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Abstract 

Improving methods of measuring, managing, and making decisions on regional water resources 

became necessary due to rising water use, pollution, and urbanization rates, as well as the effects 

of climate change. In the same vein as ecological and carbon footprints, the notion of water 

footprint (WF) has just recently made its way into the scientific literature. An item's water footprint 

(WF) is the sum of all the water resources that are either used up or polluted in some way 

throughout its manufacturing. This is the first research to examine the blue and green water 

footprints of agricultural output in Al-najaf governorate, southern Iraq, from 2013 to 2023, and to 

explore the impact on the governorate's water supply. We have employed the recently created WF 

technique. Crop water requirement (CWR) in CROPWAT 8.0 software was used to determine the 

quantities of blue and green evapotranspiration. Use of statistical data has been made, which 

includes data on weather, rainfall, local crop coefficients, cultivation area, crop production 

quantities, and animal statistics. For the period from 2013 to 2023, the average yearly agricultural 

water flow (WF) in the Al-Najaf governorate was calculated to be 1,315,201,621 Mm3/yr. 

Agriculture uses the most water of all economic activities (56%). Consumption of water is mostly 

caused by cereal and feed crops. The most important crops grown using water from rivers are rice 

and wheat, which together account for over half of all WF. Just 12% of agricultural WF goes into 

vegetable cultivation. Just 16% of the WF for crop production was green. Broiler chickens account 

for 42% of all animal production water demand, while dairy cattle account for 35%. There is plenty 

of arable land in the research region. Unfortunately, the region's paucity of water supplies and 

other factors hinder agricultural activity. Cutting back on WF and blue water content might help 

the governorate's freshwater supplies last longer. Authorities at the national level should be able 

to use this study to inform the creation of more precise policies for the management of irrigation 

water. 
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Introduction 

Every industry relies on water, making it the most vital resource. Important rivers like the Nile, 

Euphrates, and Tigris were the sites of the foundation of great civilizations. In modern times, water 

resources play a pivotal role in ensuring a steady supply of water for human consumption, 

agricultural irrigation, commercial use, and long-term energy production sustainability [1, 2]. 

Nevertheless, the current water supplies are starting to face a challenge from the rising demand of 

water [3]. Within this framework, there has been a meteoric rise in the number of global studies 

urging better water management in terms of both quantity and quality, as well as in the efficiency 

of the water that is already being utilized [4, 5]. Estimation, modeling, accurate planning, and 

management of regional water resources and consumption are of utmost significance, particularly 
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at this era of significant global climate change impacts  [6 .]  

The topic's significance becomes clear when one considers that just 2.5% of the world's water is 

freshwater potential and that only 0.3% of the world's water resources are fit for human use [7, 8]. 

Regional and national water management initiatives are becoming more important due to rising 

water demand and pollution and shrinking or nonexistent supplies [9, 10]. Research into more 

efficient distribution and operation of water resources, better control and manipulation of water 

quality criteria, and better use of water resources as a whole are all part of water management)  

[11 ,12 ]  

The idea that water is a national treasure rather than a commodity that needs proper care and 

management is central to international water management strategies [13,14]. This strategy states 

that all countries are required to disclose the ecological state of their water bodies. 

A water footprint (WF) is a relatively new notion that has just made its way into the scientific 

literature, joining the ranks of carbon and ecological footprints. In order to manage water 

resources, determine how humans affect local supplies, and protect ecosystems from degradation, 

regional WF accounting are useful  [15  .]  

The research of Hoekstra et al. [16] forms the foundation of the water footprint idea. Mekonnen 

and Hoekstra [20], Hoekstra and Hung [19], and Chapagain and Hoekstra [17, 18]. Any product, 

process, or area's total WF may be determined using the WF technique. The water footprint (WF) 

of a product is the sum of all the water that goes into making that product, whether that water is 

eaten, utilized, or contaminated. Total treated or contaminated water up to a specific geographical 

scale is what the water flow (WF) in any given location is. 

Traditional methods of calculating water usage just include surface and groundwater use [21]. A 

more comprehensive strategy is required in today's more globalized society, however, and this 

method is no longer advised [22]. By include not only the kind and quantity of water used, but also 

its volume, the WFf approach deviates from traditional water consumption accounting . 

