It mainly covered by the mountains in the North East and North. 

 
Figure 1. Map of Kurdistan Region of Iraq 

 
The climate condition of the majority of Kurdistan Region is, mainly, semi-arid continental: 

dry and hot in summer, in contrast, it is cold and wet in winter and spring. The average temperature 
of the region is between 13.5c and 21.56 in Penjuen (in the mountain area) and Erbil (in the Plain 
area), respectively (GDOM, 2019). The average annual rainfall is 633MM. It increases in the North 
and the North East areas to get 1308MM/Y in Mergasor in the mountain area (GDOM, 2019).The 
total size of population the region is 6.03 million people (KRSO, 2015). KRSO, believes, each year 
137,000 people adds to the Kurdistan region population (KRSO, 2015). Kurdistan region has an im-
portant amount of available water which is 30 BM3 (Hawrami, 2014) but because of significant 
mismanagement the value and importance of the water resources reduce.   

Elements of WPI 
It is important to note that, WPI covers too many floors. It consists of five main elements 

which are water resource, water and sanitation services, human, and economic development, and 
Environmental situation (Sullivan, 2002; & Anju et al., 2017). However, different sub-elements (in-
dicators) can be used according to data availability, local conditions of the specific area, and the aim 
of the work. For example, if we use this tool for comparison between two or more countries, we 
should use wider elements and data. See table 1. 
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Table 1. Example of using of sub-elements by different scholars and this work 
(Shalamzari, 
and Zhang 
2018) 

(Lawrence, 
Meigh, and 
Sullivan, 2003)

(Koirala et al., 
2020) 

(Farolfi, 2011) This paper  

Resource R     
Per-capita an-
nual water  

 internal 
Freshwater 
Flows 
 

Per capita an-
nual water re-
sources 
(m3/year)  

Internal  
50% of external 
water  

Internal  
50% of external per 
cap in CM 

-Precipitation 
Coefficient of 
Variation (CV)  

External In-
flows 
Population 

Coefficient of 
variation of 
rainfall (CV) 

 
  

Coefficient of vari-
ation of rainfall 
(CV) 

Access Ai     
Population hav-
ing piped water 
supply 

% population 
with access to 
clean water 

% population 
with access to 
clean water  

% of the population 
with access to safe 
water 

% population with 
access to clean wa-
ter  

%  of the popu-
lation with im-
proved  sanita-
tion   

% population 
with access to 
sanitation 

 % population 
with access to 
sanitation (A2) 

% population with 
access to sanitation  

%  of the popula-
tion with improved  
sanitation   

  % population 
with access to 
irrigation ad-
justed by per 
capita water 
resource 

 Proportion of inter-
nal water for arable 
land 
 

 

Capacity C     
Literacy Rate  
 

Education 
 

Literacy rate  
 

Education 
 

Literacy rate 
 

% of the popu-
lation with 
access to elec-
tricity  
 

Under-five 
mortality rates 
 

Ratio of Adult 
Economically 
Active Popula-
tion Engaged in 
Non-agriculture 
to agriculture  

Rate of the popula-
tion with access to 
electricity  
 

Life expectancy  
 
 

-% of house-
holds receiving 
a pension, 
or/and wages  

PPP per capita 
income 

GDP index GDP per Cap GDP – CAP 

% of the popu-
lation with 
access to health 
centers  

Enrolment 
rates 
Gini coeffi-
cients of in-
come distribu-
tion 

 Gini coefficients of 
income distribution 
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   under-5 mortality 
rate (per 1000 live 
births). 

 

   Life expectance  
Use U     
Domestic water 
consumption 
rate  

domestic water 
use in liters per 
day 

Households 
(HHs) having 
sufficient do-
mestic water

domestic water use 
per capita 
(m3/cap/yr) 

Domestic  
 

The rate of irri-
gated area to the 
total cultivated 
lands 
 

share of water 
use by industry 
and agriculture 
adjusted by the 
sector’s share 
of GDP 
 

HHs having suf-
ficient water for 
agricultural use 
Information 
System (KBIS) 
(days/year) (U3)
 

Industrial water use 
per capita 
(m3/cap/yr) 

Industrial water use 
per capita 
(m3/cap/yr) 

Livestock water 
use  

 Ratio of irri-
gated to culti-
vated area  

Households (HHs) 
industrial water use 
per capita 
(m3/cap/yr) 

 

Agricultural wa-
ter use ex-
pressed 
 

  Agricultural water 
use per capita 
(m3/cap/yr).  
 

