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Summary  

The water footprint (WF) is an explicit spatial characteristic of water use from the 

consumption, contamination, or production of a product, good, or service. Open 

Water Tour.The concept of water footprint (WF) is one of the laws that have been 

introduced into the government's scientific literature on environmental and carbon 

footprint. The WF indicator for any field or product refers to the total volume of 

water resources that are directly or indirectly treated or polluted during the 

production process.  

The present work is the first study that evaluates and discusses the water footprint 

of an Iraqi governorate by analyzing blue, green, and gray WFs for livestock, 

industrial production, domestic use, and agriculture in which the total water use 

and water footprint of 27 species of plants grown in the area in Al-Qadisiyah 

Governorate, southern Iraq were calculated for the period 2010- 2020. The newly 

developed WF methodology was used. Blue and green evaporation amounts were 

estimated by the Crop Water Requirement (CWR) option in CROPWAT 8.0. 

 Statistical data was used including meteorological data, rainfall statistics, local 

crop coefficients, cultivation area, crop production quantities, animal statistics, and 

industrial and domestic water consumption data. The average annual water 

footprint (WF) for Al-Qadisiyah Governorate for a period of 10 years between 

2010-2020 was determined to be 1,500,348,813 million cubic meters / year, where 

the size of the household water footprint (WF) was 184.723.148 million cubic 

meters / year, i.e. including Approximately (12%) of the total volume of the total 

water footprint, and the industrial water footprint (WF) reached 424044 cubic 

meters / year. The total agricultural WF (crops, palms, livestock, poultry) without 

fodder crops amounted to 1,315,201,621 million cubic meters / year compared to 

(88%) of the WF in the governorate.  



B 
 

The largest water consuming sector is crop production (cereal and fodder crops) 

and the most important agricultural products in terms of water use are rice, barley, 

wheat and alfalfa. These products are responsible for 59.2% of the water footprint 

of crops. The largest share of water used for livestock production is related to 

broiler chickens (44%) and (37%) to dairy cows. 

 The study area is fertile ground for crop production. However, limited water 

resources and scarcity of the area restrict agricultural activities. Sustainability of 

fresh water resources can be provided for the county by reducing the fresh and blue 

water content. This study is expected to contribute to the development of more 

accurate irrigation water management policies by national authorities.
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1.1 Introduction 

Water is a necessity for all humans that is indispensable, non-replaceable, 

finite, and indivisible. Water has evolved over time, both in academia and in 

practice, from being viewed as a commodity, an economic good, a social benefit, 

and a natural resource (Jayaram, 2016). 

 Water is the most significant natural resource that is used across all 

industries. Important rivers like the Tigris, Euphrates, and Nile formed the 

foundations of major civilizations. Water resources are vitally significant in today's 

world in terms of water supply for drinking, irrigation, industry, and long-term 

energy growth (A. Y. Hoekstra et al., 2012),(Rahi et al., 2019). 

  Because of the wide range of ecological services that water resources 

provide, it is the backbone of community development. As a result, water 

management must provide for efficient, equitable, and long-term water distribution 

in order to promote poverty reduction, economic growth, and environmental 

protection (Zhineng et al., 2016). 

 Water resources planning faces the problem of attaining efficient and 

equitable water use, mostly in food production, as a result of expanding population, 

climate change, and decreasing water availability (Novoa et al., 2019).  

One of the biggest obstacles to regional growth is fresh water scarcity, Rapid 

urbanization and increased economic success have created difficulties with both 

quantity and quality of water (Xu et al., 2018).  

A large portion of the world's population suffers from severe water scarcity. 

The impact of water scarcity on food security, human health, and the natural 

ecology is expected to worsen in the future (Muratoglu, 2019). 

 The increasing demand for fresh water is the main challenge to sustainable 

water utilization all over the world (Zhuo et al., 2016). 
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  However, rising per capita water consumption, rising global population, and 

rising water pollution, all of which have coincided with the development of 

industry, have begun to put existing water resources under threat ( Ewaid et al., 

2018). Human use has changed the global water cycle, altering the rates and 

residence durations of water in diverse storage reservoirs such as the oceans, 

atmosphere, surface water, groundwater, snow, and ice (Keys et al., 2016). 

 In this environment, the number of international studies calling for better 

water management in terms of quality and quantity has risen dramatically in recent 

years (Al-Ansari & Knutsson, 2011),(Al-Ansari, 2013). Estimation, modeling, 

proper planning, and management of regional water capacities and consumption 

are critical, especially at this time when the effects of global climate change are 

particularly severe (Distefano & Kelly, 2017). 

 When we consider that the world's freshwater potential is 2.5 percent of total 

water and that only 0.3 percent of total water resources are appropriate for human 

use on a global basis, the importance of the problem becomes clear (Salman et al., 

2014),(Mekonnen & Hoekstra, 2016). Despite rising water demand and pollution, 

limited or diminishing resources have heightened the need of national and regional 

water management initiatives (Almamalachy et al., 2020),(Abed et al., 2019).  

Water management refers to a wide range of research aimed at making better 

use of water resources, improving distribution and operation efficiency, and 

controlling and influencing water quality criteria (Ewaid et al., 2019),(Joint, 2018). 

 One of the most important worldwide water management techniques is the 

recognition that water is a cultural heritage that must be safeguarded, preserved, 

and appropriately utilized, and that all nations can expose the ecological status of 
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their water bodies and official obligations are enforced (Clark, 2007),(Ewaid et al., 

2019).  

Water footprint (WF), like carbon and ecological footprints, is a recent 

addition to the scientific literature. Regional WF accounts aid in water 

management efforts by identifying the influence of human causes on local water 

resources and ensuring the natural ecosystem's long-term viability (Veettil & 

Mishra, 2018).  

The water footprint notion is based on Hoekstra et al studies (A. Y. Hoekstra 

et al., 2011). Chapagain and Hoekstra (Chapagain & Hoekstra, 2004),(A. Y. 

Hoekstra & Chapagain, 2006). The entire amount of water utilized, consumed, 

processed, or polluted throughout the manufacturing process of a product is 

defined as the WF of that product. In any given area, the WF refers to the total 

amount of water that has been treated or contaminated on a given spatial scale. 

Surface and groundwater consumption are solely considered in traditional water 

use calculations (Oki & Kanae, 2006). 

 The blue water footprint (WF blue) of a product is the quantity of surface 

and groundwater it consumes within a watershed,  Green water footprint refers to 

the total volume of rainwater allocated by a product (WF green). Similarly, grey 

water footprint (WF grey) the amount of water needed to assimilate the 

contaminants (occurred inside the full supply chain of a product) (Ercin, 2012), 

(Ercin & Hoekstra, 2014). 

 Prior to the industrial revolution, we only required a small amount of water 

to meet our basic needs. Our relationship with water has been altered as a result of 

changing living standards, economic gain, and other priorities in modern life 
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(Amorim et al., 2018). Human interference in water has increased dramatically as a 

result of rapidly developing industry, energy demand for hydroelectric power 

plants (HEPPs), and agricultural developments (Kalair et al., 2019). 

 Agriculture is the world's largest water user, accounting for 70% of all direct 

water extractions and 90% of indirect consumption (water lost to evaporation and 

not restored to the system), impacting infiltration rates, soil moisture patterns, and 

runoff generation (Konar et al., 2011; Russo et al., 2014).  

As a result, achieving water sustainability (Zhineng et al., 2016), which is 

defined as meeting current water demands for all users without compromising 

future supply, while contributing to societal goals and maintaining the environment  

is one of the world's major challenges (Russo et al., 2014) (Chouchane et al., 

2018).  

Cities have become vulnerable in recent years as a result of rising population 

and climate change-related runoff fluctuation (Kinouchi et al., 2019). Population 

growth, rising technology, climate change, and a shift in consumption patterns 

toward more water-intensive items are all expected to put a strain on water 

resources, particularly in developing countries (Qasemipour & Abbasi, 2019). 
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1.2 Aims of the study 

1. Determine the water footprint of agricultural products and date-palm 

production in the province of Al-Qadisyah. 

2. Determine the domestic and industrial water footprint within the province. 

3. Analyze the water footprint of livestock and poultry production in al-

Qadisyah province. 

4. Find out the usefulness of studying and measuring the water footprint in 

solving water shortage problems and for the successful management of 

water resources. 

5. To know the benefit of studying virtual water in solving water shortage 

problems and the successful management of water resources. 

 



 

 
 

 

 

Chapter Two 

  Litretural Review 
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2. 1 Fresh Water Resource 

Freshwater has been identified as a natural resource that should be protected in 

the literature (Dewulf et al. 2015; Sala et al. 2017; Sonderegger et al. 2017). Fresh 

water is necessary for human survival as well as natural systems. It is defined as 

water with dissolved salts of less than 500 parts per million, and it accounts for only 

2.5% of all water on the planet. Because it is stored in ice caps, soil moisture, and 

groundwater reservoirs, only a small portion is available for long-term use (in lakes, 

rivers, and shallow reservoirs). Freshwater supply has been altered by increased 

drainage and diversions for agriculture, as well as impoundments and other 

construction for hydropower and flood control, throughout human history (Petersen 

et al., 2016).  

Because of broad population increases, industrial activity, and irrigation, there 

have been increasing demands for freshwater during the last few decades. As a 

result, one of the world's biggest environmental challenges has been the necessity to 

use water (Hoekstra & Chapagain, 2011). The problem is particularly severe in dry 

and semiarid locations due to water shortages, poor rainfall, and a high 

evapotranspiration rate. Understanding how water may be used and the trading of 

specific crops is critical in minimizing water shortages because agricultural water 

consumption accounts for the majority of freshwater use in many locations (Ewaid et 

al., 2019). 

 Furthermore, due to rising temperatures, decreased rainfall, and the threat of 

water scarcity posed by two declining rivers, the Euphrates and the Tigris, which are 

expected to decline by 50% and 25%, respectively, by 2025, respectively, water 

demand in Iraq is expected to rise from 16% today to 51% in 2050 (Al-Ansari, 

2016).Iraq is confronted with interwoven environmental, security, political, and 
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economic concerns; the agricultural sector consumes 85 percent of the country's 

renewable freshwater resources (Al-Ansari, 2013). 

 Iraq's agricultural production is split between rain-fed farmland in the north and 

irrigated agriculture in the Tigris and Euphrates plains. Wheat and barley, the same 

winter crops cultivated in the irrigated plain in the center and south of the country, 

are the fastest-growing rain-fed crops in the north, accounting for the majority of 

cereal production. Rice and maize are the principal irrigated summer crops (Soppe, 

2014). Freshwater supplies are quickly diminishing in both quality and quantity. As 

little as 1% of this freshwater can be used by people living in homes or businesses in 

lakes, river channels, and underground (Yeleliere et al., 2018). 

2.2 Global Fresh Water Resources 

Freshwater resources are valuable and under threat all around the world. 

Freshwater is generally supplied through surface water and subterranean aquifers for 

irrigation, drinking, and sanitation. Increased global water consumption is influenced 

by population growth, from 1960 to 2015, the global gross domestic product (GDP) 

grew at a rate of 3.5 percent per year on average, with the majority of this economic 

growth coming at a significant social and environmental cost.Water withdrawals for 

agriculture and energy could exacerbate the problem (Phanichnok, 2016). 

Freshwater demands for energy generation currently account for 15% of global 

water (WWAP, 2014), and are anticipated to rise by 20% by 2035. (IEA, 2012). As 

shown in figure (2.1) (WWAP, 2014), the agricultural sector is already the world's 

greatest water user, accounting for around 70% of worldwide freshwater 

withdrawals and more than 90% in most of the world's least-developed countries, as 

shown in figure (2.1) (WWAP, 2014). 
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 Water conservation practices such as effective irrigation techniques, especially 

in rural regions, can have a significant impact on reducing water consumption. 

Although precipitation and runoff water can be irregular, different places on the 

globe receive different amounts of water over the course of a year. There can be 

significant differences between arid and humid climates, as well as between wet and 

dry seasons, as shown in figure (2.2) (UNESCO, 2015). 

 

Figure 2.1 : Total renewable water resources per capita. (WWAP 1 , with data from the FAO 

AQUASTAT). 
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 Figure 2.2: Global Water Consumption 1940-2020. (Förch & Schütt, 2004). 
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Figure 2.3 : Trends in global water use by sector. (Bonamente et al., 2015) 

 

As shown in Figure 2.3, the agriculture sector, followed by the residential and 

industrial sectors, is the largest user of freshwater. Agriculture accounted for 67 

percent of the world's total freshwater withdrawal in 2000, according to estimates. 

