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ABSTRACT

The best way to control water demand and maintain its utilization is to manage water resources. Virtual water
trading is one of the most crucial demand management technologies. Since potatoes and onions are essential
vegetables that Egypt exports, the research concentrated on their production. The fact that the amount exported
varies and is unstable in the importing markets, despite the significance of potato and onion crops as export
products and the scarcity of water resources, represents the research problem. Studying the amount and value of
the virtual water lost and gained by their Egyptian exports is therefore essential. Estimating the virtual water and
water is the primary goal of the study. The amount of virtual water exported, and the internal water footprint
averaged around 102.07 million m® and 100.87 million m3, respectively, according to a study calculating the water
footprint of potato and onion crops. - The amount of virtual water exported, and the export price of virtual water
were the two most important independent factors influencing the value of virtual water exported for the potato
crop during the period (2010-2022), according to the regression analysis of the factors determining the value of
virtual water exported for potato and onion crops in Egypt. Additionally, it was discovered that the amount of
virtual water exported, and the export price of potato crops are directly correlated with the value of virtual water
exported.
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Table 1.The current status of the water balance and water indicators for potato and onion crops in Egypt during the

period (2010-2022)

Total available water resources . Average per capita water
. Water Population . 3
Years ((billion m3 Total.vx{ater use balance (million (.shar.e in Egypt(m /yea.r)
Nile River Other* Total ((billion m? ((billion m3 (people Nile River Per capita
Per Capita share of total

2010 55.5 17.66 73.16 72.60 0.65 77.84 713.00 939.88
2011 55.5 14.80 70.30 73.80 -3.5 79.62 697.06 882.94
2012 55.5 15.40 70.90 75.50 -4.6 81.57 680.40 869.19
2013 55.5 20.43 75.93 75.50 0.43 83.67 633.32 907.49
2014 55.5 20.50 76.00 76.00 0 85.78 647.00 885.99
2015 55.5 20.90 76.40 76.40 0 87.96 630.97 868.58
2016 55.5 21.41 76.91 76.91 0 90.09 616.05 853.70
2017 55.5 24.50 80.00 80.00 0 92.12 602.48 868.43
2018 55.5 24.75 80.25 80.25 0 96.28 576.44 833.51
2019 55.5 24.75 80.25 80.25 0 98.1 565.75 818.04
2020 55.5 24.92 80.42 80.86 0.44- 100.604 551.6 799.37
2021 55.5 25.37 80.87 81.15 0.28- 102.0614 543.7 792.37
2022 55.5 25.71 81.21 81.23 0.20- 103.605 535.7 783.84
Average 55.5 21.62 77.12 77.73 0.611- 90.71 614.88 854.1

Other*: Includes groundwater, rainwater, agricultural and sanitary drainage water recycling, and seawater desalination.
Source: Compiled and calculated from data from the Central Agency for Public Mobilization and Statistics, Annual Bulletin of
Irrigation and Water Resources Statistics, various issues.
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Table 2. Equations of the general time trend for the development of the current situation of the water balance in
Egypt during the period (2010-2022).

Annual
Variable No General time trend equation R? F change
Y%rate
Total available water 1 Yi=1742.7 +0.903 Xi 085 *%64.27 171
resources **(8.02)
Total water uses 2 v :1433('133;01')7 49X 094 | **169.32 0.96
¥i=223.9 +0. i
Water balance 3 v 223*?1.%)193 Xi 0.21 3.01
Average per capita share of ¥i=30723.3 — 14.935 Xi -
Nile water 4 +5(2017) 0.97 407.02 2.43
Average per capita share of 5 Yi=23471.3-11.219 Xi 0.87 %77 3 131
total water resources **(-8.79)
Where:

Yi = Estimated value of dependent variables (total available water resources, total water uses, water balance,
average per capita share of Nile water, average per capita share of total water resources) in year t.

xi = Time factor in years as an independent variable in year t, where i = (13, ...., 3, 2, 1).

-Numbers in parentheses below the estimates indicate the calculated (t) value.

(**)indicates significance at (0.01) level, (*) indicates significance at (0.05) level, (-) is not significant.

Source: Collected and calculated from the data in Table No. (1).
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Table 3. Development of water indicators for potato and onion crops in Egypt during the period (2010-2022).

