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Abstract 

Water is essential for live, freshwater supplies around the world are under significant pressure because of increasing 

consumption and pollution. Egypt suffers from water scarcity due to the increase in the population and the lack of integrated 

management of water resources, resulting in a gap between the available water resources and the required water consumption. 

Many studies were done to improve irrigated agriculture's efficiency on water consumption and crop yields for saving water in 

irrigated agriculture to achieve water management sustainability. Therefore, the aim of this work is reviewing of the previous 

studies of crop water footprint accounting as a diagnostic tool to identify the hotspots of irrigated agricultural systems Water 

footprint as one of the tools of integrated water management. The water footprint (WF), which is an indicator that includes 

both direct and indirect water use, is a metric for determining how much freshwater a product consumes during its life cycle. 

It helps in providing water quantities to obtain the highest water efficiency to obtain the highest return of one cubic meter of 

water. And, it also helps to improve the strategies of sustainable agricultural and the structure of international trade. Water 

footprint necessitates the need to integrate water resources management policies agricultural and trade policies to feed in a 

comprehensive country water accounting system. 
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Introduction: 

Water scarcity is affecting many countries due 

to the unequal distribution of water resources, as 

well as increased demand. Therefore, improving 

the management and efficiency of water resources 

has become very important [1]. Growing 

populations and continuous socioeconomic 

development increase the pressure on the world’s 

scarce water resources, which facing the challenges 

of water scarcity and water quality deterioration 

[2]. 

Not only Egypt but worldwide as well, the total 

people are living in severe water scarcity regions 

ranges from 1.8 to 2.9 billion during 4-6 months 

per year. Moreover, half billion people live in areas 

that are suffering from severe water scarcity in the 

whole year [3]. Egypt lies in a dry region of the 

world. The management of water resources in dry 

areas is necessary to maintain the limited quantities 

of water available in these areas and to achieve an 

appropriate level of development, food security 

and stability [4].  

The aim of this work is reviewing of the 

previous studies of crop water footprint accounting 

as a diagnostic tool to identify the hotspots of 

irrigated agricultural systems. Based on this 

analysis specific actions can be defined to improve 

water use efficiency, reduce water abstractions, 

polluted water returns, and maintain production 

rates. 

1. Water situation in Egypt: 

Egypt suffers from water scarcity due to the 

increase in the population and the lack of 

integrated management of water resources, 

resulting in a gap between the available water 

resources and the required water consumption. 

Egypt is a very arid country with only 1.18% of 

annual water resources comes from rainfall and 

9.03% from underground sources, The Nile River 

as the main reliable source of water in Egypt [5]. 
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Under the 1959 Nile Waters Agreement between 

Egypt and Sudan, Egypt receives a constant 

amount of water (55,500 billionCM) through the 

Nile River annually, This amount of water 

accounts for 72.64% of the Egyptian annual water 

resources [6]. Agriculture sector consumes 81.6% 

of Egypt annual water resources, (followed by 

family use (13.5%), and industry use (1.57%) [5] 

To face the water shortage challenges, Egypt 

national water resources management strategy 

included policies and action plans to manage water 

demand and supply considering the protection of 

its water resources [2]. The challenge is to produce 

more yields with less water and so reduce the water 

footprint of each unit of the crops produced [7]. 

The climate change plays a vital role in the 

water resources utilization related to crop yield [8, 

9]. Temperature raise as projected by many 

climatological studies will lead to highly increased 

evapotranspiration on the territory of Egypt 

especially because of the traditionally irrigated 

agriculture. Besides, the projected high 

temperature would increase the local water 

demands especially on the agricultural sector [10].  

As the result of the climate change, all crops 

are projected to have a decrease in yields and an 

increase in irrigation needs. Some crops only 

decrease a few percent while others have a 

reduction of more than one-fourth [11]. 

In order to study the relationship between 

agricultural water consumption and water 

resources evaluation there are several methods 

have been applied such as water use efficiency, 

water scarcity and water footprint (WF) that 

considered the main indicators for sustainable 

evaluation of irrigated agriculture [12]. 

2. Water footprint 

WF has been primarily used to study wise 

water management based on water consumption 

and pollution for human production or 

consumption along the supply chain of a product 

[13, 14]. 