Its consumption accounts for 86 percent of the total (Ludwig et al., 2011). By 2025, 

agriculture will demand 1.3 times as much water as industry, and domestic 

consumption will require 1.5 times as much water by 2025 (Ercin et al., 2014) By 

the year 2000, about half of the world's cultivated lands had been irrigated for food 
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crops, accounting for nearly half of global agricultural production (Liu & Yang, 

2010). 

In the industrial sector, the majority of freshwater is retained in reservoirs and 

dams for electricity generation, irrigation, and electricity generation. However, it is 

projected that the volume of water evaporated from reservoirs exceeds the combined 

freshwater requirements of industry and home consumption. This causes a lot of 

water to be lost around the world, especially in hot tropical places (Parkinson et al., 

2010), but residential water use is linked to how much water is available in cities and 

towns (UNEP, 2008). 

2.3 Fresh Water Resources in Al-Qadisyah 

Freshwater is a limited resource, accounting for only 2.5 percent of total water 

on the planet, with the vast majority of it underground (Ranjan et al., 2006). The 

Euphrates River is the longest in southwest Asia. It has a length of 2786 km and 

drains an area of 440,000 km2 with a population of 23 million people. The 

Euphrates basin is shared by five countries (Iraq 47%, Turkey 28%, Syria 22%, 

Saudi Arabia 2.97 percent, Jordan 0.03 percent), with the first three being the 

principal riparians. Climate change and the installation of dams in the basin's upper 

reaches have slowed the flow downstream over time. Before 1974, the flow in Hit 

(Iraq) was at 30.6 BCM, and it is presently around 4 BCM. Syria and Iraq are 

suffering from water scarcity and deterioration, which requires national, regional, 

and international cooperation to address (Al-Ansari et al., 2018). 

The Southeastern Iraqi Marshlands are one of Asia's largest wetland 

ecosystems, covering roughly 15,000 square kilometers (km2), and were formed by 

the confluence of the Tigris and Euphrates Rivers. As a result, all Iraqi water bodies 

are dependent on the Tigris and Euphrates rivers in some way (Al-Zaidy, 2021). 



Chapter Two                                                           Literature review 

12 

Freshwater is one of the most valuable natural resources on the planet. However, 

many of the more readily available freshwater resources at the local and regional 

levels have been overexploited as a result of rising population density, economic 

activity, and unsustainable water management methods. Sustainable management of 

local water resources is difficult due to water allocation, pollution, and other issues 

on international rivers. Social science research has contributed to identifying the 

origins of international conflict and collaboration, water management choices, and 

institutional solutions for long-term international water management in a variety of 

ways (Bernauer & Kalbhenn, 2010). 

Freshwater is essential to all kinds of life, despite its seeming scarcity, and its 

availability is threatened by climate change and other human activities. It is now 

commonly understood that freshwater ecosystems and the advantages they provide 

must be protected globally. There is a long-running debate about how humans and 

the environment can work together. Petersen et al. (2016) say that if freshwater 

ecosystems are valued holistically, the many benefits they provide beyond irrigation 

can be fully understood and taken into account in any decision (Petersen et al., 

2016). 

Although there is considerable evidence that human emissions are changing a 

wide range of meteorological variables, it is unclear if anthropogenic climate change 

can be observed in continental-scale freshwater supplies. There is relatively little 

evidence that climate change has altered river discharge in specific places due to the 

complexity of terrestrial hydro-systems (Mondal & Mujumdar, 2012), Field et al., 

2012), and Gudmundsson et al., 2017). Due to factors such as population growth, 

land use change, and climatic uncertainty, the future availability of water is 

uncertain. Groundwater supplies are increasingly being tapped to meet this growing 
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demand (Okello et al., 2015). As a result, water resources are rapidly diminishing all 

over the world (Ding et al., 2014). 

2.4 Water Footprint Theory 

Water is essential to life on our planet. It is necessary not only for direct 

purposes like providing drinking water, growing food, and producing energy and 

other products, but also to maintain ecosystem integrity and the goods and services 

that ecosystems provide to humanity (Ercin et al., 2012). As a result, the water 

footprint (WF) tells us how a consumer or producer thinks about the use of 

freshwater systems (Phanichnok, 2016).  

2.5 Water Footprint Concept 

The WF is one of a number of different footprint concepts. The WF idea was 

developed to produce a water consumption indication depending on consumption 

(Hoekstra and Hung, 2004; Hoekstra and Chapagain, 2007). In 2012, Ercin and 

Hoekstra wrote that they wanted to show the connections between human 

consumption and water use, as well as between international trade and water 

conservation. WF was born out of this desire to show these hidden connections. 

(Ercin and Hoekstra, 2012).  

The WF is defined as the amount of water utilized to generate the commodities 

and services that are consumed by a country's citizens (Hoekstra and Chapagain, 

2004). WF's approach examines a consumer's or producer's direct and indirect water 

use. WF, in addition to standard and limited measurements of water withdrawal, can 

be used to show how much freshwater is being used (Hoekstra et al., 2011). 

 There are two types of WFs: internal and external. The use of home water 

resources is covered by the internal component, whereas the use of water resources 
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outside is covered by the external component, the WF can also be evaluated in terms 

of its agricultural, industrial, domestic consumption, and global commodity trading 

components (Kampman, 2007). 

Virtual water content (VWC) is a measure of how much water is present in a 

virtual environment. Water is defined as the amount of water required to 

manufacture a product or provide a service. It is a product or service that has water 

integrated into it. Water is drunk directly in production operations as well as in the 

supply chain as a whole (Hoekstra et al., 2009). Virtual water also includes the 

actual amount of water present in certain items, especially as this water is required 

for their manufacture (Schubert, 2011). As a result, the VWC is referred to as a 

commodity's water productivity. The production and trade flow of VWC can be 

transformed into water use in products and virtual water flow (VWF), which is 

linked to commodities trade (Phanichnok, 2016). 

When there is no fresh source to supply the ever-growing demand for water, 

particularly in dry and semi-arid locations, water footprint (WF) and virtual water 

(VW) trading are promising concepts for sustainable management of groundwater 

and surface water resources (Mekonnen & Hoekstra, 2010). 

2.5.1 Categories of Water Footprint 

The WF covers both consumptive (rainwater) and non-consumptive (surface and 

groundwater) water usage, as well as degradative and degenerative water use. 

Hoekstra et al. (2011) introduced the WF assessment. According to direct and 

indirect water use, they can be divided into three groups: green, blue, and grey 

components, as mentioned in Figure 2.4; 
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Figure 2.4: The components of a water footprint  (Hoekstra et al., 2011). 

 2.5.2 Direct and Indirect Water Use 

Freshwater consumption and pollution associated with water use by a consumer 

or a producer (direct water use of a consumer: for example, water used at home or in 

the garden; direct water use of a producer: for example, water used for producing, 

manufacturing, and supporting activities) are referred to as direct water use of a 

consumer or a producer. Water used throughout the manufacturing and supply 

chains of goods and services used by consumers and producers is referred to as 

"indirect water use." Furthermore, Hoekstra (2012) distinguished between a direct 

WF of production, which relates to water consumption in the product phase, and an 

indirect WF, which refers to water consumption in preceding processes. In Figure 

(2.5), Hoekstra (2013) showed direct and indirect WF throughout each stage of the 

animal product supply chain, starting with feed crop farming and ending with the 

customer. 
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Figure 2.5 : The direct and indirect water footprint in each stage of the supply chain of an 

animal product (Hoekstra, 2013). 

2.5.3 Consumptive and Non-consumptive Water Use 

A WF only considers consumptive water consumption, which includes water that 

is evapotranspired, absorbed into a product, or restored to a different watershed from 

whence it was removed, or returned at a later date. On the other hand, WF, on the 

other hand, does not include non-consumptive water usage or water extraction that is 

returned to the same watersheds and made available to downstream users 

(Phanichnok, 2016). 

2.5.4 The Green, Blue and Grey Water Footprint 

2.5.4.1 The Green Water Footprint 

The volume of water evaporating from green water resources is the green WF 

that is relevant to effective rainfall that is stored in the soil and supplies crop water 

demand (Mojtabavi et al., 2018). Agricultural, horticultural, and forestry products 

are particularly affected. Evaporation and transpiration during production, as well as 

water absorbed into the harvested crop or wood, make up the total green water. In 

particular, the green water footprint (WF green) indicator, in particular, is helpful in 

determining soil-water availability and water use efficiency (Hoekstra et al., 2011). 
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2.5.4.2 The Blue Water Footprint 

Blue WF refers to the amount of freshwater consumed that is evaporated or 

absorbed into a product from blue water resources (surface and groundwater) and 

then returned to another catchment or sea, or returned at a later time. Water that can 

be distributed for irrigation or made available for other purposes is commonly 

referred to as "blue water." In recent years, the amount of research examining the 

long-term viability of crop production's blue water footprint has increased, The total 

WF is expected to be 11,140 m3/ha per year, with 59 percent coming from blue 

water (irrigation) and 41% coming from green water (rainwater), with summer being 

the peak season for water use (Nouri et al., 2019).The volume of fresh surface and 

groundwater evaporated or integrated into a product is referred to as the "blue water 

footprint." When a blue water footprint exceeds the amount of blue water that can be 

made from renewable sources, it breaks the environmental flow standard and harms 

groundwater (Jägermeyr et al., 2017). 

2.5.4.3 The Grey Water Footprint 

The grey WF is a measure of freshwater pollution that may be linked to a 

product's manufacturing along its entire supply chain. It is defined as the amount of 

freshwater required to assimilate the load of pollutants based on natural background 

concentrations and it is quantified as the amount of water required to dilute 

pollutants to the point where the ambient water quality remains above agreed-upon 

water quality standards (Wöhler et al., 2020). It is the amount of water dilution 

required for grown crops to reduce chemical leaching from agreed-upon fertilizer 

and pesticide levels to acceptable levels. It shows how much fresh water is needed to 

dilute fertilizers and pesticides used in farming. GWFs are thus measured in terms of 
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polluted water volumes per area, community, person, and animal product unit (meat, 

milk, egg) (Hoekstra and Chapagain, 2008), (Hoekstra et al., 2011). 

When it comes to green and blue water, blue water can be delivered for irrigation 

or made available for other purposes, whereas green water must be used straight 

from the soil profile (Wichelns, 2010). Because blue water can be used for a variety 

of purposes, the opportunity costs of using it are often higher than those of using 

green water. Furthermore, because blue water must be pumped and delivered 

through pipes or irrigation systems before being sprayed on the crops, it has a supply 

cost. If a planter pays the correct price for water, the crop they choose must have a 

higher added-value to compensate for the cost of using the same water (Chapagain 

and Orr, 2009; Herath, 2013). 

The differentiation between blue and green water is essential because green water 

is exclusively available for use by plants in the exact area where it happens, but blue 

water is available for use in a wide range of systems administered by humans 

(Canals et al., 2009; Herath, 2013). 

 

2.5.5 Water Footprint Assessment 

The assessment of water footprint is a full range of activities required to: (1) 

quantify and locate the WF of a process, product, producer, or consumer, or to 

quantify the WF in space and time in a specific geographic area; (2) assess the WF's 

environmental, social, and economic sustainability; and (3) formulate a response 

strategy It is an analytical tool that can be useful in determining how activities and 

products are linked to water shortages, pollution, and related consequences, as well 

as what can be done to ensure that activities and products do not contribute to 

unsustainable freshwater use, Green, blue, and grey WFs are measured and mapped, 

as well as water use sustainability, efficiency, and equity, in a four-step process 
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(Figure 2.6). It then decides which strategic actions should be taken to make a 

footprint sustainable (Hoekstra et al., 2011). 

 

 

 Figure 2.6 : Four distinct phases in water footprint assessment (Hoekstra et al. (2011). 

 

 

2.5.5.1 Setting Goals and Scope 

Setting the study's aims and scope is the first step in the WF Assessment,  

Clarifying the aim of WF assessment is the first and most crucial stage. A WF 

investigation Defining the scope and aims Calculating your water footprint 

Sustainability in terms of water footprint Formulation of a water footprint response 

Phase 1 Phase 2 Phase 3 Phase 4  It can be done for a variety of reasons , for 

example, it can be done  to (Water footprint network, 2015): 

a) Assist a specific company in attaining long-term water management in their 

direct operations and supply chain. 

b) Support government and regulatory bodies in their efforts to allocate and 

manage water in a sustainable manner on a national or regional scale. 

c) Define water consumption and pollution benchmarks for a given sector of 

activity or for the manufacturing of a certain product. 

d) Raise awareness about water sustainability and water use issues. 
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2.5.5.2 Water Footprint Accounting 

When creating a WF account, one must be specific and explicit about the 

'inventory restrictions.' The inventory boundaries define 'what to include' and 'what 

to exclude' from the accounts, and they should be determined by the account's 

purpose. The act of computing the green, blue, and grey components is known as 

WF accounting, Because blue water resources are often scarcer and have higher 

opportunity costs than green water, focusing just on the blue WF may be justified. 

