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ِخزظسح : ٔجرح  
 

  و١ّكخو١ّكخ  حعكبةحعكبة  خكاليخكالي  ِكِٓكٓ  ِظكسِظكس  فكٟفكٟ  خط١كسحخط١كسح  ِشكىٍخِشكىٍخ  رشكىًرشكىً  اٌزٟاٌزٟ  ا١ٌّبٖا١ٌّبٖ  ٔدزحٔدزح  ٌحًٌحً  ِّٙبا ِّٙبا   ػبِالا ػبِالا   ١ٌٍّب١ٌٍّٖبٖ  االفزساػ١خاالفزساػ١خ  اٌزغبزحاٌزغبزح  رشىًرشىً

١ِكبٖ اٌّحظكٛي ١ِكبٖ اٌّحظكٛي   ِزطٍجكبدِزطٍجكبد  ػٍكٝػٍكٝ  ٚاٌحظكٛيٚاٌحظكٛي  شزاػزكٗشزاػزكٗ  فزسحفزسح  خاليخالي  ِحظٛيِحظٛي  وًوً  إٔزبع١خإٔزبع١خ  خاليخالي  ِِٓٓ  اٌّحظٛياٌّحظٛي  ٠حزبعٙب٠حزبعٙب  اٌزٟاٌزٟ  ا١ٌّبٖا١ٌّبٖ

ِٚكٓ صكُ ِؼسفكخ صبثكذ اٌلٍكخ ٌىكً ِحظكٛي حظكً ػٍكٟ ؽٍكت ِكبئٟ ِحكدص صكُ ٠كزُ اٌحظكٛي ػٍكٟ طكبصزاد ٚٚازصاد ِٕظّكخ ِٚكٓ صكُ ِؼسفكخ صبثكذ اٌلٍكخ ٌىكً ِحظكٛي حظكً ػٍكٟ ؽٍكت ِكبئٟ ِحكدص صكُ ٠كزُ اٌحظكٛي ػٍكٟ طكبصزاد ٚٚازصاد ِٕظّكخ 

ثبألؽٕكبْ إٌكٟ ثبألؽٕكبْ إٌكٟ األغر٠خ ٚاٌصزاػخ )اٌفبٚ( ٌٍّحبط١ً اٌّطٍٛثخ .ٌٚىٟ ٔزّىٓ ِٓ رح٠ٛكً اٌظكبصزاد ٚاٌكٛازصاد ٌىكً ِحظكٛي األغر٠خ ٚاٌصزاػخ )اٌفبٚ( ٌٍّحبط١ً اٌّطٍٛثخ .ٌٚىٟ ٔزّىٓ ِٓ رح٠ٛكً اٌظكبصزاد ٚاٌكٛازصاد ٌىكً ِحظكٛي 

  اٌطس٠مككخاٌطس٠مككخ  /ؽكٓ(. ٚثٙككرٖ/ؽكٓ(. ٚثٙككر١ِ33ٖكبٖ افٕساػكك١خ ٔ خكر ل١ّككخ اٌزظكد٠س يٚ االظككز١ساص ِؼككسٚثخ فكٟ االحز١بعككبد اٌّبئ١كخ ٌٍّحظككٛي )١َِكبٖ افٕساػكك١خ ٔ خكر ل١ّككخ اٌزظكد٠س يٚ االظككز١ساص ِؼككسٚثخ فكٟ االحز١بعككبد اٌّبئ١كخ ٌٍّحظككٛي )َ

  اٌّحظكٛياٌّحظكٛي  اظز١ساصاظز١ساص  ٔس٠دٔس٠د  وٕبوٕب  إذاإذا  ِبِب  ٚرحد٠دٚرحد٠د  ٚاٌزظد٠سٚاٌزظد٠س  االظز١ساصاالظز١ساص  حبالدحبالد  فٟفٟ  ِحظٛيِحظٛي  ألٞألٞ  اٌّطٍٛثخاٌّطٍٛثخ  ا١ٌّبٖا١ٌّبٖ  و١ّبدو١ّبد  رحد٠درحد٠د  ٠ّىٕٕب٠ّىٕٕب