Hoekstra [15], introduced the concept of “water 

footprint” and subsequently elaborated by Hoekstra 

and Chapagain [16] provides a framework to 

analyze the link between human consumption and 

the appropriation of the globe’s freshwater. The 

water footprint of a product (alternatively known 

as “virtual water content”) expressed in water 

volume per unit of product usually (m3 ton−1) is the 

sum of the water footprints of the process steps 

taken to produce the product. 

The water footprint thus offers a wider 

perspective on how a consumer or producer relates 

to the use of fresh water systems. It is a volumetric 

measure of water consumption and pollution.  

Water footprint accounts give spatiotemporally 

explicit information on how water is appropriated 

for various human purposes. They can feed the 

discussion about sustainable and equitable water 

use and allocation and also form a good basis for a 

local assessment of environmental, social and 

economic impacts [17].  

Water footprint is defined as the volume of 

fresh water used to produce the product, summed 

over the various steps of the production chain. The 

water footprint (WF) is a multi-dimensional 

freshwater consumption whether directly and 

indirectly by a producer or a consumer, it helps to 

analyze the relationship between water 

consumption by human and the appropriated water 

for industrial sector [18]. The water footprint of a 

product can be used to give policy makers on idea 

of how much water is being traded through imports 

and exports of the product [19]. The volume of 

water used during the crop growing season is 

linked to production this is the final goal of all 

agricultural activity. Water footprint accounting is 

a suitable procedure to assess the relationship 

between water use and crop yield [20]. A 33.3% 

reduction in water volume relative to current 

practice did not result in a major decline in maize 

yield, but water footprint was decreased by 23.9% 

[21].Water footprint (WF) studies are primarily 

concerned with reducing the global average of 

freshwater consumption [22]. The water footprint 

is expected to increase by up to 22% as a result of 

climatic changes and change in land use by 2090 

[23]. Accurate and precise quantification of WF is 

the basis for management of regional agricultural 

water resources. The magnitude of WF is 

significantly affected by climate, soil types, and 

water management practices, which causes the 

obvious spatiotemporal variability of WF [24, 25]. 

Local conditions, geographical area, atmosphere, 

and technology are all taken into account by the 

WF [26, 27].   

In addition, Kim and Kim [28] added that, 

because food cannot be produced without water, 

demand-driven water management of agricultural 

and livestock products applying water footprint is 

needed for food security. El-gafy [29] investigated 

wheat production, water footprint, and virtual 

water nexus using a System Dynamic model. . It 

was found that the water footprint of wheat 

production and consumption in Egypt changes 

according to changes in the crop production, 

foreign trade, per capita consumption, population, 

and climate effects. In line with this study Gafy et 

al. [30] also used system dynamics to calculate a 

water-food-energy nexus index and the energy and 

water footprints for 43 Egyptian agricultural crops, 

based on production and consumption amounts. 
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Also, they calculated the virtual water and energy 

imports and exports of the same crops. 

2.1. Water footprint components 

The water footprint as a usable metric for 

assessing the current and future water use is water 

footprint (WF) accounting, which consists of three 

components of water (green, blue, and grey). 

Moreover, it offers a quantifiable indicator to 

measure the aforementioned three components per 

unit of crop production [31, 32]. Green water is 

defined as the fraction of rainwater stored in soil 

and available for the crop to be evapotranspiration 

during growing stages (ETgreen), which is 

equivalent to the effective precipitation (Peff) 

concept [33]. 

Blue water refers to all water used for irrigation 

from aquifers and surface water sources that are 

evapotranspiration during the cropping practices 

[34, 35]. Grey water is the volume of freshwater 

needed to dilute a certain amount of pollution such 

that it meets ambient water quality standards or is 

equivalent to natural background concentrations 

[36, 37]. In several studies, the grey component is 

not assessed, due to difficulties in evaluating the 

pollutants and in integrating the component in real 

water volumes [38].  

BWF calculated with water use data could 

reflect water use efficiency in fields and irrigation 

efficiency simultaneously. Moreover, it will be 

able to distinguish how much is GWF and BWF 

with spatial and temporal dimensions, respectively 

[39]. 