Green water resources, on the other hand, are limited and thus scarce, which makes 

it necessary to account for the green WF as well (Falkenmark, 2003; Rockström, 

2001). The grey WF was created to express water pollution in terms of a polluted 

volume, which could then be compared to water use (Chapagain et al., 2006; 

Hoekstra and Chapagain, 2008). 

2.5.5.3 Water Footprint Sustainability 

The study of the effects of human activities on the Earth's life support systems is 

known as sustainability science (Rockstrom et al., 2009). Concentrating on water as 

a critical resource for human and ecosystem health, which necessitates a 

sustainability assessment in order to ensure its quality and quantity for current and 

future generations (Sala et al., 2013). In the case of a regional perspective, the focus 

will be on the long-term viability of the aggregated WF in a specific area, preferably 

a catchment area or a river basin, whereas in the case of a process, product, 

consumer, or producer perspective, the focus will be on the WF's contribution to the 

individual process, product, consumer, or producer, rather than the aggregate WF in 

one regional setting (Hoekstra et al., 2011). The environmental sustainability, 

resource efficiency, and equitable allocation are the three main goals of the 

sustainability assessment process (Water footprint network, 2015).  
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2.5.5.4 Water Footprint Response Formulation 

Forming a response to the WF is the final stage in WF assessment, In theory, if a 

WF is determined to be unsustainable, steps should be taken to diminish it and make 

it so. The range of possible responses will be determined by the entity or group 

replying, The entity that will respond should be identified at the WF's goal-setting 

phase, and it could be customers, businesses, investors, or the government, The 

concept of what constitutes a suitable reaction or set of replies is still in its infancy. 

Many responses have been proposed for consumers, businesses, the government, and 

investors, Farmers and agricultural policymakers, for example, should work to 

support efficient farming techniques, while retailers and food and beverage 

corporations can work with their supply chains to encourage them. These proposals, 

however, are oversimplified, because it is unclear how a WF should truly guide the 

choice of which reaction is most appropriate, and what distinguishes these responses 

from generally sound water management techniques, attempts are being made to 

better understand the response possibilities (Hastings and Pegram, 2012). 

2.6 Virtual Water 

The issue with water is not one of scarcity, but rather one of unequal distribution 

over the globe. While some places of the world have enough of water, others have a 

scarcity. Many initiatives have been made to address the issue of water scarcity in 

areas where it exists. However, because the majority of the work has been focused 

on finding additional physical supply, which is only part of the issue, these efforts 

have only been partially successful. As a result, water transfer from water-rich to 

water-scarce locations could be a more effective and successful solution (Yang &  

Zehender , 2002). 
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Importing food items and services in virtual water from water-rich locations 

rather than generating them domestically is one effective strategy to alleviate the 

water issue in water-scarce regions. Virtual water is comparable to water transfer, 

but instead of water, it takes the form of food and other items, as a result, virtual 

water transfer in the form of food and other products can help preserve water at the 

household and regional levels, Allan presented the concept of virtual water in 1993 

as an alternate solution for water-scarce areas (Sojamo et al., 2012). Chapagain and 

Hoekstra (2007) describes it as the amount of water needed to manufacture a product 

or service. The definition of virtual water has been broadened to encompass both the 

volume of water required to create specific items based on site conditions and the 

volume of water required if these products are grown on the same premises as they 

are consumed. This emphasizes the amount of water that can be saved by importing 

these products (Chapagain & Hoekstra 2007).  

"If 1000 m3 of water are necessary to produce 1 tonne of wheat, then importing 1 

million tonnes of wheat is equivalent to importing 1 Gm3 of water," says Wichelns 

(2001) (Wichelns, 2001). However, calculating how much water will be conserved if 

the importing country is unable to cultivate this crop due to natural conditions is 

challenging (Hoekstra, 2003). 

2.7 Virtual Water Trade 

Agricultural items account for 80% of virtual water trade globally, with all other 

goods accounting for the other 20%. Increased trade has been urged to help alleviate 

the global water situation, particularly in arid countries. In 1990, global agricultural 

exports were approximately US$783 billion, with European and Asian countries 

exporting the most and Middle Eastern countries exporting the least, (Horlemann & 

Neubert , 2007). 
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According to Oki et al. (2003), worldwide food trade saves up to 455 km3 of 

water every year (Oki et al,. 2003). Virtual Water Trade, on the other hand, is only 

likely to succeed if the following conditions are met in the importing countries: 

 There are enough foreign exchange reserves to import the necessary food. 

 The social capacity to overcome any unfavorable consequences, such as the 

displacement of agricultural labor into other industries. 

 Acceptance of the abandoning of food sovereignty by political decision-

makers and the general population. 

When this method is used, undesirable consequences may occur, such as political 

blackmail by exporting countries and environmental difficulties in exporting 

countries, such as land degradation and depletion of local water resources 

(Horlemann & Neubert, 2007). 

Water trading between countries in virtual form can help importing countries 

save domestic water resources. Large nations are conserving their domestic water 

resources through food trading. Japan, for example, conserves 94 Gm3/year from its 

domestic water resources, whereas Mexico saves 65 Gm3/year and Italy saves 59 

Gm3/year (Chapagain &  Hoekstra, 2007). 

It may also be seen how much water might be wasted if Mexico began cultivating 

wheat, maize, and sorghum rather than importing them from the United States. In the 

United States, these items demand 7.1 Gm3/year of water, whereas in Mexico, they 

require 15.6 Gm3/year. As a result, it saves the full 15.6 Gm3/year on a national 

level because it grows nothing, while saving 8.5 Gm3/year internationally. However, 

due to a lack of arable land, countries like Japan are unable to use that amount of 

water to increase crop and livestock output. As a result, rather than conserving 
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water, their officials import this amount of food to feed their population (Wichelns, 

2010). 

Horlemann and Neubert (2007) demonstrate how the Virtual Water Trade can 

save water in the Middle East and North Africa region (MENA). Producing 1 kg of 

maize in Egypt requires 1,100 litres of water, however producing the same quantity 

in France requires approximately half that amount, implying a global water savings 

if Egypt imports maize from France (Horlemann & Neubert, 2007). Mekonnen and 

Hoekstra (2010) provide another example, stating that Morocco saves 3.77 Gm3 of 

domestic water resources each year by importing 906,000 tons of wheat from 

France. On a worldwide scale, the yearly volume trade in wheat between Morocco 

and France saves 3.17 Gm3 because wheat is produced in France using just 600 

Mm3 of water each year (Mekonnen &  Hoekstra, 2010). 

However, preserving water, whether worldwide or locally, is not solely about 

addressing the local water shortage; other factors play a significant influence in 

water resource distribution. Crop productivity is one of these factors. Japan, for 

example, imports maize from the United States despite the fact that maize in Japan 

requires 367 Mm3 during the growing season compared to 411 Mm3 in the United 

States. However, maize productivity in the United States is around three times 

higher than in Japan (Chapagain, et al., 2005). 

Wichelns (2010) provides another example, stating that "the relevance of 

agricultural water efficiency is easily provable due to the importance of the 

agricultural economy and specialized study of agricultural phenomena." For 

example, despite having considerably less water, South Africa exports the most corn 

in the Southern African Development Community (SADC); fact, Zambia and 
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Zimbabwe, both of which have significantly more rainfall, are major buyers of this 

maize (Wichelns, 2010). 

The experts at the International Water Management Institute have highlighted the 

national and international implications of the virtual water trade, according to 

De'Fraiture et al. (2010). They calculated that if the grain were grown in the 

importing countries, 178 km3 of irrigation water would be added to the 433 km3 

utilized to produce 215 million tonnes of grain in 1995 (De'Fraiture et al,. 2010). 

2.7.1 Virtual Water Trade Prevents Conflicts 

Since the 1970s, the concept of "water conflict" or "water wars" has emerged as a 

security concern (Cosgrove, 2003). The worldwide freshwater problem has been 

alarmingly apparent during the 1990s, and it has sparked extensive scholarly debate 

as well as popular media coverage. This discussion is about whether international 

water supply demands will reach a tipping point, resulting in regional water security 

tensions and wars. According to Prud'homme (2011), a war over water is less likely 

to occur than a fight over other resources such as oil (Prud'homme, 2011). 

However, Dinar (2004) says that rapid population growth and changes in water 

supply resources in different parts of the world are more likely to make existing 

water security conflicts worse and create new sources of war in countries that appear 

to be stable now (Dinar, 2004). 

Water wars can take many forms, including armed battles. Fighting over water 

can take many forms, including violent battles within a country, national bloodshed, 

and regional occupation. Water scarcity, according to Tignino (2010), is a major 

danger to human security in the short term, but it also adds to worldwide political 

insecurity (Tignino, 2010). 
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According to Fluharty (2010), the notion of water wars is founded on the theory 

that rising populations lead to increased water demand in water-scarce places, which 

leads to conflicts over water rights. Importantly, conflict is not always caused by a 

lack of water; it can also be caused by misuse of water resources and a lack of 

cooperation (Laube & Youkhana, 2006). Furthermore, drought conditions 

exacerbated water distribution inequity, resulting in roughly violent conflicts over 

water between local households in some countries (Fluharty, 2010).  

Nations in the Middle East and North Africa (MENA) such as Egypt, Jordan, and 

Iraq rely on rivers that pass through neighboring countries for water to a greater or 

lesser extent. Virtual water has been offered as part of the strategy to lessen the risk 

of potential conflict over finite resources (Hummel et al., 2006). 

Thus, at least in part, the absence of water wars between or within water-scarce 

Middle Eastern countries might be attributed to the importation of their essential 

products in virtual water form.  As a result, countries like Jordan, which utilizes 

more water than it can regenerate, have created competition among water users 

rather than war. Iraq, for example, used this method to avoid a fight with its 

neighbors when it started buying more agricultural goods from other countries 

(Horlemann & Neubert, 2007). 

      Wolf (1999) claims that conflict is uncommon because a large number of 

international agreements govern the use of shared water resources. He goes on to 

say that rather than provoking tensions, cross-border waterway agreements 

frequently favor cooperation. The case of Turkey, Syria, and Iraq is a good 

illustration of how bilateral agreements between the countries have alleviated the 

competitive position over the use of water from the Euphrates and Tigris (Al-

Muqdadi, 2019). 



Chapter Two                                                           Literature review 

27 

2.7.2 Virtual Water Trade Supports Other Sectors 

The Virtual Water Trade can be utilized to save money for other projects or 

activities that help the country's economy grow. For example, in the case of 

imported food, there would be no need to build dams to save further water, allowing 

money to be invested in more productive methods such as irrigation systems, 

seawater desalination, and other industrial operations to create new jobs (Horlemann 

& Neubert, 2007). 

2.7.3 Problems Associated With Virtual Water Trade 

Virtual water trade has a variety of drawbacks. To begin with, not every virtual 

water trade saves resources. In 1995, India sold 2.3 million tons of grain to 

Indonesia, which would have consumed 16.7 km3 of water if cultivated there. As a 

result, in this scenario, water loss of 0.7 km3 can be calculated (De Fraiture et al. 

2004), (Horlemann & Neubert, 2007). Furthermore, political difficulties such as 

virtual water dependency and failure to achieve self-sufficiency may emerge (Turton 

, 2003). As a result, policymakers must strike a compromise between these concerns 

and achieving food security. Soil and water depletion may occur in water exporting 

countries (Hoekstra, 2009). 

Although virtual water's purpose is to relieve pressure on water resources, 

particularly in areas where they are scarce, there are various factors to consider 

before switching from virtual water importer to virtual water exporter, or vice versa. 

Authors such as Belloumi and Matoussi (2008) argue that dry areas, particularly in 

the Middle East and North Africa, must continue to import their essential food to 

meet domestic demand. Farmers should search for other ways to boost their incomes 

under this policy (Belloumi & Matoussi, 2008)  . 
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Climate change and energy pricing, on the other hand, may have an impact on 

trade patterns beyond the issue of water scarcity. El Fadel and Maroun (2003), 

referenced in Wichelns (2010), exemplified this idea by citing Lebanon's water 

management. They pointed out that, while Lebanon is seen as a potential virtual 

water exporter to other Middle Eastern countries, it also imports a significant 

amount of virtual water. Several factors not connected to water scarcity, such as 

national security, food security, and living quality, according to the authors, must be 

considered while developing a water strategy  (El Fadel & Maroun 2003), (Wichelns, 

2010). 