 Water flow theory primarily considers three types of water: blue, green, and gray. The overall 

amount of surface and groundwater consumed is shown by the blue WF, whereas the total volume 

of rainfall used is represented by the green WF [23]. Green and blue WF components also include 

evapotranspiration (ET) and water transfer to neighboring basins and regions. Thus, the more the 

blue water footprint is elevated in relation to any human-made operation, the greater the 

consumption of both surface and groundwater, and the consequent worsening of water stress issues 

[15]. A product's manufacturing is supplied with rainwater contributions if its green water footprint 

is high [24]. A greater green WF than a lower blue WF is preferable as a sustainability metric, and 

this is especially true for agricultural goods [25]. Lastly, according to environmental criteria for 

contaminants in the same location, the gray WF is the amount of clean water needed to 

manufacture any product [26]. All three colors—blue, green, and gray—contribute to the overall 

WF. In places where industrial capacity is minimal, the gray WF is particularly low. Thus, in order 

to depict the overall WF of any place, the computation of blue and green WFs is enough  [17 ,27 .]  

There hasn't been nearly enough research on WF since there's a lot of data that has to be collected, 

the analyses that need to be run, and the fact that WF is still a relatively new parameter [28]. 

Mekonnen and Hoekstra [29] performed one of the earliest country-based WF studies; their 

calculations of the WFs of several nations as a result of production and consumption were done at 

a rather low level of detail. Similarly, Chapagain and Hoekstra [17] investigated the idea of 
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international virtual water transfer in depth and used a broader resolution to compute WFs on a 

country level. Using varying geographical resolutions, Mekonnen and Hoekstra[30,31] examined 

the WF of agricultural goods once more. A large number of studies [32, 33, 34] have examined 

agricultural goods since they account for a substantial component of regional WF estimations. The 

agricultural WF is very sensitive to local climate and weather, hence regional estimates are 

essential [35, 36, 37, 38]. Urban areas account about 2% of the global landmass, although they are 

home to 50% of the world's population. By 2050, this ratio is projected to reach 70% [39]. 

Domestic WF analyses are critical for more consistent and efficient water resource use [42] due to 

the fact that population density is a characteristic that directly impacts water resource usage [40, 

41]. In this light, a notable uptick in recent years can be seen in the demographic characteristics of 

Al- Najaf governorate. Not only does the region's dry environment make water extraction from 

blue water an absolute need, but so does the region's rapid population growth and increased 

agricultural output. Lots of research have shown that the governorate's water capacity is going 

down, albeit [2, 5, 43]. So, to help with water management and planning, the governorate can 

conduct a comparative study of water-using industries and activities . 

Analyzing the agricultural WF of Al-Najaf governorate based on output is the major goal of the 

present study. It was within this framework that the blue and green WFs of the cattle and 

agriculture industries were determined. The scarcity of data on water contamination has prevented 

any studies on Gray WF [44]. Using data collected relatively recently, this analysis covers the 

years 2010–2020. However, all of Najaf’s districts were considered simultaneously while 

determining the agricultural WF, and a diverse range of crops were utilized. This is the first 

research that the authors are aware of that examines WF in a provincial level in Iraq. The World 

Forests (WFs) of our nation and the research region may be inferred from a number of studies that 

simulate the WFs of other countries or basins on a global scale. Although one of the earliest 

analyses on the issue is Chapagain and Hoekstra's [17] work, the inputs utilized to predict WFs 

(crop characteristics, evapotranspiration levels, crop production statistics) are not of high 

resolution, and average data from nations between 1997 and 2001 are utilized. Mekonnen and 

Hoekstra [31, 45] worked using approximated data from global databases to create high-resolution 

spherical WF maps. Mekonnen and Hoekstra studied fundamental statistics from a number of 

nations, including Iraq, using WF of production and consumption  [21 ,29 .]  

Focusing on a specific location, using up-to-date data supplied by local authorities, and selecting 

a large timeframe (10 years) are the key benefits of this study compared to the previous studies. 

Data created by local authorities, such as geographical precipitation averages (both measured and 

computed), crop coefficients, crop productivity, and information on water usage in animal 

husbandry, were therefore carefully considered. When compared to studies focusing on basins or 

countries, the number of WF studies conducted at the governorate level is quite small. Vanham 

and Bidoglio [46] examined the water flow (WF) of the Milan governorate and discovered that 

external factors greatly influenced the quantity and percentage of total water utilized for 

agriculture, industry, and households. The specifics of the water that the Berlin, Delhi, and Lagos 

governorates imported were covered in the context of virtual water commerce by Hoff et al  [ .42  .]  

Moreover, the literature covered a variety of water footprints (WFs) for various governorates and 

cities, including: industrial water footprints and optimal water use [47], WFs concerning the 

energy sector in big cities [48], how urbanization affects WFs [49–51], WFs of areas with low 



 

Volume 2, Issue 6, June - 2024    

ISSN (E): 2938-3781 

30 | P a g e  

 

 

rates of urbanization and abundant water resources [52, 53], WFs of urban agriculture [54], home 

plumbing [55], groundwater footprints [56], gray and green WFs [57], and direct water use [58]. 