 

Environment E     
Risk of deserti-
fication  
 

Environmental 
regulation and 
management 

% of area with 
natural vegeta-
tion  

% of land area un-
der protected status 

% of area with nat-
ural vegetation  

Risk of erosion 
 

 
 
 

Fertilizer used 
per hectare   

fertilizer consump-
tion per hectare of 
arable land 

Fertilizer used per 
hectare   

Risk of  flood-
ing  

water quality, 
water stress 
(pollution), 
biodiversity 

 Mortality rate attri-
buted to unsafe wa-
ter, sanitation (per 
100,000 popula-
tion) 

Pesticide  
 

 
It is clear each scholar has used different sub-elements (indicators) within the same elements. 

In fact, for the elements of Resources, Environment and access similar sub-elements have been 
used; the differences are, mainly, within elements of capacity and use. However, according to the 
available data, and the purposes of my work, which is to find the water stress and security in Kurdis-
tan region-Iraq in comparison with some countries in the MENA, I have used fourteen elements (in-
dicators) and equations. See table 2. 
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Table 2. Elements of WPI of this work* 
Re-
sources 
R 

 Sub-elements  Sta-
tue 

No Equation  

 R1 Internal  
50% of external per cap 
in CM  (R1) 

+ 1 R1 = W୰ି୫୧୬ (W୰)୫ୟ୶ (W୰)ି୫୧୬ (W୰) × 100     

R1= internal water+(external wa-
ter/2)= 
 

 R2 Coefficient of variation 
of rainfall (CV) 

_ 2 
 

A- Mean of (annual rainfall )           

SD          (CV) % =  
ௌMୣୟ୬) × 100 =  

B- R2 = [1 − (Xi/30)] × 100 
Access    
A 

A1 % population with 
access to clean water  

+ 3 A1 = PTP × 100     
 A2 %  of the population 

with improved  sanita-
tion   

+ 4 A2 = ptp × 100    
Capacity 
C 

C1 Literacy rate 
 

+ 5  C1 = LPTP × 100   

 C2  Rate of the population 
with access to electrici-
ty  

2ܥ 6 + = ି୫ୟ୶ ି୫୧୬Lୟ × 100    

 C3 GDP – CAP + 7 C3 = GDPି୫୧୬ (GDP)୫ୟ୶ (GDP)ି୫୧୬ (GDP) × 100     

 C5 under-5 mortality rate 
(per 1000 live births). 

4ܥ 8 _ = 1 − ( ெି୫୧୬(ெ)୫ୟ୶(ெ)ି୫୧୬(ெ)) ×100  
 C6 Life expectancy  

 
5ܥ 9 + = ௫ି୫୧୬ (௫)୫ୟ୶ (L୶)ି୫୧୬ (௫) × 100     

USE U U1 domestic water use in 
liters per day  

+ 10 ܷ1 = ௐ௨ௗି୫୧୬ (ௐ௨ௗ)୫ୟ୶((ௐ௨ௗ)ି୫୧୬ ((ௐ௨ௗ) × 100      

 U2 Industrial water use per 
capita (m3/cap/yr) 

+ 11 ܷ2 = ௐ௨ି୫୧୬ (ௐ௨)୫ୟ୶((ௐ௨)ି୫୧୬ ((ௐ௨) × 100      

Envi-
ronment    
E 

E1 % of area with natural 
vegetation  

1ܧ 12 + = ௩Xୟ୧ × 100     

 E2 Fertilizer used per hec-
tare   

2ܧ 13 _ = 1 − ( ா௨ି୫୧୬ (ா௨)୫ୟ୶(ா௨)ି୫୧୬ (ா௨)) × 100   

 E3 Mortality rate attributed 
to unsafe water, sanita-
tion (per 100,000 popu-
lation) 

2ܧ 14 _ = 1 − ( (ெோௐି୫୧୬ ((ெோௐ)୫ୟ୶(ெோௐି୫୧୬ ((ெோௐ)) ×100       

*local data has been obtained from GDODR (2019); GDOWR (2019); Hawrami, (2014); KRG, (2019); 
KRSO, (2015), GDOM,(2019); Nasser, (1984); & World Bank. (2019) 
International level data has been obtained from Eurostat, (2017); FAO, (2020); UNDP, (2018); &World 
Bank, (2019) 
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According to the available data and the purposes of my work I have chosen those fourteen 
elements. In addition, I have chosen and adapted the equations with the elements. So, basing on 14 
sub-elements within 5 main elements of WPI this work is trying to extract WPI score of Kurdistan 
region. 

Methodology 
I have chosen the sub-elements (indicators) and equations according to available data and the 

suitability of the equation for the Kurdistan condition regarding the socio-economic condition and 
physical situation of the region. 

  First: Resources R 
1- (R1) Internal water+ 50% of external water resources (per cap in CM)    R1 = W୰ି୫୧୬ (W୰)୫ୟ୶ (W୰)ି୫୧୬ (W୰) × 100      
R1= internal water + (external water/2)= 
Where (Wr) is the normalized available water in Kurdistan region per cap/year, min (Wr) is 

the lowest level of water availability per person in the world, max (Wr)  is the highest water availa-
bility per cap/ year. 