China, for example, has completed a water transfer project from the south to the 

north in order to increase its food security and save jobs for farmers in the north who 

are mostly dependent on agriculture. In China, however, virtual water trade from 

north to south is more than vice versa. According to Ma et al. (2006), 52 Gm3 of 

virtual water was conveyed to the south in 1999, whereas the yearly water transfer 

from the south to the north is proposed to be 38 Gm3/year. As a result, these authors 

recommend that environmental consequences and other factors be considered before 

making decisions to move so much water from the south (Ma et al,. 2006). 

2.7.3.1 Water Dependency 

  Water dependency is defined by Hoekstra and Hung (2002) as "the ratio of 

net virtual water imports to total national water appropriation" (Hoekstra & Hung 

2002). According to Chapagain and Hoekstra (2007), "the annual volume of water 

resources used in other nations to generate the items consumed by the residents of 

the country concerned" is a somewhat different variation  (Chapagain & Hoekstra 

2007). 
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     Many countries currently rely heavily on external water resources, and this 

trend is expected to continue. Saudi Arabia and Israel, for example, have a high 

water reliance as well as a high degree of water scarcity. Positively, these countries 

have adequate foreign currency to meet their water needs through food imports. 

Water reliance, on the other hand, produces its own set of issues, as importation 

becomes sensitive to breakdowns in the exporting country's political or security 

relationships. As a result, it is critical for importing countries to carefully select their 

trading partners, check food sources, and develop robust contracts in order to ensure 

that future political or security tensions do not disrupt imports (Horlemann & 

Neubert, 2007). 

     Some scholars, like Roth and Warner (2008) and Neubert et al. (2006), have 

expressed worries that virtual water trading could expose importing countries to 

political blackmail from water-rich exporting countries. As a result, these authors 

suggest that any virtual water trading plan exclude developing countries (Roth & 

Warner, 2008) , (Neubert et al,. 2006). 

     Countries like Yemen, for example, have a high degree of water scarcity but 

minimal water dependency. This is due to Yemen's lack of financial resources to 

import the necessary food this results in a new set of socioeconomic issues 

(Chapagain & Hoekstra, 2008). 

      Depending on the global market for food imports, according to the World 

Bank (2008), makes you vulnerable to price rises and food market volatility. Egypt, 

for example, is battling to keep its foreign exchange reserves from dwindling. 

Egypt's enormous yearly food imports deplete the country's fiscal reserves, leaving it 

vulnerable to global food price changes (Timmerman, 2013). 
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2.7.3.2 Social Risks Associated With The Virtual Water Trade 

While this technique may be a viable solution to water scarcity in water-scarce 

countries, it poses a social risk. A considerable proportion of the population may be 

affected depending on the level of development reached by the country in question. 

Agriculture employs up to 90 percent of the population in some water-scarce 

countries, such as Sub-Saharan Africa (El-Naser, 2005).  

Agricultural employment is reduced in the Middle East and North Africa 

(MENA), but agriculture is still the primary source of income for a large portion of 

the people. Many people in these countries might lose their jobs as a result of 

growing the virtual water trade. As a result, people relocate to cities in search of 

other employment opportunities, which are tough to come by due to their lack of 

education and abilities to compete in the market. Furthermore, cities may lack the 

infrastructure capacity to absorb the additional labor, resulting in an increase in the 

number of slums (Lohnert, 2017). 

As a result, Kluge and Liehr (2005) ask how agricultural laborers in the farming 

sector can meet their basic needs, such as food. As a result, they demand a 

"regionalized evaluation of the objective of Virtual Water Trade and its 

socioeconomic prerequisites."( Kluge & Liehr, 2005). 

Rich countries, such as Saudi Arabia, can provide subsidies to people impacted 

and develop alternative economic activity to provide jobs. However, in poor 

developing countries that cannot afford to import food, virtual water trade is 

virtually ruled out because it only brings disadvantages by causing social difficulties, 

preventing food security. As a result, the virtual water trade plan is only feasible for 

countries with substantial foreign exchange reserves (Horlemann & Neubert, 2007). 
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El-Naser (2005) discusses the influence of substituting imported products for 

agricultural products on social life in rural regions. He claims that there are various 

barriers in the MENA nations to adopting the virtual water trade concept as a policy 

to compensate for water scarcity. The most significant of these constraints is that old 

farmers will oppose new water allocation policies, and the rural lives of those old 

farmers' families are historically, economically, and culturally significant (El-Naser , 

2005). 

As previously indicated, there is also the issue of people relocating from rural 

areas to cities in search of job possibilities rather than agricultural operations as a 

source of alternative income. Agriculture employs roughly one-fifth of the 

population in the Middle East and North Africa (MENA); the use of virtual water 

would deprive rural communities of their traditional industries, forcing them into an 

already overcrowded labor market in cities, where they are uneducated and 

financially unprepared (El-Naser, 2005). 

2.7.3.3 Impact on Water Resources of the Virtual Water Trade 

Although the goal of implementing virtual water commerce is to safeguard water 

resources and, thus, the environment in theory, it can cause difficulties in the eco-

system in exporting and importing countries, as local resources are depleted, 

severely impacting the local eco-system. For example The Ogallala aquifer in the 

United States is being over-exploited for agricultural and cattle production, causing 

the water table to drop by up to 1.5 meters per year. This example demonstrates how 

any virtual water trade should be implemented as part of a broader water resource 

management strategy that avoids merely moving the water problem from one 

country to another. Furthermore, Partzsch and Schepelmann (2005) argue that a 
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comprehensive investigation be carried out to determine any potential ecological 

issues in exporting countries (Partzsch & Schepelmann, 2005). 

In South Africa, Botswana, Kenya, and Ethiopia, for example, attempts to 

improve crop output have led in the overuse of pesticides and fertilizers (Horlemann 

and Neubert, 2007). According to Mekonnen et al. (2012), various studies such as 

Kitaka et al. (2002) and Gitachi et al. (2012) have expressed worry about the 

environmental implications of commercial farms in Kenya (2005). Large levels of 

nutrients were found in the upper watershed of Kenya's Lake Naivasha Basin, owing 

to commercial flower farms producing blooms for export. As a result, riverside 

vegetation may perish (Mekonnen et al,. 2012), (Kitaka et al,. 2002). 

If a country tries to increase agricultural production for short-term economic gain 

(i.e. cash crops) without adopting appropriate sustainability practices, it inevitably 

causes a slew of environmental problems, including increased water use, which the 

importing country avoids (indeed, outsources) on a macroeconomic level (Gawel & 

Bernsen, 2013). 

In terms of importing countries, the virtual water trade is viewed as a strategy to 

safeguard water supplies from depletion as well as environmental concerns such as 

contamination from agro-chemicals. The transition from an agrarian to an industrial 

economy, on the other hand, might result in pollution from industrial wastewater. As 

a result, the virtual water market does not always preserve the environment 

(Horlemann & Neubert, 2007). 

 2.8 Water Security 

National security has traditionally been thought to entail military security in 

many countries, but this concept has evolved to include the water factor in the 
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human security equation. This is due to the fact that water may be a crucial factor in 

both international and domestic wars. Water disputes can also provide an 

opportunity for countries to collaborate if the underlying institutions and competence 

are in place (Prud‘homme, 2011). Water security is critical for overall social and 

economic growth, and it is inextricably tied to food security (Ali, 2019). While water 

is critical for improving health, well-being, and economic advancement, especially 

in developing countries, the world's most industrialized countries have inequitable 

water supply and quality issues that endanger national security (Bigas, et al,. 2012).  

Furthermore, the issue has become more complex as a result of water stress, 

which is spreading globally, specifically in nations in the mid-latitudes that are 

already water poor (Frank, 2006). This situation, together with the growing number 

of environmental migrants migrating within and beyond national borders, poses a 

threat to and obstructs significant development progress in those countries  (Ali, 

2019). 

All cumulative and compound water problems, whether in terms of quantity or 

quality, as well as their environmental consequences, will eventually converge on a 

global scale. Increased population growth exacerbates these effects by creating 

competition for scarce water resources. In view of all of these issues, notably water 

pollution, stringent treatment standards are essential, as well as intense and 

comprehensive monitoring (Dinar, 2004). 

The globe still faces a growing worldwide water dilemma, owing to legislative 

congestion (Solomon, 2010), as well as fast population growth, which has resulted in 

increased demand for water. This inaction in the face of a water catastrophe cannot 

be overlooked. As a result, in order to fill the gap in international water leadership, 

new forms of hydro-diplomacy must be developed quickly in order to address the 
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core causes of the global water problem, as well as a lack of political will and 

effective governance (Solomon, 2010). 

2.9 Water Scarcity 

A shortage of water supply in relation to demand is a simple definition of water 

scarcity  (Kummu et al., 2016) .As a result, it can be characterized as a lack of water 

to meet the typical needs of a country's population, In more and more regions of the 

world, water shortage has become a major stumbling block to socioeconomic 

progress and a threat to survival. Water scarcity research has gotten a lot of press 

and attention since the late 1980s (Liu et al., 2017).  

Water scarcity must be understood in order to formulate policy at the global, 

regional, national, and local levels. "Water Security: Responses to Local, Regional, 

and Global Challenges (2014–2021)" is one of the six themes of the Eighth Phase of 

the International Hydrological Programme (IHP-VIII), which focused on "Water 

Security: Responses to Local, Regional, and Global Challenges." Likewise, it is a 

major emphasis of the International Association of Hydrological Sciences' (IAHS) 

scientific decade "Panta Rhei–Everything Flows," which is dedicated to study on 

changes in hydrology and society and runs from 2013 to 2022  (Montanari et al., 

2013).  

Despite several attempts to comprehend the topic of water scarcity, it remains 

impossible to reach clear conclusions as to whether water is scarce around the world 

or if it is simply unevenly distributed and thus a management issue (Mancosu et al., 

2015). Water is not distributed fairly across areas and countries. As a result, it is 

more logical to refer to the water issue as one of allocation rather than scarcity.  
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Yang and Zehnder (2002) summarize this by stating that the world's net water 

capacity is arguably sufficient to meet global demand, but that water is not 

distributed evenly; some regions have excess water, while others are arid and 

drought-stricken, and the overall availability and quality of potable water is 

declining. Limited water resources, according to this theory, are the result of a lack 

of management, an effective planning system, and cooperation between those who 

need water and those who have surplus capacity (Yang & Zehnder, 2002).   

The ability of Planet Earth to meet the growing demand for food of more people 

with fewer available resources per capita becomes a major policy challenge as water 

scarcity and supply variability increase. Develop technology that allow crops to 

grow quicker, use less water and fertilizers, and produce higher yields per unit of 

land as a reaction to this problem; and allow crops to use lower quality water and be 

grown on worse quality soil as a response to this worry (Mann, 2018). The water 

scarcity can be related to social, political, and technical factors in any country  ( 

Kluge, T. & Liehr, S. , 2005), (Warner, 2003). 

2.9.1 Causes of Water Scarcity 

Water scarcity is produced by a variety of natural and socioeconomic variables, 

including physical, economic, environmental, social, and political issues. It should 

be noted that water shortage can be ascribed to social, political, and technical factors 

in any country, These causes are : 

2.9.1.1 Physical Reasons 

The physical causes of water scarcity pertain to a country's natural water resource 

limitations (quantity shortage). Countries have been classified by the International 

Water Management Institution (IWMI) based on their ability to satisfy their 
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expected water demand. Physical water scarcity is defined as a country's inability to 

meet its demand for water due to a natural shortage. Arid and semi-arid regions such 

as Central and West Asia, as well as North Africa, experience this type of scarcity 

(IWMI, 2007). 

2.9.1.2 Economic Reasons 

Water scarcity, on the other hand, may emerge due to economic factors such as a 

lack of appropriate financial resources or poor service delivery, rather than a 

physical lack of water. In poor countries like Sudan and Egypt, this form of scarcity 

is more noticeable. It happens due to a lack of investment in water infrastructure and 

efficient technology (Rijsberman, 2006).  

2.9.1.3 Environmental Reasons 

This type of water scarcity occurs when water is abundant within a country but 

the people is unable to use it owing to environmental issues such as pesticide 

pollution or salt water contamination (Rijsberman, 2006). Increased population 

causes the depletion of existing water resources, rendering them unsuitable or too 

expensive to fix. This is evident in the Arab region of Asia, where irrigated 

agricultural is expanding, increasing the usage of chemical fertilizers and pesticides, 

and therefore increasing pollution levels (UN, 2003). 

2.9.1.4 Social and Political Reasons In Regions  

where there is an excess of water, social and political factors contribute to water 

scarcity. People, on the other hand, are unable to get water due to political concerns, 

socio-cultural factors, or bad water management and policy. This is plainly visible 
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where water is plentiful, but the magnitude of development projects poses significant 

management issues (Laube & Youkhana, 2006) 

Water scarcity, is partially a social construct influenced by water availability and 

consumption habits. As a result, rather than an absolute per capita statistic, it may be 

more useful to describe water scarcity as a certain balance of availability and 

demand at which water stress arises (A. Hoekstra, 2010). 