  ٚ٘كٛٚ٘كٛ  ٌٍدزاظكخٌٍدزاظكخ  االلزظبصٞااللزظبصٞ  اٌغبٔتاٌغبٔت  إٌٝإٌٝ  اٌٛطٛياٌٛطٛي  ٠ّىٕٕب٠ّىٕٕب  ٚثرٌهٚثرٌه. . ذٌهذٌه  ػٓػٓ  ٌالظزلٕبءٌالظزلٕبء  اٌالشِخاٌالشِخ  ا١ٌّبٖا١ٌّبٖ  رٛف١سرٛف١س  ٠ّىٕٕب٠ّىٕٕب  يَيَ  يفؼًيفؼً  ثشىًثشىً

  ٚاٌكٛازصادٚاٌكٛازصاد  اٌظكبصزاداٌظكبصزاد  و١ّكخو١ّكخ  ِؼسفكخِؼسفكخ  إٌكٝإٌكٝ  اٌٛزلكخاٌٛزلكخ  ٘كرٖ٘كرٖ  ٚرٙكدفٚرٙكدف  ،،  اٌٛلذاٌٛلذ  ثّسٚزثّسٚز  رمد٠س٘برمد٠س٘ب  ٠ٚخزٍف٠ٚخزٍف  ٔمٛصٔمٛص  إٌٝإٌٝ  اٌى١ّخاٌى١ّخ  ٘رٖ٘رٖ  رح٠ًٛرح٠ًٛ

  رظٙكسرظٙكس  ِٕح١ٕكبدِٕح١ٕكبد  ٚزظكُٚزظكُ( ( افزساػ١خافزساػ١خ  ١ِب١ِٖبٖ))  ١ِب١ِٖبٖ  إٌٝإٌٝ  رح٠ٍٛٙبرح٠ٍٛٙب  ٚٚ  إ١ٌٙبإ١ٌٙب  اٌٛطٛياٌٛطٛي  رُرُ  اٌزٟاٌزٟ  اٌع١ٕٓاٌع١ٕٓ  ِسِس  ػٍٝػٍٝ  اٌّخزٍفخاٌّخزٍفخ  اٌّحبط١ًاٌّحبط١ً  ِِٓٓ

  الال  يَيَ  اٌزظكد٠ساٌزظكد٠س  فكٟفكٟ  ػغصػغص  ٕ٘بنٕ٘بن  وبْوبْ  إذاإذا  ثّبثّب  اٌزٕجؤاٌزٕجؤ  ػٍٝػٍٝ  ٚاٌؼًّٚاٌؼًّ  ٌٍّحبط١ًٌٍّحبط١ً  رظد٠سرظد٠س  يٚيٚ  اظز١ساصاظز١ساص  ٕ٘بنٕ٘بن  وبْوبْ  إذاإذا  ِبِب  اٌع١ٕٓاٌع١ٕٓ  ِسِس  ػٍٝػٍٝ

                                                                                                                                                                                                                                                    ..20502050  ػبَػبَ  حزٝحزٝ  اٌّعزمجًاٌّعزمجً  فٟفٟ

ABSTRACT 

Virtual water trade forms important factor to solve water scarcity which forms a serious 

problem in Egypt by Calculation of the quantitiy of water needed by the crop by the 

productivity of each crop during the period of its own cultivation and obtain the requirements 

of crop water (CWR) and then knowledge of the yield constant for each crop obtained specific 

water demand (SwD).The exports and imports of the food and agriculture organistion( FAO) 

are obtained for the crops in request, so that we can convert the exports and imports for each 

crop (in tons) to virtual water (v.w) by taking the value of the export or import (in tons) 

multiplied by the crop's water needs (m3/t). In this way we can determine the quantities of 

water required for any crop in the cases of import and export and determine whether we want 

to import the crop better or we can provide the water needed to dispense with that. Thus, we 

can reach the economic aspect of the study, which is the conversion of this quantity into 

money and its estimation varies over time. This paper aims to know the quantity of exports 

and imports of the different crops over the years has been reached and converted to water 
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(virtual water) and the plotting of curves that show over the years whether there is import or 

export of crops and work to predict whether there is a deficit in export or not in the future until 

a year 2050. 

KEYWORDS 

 Virtual water,  crop yield, crop water req, water scarcity and water footprint. 

1. INTRODUCTION 
  

We are facing a fresh water crisis during this century. In less than two decades, by 2030, the 

requirements for fresh water are expected to exceed the currently available and accessible 

fresh water supplies by 40%. Many countries are expected to be water stressed later in this 

century (Charting Our Water Future, 5 (2009)).  