*I have used data of 2014, because data of the other countries for the same element are 
for the year of 2014. 

2- Coefficient of variation of rainfall (CV) 

A- Mean of (annual rainfall )           SD          (CV) %=  
ௌMୣୟ୬) × 100 = xi 

B- R2 = [1 − (Xi/30)] × 100 
 Where (Xi, CV) represent the normalized Coefficient of variation of rainfall (water income) 

Coefficient of variation of rainfall (CV), 30 has been determined as a maximum level. To calculate 
the rainfall variability of Kurdistan region-Iraq, available data on rainfall 1975-2015 has been based 
for all the study area (obtained from GDOM, 2019). 

Second: Access     A 
3- % population with access to clean water A1 = PTP × 100     
Where (A1) refers to the normalized score for the “Access” component, (P) is the rate of the 

population with access to safe and clean drinking water, and (Tp) is the total population of the Kur-
distan region- Iraq. 

4- % population with access to sanitation services  
 A2 = ୮୲୮ × 100    
Where (A2) refers to the normalized score for the “Access” component, (P) is the rate of the 

population with access to improved sanitation services, and (tp) is the total population of the Kurdis-
tan region- Iraq. 

Third: Capacity   C 
5- Literacy rate 

  C1 = LPTP × 100   

Where (C1) refers to the normalized score for the “education” component, (LP) is the rate of 
the Literacy population, and (Tp) is the total population of the Kurdistan region- Iraq. 

6- Access to electricity  2ܥ = ି୫ୟ୶ ି୫୧୬Lୟ × 100    
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Where (La) is the rate of Kurdistan population with access to electricity, (Min La) is the 
lowest rate of population with access to electricity in the world; (la max) is the highest rate of the 
population that has electricity in the world.  

7- GDP per cap/year C3 = GDP∗ି୫୧୬ (GDP)୫ୟ୶ (GDP)ି୫୧୬ (GDP) × 100      
Where (GDP) is the share of GDP per capita in Kurdistan region, (Min GDP) is the lowest 

GDP per capita in the world,  (max GDP) is the highest GDP per capita in the world.  
*GDP per cap of Kurdistan region of 2011 has been based, the recent years data of 

GDP of Kurdistan region are not available. 
8- Under-5 mortality rate (per 1000 live births) 4ܥ = 1 − ( ெି୫୧୬(ெ)୫ୟ୶(ெ)ି୫୧୬(ெ)) × 100     
Where (Mor) is Under-5 mortality rate (per 1000 live births) in Kurdistan region-Iraq, (max 

Mor) and (min Mor) are representing the highest and the lowest Under-5 mortality rate (per 1000 
live births) in the world. 

9- Life expectancy 5ܥ = ௫ି୫୧୬ (௫)୫ୟ୶ (L୶)ି୫୧୬ (௫) × 100      
Where (Lx) is life expectancy in Kurdistan region-Iraq, (max Lx) and (min Lx) are 

representing the highest and the lowest life expectancy in the world.  
Fourth: USE U 
10- Domestic water use per cap ܷ1 = ௐ௨ௗି୫୧୬ (ௐ௨ௗ)୫ୟ୶((ௐ௨ௗ)ି୫୧୬ ((ௐ௨ௗ) × 100      

Where (ܹ݀ݑ) is domestic water use per person in CM/Yr, in Kurdistan region-Iraq, (max ܹ݀ݑ) and (min ܹ݀ݑ) are representing the highest and the lowest domestic water use per person in 
CM/Yr in the world.  

11- Rate of water withdraws by Industry sector a year  ܷ2 = ௐ௨ି୫୧୬ (ௐ௨)୫ୟ୶((ௐ௨)ି୫୧୬ ((ௐ௨) × 100      

Where (ܹ݅ݑ) is Industrial water withdraws in % in Kurdistan region-Iraq, (max ܹ݅ݑ) and 
(min ܹ݅ݑ) are showing the highest and the lowest rate of Industrial water withdraws in the world. 

 Fives: Environment E 
12- % of area with natural vegetation 1ܧ = ௩Xୟ୧ × 100     

Where (Xvi) and (Xai) are space and areas that covered by natural vegetation and forest and 
the total size of the space and area. 

13- Fertilizer used per hectare   2ܧ = 1 − ( ா௨ି୫୧୬ (ா௨)୫ୟ୶(ா௨)ି୫୧୬ (ா௨)) × 100       

Where (ݑ݂ܧ) is the amount of used fertilizer in Kg for one Ha of land in Kurdistan region, 
while (max (ݑ݂ܧ)  ܽ݊݀( min (ݑ݂ܧ are the highest and the lowest volume of fertilizer usage in the 
world. 