Water scarcity has also been linked to population growth, the world's population 

expanded by three times over the twentieth century, while water consumption 

climbed by six times (Cosgrove & Rijsberman, 2000). The world population has 

grown by 2 billion in recent decades, and major global population increase is 

predicted to add at least 2 billion more in the coming decades, bringing the global 

population to around 8 billion ( Lutz et al., 2004). 

As the world's population grows, so does food demand, putting more pressure on 

water supplies. Cereal imports in West Asia and North Africa, for example, are 

predicted to rise to 83 million tonnes by 2025, up from 38 million tonnes in 1998 

(Rosegrant, 2002). 

Water use has increased in lockstep with average income, influencing 

consumption patterns and resulting in water scarcity. Consumption trends, for 

example, help to paint a picture of future resource utilization. For example, meat 

consumption trends are significantly expanding each year, with the total expected to 

hit 465 million tonnes in 2025, up from 229 million tonnes in 1999 (FAO, 2006). 

Depending on the country producing animals, this rapid increase in meat 

consumption may have an impact on water use, with water utilized in beef 
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production varying from 11,000 l/kg in Japan to 37,800 l/kg in Mexico (Hoekstra & 

Chapagain, 2007). 

The source of water used is critical in determining if meat production has an 

environmental impact. If animals are fed crops grown under irrigation in water-

scarce locations, for example, this water use may have a substantial impact. If 

animals consume rain-fed grass, however, the impact of water use may be minimal 

or nonexistent. For example, cattle production in the UK differs significantly from 

that in drier locations such as portions of North America, where a large portion of 

the food is derived from crops cultivated in arid places and irrigation is more 

widespread than in the wetter UK (Chatterton et al., 2010). 

2.9.2 Water Scarcity and Conflicts 

Water shortage is a serious problem that affects not only those who are impacted, 

but also causes strife and bloodshed in some regions of the world. For example, 

water shortage as a result of physical and environmental difficulties aggravated by 

climate change is a major source of violence between African tribes in Darfur. This 

battle has resulted in a large number of victims, who have died or been homeless as 

a result of the violence (Selby, 2005) 

2.9.3 How to Compensate for Water Scarcity 

There are two major approaches to overcoming or minimizing water scarcity 

(UN, 2003). The first is to increase water supply resources by importing water from 

other countries, creating non-conventional water sources such as desalination and 

waste water reuse, and collecting rainfall from large-scale dams to small-scale dishes 

on buildings. The second is to concentrate on water demand management by 

rationalizing usage by switching from high-water-use products to low-water-use 
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products. Importing food from water-rich countries is another way to reduce 

demand. This approach has been successful in reducing water scarcity in various 

parts of the world, including the Middle East and North Africa (MENA) (Yang & 

Zehnder, 2002). 

Water scarcity awareness should be a key component of long-term water 

management. As a result, Allan (2002) contends that, while politicians and 

environmental experts are aware of water scarcity, popular dialogue on the subject is 

still lacking (Allan, 2002). However, some authors, such as El-Naser (2005), argue 

that enhancing public knowledge isn't always the best strategy to improve water 

management. As a result, he claims that other methods, such as increasing water 

productivity and raising public knowledge, would be more beneficial in enhancing 

water management in some areas. Historically, MENA's political priorities have 

been firmly rooted in security and defense concerns, oblivious to the region's 

growing critical environmental difficulties. However, there is a growing 

understanding that water infrastructure productivity must be addressed and 

improved, and this has become an essential component of the normative political 

debate as part of overall economic growth planning (E-Naser, 2005). 

2.10 Water Management 

The magnitude of the water crisis necessitates treating it as a global issue rather 

than a national one. Water supply and demand imbalances are linked to food 

security, which frequently causes or exacerbates conflict (Hoekstra & Chapagin, 

2007). Water management has become a significant global challenge in light of the 

rapid increase in the world's population, which has exploded from less than 2 billion 

in 1910 to a projected 10 billion by 2050 (Figure 2.7). According to UNESCO 
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(2003), more than 1 billion people don't really have access to clean drinking water, 

and about 7 billion will face serious scarcity by 2050 (Chartres & Varma, 2010). 

 

Figure 2.7 : Population size and annual growth rate (1950–2090) (United Nations, 

2019). 
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Reviewing existing water management practices around the world, which mostly 

focus on water supply management, such as locating extra water supplies, is 

beneficial. Water efficiency can be improved at three levels: local, national, and 

global water consumption. Water management should attempt to use less water to 

produce the same amount of output. To achieve sustainability in water resource 

management, systematic and integrated decision-making is essential, with the 

interaction between decision-makers on all three levels taken into account (Gallopin 

& Rijsberman, 2000). Water resource management at all levels – local, national, and 

global – must concentrate on the supply and demand sides of the equation. Water 

demand management focuses on reducing water consumption, whereas water supply 

management focuses on increasing amount (Savenije, 2000). 

2.10.1 Water Supply Management (WSM) 

In order to achieve rising demand, the fast expansion in population since the turn 

of the twentieth century has placed extra strains on water resources. Increased home, 

agricultural, and industrial use has impacted both quantity and quality, prompting 

efforts to enhance supply ,Water resource management has generally responded to 

rising water demand (due to population growth outpacing available water capacity 

and infrastructure, as well as aspiration lifestyles) by channeling water from legacy 

sources (e.g. reservoirs) toward new settlement areas as part of basic urban planning 

rather than a comprehensive water strategic plan (Meshesha & Khare, 2019). 

As previously said, water supply management focuses on maximizing the 

efficiency of existing water resources while also looking for new sources. This 

involves, for example, the widespread construction of dams, the contents of which 

are utilised in short periods of drought before being relocated to where they are 

needed. However, this technique is only viable where runoff is substantial and laws 
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are strictly enforced throughout the system. The implementation of regulations in 

developing countries, particularly those in arid or semi-arid areas like Saudi Arabia, 

is noticeably inadequate, resulting in ineffective water resource management 

(UNEP, 2002).  

Additionally, both individuals and decision-makers are unaware of the 

importance of conserving resources. Water transfer from high-water locations to 

population centers has proved successful in nations like China as part of the answer 

to water shortages. However, in countries like Yemen, there are no viable 

alternatives, resulting in increased demand on local water resources and the 

degradation of those resources (Chapagain & Hoekstra, 2007).  

2.10.2 Water Demand Management (WDM) 

'The word "water demand" is defined as the volume of water required by 

consumers to meet their needs, Water demand management refers to the 

employment of policies or techniques to control or impact the amount of water 

consumed. It focuses on reducing water demand by raising knowledge and shifting 

consumption patterns to items with reduced water requirements (Ali, 2019). 

Water demand management (WDM) policies have emerged as an essential 

technique for reducing water usage in cities in recent decades (Stavenhagen et al., 

2018). 

Increasing the usage of existing water supplies was the usual way to addressing 

rising demand. This has resulted in serious issues with unstable water resources, 

including water availability and withdrawal, water scarcity, and water quality 

degradation (Chapagain &  Hoekstra, 2007). 
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Until recently, water resource management in most developing nations, in 

particular, was centered on supply-driven techniques, which emphasized looking for 

answers through new water delivery projects. Water demand management has 

become critical for the long-term sustainability of water supplies, environmental 

protection, economic efficiency, and social development (Hoekstra, 2007). 

WDM can be achieved by controlling a variety of factors, including technical, 

economic, administrative, financial, and social measures to regulate water use with 

the goal of reducing the amount, manner, and price with which water is accessed, 

used, and disposed, with the ultimate goal of relieving pressure on freshwater 

resources supplies (Brooks and Wolf., 2003).  

The International Development Research Centre (IDRC) describes water demand 

management as "getting the most out of the water we have" in a straightforward way 

(Abu Qdais, 2003). 

Water demand management refers to the fact that providing water is only one 

side of the supply-and-demand paradigm of water use, and various programs have 

been attempted to lower demand by improving behavior and technologies to better 

utilize water (Fang et al, 2007). 

 Different techniques of controlling demand, such as licensing, penalties, and 

water price, have improved water use by up to 95 percent in the United States, Israel, 

and Cyprus (Plaut, 2000). 

Several meetings about water management and environmental challenges, such as 

the Global Water Partnership (GWP) and the World Water Council (WWC), have 

emphasized the crucial role of water users in improving water management (FAO, 

2000). While policymakers and water suppliers and other industries as appropriate 
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have traditionally dominated water strategy, newer approaches try to include all 

stakeholders in water strategy, including end users. Overall, water demand 

management uses legislative and technical tools to find an acceptable balance 

between finite water supplies and competing, usually increasing, water needs (FAO, 

2000). 
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3.1 Study Area  

The governorate of Qadisiyah is located in the south of Iraq. The governorate 

area is 8521 km2, the population is 1,291,048 M, and the capital city is Diwaniya. 

It borders the governorates of Muthanna, Najaf, Wassit, Babil, and Thi-Qar. It has 

four districts: Diwaniya, Afaq, Al-Shamiya, and Al-Hamza. The Euphrates and its 

main branch, Shamiya, run through the area (Iraqi CSO, 2019), Figure (3.1). 

The climate in the governorate is semi-arid and continental subtropical. Winter 

and spring rainfall occur from November to April. The average annual rainfall is 

about 100-120 mm. Winter is cold. Average high temperatures are 15 °C in 

January and 48 °C in July and August. Average low temperatures are 6 °C in 

January to 27 °C in July. A significant quantity of water is lost by 

evapotranspiration (Al-Ansari & Knutsson, 2011). The region's economy is mostly 

based on government jobs, farming, and very few businesses (Iraqi CSO, 2019). 
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Figure 3.1. Iraqi map showing Al-Qadisiyah Province (Salim et al., 2020). 

3.2 Data  

Water footprint studies require a wide range of data input. The accuracy of the 

analysis when investigating the WF of any region is directly related to the quality 

of data used. Within the scope of this study, many data obtained from (DEAT, 

2019), (IMOS, 2021), (MOA, 2021), (FAO, 2022) , (CLIMWAT 2.0) for 

Qadisiyah governorate were used. However, it has been preferred to use actual data 

measured on-site instead of estimated data in terms of the study area-specific 

issues such as climate characteristics and crop characteristics. For ten years (2010-

2020), meteorological data including monthly maximum, minimum, and average 

temperatures, relative humidity, wind speed, sundial time, solar radiation, and 

monthly average rainfall were obtained from the Iraqi Meteorological Organization 

and Seismology (IMOS, 2021) and CLIMWAT 2.0 software (Mekonnen & 
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Hoekstra, 2012), which were used to estimate the reference evapotranspiration 

(ET0), to model the effective rainfall (Peff) and thus the blue and green 

evapotranspiration values. Crops coefficients (Kc), sowing and harvesting dates, 

beginning, development, medium, and last period lengths of the crops are obtained 

from the relevant national reports (IMOS, 2021), Finally, the total production 

amounts (tons), cultivated area information (ha), as well as the number of cattle, 

sheep, and poultry reared throughout the governorate, and the total population has 

been supplied from (Bishay, 2003), (FAO ,2022) , (CLIMWAT 2.0).  

The present study included 27 types of crops; Cereals (wheat, rice, millet, and 

sesame. Fodder crops, barley, alfalfa, clover, maize, and sorghum). Vegetables, 

(eggplant, green peas, green onion, crusty onion, carrots, green pepper, cowpea, 

okra, cucumber, tomatoes, turnip, lettuce, radish, spinach, and zucchini). Fruits, 

(watermelons, yellow-melons, and date palm).  

Statistics on animals showing the complete annual number of cattle, buffalo, 

sheep, goats, camels, and poultry had been obtained from the Iraqi Central 

Statistical Organization (ICSO) , and the Iraqi Ministry of Agriculture / Planning 

and Follow-up Directorate / Statistics Department. Where regional data are 

unavailable, the worldwide average data was chosen and the national statistics 

were obtained for the average annual water footprint of each category of animals 

(Lovarelli et al., 2016). 

3.3 Methods 

According to Hoekstra et al. water footprint method (Chapagain & Hoekstra, 

2004), area-based WF calculations have three main components, they are 

agricultural WF, WF of livestock, and finally domestic and industrial WF (Eq. 1). 
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The agricultural WF is the largest component of the total WF on any spatial scale 

and is estimated by considering the total blue and green water requirements of the 

cultivated crops (Ran et al., 2016). On the other hand, when calculating the WF of 

animal husbandry, the total volume of water processed directly and indirectly by 

livestock raised in the region is used (Hoekstra, 2015). Direct water consumption, 

which consists of drinking and potable water, is generally around 2% and 98% of 

the total water consumption is used in the production of animal feed. In this 

context, the vast majority of the water used in the livestock sector is similar to the 

agricultural WF, again water used in the agricultural activities necessary for the 

production of barley, corn, and alfalfa, or polluted water. Finally, domestic and 

industrial WF is the smallest component of the total WF (Benos et al., 2021). 