 

1. Data and Method  

2.1. Study Area  

Najaf is one of the governorates in central Iraq, located on the edge of the western plateau of Iraq, 

southwest of the capital, Baghdad, about 161 km away from it. The city rises 70 meters above sea 

level. It is bordered to the north and northeast by the city of Karbala, which is about 80 km away, 

and to the south and west by the Bahr Al-Najaf depression. The governorates of Babel and 

Qadisiyah to the east, Muthanna to the south, Karbala and Anbar to the north, and the international 

border with Saudi Arabia to the west encircle the central region of Iraq, which is home to the Najaf 

Governorate. Twenty-eight thousand square kilometers, or 6.6% of Iraq's total land, make up the 

Al-Najaf Governorate. According to Figure 1 (Iraqi CSO, 2019), it consists of ten administrative 

divisions, or districts, that make up four districts  . 

Najaf has a hot, dry summertime climate. In the winter, the temperature can drop below zero 

degrees, and it can occasionally exceed 45 degrees Celsius. From one to five droplets of rain per 

trickling fall on average in Najaf each year. (Iraqi CSO, 2019). 

 

 
 

Figure 1. Iraqi map showing Najaf governorate (in light green). 

 

2.2. Data  

Many different types of data must be entered into water footprint investigations. Using high-

quality data is closely correlated with accurate analysis while studying the WF of any location. 

Data for the Najaf governorate were culled from a number of sources, including [59, 61, 62, 63]. 

In regards to research area-specific concerns, such as climatic and agricultural features, Real data 

that has been measured on-site has been preferred above estimated data. In order By utilizing data 
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collected from the Iraqi Meteorological Organization and Seismology (IMOS) and the CLIMWAT 

2.0 programmer, we were able to estimate the reference evapotranspiration (ET0), model the 

effective rainfall (Peff), and determine the blue and green evapotranspiration values. This data was 

utilized from 2013 to 2023. Along with average and maximum temperatures, wind speeds, sundial 

times, solar radiation, relative humidity, and monthly rainfall averages were included in the 

statistics.. Crop coefficients (Kc), planting and harvesting dates, and the lengths of the first, 

second, third, and fourth stages of crop growth are obtained by consulting the relevant national 

reports [61]. In conclusion, the information has been furnished about the overall population, total 

production amounts (tons), total cultivated area (ha), number of cattle, sheep, and poultry kept 

across the governorate, and total cultivated area  [59 ,63 .]  

The present study looked at 27 crop groups, including cereals (wheat, rice, millet, and sesame). 

The crops utilized as fodder include alfalfa, barley, clover, maize, and sorghum. Zucchini, green 

peas, green onions, crusty onions, carrots, green pepper, okra, cucumber, tomatoes, turnips, lettuce, 

radish, spinach, and turnip greens are among the veggies on this list. Fruits, such as golden melons, 

watermelons, and date palms ... 

The animal statistics, which comprised the total yearly number of cattle, buffalo, sheep, goats, 

camels, and poultry, were checked with a department of the Iraqi Ministry of Agriculture 

responsible for planning and following up on agricultural projects [63] and the Iraqi Central 

Statistical Organization [59]. Each animal species' average annual water footprint was calculated 

using national data, with global average data being utilized in situations where regional data was 

not available [65]. 

 

2.3. Methods 

There are three primary components to area-based water footprint estimates, as stated by Hoekstra 

et al.'s water footprint technique [16]: agricultural, livestock, and household and industrial (Eq. 1). 

Consideration of the overall blue and green water requirements of the cultivated crops is used to 

determine the agricultural WF, which is the greatest component of the total WF on any 

geographical scale [66]. The water footprint of animal husbandry, on the other hand, is based on 

the regional total volume of water handled by animals, both directly and indirectly [67]. The 

manufacturing of animal feed accounts for 98% of the overall water use, whereas direct water 

consumption, which includes potable and drinking water, accounts for around 2%. Polluted water 

or water used in agricultural operations to produce barley, maize, and alfalfa is what most of the 

water used by the livestock sector is, in this sense, comparable to agricultural WF. Last but not 

least, the proportion of WF attributable to homes and businesses is the lowest overall [68]. As a 

matter of fact, hardly 10% of the total water operated by humans is really used by municipalities 

to satisfy industrial and urban water demands, which goes against what is known from 

conventional water usage reports [69]. 