The production of many goods and products depends on the water and the water used to 

produce an agricultural or industrial product with virtual water is produced in a productive 

form. For the production of 1 kg of crop may need 1000-2000 liters of water and may increase 

the rate in some products. Some water-rich countries export products that need water to poor 

countries and thus produce virtual water. Some countries may support other countries in their 

water needs. The natural trade of water between countries may be impossible to distance and 

cost, but trade in Products requiring water (virtual water trade) are acceptable. For the poor 

countries to achieve their own water security, one of the solutions available to them is to 

import products that need a lot of water instead of producing all the products that need a lot of 

water. On the other hand, water-rich countries can produce products that need water and 

export them to poor countries. The concept of virtual water has been presented by the British 

researcher Tony Allan (Allan, 1993; 1994). 

 

Definition of Virtual Water 

The concept of Virtual Water needs to be considered in all water balance calculations and it is 

becoming marked that some water scarce countries will likely import food that is water 

intensive to produce. Virtual water is the water that is needed to produce food or a 

commodity, and is measured in m3 of water per ton of crop or product. To determine the 

virtual water use we need data on crop water requirements over the growing season, 

evapotranspiration rates, the annual yield and the amount of water used in processing the crop 

(Chapagain and Hoekstra, 2004). ―Virtual Water‖ concept useful to water resource managers 

and decision makers requires that such calculations be made on a watershed or river basin 

scale. Conducting annual water balances are only possible in a watershed context because this 

allows us to determine water inputs (rainfall and snow) and outputs (discharge, groundwater 

losses and evapotranspiration) and this forms the basis for water allocations for several uses. 

The virtual water content of a product consists of three components, namely a green, blue and 

gray component: (Hoekstra and Hung 2002).Firstly the green virtual-water content of a 
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product is the volume of rainwater that evaporated during the production process. This is 

mainly relevant for agricultural products (including both transpirations by the plants and other 

forms of evaporation).secondly the blue virtual water content of a product is the volume of 

surface water or groundwater that evaporated as a result of the production of the product. The 

gray virtual water content of a product is the volume of water that becomes polluted during its 

production. 

 

The following definitions were introduced by (Allan, 1993; 1994) 

 Virtual water flow is defined as virtual-water flow between two nations or regions is the 

volume of virtual water that is being transferred from one place to another as a result of 

product trade. The virtual water export of a country is the volume of virtual water associated 

with the export of goods or services from the country. It is the total volume of water required 

to produce the products for export. Virtual water import the virtual-water import of a country 

is the volume of virtual water associated with the import of goods into the country. It is the 

total volume of water used (in the exporting countries) to produce the products. Virtual water 

balance for the virtual-water balance of a country over a certain time period is defined as the 

net import of virtual water over this period, which is equal to the gross import of virtual water 

minus the gross export. Water saving through trade for a nation can preserve its domestic 

water resources by importing a water-intensive product instead of producing it domestically. 

The water footprint concept of an individual or community is defined as the total volume of 

freshwater that is used to produce the foods and services consumed by the individual or 

community and in this study, the water footprint of a nation is calculated as the total use of 

domestic water resources plus the gross virtual-water import minus the gross virtual-water 

export. 

Internal and external water footprint, the total water footprint of a country includes two 

components: the part of the footprint that falls inside the country (internal water footprint) and 

the part of the footprint that presses to other countries in the world (external water footprint). 

Water self-sufficiency and water dependency, the water self-sufficiency of a nation is defined 

as the ratio of the internal water footprint to the total water footprint of a country or region and 

for the virtual-water import dependency of a country or region is defined as the ratio of the 

external water footprint of the country or region to its total water footprint. 

 

Virtual Water Imports and Exports, Land rich countries with favorable climates and sufficient 

water resources will have the advantage to produce water intensive food and plant products, 

while countries with a small arable land base and scarce water resources will likely import 

food that is water intensive to grow. A water-scarce country might wish to import products 

that require a lot of water in their production (water-intensive products) and export products or 

services that require less water (waterextensive products). This implies net import of ‗virtual 

water‘ (as opposed to import of real water, which is generally too expensive) and will relieve 

the pressure on the nation‘s own water resources. 
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International trade in water-intensive products can save water on the global level by shifting 

production of water-intensive products to areas where such production is more efficient 

because of low rates of evapotranspiration, favorable soil conditions, other environmental 

conditions, or technological factors. A study by Hoekstra and Chapagain estimates that 

international trade in agricultural products (including crops and livestock) results in a global 

saving of 350 billion cubic meters of water per year.16 The estimate is based on the difference 

between the water needed to grow crops in the country where they are grown and the water 

that would be needed to grow the same crops in the country where they are consumed, due to 

differences in climate and rates of evapotranspiration. This figure has been generally accepted 

in the virtual trade research community. 