14- Mortality rate attributed to sanitation, and unsafe water (per 100,000 population) 2ܧ = 1 − ( ெோௐି୫୧୬ (ெோௐ)୫ୟ୶(ெோௐ)ି୫୧୬ (ெோௐ)) × 100       
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Where (ܹܷܴܯ) is the mortality rate attributed to unsafe water, sanitation (per 100,000 pop-
ulation) in Kurdistan region, where max((ܹܷܴܯ)  ܽ݊݀ min ((ܹܷܴܯ are the highest and lowest 
volume of fertilizer mortality rate attributed to unsafe water, sanitation (per 100,000 population) in 
the world. 

 
Results and Discussion  
WPI score of Kurdistan region-Iraq 
The average score result of WPI in Kurdistan region is 51.94 (52). It can be said that the 

WPI index of Kurdistan region is at the medium level. Table 3 gives more explanation about Kurdis-
tan's situation. 
 
Table 3. WPI score of Kurdistan region-Iraq 

 R A C U E WPI of 
Kurdistan 

1(R,A,C,U or E) 32 91 80 30 43  
2(R,A,C,U or E) 17 51 100 7 99.6  
3(R,A,C,U or E)   11  97  
4 (R,A,C,U or E)   78    
5 (R,A,C,U or E)   60    
Average  24.5 71 65.8 18.5 79.9 52 

 
The table explains that the WPI score of Kurdistan region is high regarding ‘Access’ to clean 

water, and sanitation services, ‘Environment’ and ‘capacity’. On the other hand, the score is going 
down, sharply, with Resources of water particularly in “variability in rainfall and water income of 
rivers”. In this field, the score of study area is 24.5. So, the Kurdistan must find a solution to miti-
gate the impact of the variability of precipitation and its water resources income. 

In addition, the use of water is another issue; a large part of water resources in the region is 
being lost without being used. Moreover, a small portion of water is being used in the industry sec-
tor. So, “Use” is recording the lowest score of WPI in Kurdistan region which is, only, 18.5. That 
means Kurdistan region needs more accurate management and planning for mitigation of precipita-
tion variability and effective use of water resources. 

WPI of Kurdistan Region-Iraq and MENA  
To give more explanation, it is a good idea to compare Kurdistan region-Iraq WPI with some 

countries of the MENA which mainly have issues of availability and management of water re-
sources. See figure 2 

The figure explains Iran has the highest score of WPI which is greater than 60, Egypt is com-
ing in the second position with under 60, and Turkey is the third with 56.5. In contrast, Yemen has 
the lowest WPI score which is 44 and in Jordan 46. In Kurdistan region, however, the WPI score is 
52.  

If we compare Kurdistan WPI score with Iran, we will find that Iran has better water man-
agement than Kurdistan region in addition to infrastructure and water allocation in Iran are better 
than Kurdistan region. Although, water availability per person in Kurdistan region is more than 
5500M3 per cap and In Iran is, only, 1700 M3 per cap (Hawrami, 2014), but the WPI score of Iran 
is higher than Kurdistan region.  According to Abu-Qasm, and Al-Maraghi (2018) Iran has about 
30BCM/Y of water deficit, but it had implemented a proposed new plan, to reduce water consump-
tion, sufficient using of water in agriculture, limiting of groundwater usage. Whereas Hawrami, 
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(2014) explains, Kurdistan region has a surplus in water resources. Important mismanagement of 
water resources and lack of appropriate plan have reduced the value and efficiency of water re-
sources in Kurdistan region-Iraq. 

 

 
Figure 2. WPI index score of some countries in the MENA, adapted from (Lawrence et al., 

2003) 
 
Conclusion 
Water Poverty Index WPI is a robust and meaningful tool to find water stress levels and to 

show water management and general socio-economic development level. The arid regions like the 
MENA requires more evaluating of water stress and the management of its resources because of the 
deficit of available water resources and conflicts over water resources. Kurdistan region-Iraq is a 
unique case; water availability per capita is the highest in the Middle East and North Africa. How-
ever, water management, water policy, economic situation, and water infrastructure are not appro-
priate. The work has found that the average score of WPI of Kurdistan region is 52. The work has 
explained, ‘Environment’ has the highest score. Whereas, ‘Use’, and “Variation of Water Income”  
have gained the lowest score. Although Kurdistan region has a significant water income it has two 
downsides, firstly, variation in precipitation (water resources income) is huge, and a remarkable por-
tion of the water income of this region is coming from abroad. Secondly, water management and 
water use are other faces of the problem. Moreover, the work has explained that the WPI score of 
Kurdistan region is lower than the WPI score of Iran and Turkey. More works are required, especial-
ly, comparison between South Iraq and Kurdistan region-Iraq and between provinces in Kurdistan 
region. 
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