 

   TWF = WFA + WFL                      (1) 

 

Here, TWF is the total water footprint; WFA, agricultural WF and WFL is the WF of livestock. 
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2.3.1. Crops water footprint  

The first step in estimating the agricultural WF is to find the green and blue ET values. The term 

"green ET" refers to evapotranspiration from precipitation, whereas "blue ET" refers to 

evapotranspiration from surface and groundwater. In order to determine the evapotranspiration 

value of each crop, this study employed CROPWAT 8.0, a program created used by the FAO to 

model the amount of water that crops would require for irrigation [70]. The algorithm considered 

average rainfall over extended periods of time, agricultural traits, and long-term weather data. 

Equation 2 of the Penman-Monteith method was applied to long-term data in order to establish the 

reference evapotranspiration, or ET0. climatic data using the aforementioned application. Equation 

3 shows how crop coefficients (Kc), growth cycle durations, and ET0 values were used to 

determine crop evapotranspiration (ETc) values in the CROPWAT 8.0 software. The associated 

software's crop water requirement (CWR) option was chosen, and blue and green ET values were 

estimated. To simulate the effective precipitation (P eff), we utilized the same program that was 

used to calculate crop water usage (CWU) (Eq. 4 and 5). We also used the USDA-SC approach 

[71]. 

 

ET0 =
   0.408Δ(Rn−G)+γ

900

T+273
u2(es−ea)

Δ+ γ(1+0.34 u2)
                      (2) 

 

ETc = Kc × ET0                                                   (3) 

 

ETblue = max (0, ETc –  Peff)                         (4) 

 

ETgreen = min (ETc, Peff)                             (5) 

 

Here, ET0 stands for the reference evapotranspiration in millimeters per day, R𝑛 denotes the net 

radiation, G stands for the soil heat flux in megajoules per square meter per day, Δ denotes the 

slope of the vapor pressure curve in kPa/°C, and Ɏ is the psychometric constant in kPa/°C. The 

equation gives the following values: T represents the average daily air temperature (°C) at 2 m 

height, u2 stands for the wind speed at 2 m height (ms−1), and es and ea stand for saturation and 

actual vapor pressure (kPa), respectively. And lastly, evapotranspiration measurements in green 

(mm/year) and blue (mm/year) are referred to as ETblue and ETgreen, respectively. Plant 

coefficients (Kc), annual evapotranspiration value (ETc) in millimeters per year (mm/year), and 

effective rainfall (P. eff) in millimeters are the abbreviations used . 

Equations 6-7 were used to calculate the crop water utilization (CWU) values, and then Equations 

8-9 were used to evaluate the crops' virtual water contents (VWC). Commonly expressed as the 

amount of water expended per unit of product (m3/ton), virtual water content refers to the overall 

amount of water used or operated in the background of a product or process. The agricultural water 

usage efficiency (WFE) of the Najaf governorate was determined by adding up the blue and green 

VWC values of all crops cultivated in the study region (Eq. 10), and then calculating the water 

production of each crop using the crop cultivation areas and production amounts (Eq. 11). It was 

subsequently. The foundation of livestock and poultry production's WF are fowl, goats, lambs, 

camels, and cattle [65, 72]. 
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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
) =

CWUgreen
Y

                                                              (9) 

 

VWC = VWCblue + VWCgreen + VWCgrey                                  (10) 

 

WF (m3) = ∑VWCi (
m3

ton
) xci(ton)                                                    (11) 

 

 

2.3.2.  WF of date's production 

The water flow rate (WF) was calculated using the following assumptions: rainfall accounts for 

15% (10.5 m3/tree), irrigation for 85% (59.5 m3/tree), and total annual net usage of date palm 

water is around 70 m3/tree [73, 74, 75]. 

 

2.3.3. Water footprint of livestock and poultry production. 

Gathering the density of a given animal kind (or weight in tons of fowl) and multiplying it by the 

category's yearly water footprint (m3/yr) was how the total WF was determined in the governorate  

[65  .]  

In rural Iraq, most cows have a dual function, therefore the total number was distributed equally 

between beef cattle and dairy cattle [63]. Dairy cattle were considered buffalo, whereas camels 

were considered horses [76], Table 6 . 

In [17], the following technique for calculating the WF of cattle was described, based on equations 

(12, 13, and 14): 

WFa = WFdirect +  WFindirect                     (12)  
 

Where WFa is the water footprint (m3/ton) of the living thing, and WFdirect is the amount of water 

used for various purposes all during the animal's existence, such as drinking, bathing, and other 

necessities. The quantity of water utilized in the manufacturing of animal feed is denoted as 

WFindirect . 