Potato Onion
Amount of
Amount of The amount % of field water
Years . Water water required % of water Wa'ter Wa_t er of v.vater wate'r for
Water ration . . ration requirem | requiredto | usedin ;
requiremen | to produce the | used in crop agricultural
(m3/acre) - . (m3/feddan ents produce the crop urposes
ts (m3/ton) crop (million production . purp
m3) ) (m3/ton) crop producti | (pjllion m3)
(million m3) on

2010 3590 329.36 1317.04 2.16 1915 138.67 240.17 0.39 60.90
2011 2284 210.70 914.11 1.49 1809 126.86 223.40 0.36 61.50
2012 2317 210.45 1001.39 1.61 1700 118.47 219.40 0.35 62.10
2013 2464 220.39 940.02 1.51 1967 131.40 230.47 0.37 62.35
2014 2685 238.45 1099.53 1.76 1978 131.52 301.70 0.48 62.35
2015 2763 243.87 1208.46 1.94 1935 132.17 355.81 0.57 62.15
2016 3170 290.29 1194.10 1.95 2064 143.04 317.40 0.52 61.35
2017 2854 262.56 1271.05 2.03 2039 132.83 368.22 0.59 62.50
2018 2386 188.62 935.56 1.49 2066 140.26 382.76 0.61 62.65
2019 2940 239.02 1242.95 2.00 2625 175.12 500.31 0.80 62.30
2020 2260 186.47 1265.34 2.02 2073 141.99 382.51 0.61 62.70
2021 2730 221.59 1499.88 2.38 2380 161.14 540.13 0.86 63.15
2022 2850 231.71 1671.00 2.64 2580 173.04 594.91 0.94 63.40
2::: 2714.85 236.42 1196.96 1.92 2087.00 142.04 358.24 0.58 62.26

Source: Collected and calculated from data from the Central Agency for Public Mobilization and Statistics, Annual Bulletin of
Irrigation and Water Resources Statistics, various issues.

Table 4. Equations of the general time trend for the development of water indicators for potato and onion crops in
Egypt during the period (2010-2022)

E i Al |
Statement Variable quatin General time trend equation R? F nnua
No %change rate
Potato Water quotient 1 Yi =19518.5- 8.335 Xi 0.007 0.78 )
(-0.28)
Water requirements 2 ¥i=7463.5 - 3.585 Xi 0.124 1.55 -
(-1.24)
Per ton 3 v =7353(22'3;;')37'1 Xi 0.41 *7.76 3.1

The amount of water i =108.7 +0.055 Xi

needed to produce the 4 #(2.55) 0.37 *6.5 2.86
crop )

i ¥i=115228.7 +58.192 Xi

Onion % of the water used 5 1=115 *,8;(4 ;)58 2 Xi 0.66 **21.76 2.78
Yi= .7 43. i

in crop production 6 v 67";2(73 93;)412 Xi 0.58 *#15.45 2.40

Vi= .5 +29, i
Water quotient 7 v 58821(3 16)9 388 Xi 0.85 **66.55 8.20
Water requirements 8 vi =92;i(88+102')046 Xi 0.86 **69.52 7.93

Where:Yi = Estimated value of dependent variables (water quota, water requirements per ton, amount of water
needed to produce the crop, relative importance of water used in crop production) in year t.

xi = Time factor in years as an independent variable in year t, where i = (13, ....,, 3, 2, 1.(

-Numbers in parentheses below the estimates indicate the calculated (t) value.

(**)indicates significance at level (0.01), (*) indicates significance at level (0.05), (-) is not significant.

Source: Collected and calculated from the data in Table (3)
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Table 5. Development of indicators of production and export capacity of potato crops in Egypt during the period
(2010-2022).

*Production capacity indicators **Export energy indicators
Years Cultivated area .. Total. Export Quantity Export value Export price
(thousand acres) productivity production (thousand tons) (million dollars) (UsD/ton)
(tons/acre) (thousand tons)
2010 360.27 10.9 3998.8 229.96 131.9 439.7
2011 390.81 10.84 4338.43 637.4 250.6 393.2
2012 421.88 11.01 4758.43 626.99 127.35 484.24
2013 381.38 11.18 4265.18 427.91 205.9 481.18
2014 409.54 11.26 4611.07 648.69 326.7 477.28
2015 437.39 11.33 4955.45 595.33 231.68 389.59
2016 376.6 10.92 4113.44 407.78 147.15 360.7
2017 414.8 10.87 4841.04 808.21 272.14 336.7
2018 408.02 12.65 4960.09 724.97 206.9 285.4
2019 422.6 12.30 5200.1 684.74 266.1 388.69
2020 560.8 12.12 6785.8 561.36 221.9 395.38
2021 594.41 12.32 6768.7 472.45 200.20 432.75
2022 584.8 12.3 7211.7 516.91 256.73 496.7
Average 443.33 11.54 5139.09 564.82 218.87 412.42