Under Egyptian conditions (Khalil, et al. [10], 

introduced an overview of the water footprint of 

rice, wheat and maize (m3/ton) in the different 

sections of the Egypt over different years. As 

shown in fig.1, water footprint of rice in New 

Areas containing larger amounts of water footprint 

(about 2246 m3/ton) and Middle Egypt (about 1918 

m3/ton), however, Lower Egypt containing smaller 

amounts of water footprint (about 1435.9 m3/ton). 

While the water footprint of wheat fig.2  showed 

that New Areas containing larger amounts of water 

footprint (about 3189 m3/ton), Upper Egypt (about 

2076 m3/ton) and Middle Egypt (about 1708 

m3/ton), however, Lower Egypt containing smaller 

amounts of water footprint (1511 m3/ton). It was 

also documented that the water footprint of maize 

in New Areas containing larger amounts of water 

footprint (about 3464 m3/ton), Upper Egypt (about 

2486 m3/ton) and Middle Egypt (about 1822 

m3/ton), however, Lower Egypt containing smaller 

amounts of water footprint (about 1601.6 m3/ton) 

fig.3.  

2.2. Blue, green, and grey water footprint 

calculation 

Hoekstra et al.[17] indicated that, the total 

water footprint of the process of growing crops or 

trees (WFtotal) is the sum of the green, blue and 

grey components. 

The calculation of WF of crop products is crop 

ET per unit area divided by the average yield per 

unit area in the same period. The use of average 

meteorology and crop yield data makes it hard to 

reflect the temporal change of WF of grain 

products, a point noted by Hoekstra and Mekonnen 

[40]. 

 

Fig. 1 Total water footprint of rice over the 

period (2008-2012). 

 
Fig. 2 Total water footprint of wheat over the 

period 2008-2012 

 
Fig.3 Total water footprint of Maize over the 

period 2008-2012 
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The first parameter, potential crop 

evapotranspiration, is essential in water footprint 

calculations. Various mathematical models are 

used to estimate reference evapotranspiration 

(ETO) [41, 42, 43]. However, the Food and 

Agriculture Organization's (FAO) FAO-56 

Penman-Monteith method [44] is more effective 

than other. 

Reference evapotranspiration with Penman-

Monteith equation, it is the most widely used for 

water footprint calculations [30, 45, 46]. Although 

Penman-Monteith method is the most reliable, it 

requires a large number of meteorological 

parameters at various spatiotemporal scales 

(maximum and minimum air temperatures, wind 

speed, solar radiation, and vapor pressure deficit), 

which are often unavailable in many developing 

countries due to a lack of meteorological stations 

and weather data records [47, 48, 49]. 

Hoekstra et al.[17] said that, the blue water 

footprint is an indicator of consumptive use of so-

called blue water, in other words, fresh surface or 

groundwater. The blue water footprint in a process 

step is calculated as:  

WF proc, blue (m3/ton) = Blue Water Evaporation 

+ Blue Water Incorporation  

+ Lost Return flow 

Hoekstra and Chapagain [16] said that, the grey 

water component in the process water footprint of a 

primary crop (m3/ton) is calculated as the load of 

pollutants that enters the water system (kg/yr) 

divided by the difference between the maximum 

acceptable concentration of the water pollutant 

(cmax) and its natural concentration in the 

receiving water body (cnat). They also stated that, 

10 percent of the applied fertilization rate has 

assumed to be the quantity of nitrogen that reaches 

free flowing water bodies (in kg/ha/year). As 

recommended by The Water Footprint Assessment 

manual and the Expert panel, the values used for 

the maximum concentration for Nitrogen were the 

ambient water quality standards USEPA [50]. 

Natural concentrations for all chemicals of 

concern were assumed to be zero. This may lead to 

an underestimation of the grey water footprint, 

since water bodies that have a natural background 

concentration of a certain substance will actually 

have less assimilation capacity for this substance. 

Therefore the value used for nitrogen was 4333 

μg/l and for phosphorous 12 μg/l. For pesticides 

the natural background concentration used was 

zero [51]. While, the leaching runoff fraction 

values used for the recalculation were the default 

global average values suggested by the experts was 

10% for nitrogen.  