Direct WF contributes a meager 1% of overall livestock WF [77]. Direct and indirect WF in live 

animals are calculated in the following ways, using the procedures of [78]: 

\ 

WFdirect =
∫ qa dt

 slaughter

 birth

Wa
                                 (13) 
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WFindirect =
∫  {∑ WFc

ncc=1  _ Feeda,c
}dt

 slaughter
 birth

Wa
       (14) 

 

In this context, qa represents the daily water consumption volume (m3/day), WFc stands for the 

water footprint of feed (m3/ton), c represents the daily crop intake (ton/day) by animals, and Wa 

represents the normal weight of an animal right before slaughter (tons). The water usage per day 

was culled from [65] and the fundamental data needed for animal production was sourced from 

[63]. 

 

 

3. Results and Discussion 

3.1.  Comparison of WFs of Different Sectors 

 Agricultural agriculture and animal husbandry have a combined annual average water flow (WF) 

of 995,020,883 m3/yr from 2013 to 2023. Table 1 and Figure 2 show the water quantities in each 

region. Thus, 383,668,376 m3 (crops and dates without fodder) of Najaf's water is utilized for 

agricultural purposes, making up 31.3% of the overall agricultural water consumption  . 

By far, the most significant water user in the region is the agricultural WF. The plant has a high 

ET need, which is why this is the case. The majority of the world's freshwater supply—more than 

70%—is derived from human activities [79]. On a global scale, 90% of all clean water 

consumption occurs in agriculture [80]. The WF of agricultural operations is very high, according 

to comparable research [17, 36], particularly in dry locations with continental climates. 

 

Table 1. The agricultural WF components of Najaf Governorate  (m3/yr) (2013-2023).  

 

 

 

 

826,541,976 70,595,981 233,878,242 184,185,426 1,315,201,625 

 

 
Figure 2. The percentages of agricultural WF components of Najaf Governorate (2013-2023). 

63%

5%

18%

14%

Crops without fodder  Date Palms Livestock Poultry

Agricultural  

Crops without fodder  Date Palms Livestock Poultry Total 

826,541,976 70,595,981 233,878,242 184,185,426 1,315,201,625 
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Water is utilized both directly and indirectly in animal husbandry with the goal of producing meat, 

milk, and other goods from animals such as cattle, sheep, goats, camels, and poultry [81, 82]. 

According to the current study, the total water required for the production of fodder crops accounts 

for almost one-third of all agricultural operations worldwide [84]. This information is derived from 

the livestock water footprint (WF). Table 1 and Figure 2 show that animal husbandry's total WF—

including both cattle and poultry—accounts for 311,027,797 m3. This is 31.2% of the overall WF. 

Traditional water use estimations just include water immediately collected from surface and 

subsurface deposition systems; however, the WF technique considers the overall amount of water 

utilized in all activities. By disaggregating water use into its component parts, WF studies have an 

advantage over more conventional methods of water consumption estimation. Rainwater 

evaporation, or green water, and surface and groundwater evaporation, or blue water, are two 

different things. This study used the CROPWAT 8.0 program's blue water with the CWR option 

to account for the quantity of irrigation that has to be done within the context of agricultural 

operations, taking into account the crops' irrigation water demand (IWR). Based on the average 

data from 2010 to 2020, it was determined that 83% of the total crop WF is blue, and 17% is green 

(Table 3). Due to the significant significance of irrigated agriculture, the blue component of the 

WF has high values. Agricultural activities, including irrigation, consume over 75% of Iraq's water 

[14]. This part addresses the water consumption concerns of agricultural production in the study 

region, as it is the largest water-consuming industry compared to others . 

The average rainfall season in Qadisiyah yielded 446,683,192 (or 83% of the total) and 90,235,105 

(17%) million m3 of WF blue and green components, respectively, for the crop output. On a 

worldwide basis, agricultural operations are reported to have a green water ratio of 78% [32]. 

Despite the high blue WF predicted for continental climates, this leads to over-distribution of 

surface water, which in turn restricts agricultural activity, particularly in regions where water is 

scarce. So, to lessen the amount of blue ET, better watering techniques should be implemented. 

 Table 3 displays the average yearly WF and rate for each of the 27 crops that were included in 

this study from 2010 to 2020. The cultivation of cereal crops, including rice, wheat, and barley, 

accounts for the bulk of the governorate's water use . 

The research region has a specific emphasis on wheat production [85]. Based on the calculations, 

the wheat crop accounts for 25.6% of the crops in the area and 13.8% of the total water processing 

capacity (WF), with a total of 137,286,724 million m3 in the study area. A ratio of 23.84% was 

determined for the research area's wheat production using green water. Taking into account the 

global average, this percentage is said to be around 70%  [30 .]  