Contrary to what is known by traditional water use accounts, water allocated by 

municipalities to meet industrial and urban water needs corresponds to only 10% 

of total water operated by human means (FAO, 2022). 

  TWF=WFA+WFL+WFDI                                                  ………………… (1) 

Here, TWF is the total water footprint; WFA, agricultural WF and WFL is the WF of livestock and 

WFDI is the domestic and industrial water footprint. 

3.3.1. Domestic and Industrial WF 

The domestic WF can primarily consist of multiplying the total population 

number by the average water consumption per capita, it is the overall blue water 

use of the individuals residing in an area for the household activities (Chapagain 

and Hoekstra, 2004a). Because of the lack of water pollution data, the grey water 

footprint was not included in this study as well as limited industrial activities in the 

study area. 
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According to estimates by the Iraqi Ministry of Planning, the population in 

Qadisiyah was (1,291,048 M) were included here (Iraqi CSO, 2019). 

The governorates is characterized by the lack of industrial facilities, so the 

calculation of the water footprint in this study depends only on the amount of water 

consumed by The State Company for Tire Industry in Diwaniyah. This does not 

mean that no other smaller industries have not included in this study because of the 

lack of data. 

3.3.2 Crops Water Footprint  

To estimate the agricultural WF, firstly green and blue ET values should be 

found. Blue ET can be summarized as evapotranspiration from surface and 

groundwater, and green ET as evapotranspiration from precipitation. Within the 

scope of this study, long term meteorological data, mean rainfall average, and 

characteristics of cultivated crops have been defined as the input to CROPWAT 

8.0 program to find evapotranspiration value of each crop, a program is software 

developed by the Food and Agriculture Organization of the United Nations (FAO) 

to model the irrigation water requirements of crops (Sakura-Lemessy & Masters, 

2007). To calculate the reference evapotranspiration (ET0), the Penman-Monteith 

method (Eq. 2) was applied to long-term climate data by using the mentioned 

program. Crop evapotranspiration (ETc) values were calculated by using the 

CROPWAT 8.0 program by using crop coefficients (Kc), growth period lengths, 

and ET0 values (Eq. 3). Blue and green ET values were estimated and the crop 

water requirement (CWR) option of the related software was preferred. The 

program used for the calculation of crop water use (CWU) (Eq. 4 and 5) and the 

USDA-SC method were used for modeling the effective precipitation (P eff) 

(USDA, 1993). 
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ET0 = (0.408Δ(Rn-G)+γ900/(T+273)u2(es-ea))/(Δ+γ(1+0.34u2)) …………..  (2) 

ETc = Kc × ET0                                                              ……………………… (3) 

ETblue = max(0,ETc–Peff)                                              ………………………  (4) 

ETgreen = min(ETc,Peff)                                             ………………………..  (5) 

Where, ET0 is the reference evapotranspiration (mm/day), R𝑛 is the net 

radiation, G is the soil heat flux (MJ/m2day), Δ is the slope of the vapor pressure 

curve (kPa/°C), ɣ is the psychometric constant (kPa/°C). T is the mean daily air 

temperature (°C) at 2 m height, u2 is the wind speed at 2 m height (ms−1), es, and 

ea is the saturation and actual vapor pressure (kPa), respectively. Kc; plant 

coefficients, ETc; annual evapotranspiration value of the crop (mm/year), P. eff; 

effective rainfall (mm), and finally, ETblue and ETgreen are defined as blue and 

green evapotranspiration values (mm/year), respectively. 

After calculating the crop water use (CWU) values (Eq. 6-7), the virtual water 

contents (VWC) of the crops were estimated (Eq. 8-9). Virtual water content refers 

to the total water consumed or operated in the background of a product or process 

and is generally defined as the volume of water spent per unit product (m3/ton). In 

this context, the blue and green VWC values of each crop in the study area were 

calculated separately (Eq. 10) and water production of each crop was estimated by 

using crop cultivated areas and production quantities, and finally the total 

agricultural WF of Qadisiyah governorate (Eq. 11) calculated. The WF of livestock 

and poultry production depends on the account of cattle, goats, sheep, camels, and 

poultry (Lovarelli et al., 2016), (Zaid & Wet, 2002).  
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CWUblue(m3/ha)=10∑ETblue                                       ………………………… (6) 

CWUgreen(m3/ha)=10∑ETgreen                                   …………………………  (7) 

VWCblue(m3/ha)=CWUblue/Y                                   ………………………….  (8) 

VWCgreen(m3/ha)=CWUgrren/Y                                 ………………………….  (9) 

VWC=VWCgreen+VWCgreen+VWCgrey                            .……………………. (10) 

WF(m3)=∑VWCi (m3/ton) x ci (ton)                     ………………………….  (11) 

 

3.3.3.  WF of Date's Production 

The WF was estimated on the basis that the total annual net use of the date-palm 

water is around 70 m3/tree, irrigation 85% (59.5m3/tree), and 15% rain 

(10.5m3/tree) (Al-Amoud et al., 2012), (AL-Omran et al., 2019). 

3.3.4.  Water Footprint of Livestock and Poultry Production 

The overall WF was calculated in the governorate by collecting the number of 

animals in a given category (or per ton of weight for poultry) multiplied by the 

annual water footprint of the category live animal (m3/yr) (Lovarelli et al., 2016).  

The majority of cows are raised for dual purposes in rural Iraq; thus, the total 

number was evenly divided into dairy and beef cattle (FAO, 2022), (CLIMWAT 

2.0). Buffaloes were classified as dairy cattle, camels classified as horses (Dang et 

al., 2015), (Moioli & Borghese, 2005). The method for measuring the livestock 
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WF has been presented by  (A. Y. Hoekstra & Chapagain, 2006) as follows using 

equations (Clark, 2007), (Ewaid et al., 2019), and, (Veettil & Mishra, 2018): 

WFa=WFdirect+WFindirect                                    …………………………. (12)  

Where WFa is the WF of the live animal (m3/ton), WFdirect is the volume of 

water for drinking, cleaning, or other services during the animal's lifetime. 

WFindirect is the amount of water used in animal feed production.  

WF direct accounts for only 1% of the total WF of livestock (Mubako & Lant, 

2013). Live animal direct and indirect WF are estimated as follows: 

         
∫      
          

      

  
                                                       (  ) 

           
∫  *∑      

             +  
          
      

  
         ……………..  (14) 

Where qa, WFc, Feed a, c, and Wa are the daily water consumption volume 

(m3/day), the water footprint of feed c (m3/ton), the daily animal consumption of a 

crop c (ton/day), and the average weight before the slaughter of live animal a (ton), 

respectively. The basic data required for animal production was obtained from 

(MOA, 2021) and the daily consumption of water was obtained from (Lovarelli et 

al., 2016). 
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3.4 Climatic Data 

CLIMWAT and CROPWAT databases of the Food and Agriculture 

Organization (FAO) were used to obtain the necessary climate data. 

3.4.1 CLIMWAT 

A climate database is CLIMWAT. It provides access to climate data from over 

5000 sites throughout the world. The FAO's Water Development and Management 

Unit and the Climate Change and Bioenergy Unit collaborated on the publication. 

All climate data comes from the FAO's Agromet Group database , Climate data for 

19 Iraqi stations has been made available through CLIMWAT. Stations are located 

in 18 province  across the country, covering nearly all of the country's agro-

climatic zones. 

Long-term monthly mean values of seven meteorological parameters are 

provided by CLIMWAT, namely, 

 Mean daily maximum temperature in °C 

  Mean daily minimum temperature in °C 

  Mean relative humidity in % 

  Mean wind speed in km/day 

  Mean sunshine hours/day 

  Mean solar radiation in MJ/m2/day 

  Monthly rainfall in mm/month 

  Monthly effective rainfall in mm/month 

 Reference evapotranspiration calculated using the Penman - Monteith 

methodin mm/day. 
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3.4.2 CROPWAT 8.0 

The CROPWAT model is a decision-making tool developed by the United 

Nations Food and Agriculture Organization (FAO), In light of the FAO 

publication, it is used to calculate irrigation water requirements (IWR) and crop 

water requirements (CWR) based on climate, soil, and crop data (FAO, 2022). The 

FAO's Land and Water Development Division created the initiative. It can be used 

to calculate crop water and irrigation requirements for a variety of crops based on 

soil, climate, and crop data. It has the ability to use CLIMWAT data. It can be used 

for irrigation scheduling and producing soil - water balance output tables in 

addition to calculating crop water requirements (CWR) (Allen et al., 1998). The 

average of ET0 each month was calculated using the FAO approach from Penman-

Monteith   (Ewaid et al., 2019) , and the CROPWAT climate and reference 

evapotranspiration (ET0) data. Using the United States Department of Agriculture 

(USDA) S.C. technique (Ewaid et al., 2019), the rain data in CLIMWAT was 

utilized to determine effective rainfall (Eff.rain). A crop coefficient (Kc), stages, 

rooting, and depth are all part of the input crop data in CROPWAT. In Iraq, the 

state of the soil was deemed to be moderate (Allen et al., 1998). 

 3.5 Data Extraction and Use 

Long-term monthly rainfall data and long-term monthly averages for the seven 

climatic parameters based on the location's coordinates and altitude were taken 

from CLIMWAT and converted into CROPWAT-compatible formats. The data 

files were then imported into CROPWAT, where the Reference Evapotranspiration 

(ET0) and CWR were calculated. 
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3.6 Crop Water Requirement (CWR) 

The crop water requirement is the amount of water a crop requires to grow 

(CWR, mm), The CWR level fluctuates throughout space and time, as well as 

depending on the type of crop, It is governed by two factors: the crop coefficient 

(Kc) and the evapotranspiration of the reference crop (ET0, mm), Climate 

variations, such as wind speed, sunshine, temperature, and humidity, have an 

impact on these two factors (Aldaya et al., 2010). The CWR is determined by 

multiplying ET0 by Kc, and it equals the real crop evapotranspiration (ETc, mm) 

under perfect conditions with no water limits to crop development : 

CWR = Kc  × ET0                                                                        ...…….……… (1) 

CWR = ETc                                                                                   ……………… (2) 

ET0 is the rate of evapotranspiration from a reference surface with no water 

scarcity. Only the climatic elements will effect the reference crop, which is a 

hypothetical grass reference crop with defined characteristics (Ewaid et al., 2019) 

Kc is a number that distinguishes field crops from the ET0 reference grass crop. 

Changes in crop features throughout crop growth create variations in the Kc, which 

are influenced by crop variety, climate, and growth phases. The growing season for 

crops is separated into four stages: early, development, mid-season, and late season 

(Aldaya et al., 2010). 

3.7 Crop Water Use (CWU) 

Determining crop water use (CWU) necessitates a calculation of ET rates for the 

crop being examined in the given climate. The CROPWAT 8.0 and CLIMWAT 

2.0 modelling software were used to obtain this site-specific data. CROPWAT 
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calculates the CWR under ideal conditions for the full growth period using 

CLIMWAT rainfall, soil data, and crop growth inputs (Allen et al., 1998).
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4.1 Water Footprints of Different Sectors 

 The total annual average WF of the different sectors is the agricultural 

production, animal husbandry, domestic use, and industrial production. It has been 

calculated as 1,500,348,813 Mm3/yr  for a 10-year average from 2010 to 2020. 

The amounts of water in each sector are visualized in Table (4.1) and Figure (4.1). 

Accordingly, the total amount of water used within the scope of agricultural (crop 

production) in Qadisiyah is 897,137,955 Mm3 (crops and dates without fodder), 

and this amount corresponds to 76 % of the total WF. 
 

The agricultural WF is the largest volume of water used in the area. The reason 

for this is that the amount of evapotranspiration (ET) required by vegetation is 

high. More than 70% of water is extracted as a result of human processes on a 

global scale (Ercin, 2012). In addition, the agricultural sector is responsible for 

90% of total clean water use worldwide (Bosire et al., 2017). It has been confirmed 

by similar studies that the WF of agricultural activities is relatively high, especially 

in arid regions with continental climates (Hu et al., 2016), (Hoekstra & Chapagain, 

2006). 

 

Table 4.1. The WF components of the governorate (Mm3/yr) (2010-2020). 

 

Domestic Industrial Agricultural Animal production   

  Crops 

without 

fodder 

Date 

Palms 

Livestock Poultry Total 

 

m
3
/capita/y 

184,723,148 424,044 826,541,975 70,595,980 233,878,241 184,185,425 1,500,348,813 1162 
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Figure 4.1. The percentages of WF components of Qadisiyah governorate (2010-

2020). 