The effect of the use of nitrogen has been 

analyzed but other nutrients, pesticides and 

herbicides to the environment have not been 

analyzed Hoekstra et al.[17]. 10 mg/liters 

(measured as N) have been used, as ambient water 

quality standard for nitrogen. To calculate the 

volume of freshwater required assimilating the load 

of pollutants, ambient water quality standard for 

nitrogen was used. 

El Fetyany et al.[2] calculated the average 

water footprint per ton of each commodity for 

Egypt for the 10 years (1995- 2006) for different 

crops to estimate the national agricultural water 

footprint for Egypt. These data are elaborated in 

Fig. 4. Also, the average values of green, blue, and 

grey water footprint (m3/ton) calculated for some 

crops in Egypt are shown in Fig.5. 
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Fig.4 Average Water footprint values 

(m3/ton) for different crops in Egypt (1995–

2006). 
3. Water footprint as a tool of water resources 

management: 

Water footprint is put forward as a tool for 

assisting policy development in the water sector by 

showing the extent of interdependence of individual 

countries on the water resources of other countries 

[52] and thus allowing countries to assess their 

national food security and develop environmental 

policy [40]. Water footprint can help governments 

understand the extent to which the size of their 

national water footprint is due to consumption 

patterns or inefficient production and thus to 

priorities policy actions such as changing 

consumption patterns or improving the water 

efficiency of production [53, 54]. 

While water is clearly an input to production, it 

cannot be the sole criterion for judging the rationality 

of trading 10 patterns, as trade between countries is 

determined by a variety of factors such as land, 

labour, technology, trade agreements and other 

factors [55]. Considering gross value added to the 

economy per litre of water used, and thus bringing in 

a socio-economic dimension, is one idea for 

widening the criteria considered as part of a water 

footprint analysis [54]. 

Conclusion: 

According to Egyptian sustainable 

development strategy 2030, the promotion of food 

security, nutrition, and sustainable agricultural 

growth. Irrigated agriculture has been enhanced 

food security however it increased the pressure on 

water resources especially with the huge food 

demand due to population growth and socio-

economic development. To solve this problem, 

water footprint and virtual water analysis were 

used to enhance water use efficiency and recover 

water scarcity problems in Egypt. Water footprint 

measures the actual occupancies of water resources 

from the perspective of consumption. It connects 

water use consumption patterns, and it can be 

regarded as the best indicator for measuring the 

influences of agriculture activities on water 

resource environmental, because the concept of 

water footprint has expanded water issues into 

economic field. The findings from this research can 

help the government and policy makers to mitigate 

the side effect of the climate change on crop yield 

and to enhance and sustainable the water resources 

management in Egypt for major crop production 

region.  Therefore, this investigation can present a 

pioneering modeling strategy that would lead to 

improvement of efforts to address the WFP 

prediction, which in turn may assist in mitigation 

plans such as policies for sustainable water-use and 

development plans for food security. 

Acknowledgement: The authors would like to 

express their thanks to theAgricultural Engineering 

Research Institute and Faculty of Agriculture, 

Cairo University,for their support this work. 

References: 

1. Muratoglu, A. (2020). Assessment of wheat’s 

water footprint and virtual water trade: a case 

study for Turkey, Muratoglu Ecological 

Processes. (9) 13, 

https://doi.org/101186/s13717-020-0217-1  

2. El-Fetyany, M., Farag, H., Abd El Ghany, S. H. 

(2021). Assessment of national water footprint 

versus water availability - Case study for 

Egypt. Alexandria Engineering Journal 60, 

3577–3585. 

https://doi.org/10.1016/j.aej.2020.12.038.  

3. Zhuo, L., Hoekstra, A.Y., Wu, P., Zhao, X. 

(2019). Monthly blue water footprint caps in a 

river basin to achieve sustainable water 

consumption: The role of reservoirs. Science of 

the Total Environment, 650: 891–899. 

https://doi.org/10.1016/j.scitotenv.2018.09.090 

4. El-Marsafawy, S. M., and Mohamed, A. I. 

(2021). Water footprint of Egyptian crops and 

its economics. Alexandria Engineering Journal 

60, 4711–4721. 

https://doi.org/10.1016/j.aej.2021.03.019. 