Barley, wheat, and alfalfa are the crops that use the most blue water. Together, they use 

264,644,191 million m3 of freshwater, which is roughly 26.6% of the total water utilized in the 

region. This accounts for 59.2% of the surface water used for agricultural irrigation. Consequently, 

the appropriate authorities should prioritize making these items more efficient during irrigation. 

But while thinking about the future, it's important to consider the virtual water content of these 

items as well. The virtual water content (VWC) is the amount of clean water (in cubic meters) 

utilized to make one unit of product (in tons) and stands for the overall amount of water consumed 

by the items. There is a clear correlation between the yield in the location where a product is 

cultivated and its high VWC [86]. Consideration of all relevant factors, such as the VWCs of 

various goods throughout Iraqi areas, their yields, economic returns, reliance on other nations, etc., 
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should go into the development of product-based policies for the sustainability of water resources. 

 

3.2. Agricultural water footprint  

3.2.1. Crops water footprint  

The governorate agricultural production WF was forecast for the years 2013–2023, with 27 distinct 

crop kinds taken into consideration (see section 2.2). The crops that are being studied have their 

matching annual WFs displayed in Table 3. When including in crops used for feed, the average 

yearly WF of Qadisiyah is 536,918,297 Mm3/yr. The highest water-holding capacity (WFC) is 

found in fodder crops, which account for over 42% of the total WF crop at 225,679,481 Mm3/yr. 

The largest water holding capacity (WF) is held by barley at 139,575,569 Mm3/yr, followed by 

wheat at 137,286,724 Mm3/yr, date palms at 72,429,560 Mm3/yr, and alfalfa at 51,726,725 

Mm3/yr. In this study, fodder crops are included in the livestock WF. The inclusion of other crops 

was based on their comparatively small water footprints, as seen in Table 3 and Figure 3 . 

Just about one-fifth of all WF crops are blue, with the remaining 83.2% being green. Irrigated 

agriculture, together with other agricultural uses, accounts for over 75% of Iraq’s water 

consumption, which is why the blue portion of the WF has such high numbers. 

 

Table 3. The WF annual average values of crop production in Najaf Governorate (2013-2023). 
   

  Production Area Water footprint 

(m3/ton) 

WF of production (Mm3/yr) 

 ton/yr ton/ha  blue green total blue green total 

Cereals (60% of the TWF) 

Wheat 270,62

5 

2.544 106,344 796 297 1,093 215,417,500 80,375,625 295,793,125 

Rice 100,10

8 

4.373 22,898 3,319 8 3,326 332,155,027 900,964 333,055,990 

Sesame 1,638 1.075 1,527 9,116 415 9,528 14,939,486 678,545 15,618,032 

Millet 756 0.528 1,432 7,796 841 8,636 5,885,226 634,202 6,519,426 

Fodder crops (24% of the TWF) 

Barley 120,11

2 

1.763 68,166 1,084 402 1,485 130,080,214 48,164,512 178,244,725 

Maize 3,887 2.407 1,616 2,541 192 2,732 9,870,442 742,227 10,612,667 

Sorghum 2,158 1.07 2,035 634 359 992 1,365,382 772,208 2,137,588 

Alfalfa 40,492 14.339 2,825 1,198 78 1,277 48,467,728 3,198,788 51,726,725 

Clover 9,095 9.533 955 1,802 119 1,920 16,378,295 1,073,093 17,451,387 

Vegetables (10% of the TWF) 

Eggplant 5,016 6.006 836 844 64 907 4,277,646 315,946 4,543,591 

Green 

peas 

1,755 3.078 571 1,391 59 1,449 2,438,061 101,733 2,539,793 

Green 

onion 

1,183 8.890 134 482 21 502 568,543 23,641 592,183 

Crusty 

onion 

2,286 4.446 515 963 41 1,003 2,198,171 91,401 2,289,571 
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Carrots 75 7.790 9.6 548 24 573 40,627 1,703 42,329 