Source: *Collected and calculated from data from the Ministry of Agriculture and Land Reclamation, Central
Administration of Agricultural Economics, Agricultural Statistics Bulletin, various issues.
** _Collected from www.un.org/comtrade

Table 6. General time trend equations for the development of production and export indicators for the potato crop

in Egypt during the period(2010-2022).
The Annual
. . . )
statement Variable No General time trend equation R F %change rate
Indlcator's of Cultivated area 1 Yi =32996.6 +16.587 Xi 064 ¥%19.23 374
productive *%(4.38)
energy Feddan Yi =275.5 +0.142 Xi
2 . **21. .57
productivity **(4.61) 0.66 3 3
Total production 3 v ﬂm"'iié ;2)35'861 Xi 072 | **2872 46
Export . Yi =19045.3+ 9.727 Xi
energy Export quantity 4 (0.84) 0.061 0.713 -
indicators Vi= 1+ 4. i
indl Export value 5 ¥i=9270.1+ 4.707 Xi 0.10 1.2 -
(1.1
! ¥i=6281.1-2.911 Xi
Export price 6 (-0.60) 0.032 0.360 -
Where:

Yi = Estimated value of dependent variables (cultivated area, productivity per acre, total production, quantity, value
and price of exports) in year t.

xi = Time factor in years as an independent variable in year t, where i = (13, ....,, 3, 2, 1.(

-Numbers in parentheses below the estimates indicate the calculated (t) value.

(**)indicates significance at (0.01) level, (*) indicates significance at (0.05) level, (-) is not significant.

Source: Collected and calculated from the data in Table (5).
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Table 7. Development of production indicators and foreign trade of onion crops in Egypt during the period (2010-2022)

Production capacity indicators* Export energy indicators**
Years Cultivated area pr::z:;\r/lity Total production | Export Quantity Export value Export
(thousand acres) (tons/Feddan) (thousand tons) (thousand tons) ((million dollars | price(USD/ton)
2010 125.4 13.81 1732 514.6 238.5 463.4
2011 123.5 14.26 1761 505.9 228.3 451.2
2012 129.1 14.35 1852 326 172.6 529.4
2013 117.2 14.97 1754 336 210.5 626.6
2014 125.5 15.04 2294 420.3 170.1 404.8
2015 183.9 14.64 2692 643.7 276.6 429.7
2016 153.8 14.43 2219 483.2 217.3 449.4
2017 180.6 15.35 2772 499 235.2 471.3
2018 185.3 14.73 2729 253.1 131.1 518.2
2019 190.6 14.99 2857 465.9 274 588.1
2020 184.5 14.60 2694 367.1 213.4 581.3
2021 227 14.77 3352 275.2 166.6 605.5
2022 230.6 14.91 3438 393.4 247.5 629.2
Average 165.92 14.68 2472.77 421.80 213.98 519.08

Source: *Collected and calculated from data from the Ministry of Agriculture and Land Reclamation, Central
Administration of Agricultural Economics, Agricultural Statistics Bulletin, various issues.
** _Collected from www.un.org/comtrade

Table 8. Equations of the general time trend for the development of indicators of production and export energy for
the onion crop in Egypt during the period (2010-2022)

A I ch
Statment Variable No General time trend equation R? F nm:/aracteange
0
Production Cultivated area 1 ¥i=18740.2 +9.378 Xi 0.85 | **64.54 5.56
energy **(8.03)
indicators ¥i=99. . i
Acre productivity 2 ¥1=99.41+0.057 Xi 0.30 4.74 -
(2.17)
¥i=283511.2 +141.857 Xi
Total production 3 1=2835 wa(o.0) 857X 0.88 | **81.26 5.74
Export . ¥i=20423.4-9.921 Xi
energy Export quantity 4 (-1.23) 0.12 1.53 -
indicators Yi=437.7-0. i
Export value 5 ¥i=437.7-0.111Xi 0.001 0.001 -
(-0.03)
) ¥i =23039.3 +11.686 Xi
Export price 6 *(232) 0.33 *5.36 2.25
Where:

Yi = Estimated value of dependent variables (cultivated area, productivity per acre, total production, quantity, value
and price of exports) in year t.

xi = Time factor in years as an independent variable in year t, where i = (13, ....,, 3, 2, 1.(

-Numbers in parentheses below the estimates indicate the calculated (t) value.