5. CAPMAS, (2017). Egypt in Figures. Egypt. 

https://doi.org/101186/s13717-020-0217-1
https://doi.org/10.1016/j.aej.2020.12.038
https://doi.org/10.1016/j.scitotenv.2018.09.090
https://doi.org/10.1016/j.aej.2021.03.019


 A. Mohamed et.al. 

_____________________________________________________________________________________________________________ 

________________________________________________ 

Egypt. J. Chem. 64, No. 12 (2021) 

 

 

7336 

6. FAO. (2016). AQUASTAT - FAO's Information 

System on Water and Agriculture [WWW 

Document]. URL. 

http://www.fao.org/nr/water/aquastat/countries

_regions/EGY/. (Accessed 29 September 

2017).  

7. Mekonnon, M. M., and Hoekstra, A. Y. (2014). 

Water footprint benchmarks for crop 

production: A first global assessment. 

Ecological Indicators 46, 214-

223.http://dx.doi.org/101016/j.ecolind.2014.06.

013.  

8. Wang, W., Zou, S., Shao, Q., Xing, W., Chen, 

X., Jiao, X., Luo, Y., Yong, B., Yu, Z., (2016). 

The analytical derivation of multiple elasticities 

of runoff to climate change and catchment 

water footprint indicators: case study of 

agricultural production in Lake Dianchi Basin, 

China. Ecol. Indic. 87, 14–21. 

9. Wang, W., Ding, Y., Shao, Q., Xu, J., Jiao, X., 

Luo, Y., Yu, Z. (2017). Bayesian multi-model 

projection of irrigation requirement and water 

use efficiency in three typical rice plantation 

region of China based on CMIP5. Agric. For. 

Meteorol. 232, 89–105 

10. Khalil, A.A., Ibrahim, M.M., Ramadan, M.H. 

(2015). Transboundary Virtual water and water 

footprint for some crops in Egypt. Misr J. Ag. 

Eng., 32 (2): 713 - 738 

11. UNDP. (2013). Potential Impacts of Climate 

Change on the Egyptian Economy report Cairo, 

Egypt. 

12. Xu, Z., Chen, X., Wu, S., Gong, M., Du, Y., 

Wang, J., Li, Y., Li, J. (2019). Spatial-temporal 

assessment of water footprint, water scarcity 

and crop water productivity in a major crop 

production region. Cleaner Production 224 

(2019) 375-383. 

https://doi.org/10.1016/j.jclepro.2019.03.108. 

13. Ercin, A.E; Mekonnen, M.M; and Hoekstra, 

A.Y. (2013) Sustainability of national 

consumption from a water resources 

perspective: the case study for France. Ecol 

Econ 88:133–47. 

14. Hoekstra, A.Y. (2014). Sustainable, efficient 

and equitable water use: the three pillars under 

wise freshwater allocation. WIREs 

Water;1(1):31–40. 

15. Hoekstra, A.Y. (2003). Virtual water trade. In: 

Proceedings of the International Expert 

Meeting on Virtual Water Trade, Delft, The 

Netherlands. Value of Water Research Report 

Series, vol. 12. UNESCO-IHE, Delft, 

Netherlands. 

16. Hoekstra, A.Y. and A.K. Chapagain. (2008). 

Globalization of water: Sharing the planet’s 

freshwater resources. Blackwell Publishing, 

Oxford, UK. PP: 1-220. 

17. Hoekstra, A.Y., Chapagain, A.K., Alday, 

M.M., Mekonnen, M.M.  (2011). The water 

footprint assessment manual. 

www.earthscan.co.uk . Water Footprint, 

Network.  

18. Hoekstra, A.Y. 2013. The Water Footprint of 

Modern Consumer Society. Routledge, London, 

UK. 

19. Kar, G., Singh, R., Kumar, A., Sikka, A.K. 

(2014). Farm level water footprints of crop 

production: Concept and accounting. Bulletin 

No.-67. Directorate of water management, 

Indian Council of Agricultural Research, 

Chandrasekharpur, Bhubaneswar, Indian 56p. 