Water 

melons 

32,747 6.018 5,443 1,159 64 1,222 37,919,869 2,062,999 39,982,867 

Yellow 

melons 

25,481 8.354 3,051 8354 47 881 21,250,321 1,172,081 22,422,401 

Green 175 2.24 79 3,108 201 3,308 540,967 3,4801 575,767 

pepper          

Cowpea 2,463 4.105 601 1,234 93 1,326 3,035,647 226,505 3,262,151 

Okra 5,009 6.714 747 755 58 812 3,776,033 285,457 4,061,489 

Cucumber 11,107 9.785 1,136 519 38 558 5,752,909 433,135 6,186,043 

Tomatoes 6,368 12.785 499 849 29 876 5,399,217 171,910 5,571,126 

Turnip 605 1.968 308 1,349 175 1,523 814,193 105,097 919,289 

Lettuce 6,051 2.319 2,611 1,145 148 1,292 6,921,201 889,351 7,810,551 

Radish 66 1.626 41 3,114 234 3,347 202,346 15,146 217,491 

Spinach 277 1.587 175 1,673 215 1,889 461,473 59,617 521,089 

Zucchini 1,103 1.752 631 2,890 215 3,106 3,183,679 238,033 3,421,711 

Date palms (m3/tree) (6% of the TWF) 

 ton/yr ton/tree Dates blue green total blue green total 

 33 0.033 1,008,515 58 12 70 59,502,325 11,093,655 70,595,981 

Total   233,126    932,792,504 153,862,352 1,086,654,855 

WF without 

fodder 

crops 

      726,630,449 99,911,528 826,541,976 

          

 

In most parts of the world, crops use green water as their primary source of water [84]. However, 

in this governorate, the blue water content of crops was found to be 83.2% and the green water 

fraction to be 16.8%.  Due to the high evapotranspiration levels, hot weather, and lack of 

precipitation, agricultural output uses more water than usual [88]. Because there isn't enough rain 

in Iraq's dry regions, particularly in the summer, irrigation is necessary to prevent crop blue water 

from becoming too high. With the exception of winter crops like wheat and barley, which use less 

blue water, every crop in the research region depends on it to some extent . 

In 2017, the World Federation for Rice (WFF) for Iraqi rice was 3091 m3/ton, according to the 

study by Ewaid et al. [89], which is greater than the global average of 1325 m3/ton. During the 

dry and hot season, when rice is grown, green water vapor is almost nonexistent and blue water 

vapor is dominating; about 821,737,881 Mm3/yr of water has been utilized to irrigate rice-growing 

regions, yielding 265,852 tons. 

One of the most widely grown crops, wheat, was domesticated in Iraq [85]. On a worldwide scale, 

green water accounts for 70% of wheat flour (WF) [45]. The proportion of green water used in 

wheat production is far lower than the world average, according to this study. There is a little less 

dependence on blue water in the region as 27% of the overall water need for wheat production 

comes from the green water. Estimates put Iraq's annual wheat harvest at 4,120,160,334 Mm3 

[85]. The Najaf governorate is also a major wheat-growing region. A total of 137,286,724 Mm3/yr 

of wheat is produced per year. 
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Figure 3. The primary percentages of the crops WF in the governorate (2013-2023). 

 

In order to improve water management techniques, policymakers should thoroughly examine each 

crop's blue, green, and total water factor. To make a better decision on agricultural management 

of the study area, it is practical to encourage crops with lower water-use factors (WFs), such as 

vegetables, in order to preserve limited freshwater resources. However, it is also important to 

consider topics such as the nutritional and economic worth of crops, concerns about food safety, 

and the amount of virtual water in the country [88]. 

Consequently, it is recommended that existing water supplies be utilized, with the primary goals 

being to limit water loss due to evaporation, collect rainfall, and implement more advanced 

irrigation systems to do this [14]. Lower WF rates for food, products, and services must be 

promoted by the authorities [85]. The issue may have a remedy that involves raising awareness, 

changing product labels, or anything along those lines. It is possible to improve water usage 

efficiency by ignoring manufacturing techniques with lower output levels  [88 .]  

Because of the weather, the governorate's biggest share was Blue WF. Half of the water that the 

agriculture sector has to withdraw has gone into cereal cultivation.  Given that blue water resources 

are very limited, it is suggested that rice, wheat, and barley cultivation be reduced. To further 

lessen the strain on water supplies, decision-makers in the agricultural sector should limit the 

harvest of crops with a high water-fixation factor (WF). Climate and productivity are the two main 

factors that determine the yield of WF crops. Cereal crops, such as rice, consume a lot of blue 

water, which means that their production should be restricted. Vegetables, on the other hand, don't 

need as much water, therefore they should be cultivated instead. 

 

3.2.2. Water footprint of date's production 

Central and southern Iraq are major producers of dates. Over the past half-century, date palm 

plantations have declined as a result of human carelessness and the extensive degradation brought 

about by the proliferation of domestic animals and humans  [90 .]  

The date palm tree is an abundant source of many different goods and is a renewable resource in 

and of itself [91, 92]. Long, hot summers with little rain and extremely low humidity, as well as 

an abundance of surface or irrigated groundwater, are ideal for date palms, which can thrive in 

extremely dry, heated climates and are somewhat resistant to acidic and saline soils [93]. This 

study's WF dates are displayed in Table 4. 
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Table 4. The date palms average WF annually in Najaf Governorate (2009-2018). 