The real value of the virtual water concept: first, Virtual water trade as a tool to achieve water 

security and efficient water use for Net import of virtual water in a water-scarce nation can 

relieve the pressure on the nation‘s own water resources. Virtual water can be seen as an 

alternative source of water. Using this additional source can be an instrument to achieve 

regional water security (Allan, 2003). Second, Water footprints making the link between 

consumption patterns and the effects on water, the virtual water content of a product tells 

something about the environmental impact of consuming this product. Knowing the virtual 

water content of products creates awareness of the water volumes needed to produce the 

several goods, thus providing an idea of which goods impact most on the water system and 

where water savings could be achieved. Hoekstra and Hung (2002) have introduced the 

concept of the water footprint, being the cumulative virtual water content of all goods and 

services consumed by one individual or by the individuals of one country. The water footprint 

can be a strong tool to show people their impact on the natural resources. 

Quantifying the virtual water content of products for evaluating the virtual water content of a 

product is not an easy task, because there are many factors influencing the amount of water 

used in a production process. The following factors should be considered with the estimates, 

the place and period (e.g. which year, which season) of production The point of measurement. 

In case of irrigated crop production, the question is for instance whether one measures water 

use at the point of water withdrawal or at the field level?      . The production method and 

associated efficiency of water use. A relevant question is whether wasted water is included in 

the estimate. The method of attributing water inputs into intermediate products to the virtual 

water content of the final product. 

The real value of the virtual water concept 

Virtual water trade as a tool to achieve water security and efficient water use, Net import of 

virtual water in a water-scarce nation can relieve the pressure on the nation‘s own water 

resources. Virtual water can be seen as an alternative source of water. Using this additional 

source can be an instrument to achieve regional water security. Water footprints: making the 

link between consumption patterns and the effects on water, the virtual water content of a 
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product tells something about the environmental impact of consuming this product. Knowing 

the virtual water content of products creates awareness of the water volumes needed to 

produce the several goods, thus providing an idea of which goods impact most on the water 

system and where water savings could be achieved. 

 

2   Methodology 

Crop-wat model is a specialized program issued by the Food and Agriculture Organization of 

the United Nations (FAO). We are able to calculate the quantities of water needed to irrigate 

different crops within it, taking into consideration weather, crop, soil factors and rain effects, 

and then we can reach the amount of water needed to irrigate the crop for the duration of its 

planting period. With export and import statistics For crops through the database on the FAO 

site, the quantities of water consumed by the production of tons of the crop can be calculated 

and compared with the cost of importing quantities of that crop. 

 

2.1. Calculation of specific water demand per crop type 
Per crop type, average specific water demand has been calculated separately for each relevant 

nation on the basis of FAO data on crop water requirements and crop yields: 

(1) 

The crop water requirement CWR (in m3 ha-1) is calculated from the accumulated crop 

evapotranspiration Etc (in mm/day) over the complete growing period .The crop 

evapotranspiration Etc follows from multiplying the ‗reference crop evapotranspiration‘ Eto 

with the crop coefficient Kc 

 

 

(2) 
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Figure (1) . 

Figure (1) Introduce Steps in the calculation of global virtual water trade. 

 

 

2.2. Calculation of virtual water trade flows and the national virtual water 

trade balance 
Virtual water trade flows between nations have been calculated by multiplying international 

crop trade flows by their associated virtual water content. The latter depends on the specific 

water demand of the crop in the exporting country where the crop is produced. Virtual water 

trade is thus calculated as: 

 

(3) 

The gross virtual water import to a country ni is the sum of all imports 

 

(4) 

The gross virtual water export from a country ne is the sum of all exports: 

 

(5) 
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The net virtual water import of a country is equal to the gross virtual water import minus the 

gross virtual water export. The virtual water trade balance of country xfor year tcan thus be 

written as: 

 

(6) 

Calculation of a nation‘s ‗water footprint‘ 

(7) 

 

The weather data are entered from an application which is a program that contains the 

monitoring stations in the different countries. Then the rain effect is taken (neglected as a 

result of the lack of rain in Egypt) and we choose the country of study. The average of min 

and max temperature, humidity and wind were taken. We take average for 32 stations in 

Egypt. The crop is determined from the crops on the FAO database and then the soil type is 

introduced (clay soil). It is the soil that prevails in Egypt. Thus, the quantities of water 

required to irrigate the crop are calculated over the period of cultivation. 