20. García Morillo, J., Rodríguez Díaz, J. A., 

Camacho, E., Montesinos, P. (2015). Linking 

water footprint accounting with irrigation 

management in high value crops. Clean. Prod. 

87 (2015) 594e602. 

21. Huang, J., Xu, C., Ridoutt, B.G., Chen, F. 

(2015). Reducing Agricultural Water Footprints 

at the Farm Scale : A Case Study in the Beijing 

Region. Water 7, 7066–7077. 

https://doi.org/10.3390/w7126674  

22. Lovarelli, D., Bacenetti, J., Fiala, M. (2016). 

Water Footprint of crop productions: A review. 

Science of The Total Environment. 548–549, 

236-251, 

https://doi.org/10.1016/j.scitotenv.2016.01.022 

. 

23. Mekonnen, M.M., Gerbens-Leenes, W. (2020). 

The Water Footprint of Global Food 

Production, Water 12 (2020) 2696, 

https://doi.org/10.3390/w12102696, 

www.mdpi.com/journal/water 

24. Sun, S.K., Wu, P.T., Wang, Y.B., Zhao, X.N. 

(2013). Temporal variability of water footprint 

for maize production: the case of Beijing from 

1978 to 2008. Water Resour. Manage. 27 (7), 

2447–2463. https://doi.org/10.1007/s11269-

013-0296-1.  

25. Zhuo, L., Mekonnen, M.M., Hoekstra, A.Y. 

(2014). Sensitivity and uncertainty in crop 

water footprint accounting: a case study for the 

Yellow River basin. Hydrol. Earth Syst. Sci. 18 

(6), 2219–2234. https://doi.org/10.5194/hess-

18-2219-2014.  

26. Tuninetti, M., Tamea, S., Laio, F., Ridolfi, L. 

(2017). A Fast Track approach to deal with the 

temporal dimension of crop water footprint. 

Environ. Res. Lett. 12, 074010. 

https://doi.org/10.1088/1748-9326/aa6b09 

27. Xu, H., Wu, M. (2018). A First Estimation of 

County-Based Green Water Availability and Its 

Implications for Agriculture and Bioenergy 

http://www.fao.org/nr/water/aquastat/countries_regions/EGY/
http://www.fao.org/nr/water/aquastat/countries_regions/EGY/
http://dx.doi.org/101016/j.ecolind.2014.06.013
http://dx.doi.org/101016/j.ecolind.2014.06.013
https://doi.org/10.1016/j.jclepro.2019.03.108
http://www.earthscan.co.uk/
https://doi.org/10.3390/w7126674
https://doi.org/10.1016/j.scitotenv.2016.01.022
https://doi.org/10.3390/w12102696
http://www.mdpi.com/journal/water
https://doi.org/10.1007/s11269-013-0296-1
https://doi.org/10.1007/s11269-013-0296-1
https://doi.org/10.1088/1748-9326/aa6b09


WATER FOOTPRINT AS A TOOL OF WATER RESOURCES MANAGEMENT – REVIEW 

__________________________________________________________________________________________________________________ 

________________________________________________ 

Egypt. J. Chem. 64, No. 12 (2021) 

 

7337 

Production in the United States. Water. 10(2), 

148. https://doi.org/10.3390/w10020148 

28. Kim, I.K., Kim, K.S. (2019). Estimation of 

water footprint for major agricultural and 

livestock products in Korea, Sustainability 11 

(2019) 2980, 

https://doi.org/10.3390/su11102980 , 

www.mdpi.com/journal/sustainability. 

29. El-gafy, I.K. (2014). System dynamic model 

for crop production, water footprint, and virtual 

water nexus. Water Resour. Manag. 28, 

4467e4490. https://doi.org/10.1007/s11269-

014-0667-2 

30. Gafy, I.E.L., Grigg, N., Reagan, W. (2017). 

Dynamic behaviour of the water-food-energy 

nexus: focus on crop production and 

consumption. Irrigat. Drain. 66, 19e33. 

https://doi.org/10.1002/ird.2060. 

31. Hoekstra, A.Y., Chapagain, A.K., Aldaya, 

M.M., Mekonnen, M.M. (2009). Water 

Footprint Manual State of the Art 2009. Water 

Footprint Network, p. 131. 