(**)indicates significance at (0.01) level, (*) indicates significance at (0.05) level, (-) is not significant.

Source: Collected and calculated from the data in Table No (7)
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Table 9. Development of the quantity and value of virtual water exports for potato and onion crops in Egypt during
the period (2010-2022)

Potato crop Onion crop
internal water footprint Value of Average value internal water footprint Value of Average
Years Quantity of virtual water of virtual Quantity of Internal virtual water value of

water Internal water exported water unit water water exported virtual water

footprint (million exported ( - (million unit exported

equorted (million m3) dollars) pounds/m3) e).(p.orted fc?o.tprmt dollars) (pounds/m3)

(million m3) (million m3) (million m3)

2010 169.49 168.17 43.44 0.78 71.36 71.12 33.07 3.34
2011 106.59 105.68 52.80 2.35 64.18 63.96 28.96 3.56
2012 68.61 67.61 26.80 1.86 38.62 38.40 20.45 4.47
2013 74.05 73.11 45.38 2.78 44.15 43.92 27.66 4.77
2014 100.22 99.12 77.90 3.26 55.28 54.98 22.37 3.08
2015 156.98 155.77 56.50 1.48 85.08 84.72 36.56 3.25
2016 140.27 139.07 42.72 1.05 69.12 68.80 31.08 3.14
2017 131.02 129.75 71.45 2.08 66.28 65.91 31.24 3.55
2018 47.74 46.80 39.03 4.33 35.50 35.12 18.39 3.69
2019 111.36 110.12 63.60 2.39 81.59 81.09 47.98 3.36
2020 68.45 67.19 41.38 3.24 52.12 51.74 30.30 4.09
2021 60.98 59.48 44.36 3.28 44.35 43.81 26.85 3.76
2022 91.15 89.48 59.49 2.82 68.07 67.48 42.83 3.64
Average 102.07 100.87 51.14 2.44 59.67 59.31 30.60 3.67

Source: Collected and calculated from data in Tables No. (3, 5, 7).
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Table 10. Equations of the general time trend for the development of the quantity and value of virtual water
exports for potato and onion crops in Egypt during the period (2010-2022)

Statment Variables No General time trend equation R2 F Anm:al change
%rate
Potato crop Quantity of water exported 1 Yi =8052.2—- 3.944 Xi 0.15 2.08
(million m3) (-1.44)
Internal water footprint 2 Yi =8125.5- 3.980 Xi 0.16 2.14
(million m3) (-1.46)
Value of virtual water 3 ¥i=1104.1 + 0.573 Xi 0.025 0.27
exported (million dollars) (0.53)
Yield per unit of virtual water 4 Yi=263.3+0.132 Xi 0.26 3.96
(exported (in pounds/m3) (1.99)
Onion crop Quantity of water exported 5 Yi =180.74- 0.060 Xi 0.00 0.002
(million m3) (-0.05)
Internal water footprint 6 ¥i=239.3-0.089 Xi 0.00 0.005
(million m3) (-0.072)
Value of virtual water 7 Yi =1465.7 + 0.742 Xi 0.12 1.49
exported (million dollars) (1.22)
Yield per unit of virtual water 8 ¥i =19.5- 0.008 Xi 0.004 0.040
exported (in pounds/m3) (-201)
Where:

Yi = Estimated value of dependent variables (quantity of exported water, internal water footprint, value of virtual
exported water, return of virtual exported water unit) in year t.

xi = Time factor in years as an independent variable in year t, where i = (13, ....,, 3, 2, 1.(

-Numbers in parentheses below the estimates indicate the calculated (t) value.

(**)indicates significance at level (0.01), (*) indicates significance at level (0.05), (-) is not significant.