The WF of animal husbandry aims to produce meat, milk, or other products from 

cattle, sheep, goats, camels, and poultry  (Ibidhi et al., 2017), (Hoekstra, 2012)  

and the total volume of water is used directly and indirectly  (Mekonnen & 

Hoekstra, 2010). The total water used for the production of fodders (forage) crops 

corresponds to approximately one-third of all agricultural activities on a global 

scale (Ewaid et al., 2019), it is calculated within the livestock WF in the current 

study. Here, the total WF of animal husbandry (livestock and poultry) was 

calculated as 418,063,666 Mm
3
 and corresponds to 29% of the total WF, (Table 

4.1 and Figure 4.1). 
 

Although the WF method takes into account the total volume of water used in all 

processes, traditional water usage calculations only analyze water drawn directly 

from surface and underground deposition systems. One of the advantages of WF 

studies over traditional water usage calculations is the separation of the water used 

into green, blue and gray components. Green water is mainly evapotranspiration 

from rainwater; blue water is the amount of evaporation from surface and 

groundwater. In the present study, the amount of irrigation to be realized within the 

scope of agricultural activities was included in blue water with the CWR option 



Chapter Four                                                                       Results and Discussion                                                                            

59 

mentioned in the CROPWAT 8.0 program considering the irrigation water 

requirement (IWR) of the crops. According to the average results obtained for the 

2010-2020 time period, it was calculated that the blue WF represents 85.8 % of the 

total crops WF, while the green WF is 14.2 %, (Table 4.4). The high values of the 

blue component of the WF are due to the important role that irrigated agriculture 

plays, irrigation, and other agricultural activities account for almost 75% of the 

water use in Iraq (Veettil & Mishra, 2018). Since it is the most water-consuming 

activity compared to other sectors, the water use issues of agricultural production 

in the study area are discussed in this section.  

For the average rainfall season in Qadisiyah, the WF blue and green components 

of the production of the crops were found to be 932,792,503 (85.8%) and 

153,862,351 (14.2%) million m
3
, respectively. It is known that the green water 

ratio is 78 % in agricultural activities on a global scale  (Zhang et al., 2015).  

Although the blue WF is expected to be high in the continental climate, this results 

in excessive use of surface water, limiting agricultural activities, especially in areas 

with insufficient water resources. Therefore, more effective irrigation methods 

should be put in place to reduce the amount of blue ET. 

 Considering the 27 different crops studied here, the annual average WF and rate 

of each crop for the 2010-2020 period are given in (Table 4.4). Accordingly, the 

majority of water use throughout the governorate is based on the production of 

cereals such as wheat, barley, and rice.  

Wheat production has special importance in the study area  (Ewaid et al, 2019). It 

was calculated that the WF of the wheat crop with a total water processing capacity 

of 295,793,125  million m
3
 in the study area corresponds to 45.4 % of the crops in 

the region and 27.2 % of the total WF. The ratio of green water used for wheat 



Chapter Four                                                                       Results and Discussion                                                                            

60 

production in the study area was calculated as 52.24 %. When the world average is 

considered, this rate is reported to be around 70% (Mekonnen & Hoekstra, 2011). 

 

Crops with a relatively high footprint of blue water have been identified as rice, 

wheat, and barley, these three crops account for about 59.2% of the surface water 

consumed for crops irrigation and 26.6% of all water consumes in the region with 

677,652,739 million m
3
 of freshwater. Therefore, increasing the irrigation 

efficiency of these products should be taken into account by the relevant 

authorities in particular. However, the virtual water content of these products 

should also be discussed concerning future planning. The virtual water content 

(VWC) refers to the total water used in the background of the products and is 

defined as the volume of clean water (m
3
) per unit product (ton). The high VWC of 

any product is directly related to the yield in the region where the product is grown 

(Ewaid, 2020).  

In terms of product-based strategies to be developed in the plans for the 

sustainability of water resources, the VWCs of these products in different regions 

of Iraq, their yields, economic returns, dependence on foreign countries, etc. all 

cases should be examined together and decided. 

 

4.2 Domestic and Industrial Water Footprint 

The ten-year (2010-2020) average annual WF of the freshwater consumed by the 

inhabitants in the governorate for different purposes is shown in Table 4.2. This 

water was calculated by multiplying the total population number of the governorate 

by the annual water consumption per capita (143,080 m3/yr) (Alwash, 2018). It 

seems that people in Qadisiyah governorate are consuming (184,723,148 Mm3/yr). 
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In Iraq, the low water tariff rate and the hot climate, combined with a lack of 

awareness about water scarcity, lead to daily consumption of 392 liters per capita 

per day, which exceeds the international average of 200 liters (Alwash, 2018). 

 

Due to the lack of industries in the governorate and the lack of data, this study 

included only one large industrial establishment, the State Company for Tire 

Industry in Diwaniyah, within Qadisiyah governorate. Engineers who work there 

were contacted, and they said that the Company in Al-Qadisiyah Province uses 

about 424,044 m3/yr (Personal contacts, 2019). 

 

Table 4.2. The domestic and industrial WF of the governorate. 

Population 

(M) 

m3 per capita/yr Domestic WF 

(Mm
3
/yr) 

Industrial WF 

(m
3
/yr) 

1,291,048 143,080 184,723,148 424,044 

 

4.3 Agricultural Water Footprint  

The amount of water used for agricultural production from 2010–2020 is 

estimated at 1,086,654,854 Mm3/y. This water footprint includes the water 

footprint of cereals, fodder crops, vegetables, and data palms. Cereal production 

uses 650,986,570 Mm3/y 60% of total water footprint (TWF), followed by fodder 

crops at 260,112,879 Mm3/y 24% of TWF, vegetables at 104,959,425 Mm3/y 10% 

of TWF, and date palms at 70.959,980 Mm3/y 6% of TWF, as shown in table 

(4.3). When water scarcity is a factor in agricultural activity, water consumption is 
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lowered, total irrigated area is reduced, and food is imported (Al-Ansari et al., 

2021). 

Table 4.3. The agricultural WF components of Qadisiyah Governorate  (m
3
/yr) 

(2010-2020). 

Agricultural 

cereal fodder crops vegetables date palms total 

650,986,570 260,112,879 104,959,425 70.959,980 1,086,654,854 

4.3.1 Crops water footprint  

Taking into account the 27 different crop types specified in paragraph 3.2, the 

governorate's crop production WF was projected for 2010–2020. Table 4.4 

displays the corresponding annual WFs for the crops being examined. The annual 

average WF of Qadisiyah for crops is calculated at 1,086,654,854 Mm3/yr, 

including crops for fodder. The largest WF crop is cereals, which accounts for 60% 

of the total WF crop with approximately 650,986,570 M3/yr. Rice has the highest 

WF (333,055,989 Mm3/yr), followed by wheat (295,793,125 Mm3/yr), barley 

(178,244,724 Mm3/yr), date palms (70,595,980 Mm3/yr), and alfalfa (51,666,516 

Mm3/yr).Fodder crops are calculated within the livestock WF in this study. Table 

4.4 and Figure 4.2 show other crops with small water footprints that were also 

included. The blue WF accounts for 85.8 percent of the overall WF crops, while 

the green WF accounts for 14.2 percent. The high values of the WF's blue section 

are due to the important role played by irrigated agriculture. Irrigated agriculture 

and other agricultural activities account for nearly 75% of Iraq water use. 



Chapter Four                                                                       Results and Discussion                                                                            

63 

Table 4.4. The WF annual average values of crop production in Qadisiyah 

Governorate (2010-2020). 

 Production 

 

Area Water footprint 

(m
3
/ton) 

WF of production (Mm
3
/yr) 

 ton/yr ton/ha  blue green total blue green total 

Cereals (60% of the TWF) 

Wheat 270,625 2.544 106,344 796 297 1,093 215,417,500 80,375,625 295,793,125 

Rice 100,107 4.372 22,897 3,318 9 3,327 332,155,026 900,963 333,055,989 

Sesame 1,639 1.074 1,526 9,115 414 9,529 14,939,485 678,546 15,618,031 

Millet 755 0.527 1,431 7,795 840 8,635 5,885,225 634,200 6,519,425 

Fodder crops (24% of the TWF) 

Barley 120,111 1.762 68,165 1,083 401 1,484 130,080,213 48,164,511 178,244,724 

Maize 3,886 2.406 1,615 2,540 191 2,731 9,870,440 742,226 10,612,666 

Sorghum 2,157 1.06 2,034 633 358 991 1,365,381 772,206 2,137,587 

Alfalfa 40,491 14.338 2,824 1,197 79 1,276 48,467,727 3,198,789 51,666,516 

Clover 9,094 9.532 954 1,801 118 1,919 16,378,294 1,073,092 17,451,386 

Vegetables (10% of the TWF) 

Eggplant 5,015 6.005 835 843 63 906 4,277,645 315,945 4,543,590 

Green 

peas 

1,754 3.077 570 1,390 58 1,448 2,438,060 101,732 2,539,792 

Green 

onion 

1,182 8.889 133 481 20 501 568,542 23,640 592,182 

Crusty 

onion 

2,285 4.445 514 962 40 1,002 2,198,170 91,400 2,289,570 

Carrots 74 7.789 9.5 549 23 572 40,626 1,702 42,328 

Water 

melons 

32,746 6.017 5,442 1,158 63 1,221 37,919,868 2,062,998 39,982,866 

Yellow 

melons 

25,480 8.353 3,050 834 46 880 21,250,320 1,172,080 22,422,400 

Green 174 2.23 78 3,109 200 3,309 540,966 3,4800 575,766 
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pepper 

Cowpea 2,462 4.104 600 1,233 92 1,325 3,035,646 226,504 3,262,150 

Okra 5,008 6.713 746 754 57 811 3,776,032 285,456 4,061,488 

Cucumber 11,106 9.784 1,135 518 39 557 5,752,908 433,134 6,186,042 

Tomatoes 6,367 12.784 498 848 27 875 5,399,216 171,909 5,571,125 

Turnip 604 1.967 307 1,348 174 1,522 814,192 105,096 919,288 

Lettuce 6,050 2.318 2,610 1,144 147 1,291 6,921,200 889,350 7,810,550 

Radish 65 1.625 40 3,113 233 3,346 202,345 15,145 217,490 

Spinach 276 1.586 174 1,672 216 1,888 461,472 59,616 521,088 

Zucchini 1,102 1.751 629 2,889 216 3,105 3,183,678 238,032 3,421,710 

Date palms (m
3
/tree) (6% of the TWF) 

 ton/yr ton/tree Dates blue green total blue green total 

 32 0.032 1,008,514 59 11 70 59,502,326 11,093,654 70,595,980 

Total    233,126    932,792,503 153,862,351 1,086,654,854 

WF without 

fodder crops 

      726,630,448 99,911,527 826,541,975 

 

Overall, crops rely on green water in most countries of the world (Ewaid et al., 

2019). Nevertheless, the blue water content of crops was obtained at 83.2%, while 

the green WF was at 16.8% in this governorate. The hot climate, the lack of rain, 

and the high evapotranspiration levels increase the demand for water from crop 

production (Ewaid et al., 2021). Irrigation is needed in the arid regions of Iraq due 

to the lack of adequate rain, especially during the summer, which is likely to result 

in the rise of the blue water portion of crops. All the crops rely primarily on the 

blue water of the study area, except for wheat and barley, which are winter crops 

and partially lower the blue water share. 

(Ewaid et al, 2021) study results indicate that the WF for Iraqi rice in 2017 was 

3091 m3/ton, higher than the world average (1325 m3/ton). Approximately 

821,737,881 Mm3/yr of water has been used to irrigate rice-growing areas to 
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generate 265,852 tons. Green WF is nearly non-existent as rice grows in the dry 

and hot season, and blue WF is dominant. 

Wheat is one of the world's most harvested cereals and has been domesticated in 

Iraq (Ewaid et al., 2019). Overall, 70% of global wheat production's WF is based 

on green water (Vanham & Bidoglio, 2014). 

In this study, the wheat production share of green water is significantly below the 

global average. Green water provides 27% of the total water  requirement for 

wheat production, which slightly reduces the reliance on blue water in the area. 

According to Ye et al. (2018), the total WF of wheat produced in Iraq is 

4,120,160,334 Mm3/yr. Also, the governorate of Qadisiyah is an important area for 

wheat production. Total wheat production has an annual WF of 295,793,125 

m3/yr. 

 

 

 

Figure 4.2. The primary percentages of the crops WF in the governorate (2010-

2020). 

 

Policymakers should carefully consider the blue, green, and total WF of each crop 

for better practices in water management. As a practical approach, crops with 

lower WFs like vegetables could be encouraged to preserve limited freshwater 
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resources. The economic and nutritional value of crops, food safety issues, and 

national virtual water content should also be considered to make a better decision 

on agricultural management of the study area (Ewaid et al., 2021). 