32. Elbeltagi, A., Aslam, M. R., Malik, A., 

Mehdinejadiani, B., Srivastava, A., Bhatia, A. 

S., Deng, J. (2020). The impact of climate 

changes on the water footprint of wheat and 

maize production in the Nile Delta, Egypt. 

Science of the Total Environment.34294-7. 

https://doi.org/10.1016/j.scitotenv.2020.140770 

33. Yang, M., Xiao, W., Zhao, Y. (2018). 

Assessment of Potential Climate Change 

Effects on the Rice Yield and Water Footprint 

in the Nanliujiang. Sustain. 10, 1–19. 

https://doi.org/10.3390/su10020242.  

34. Aldaya, M. M., Chapagain, A. K., Hoekstra, 

A.Y., & Mekonnen, M.M. (2012). The Water 

Footprint Assessment Manual: Setting the 

Global Standard. Routledge. 

35. Madugundu, R., Al-Gaadi, K.A., Tola, E.K., 

Hassaballa, A.A., Kayad, A.G. (2018). 

Utilization of Landsat-8 data for the estimation 

of carrot and maize crop water footprint under 

the arid climate of Saudi Arabia. PLoS One 13, 

1–20. 

https://doi.org/10.1371/journal.pone.0192830.  

36. Rockstrom, J., Lannerstad, M., Falkenmark, M. 

(2015). Assessing the Water Challenge of a 

New Green Revolution in Developing 

Countries. p. 104. 

37. Symeonidou, S., Vagiona, D. (2019). Water 

Footprint of Crops on Rhodes Island. Water 

(Switzerland) 11. 

38. Vanham, D. (2015). Does the water footprint 

concept provide relevant information  to 

address the water–food–energy–ecosystem 

nexus? Ecosyst. Serv. 1–10. 

http://dx.doi.org/10.1016/j.ecoser.2015.08.003. 

39. Wang, Y.B., Wu, P.T., Engel, B.A., Sun, S.K. 

(2014). Application of water footprint 

combined with a unified virtual crop pattern to 

evaluate crop water productivity in grain 

production in China. Science of the Total 

Environment 497–498, 1–9. 

http://dx.doi.org/10.1016/j.scitotenv.2014.07.08

9.  

40. Hoekstra, A. Y. and Mekonnen, M. M. (2012) 

.The water footprint of humanity, P. Natl. 

Acad. Sci. USA, 109, 3232–3237. 

41. Gavila, P., Joaquın, B., Allen, R.G. (2007). 

Measuring versus estimating net radiation and 

soil heat flux: impact on Penman – monteith 

reference ET estimates in semiarid regions. 

Agric. Water Manag. 89, 275–286. 

https://doi.org/10.1016/j.agwat.2007.01.014 

42. Pereira, L.S., Allen, R.G., Smith, M., Raes, D. 

(2014). Crop evapotranspiration estimation 

with FAO56: past and future. Agric. Water 

Manag. 1–16. 

https://doi.org/10.1016/j.agwat.2014.07.031 . 

43. Tabari, H., Grismer, M.E., Trajkovic, S. 

(2013). Comparative analysis of 31 reference 

evapotranspiration methods under humid 

conditions. Irrig. Sci. 31, 107–117. 

https://doi.org/10.1007/s00271-011-0295-z. 

44. Allen, R. G.; L. S. Pereira; D. Raes and M. 

Smith. (1998). Crop evapotranspiration: 

Guidelines for computing crop water 

requirements. FAO Irrigation and Drainage 

Paper 56. Food and Agriculture Organization. 

Rome. PP: 1-333. 

45. Chico, D., Aldaya, M.M., Garrido, A. (2013). 

A water footprint assessment of a pair of jeans: 

the influence of agricultural policies on the 

sustainability of consumer products. J. Clean. 

Prod. 57, 238e248. 

http://dx.doi.org/10.1016/j.jclepro.2013.06.001 

46. Manzardo, A., Ren, J., Piantella, A., Mazzi, A., 

Fedele, A., Scipioni, A. (2014). Integration of 

water footprint accounting and costs for 

optimal chemical pulp supply mix in paper 

industry. J. Clean. Prod. 72, 167e173. 

http://dx.doi.org/10.1016/j.jclepro.2014.03.014 

47. Shiri, J., Nazemi, A.H., Sadraddini, A.A., 

Landeras, G., Kisi, O., Fard, A.F., et al., (2014). 