 

 

2.3. Calculation of national water scarcity, water dependency and water 

self-sufficiency 
 

(8) 
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Data sources 
1-Data on crop water requirements are calculated with FAO‘s CropWat model for 

Windows, which is -available through the web site of FAO (www.fao.org). The CropWat 

model uses the FAO Penman-Monteith equation for calculating reference crop 

evapotranspiration as described in the previous chapter (Clarke et al., 1998).  

The CropWat model calculates crop water requirement of different crop types on the basis 

of the following assumptions: 

(1) Crops are planted under optimum soil water conditions without any effective rainfall 

during their life; the crop is developed under irrigation conditions. 

(2) Crop evapotranspiration under standard conditions (Etc), this is the evapotranspiration 

from disease-free, well-fertilised crops, grown in large fields with 100% coverage. 

(3) Crop coefficients are selected depending on the single crop coefficient approach, that 

means single cropping pattern, not dual or triple cropping pattern. 

 

2-Climatic data 

The climatic data needed as input to CropWat have been taken from FAO‘s climatic 

database ClimWat, which is also available through FAO‘s web site. The  ClimWat 

database contains climatic data for more than hundred countries. For many countries 

climatic data are available for different climatic stations. As a crude approach, the capital 

climatic station data have been taken as the country representative.  

 

3-Crop parameters 

In the crop directory of the CropWat package sets of crop parameters are available for 24 

different crops (Table 3.1). The crop parameters used as input data to CropWat are: the 

crop coefficients in different crop development stages (initial, middle and late stage), the 

length of each crop in each development stage, the root depth, and the planting date. For 

the 14 crops where crop parameters are not available in the CropWat package, crop 

parameters have been based on Allen et al. (1998). 

4-Crop yields 

Data on crop yields have been taken from the FAOSTAT database, again available 

through FAO‘s web site. 

 

3.  RESULTS AND DISCUSSION 
 

Obtaining the quantities of water needed to irrigate the crop and to get the export and import 

values for that crop during the year. Thus, we can know what the tonnage consumes from the 

water crop and compare the costs to import the quantity imported during the year. Thus, we 

have achieved the economic aspect of this study by introducing the virtual water In 

consideration of the Egyptian Water Resources Plan. 
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(A)                                                                                     (B) 

     
(C)                                                                                                        (D) 

Figure (2) . 

 

Figure (2) introduce Import and Export of virtual water of crops. Identify crops with the 

highest consumption and low price and calculate the total import of those crops (tons / capita) 

and by importing these crops are provided land and water., Identify crops with lower 

consumption and high price and we produce and be exported and thus provide land, water and 

money. We make attempts to get the best solution to achieve economic and gains. The 

difference between imports and exports is calculated and the impact on water scarcity curves  

over the years and we adjust the agricultural map. 
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      Figure (3). 

Figure (3) introduce Economic study for optimization. 

4.    conclusions 

1) Virtual water is a concept that is now being developed and refined for use by decision-

makers at the strategic level in societies and determines the agricultural and industrial 

strategies. 

 

2) Virtual water can be considered as an alternative source of water. Virtual water import can 

be used by national governments as a tool to release the pressure on their domestic water 
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resources as the most direct and positive impact of virtual water trade is the water saving 

which is related to countries that import products.  

 

3) Virtual water trade between nations is a means of increasing the efficiency of water use.  

 

4) Countries of the MENA region are not self-sufficient in producing food commodities to 

meet the national consumptive demand.  

 

5) Agricultural water policies concerning water use efficiency are highly needed to get 

optimal use of irrigation water for the aim of increasing crop productivity.  

 

6) The program implemented in this study, helps in identifying the actual water needs of 

different agricultural crops included in the study and therefore improves water distribution and 

consumption in the agricultural sector.  

 

7) The aim of the study of virtual water is providing food security. A market of virtual water 

within the MENA countries will be highly appreciated.  

 

8) Import of virtual water from foreign countries is very risky and if the virtual water trade is 

not possible within countries of the same region, then it would be better to choose to be water 

independent rather than self-sufficient.  
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