 

 

Najaf    

32,299 

0.0

33 

1,008,

513 

5

8 

1

2 

7

0 

59,50

2,327 

11,09

3,653 

71,636

,932 

 

3.2.3. Water footprint of livestock and poultry production.  

The amount of feed that cattle and poultry consume, both directly and indirectly, as shown in their 

weight. To determine the WF for cattle and poultry, this study employed the average water 

consumption per animal quantity or ton of animal weight for poultry [65]. Table 6 gives the 

province WF for livestock and poultry production, whereas Table 5 offers some data of poultry 

output [63]. Figure 2 shows that the average annual water flow (WF) from cattle production is 

around 203,043,456 Mm3/yr, or about 28 percent of the total WF. 

 

Table 5. Statistics on poultry production in Najaf Governorate (MOA, 2023). 

 

 

 

132 13742 1965 g 8000 5 197 Najaf 

 

 

Table 6. The WF of livestock and poultry production in Najaf Governorate (2013-2023). 

 

             m3/yr/animal 

 

Number of                     WF 
 

animals 
 

 
631 75,537 47,663,847 

 

 
2,057 75,537 155,379,609 

 

 
27 7,001,000 189,027,000 

 

 
34 66,226 2,251,684 

 

 
1,600 5,108 8,172,800 

 

 
69 294,284 20,305,596 

 

 
32 86,827 2,778,464 

 

  
 425,579,000 

 

 

The percentages of the governorate's WF that go for livestock agriculture are shown in Figure 4. 

Table 6 shows that dairy cattle account for the lion's share of water utilized in animal production, 

at 57%. 

 

 

 

Quantity of sold chickens (ton) Weight per 

 chicken 

Chickens Numbers 

1000 

sets projects  

breeding poultry 

132 13742 1965 g 8000 5 197 Najaf 
 

Animal category 

             
m3/yr/animal 
 

Number of                     WF 
 

animals 
 

Beef cattle 631 75,537 47,663,847 
 

Dairy cattle 2,057 75,537 155,379,609 
 

Broiler chickens 27 7,001,000 189,027,000 
 

Layer chickens 34 66,226 2,251,684 
 

Camels 1,600 5,108 8,172,800 
 

Sheep 69 294,284 20,305,596 
 

Goats 32 86,827 2,778,464 
 

Total 
 

 425,579,000 
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Figure 4. The percentages of the animal production WF (2013-2021). 

 

Approximately 98% of the world's freshwater is used by animal feed, making it the most water-

intensive process in animal production [72]. In the world of livestock agriculture, feed production 

accounts for over a third of all agronomic freshwater. Beef accounts for 33% of WF, dairy cattle 

for 19%, and fowl for 20%. Additionally, green water accounts for 87% of the total animal 

production WF [65], making it the most consumed freshwater by livestock on a global scale. The 

study found that blue-water ecosystems rely more on livestock activities than the typical global 

ecosystem. The current state of affairs and future possibilities for improved water resource 

utilization and increased water productivity in animal production can be better understood by 

calculating the water productivity of animal production. 

 

4. Conclusions 

Study findings indicate that the governorate's annual water footprint is around 995,020,883 million 

m3. The majority of the water consumed is handled by agricultural agriculture, specifically date 

palms and fodder crops (536,918,297 m3), accounting for 54% of the total. Water footprints were 

computed for the study area's livestock as well as for industrial and household uses. A total of 27 

plant species grown in the area had their water footprints and total water use determined. Barley, 

wheat, and alfalfa are the three most water-intensive agricultural crops. The majority of the crop's 

water use (59.2%) is caused by these items. 

Based on the data collected, wheat accounts for 13.8% of the governorate's overall water footprint, 

making it the most important crop farmed there. There is a lot of blue water usage in the area, 

according to comparable research in the literature. The location of the research region in the hot 

climatic zone explains this condition, particularly the rise in evapotranspiration volumes . 

The climate, the virtual water content of manufactured and consumed goods, the way of life of the 

local population, their dietary choices, and other factors all contribute to a region's high water 

footprint [18]. For water resource sustainability, particularly in semi-arid and dry locations, it is 

crucial to find ways to lessen the impact on water resources and cut down on the use of blue water 
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in farming. Reviewing the virtual water content and usage of blue water in Iraq's primary goods 

will help with more effective and reasonable water management. Detailed policies regarding water 

and agricultural products can be advanced with the use of research that measure rising water 

footprints. 
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