Comparison of heuristic and empirical 

approaches for estimating reference 

evapotranspiration from limited inputs in Iran. 

Comput. Electron. Agric. 108, 230–241. 

https://doi.org/10.1016/j.compag.2014.08.007 

48. Abdullah, S.S., Malek, M.A., Abdullah, N.S., 

Kisi, O., Yap, K.S. (2015). Extreme learning 

machines: a new approach for prediction of 

reference evapotranspiration. J. Hydrol. 527, 

184–195. 

https://doi.org/10.1016/j.jhydrol.2015.04.0733 

https://doi.org/10.3390/w10020148
https://doi.org/10.3390/su11102980
http://www.mdpi.com/journal/sustainability
https://doi.org/10.1007/s11269-014-0667-2
https://doi.org/10.1007/s11269-014-0667-2
https://doi.org/10.1002/ird.2060
https://doi.org/10.1016/j.scitotenv.2020.140770
https://doi.org/10.3390/su10020242
https://doi.org/10.1371/journal.pone.0192830
http://dx.doi.org/10.1016/j.ecoser.2015.08.003
http://dx.doi.org/10.1016/j.scitotenv.2014.07.089
http://dx.doi.org/10.1016/j.scitotenv.2014.07.089
https://doi.org/10.1016/j.agwat.2007.01.014
https://doi.org/10.1016/j.agwat.2014.07.031
https://doi.org/10.1007/s00271-011-0295-z
http://dx.doi.org/10.1016/j.jclepro.2013.06.001
http://dx.doi.org/10.1016/j.jclepro.2014.03.014
https://doi.org/10.1016/j.compag.2014.08.007
https://doi.org/10.1016/j.jhydrol.2015.04.0733


 A. Mohamed et.al. 

_____________________________________________________________________________________________________________ 

________________________________________________ 

Egypt. J. Chem. 64, No. 12 (2021) 

 

 

7338 

49. Dadaser-celik, F., Cengiz, E., Guzel, O., 

(2016). Trends in reference evapotranspiration 

in Turkey: 1975–2006. Int. J. Climatol. 36, 

1733–1743. https://doi.org/10.1002/joc.4455 . 

50. USEPA (United States Environmental 

Protection Agency). (2010). US EPA‐National 

Recommended Water Criteria Aquatic Life 

Criteria. Environmental Protection Agency, 

Washington D.C., USA. 

51. Franke, N.; and R. Mathews. (2012). Grey 

Water Footprint Indicator of Water Pollution in 

the Production of Organic vs. Conventional 

cotton in India. PP: 1-79. 

http://www.waterfootprint.org/Reports/GreyW

F.PhaseII.FinalReport_Formatted.pdf Accessed 

on 21 Dec 2013. 

52. Chapagain, A. K., Hoekstra, A. Y., Savenije, 

H. H. G., and Gautam, R. (2006). The water 

footprint of cotton consumption: as assessment 

of the impact of worldwide consumption of 

cotton products on the water resources in the 

cotton producing countries, Ecol. Econ., 60, 

186– 203. 

53. Aldaya, M. M., Martinez-Santos, P., and 

Llamas, M. R. (2010b) Incorporating the water 

footprint and virtual water into policy: 

reflections from the Mancha Occidental 

Region, Spain, Water Resour. Manag., 24, 941–

958. 

 54. Flachmann, C., Mayer, H., and Manzel, K. 

(2012). Water Footprint of Food Products in 

Germany, Statistisches Bundesamt (Federal 

Statistical Office of Germany), Wiesbaden. 

55. Aldaya, M. M., Garrido, A., Llamas, M. R., 

Varela-Ortega, C., Novo, P., and Casado, R. R. 

(2010a). Water footprint and virtual water trade 

in Spain, in: Water Policy in Spain, edited by: 

Garrido, A. andLlamas, M. R., CRC Press, 

Leiden, 49–59. 

 

https://doi.org/10.1002/joc.4455