It is therefore proposed that available water sources should be used and that the 

main objectives should be to minimize WFs, decrease the amount of evaporation, 

collect rainwater, and provide more sophisticated irrigation systems to reduce WFs 

(Veettil & Mishra, 2018). Authorities must promote food, goods, and services 

produced and used at lower WF rates (Ewaid et al., 2019). 

Increasing awareness, product labeling, and other similar methods may lead to 

solutions to the problem. Ignoring production methods that have lower productivity 

levels may increase the efficiency of water use (Ewaid et al., 2021). 

Blue WF contributed to the governorate's largest share due to the climatic 

conditions. Cereal production has absorbed half the water withdrawal from the 

agricultural sector. It is proposed that the production of rice, wheat, and barley be 

decreased since the productivity of these crops depends comparatively on limited 

supplies of blue water. In addition, agricultural sector decision-makers should 

minimize crop production with high WF to reduce the demand for water resources. 

WF crop production depends on productivity and climate conditions. It is therefore 

recommended that cereal farming be reduced because the output of these crops is 

heavily dependent on the limited resources of blue water. Vegetable production 

requires little water, so it should be grown rather than crops consuming much like 

rice. 
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4.3.2 Water Footprint of Date's Production 

Dates are one of central and southern Iraq's main fruit crops. Date palm plantations 

have deteriorated over the last 50 years because they have been neglected and 

because there have been more humans and domestic animals (El-Juhany, 2010).  

The date palm tree can be used as a naturally renewable resource and can provide a 

wide range of products (Al-Amoud et al., 2012), (Ali & Hama, 2016). Date palms 

can grow in a very dry, warm climate and are fairly resistant to salty and alkaline 

soils. They require a long, hot summer with little rain and very low humidity, but 

with plenty of groundwater close to the surface or irrigation (El-Juhany, 2010). 

Table 4.5 shows the WF of the dates studied here. 

Table 4.5: The date palms average WF annually in the Qadisiyah Governorate 

(2010-2020). 

 

Production Trees Water 

Footprint 

(m3/tree) 

 WF of Production 

(Mm3/yr) 

 

ton/yr ton/tree  blue green total blue green total 

32,289 0.032 1,008,514 59 11 70 59,502,326 11,093,654 70,595,980 

 

 

4.3.4. Water Footprint of Livestock and Poultry Production 

 

The volume of cattle and poultry WF reflects what is consumed for direct and 

indirect purposes by the animals studied. In this analysis, the average intake of 

water per animal or ton of animal weight for poultry was used to calculate the 

livestock and poultry WF (Lovarelli et al., 2016). Table 4.6 shows some statistics 

on poultry production and Table 4.7 displays the provincial WF for the production 
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of livestock and poultry. The average WF of livestock production is approximately 

233,878,241 Mm3/yr, accounting for approximately 15% of total WF and The 

average WF of poultry production is approximately 184,185,425 Mm3/yr  about 

14% of total WF as shown in (Figure 4.1). 

 

Table 4.6. Statistics on poultry production in Qadisiyah Governorate (MOA, 

2021). 

 

projects sets Chickens 

Numbers 

Weight per 

chicken 

Quantity of sold 

chickens (ton) 

  1000  poultry breeding 

198 4 7000 1963 g 13741 130 
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Table 4.7. The WF of livestock and poultry production in Qadisiyah Governorate 

(2010-2020). 

 

Animal category 

 

m
3
/yr/animal Number of 

animals 

WF 

Beef cattle 630 75,547 47,594,610 

Dairy cattle 2,056 75,547 155,324,632 

Broiler chickens 26 7,000,000 182,000,000 

Layer chickens 33 66,225 2,185,425 

Camels 1,599 5,109 8,169,291 

Sheep 68 294,283 20,011,244 

Goats 32 86,827 2,778,464 

Total   418,063,666 

 

 

Figure 4.3 indicates the percentages of the governorate's WF for animal 

production. The largest proportion of water used for animal production was found 

to be linked to Broiler chickens ( 44%), (Table 4.7). 
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Figure 4.3. The percentages of the animal production WF (2010-2020). 

Animal feeding has the highest indirect demand for freshwater for animal 

production, accounting for 98 percent of the WF (Zaid & Wet, 2002).About one-

third of the total agronomic freshwater is used to produce feeds and nearly half of 

WF's global livestock production is tied to beef (33%) and dairy cattle (19%); 20% 

of WF is linked to the raising of chickens (broiler and layer). On the other hand, the 

majority of the worldwide consumption of livestock freshwater is green water, 

which corresponds to 87% of the overall animal production WF (Lovarelli et al., 

2016). In this study, the blue-water dependency on livestock activity is higher than 

the worldwide average. Calculating the water productivity of animal production 

gives a clear picture of the current situation and the opportunities for the future. It 

shows how much water is used and how much water is used efficiently in animal 

production, as well as how much water is used. 
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5.1 Conclusions  

1. The study showed that the crop's economic value provides a useful indicator 

for such preparation, as it can help optimize income and optimize the 

distribution of water through adequate crop selection. These techniques, if 

implemented in the production of high-value crops such as vegetables, would 

prove lucrative for farmers and beneficial for the environment.  

2. Understanding a product's WF encourages people to change their consumption 

habits and use less water. 

3. The water footprint of an area can be reduced in several ways: 

a) The first way is by approving production that needs less water per unit 

and gives more harvests per unit of water used. For example, using 

cutting-edge irrigation technology and optimizing rainwater use in 

additional irrigation. 

b) The second way is to switch from consuming extremely water-intensive 

goods to less water-intensive products, such as reducing meat 

consumption. To do that, we need to increase customer and planner 

awareness and improve consumer behavior. Water pricing could be an 

efficient way for people to change their behavior. 

c)  The third way to reduce WF is to shift production from low water-

productivity countries to high water-productivity countries (Hoekstra 

and Chapagain, 2007; Allafi, 2019). 

4. The study concluded that the agricultural sector is the highest water 

consuming sector and that there is an increase in water consumption at all 

sectors. 

 



Chapter four                                                 Conclusions and Recommendations 

72 

5.2 Recommendations 

1. Raise awareness to the stockholders in order to shading light on the crops 

that need much water and make systematic program for water use .. 

2. Adopting modern methods of irrigating agricultural crops that reduce the use 

of water, such as drip farming instead of using dry farming. 

3. Further studies required and recommended to assess the water footprint in 

region and specifically in Iraq.  

4. Activate the national law and legislation in addition to implement the 

auditing to obligating  farmers to rationalize water consumption. 

5. Making new agreements with neighboring countries to ensure access to 

sufficient water for the country's needs. 
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 تصخالال

( هٍ خبصُخ ِىبُٔخ صشَحخ السزخذاَ اٌُّبٖ ِٓ حُش االسزهالن أو WFاٌجصّخ اٌّبئُخ )

اسزٍضَ اٌزحضش اٌسشَغ واٌزٍىس وصَبدح اسزهالن اٌُّبٖ  ٕزظ أو سٍؼخ أو خذِخ.اٌزٍىس فٍ إٔزبط ِ

عٕجًب إًٌ عٕت ِغ رغُش إٌّبخ ػٍُّخ لُبط وإداسح وارخبر آٌُبد أوضش فؼبٌُخ ثشأْ ِىاسد اٌُّبٖ 

 اإللٍُُّخ.

( أحذ اٌّؼبَُش اٌزٍ رُ رمذَّهب إًٌ األدثُبد اٌؼٍُّخ فٍ WFَؼذ ِفهىَ اٌجصّخ اٌّبئُخ ) 

ألٌ حمً أو ِٕزظ إًٌ اٌحغُ  WFغشاس اٌجصّخ اٌجُئُخ واٌىشثىْ. َشُش  اٌسٕىاد األخُشح ػًٍ

اإلعّبٌٍ ٌّىاسد اٌُّبٖ اٌزٍ رزُ ِؼبٌغزهب أو رٍىصهب ثشىً ِجبشش أو غُش ِجبشش أصٕبء ػٍُّخ 

 اإلٔزبط.

اٌؼًّ اٌحبٌٍ هى أوي دساسخ رمُُ ورٕبلش اٌجصّخ اٌّبئُخ ٌّحبفظخ ػشالُخ ِٓ خالي رحًٍُ  

WFs ٍضشوح اٌحُىأُخ واإلٔزبط اٌصٕبػٍ واالسزخذاَ إٌّضٌٍ ٌاألخضش واٌشِبدٌ األصسق و

ٔىًػب ِٓ إٌجبربد  27رُ حسبة إعّبٌٍ اسزخذاَ اٌُّبٖ واٌجصّخ اٌّبئُخ ٌـ حُش  ٌضساػخوا

. رُ اسزخذاَ 2020-2010فٍ ِحبفظخ اٌمبدسُخ ، عٕىة اٌؼشاق ٌٍفزشح  اٌّضسوػخ فٍ إٌّطمخ

ب. رُ رمذَش وُّبد اٌزجخش األصسق واألخضش ِٓ خالي خُبس اٌّطىسح حذَضً  WFِٕهغُخ 

 .CROPWAT 8.0( فٍ ثشٔبِظ CWRِزطٍجبد اٌُّبٖ ٌٍّحبصًُ )

رُ اسزخذاَ اٌجُبٔبد اإلحصبئُخ ثّب فٍ رٌه ثُبٔبد األسصبد اٌغىَخ وإحصبءاد هطىي األِطبس 

وِؼبِالد اٌّحبصًُ اٌّحٍُخ وِٕطمخ اٌضساػخ ووُّبد إٔزبط اٌّحبصًُ واإلحصبءاد 

   (WFاٌجصّخ اٌّبئُخ اٌحُىأُخ وثُبٔبد اسزهالن اٌُّبٖ اٌصٕبػُخ وإٌّضٌُخ. رُ رحذَذ ِزىسظ 

 1،500،348،813ٌُىىْ   2020-2010سٕىاد ثُٓ  10ٌّحبفظخ اٌمبدسُخ ٌّذح خ َاٌسٕى) 

ٍُِىْ  184.723.148 (WF) إٌّضٌُخ اٌجصّخ اٌّبئُخ ثٍغ حغُحُش  ٍُِىْ ِزش ِىؼت / سٕخ

ثٍغ حغُ  ِٓ اٌحغُ اٌىٍٍ ٌٍجصّخ اٌّبئُخ اٌىٍُخ و ٪(12) اٌ ثّب َمبسة ِزش ِىؼت / سٕخ

اٌضساػٍ  WFإعّبٌٍ  وثٍغ ِزش ِىؼت / اٌسٕخ. 424044( WFخ )اٌصٕبػُ اٌجصّخ اٌّبئُخ



 

  ة
 

ٍُِىْ ِزش  1،315،201،621)ِحبصًُ ، ٔخًُ ، ِبشُخ ، دواعٓ( ثذوْ ِحبصًُ ػٍفُخ 

أوجش لطبع ِسزهٍه ٌٍُّبٖ هى إٔزبط  ثبٌّحبفظخ. WF٪( ِٓ 88) اٌ ثّب َمبسة ِىؼت / سٕخ 

ٖ إٌّزغبد اٌضساػُخ ِٓ حُش اسزخذاَ اٌُّبوِٓ أهُ  (واألػالف ِحبصًُ اٌحجىة )اٌّحبصًُ 

٪ ِٓ اٌجصّخ اٌّبئُخ 59.2ٓ هزٖ إٌّزغبد ِسؤوٌخ ػ األسص واٌشؼُش واٌمّح واٌجشسُُ

اٌحصخ األوجش ِٓ اٌُّبٖ اٌّسزخذِخ ٌإلٔزبط اٌحُىأٍ ِشرجطخ ثبٌذعبط اٌالحُ  ً.بصٌٍُّح

 ٪( ٌألثمبس اٌحٍىة.37٪( و )44)

ِٕطمخ اٌذساسخ أسض خصجخ إلٔزبط اٌّحبصًُ. وِغ رٌه ، فئْ ِحذودَخ اٌّىاسد اٌّبئُخ ؤذسح  

إٌّطمخ َمُذاْ األٔشطخ اٌضساػُخ. َّىٓ رىفُش اسزذاِخ ِىاسد اٌُّبٖ اٌؼزثخ ٌٍّحبفظخ ِٓ خالي 

اٌذساسخ فٍ لُبَ اٌسٍطبد ٖ رمًٍُ ِحزىي اٌُّبٖ اٌؼزثخ واٌُّبٖ اٌضسلبء. ِٓ اٌّزىلغ أْ رسبهُ هز

        سُبسبد أوضش دلخ إلداسح ُِبٖ اٌشٌ. ثىضغ اٌىطُٕخ
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