Source: Collected and calculated from the data in Table No (9).
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Summary:

Water is a crucial and vital component of agricultural production, and because it is finite, it must be
conserved and its efficiency improved. Thus, the best way to control water demand and maintain its utilization is to
manage water resources. Virtual water trading is one of the most crucial demand management technologies. Since
Egypt's average export volume for the 2010-2022 AD period was approximately 564.82, 421.5 thousand tons, the
study focused on potato and onion harvests, which are regarded as key export vegetable crops.The research
problem was represented by the fact that despite the importance of potato and onion crops as export crops, there
is fluctuation in the exported quantity and its instability in the importing markets. This may be due to the external
competition of the countries exporting these crops at a time when the country suffers from limited water
resources. Therefore, it is necessary to study the quantity and value of the virtual water lost from Egyptian exports
of the two study crops. Studying the amount and value of virtual water lost and gained from Egyptian exports is
therefore essential. Estimating the virtual water and water footprint of Egypt's potato and onion crops is the main
goal of the study.

Exports achieved an average of almost 564.82 thousand tons, or 218.87 million dollars, every year,
according to an analysis of the evolution of export energy indicators for potato and onion crops. Additionally, it was
demonstrated by estimating the temporal trend equation that, although the average export price reached
approximately 412.42 dollars/ton, they adopted a general growing trend at a statistically negligible annual rate.
Additionally, it was demonstrated that during the study period, the potato crop saw a general declining tendency at
an annual rate that was statistically insignificant. Regarding the onion crop, it became evident that both the volume
and value of exports averaged roughly 421.80 thousand tons, or 213.98 million dollars, per year. While the average
export price reached roughly 519.1 dollars/ton, it was also demonstrated by estimating the temporal trend
equation that they took a general falling trend at a statistically negligible annual rate. At a statistically significant
annual rate of roughly 11.686 dollars/ton, it also demonstrated a general upward tendency.

The average of the virtual water quantity exported and the internal water footprint, according to the study
measuring the water footprint of potato and onion crops, was around 102.07 million m3 and 100.87 million m3.
While the annual average of the value of the virtual water unit and the value of the virtual water exported was
around 51.14 million dollars, 2.44 pounds/m3, the time trend equation estimate indicated that they took a general
falling trend at a statistically negligible annual rate. They took a general growing trend at a statistically negligible
annual rate for the potato crop during the study period, according to the general time trend equation estimate. It
was evident that the average of the internal water footprint, the virtual water quantity exported, and the value of
the virtual water unit exported for the onion crop was around 59.67 million m3, 59.31 million m3, and 3.67
pounds/m3. They took a general declining trend at a statistically negligible annual rate, according to the temporal
trend equation estimate. As demonstrated by estimating the general time trend equation, the value of the virtual
water exported and its unit value amounted to approximately 51.14 million dollars, 2.44 pounds/m3, and
statistically, they took a general increasing trend at a statistically insignificant annual rate. On the other hand, the
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value of the virtual water exported took a general increasing trend at a statistically insignificant annual rate,
amounting to approximately 30.60 million dollars.

By economitrics estimation of the effect function of the factors determining the amount of virtual water
exported for potato and onion crops in Egypt, it was found that the most important independent factors affecting
the amount of virtual water exported for potato crops during the period (2010-2022) are the amount of virtual
water produced (the amount of water needed to produce the crop), the amount of exports from the crop, and the
number of people. The value of the adjusted coefficient of determination "R-2" shows that about 64% of the
changes occurring in the amount of virtual water exported for potato crops are attributed to the changes occurring
in the aforementioned independent variables. It also showed a direct relationship between the amount of virtual
water exported for potato crops and each of the amount of virtual water produced, the amount of exports from
the crop, and the number of people, as increasing each of these factors by 1% leads to an increase in the amount of
virtual water exported by about 0.637%, 0.027%, and 0.291%, respectively. As for the onion crop, it was found that
the most important independent factors affecting the amount of virtual water exported during the study period are
the value of the virtual water exported, the export price of the virtual water, and the amount of exports from the
crop. The value of the modified coefficient of determination "R-2" shows that about 82% of the changes that
occurred in the amount of virtual water exported for the onion crop are attributed to the changes that occurred in
the independent variables mentioned above. It also showed that there is a direct relationship between the amount
of virtual water exported for the onion crop and each of the value of the virtual water exported, the export price of
the virtual water, and the amount of exports from the crop, as increasing each of these factors by 1% leads to an
increase in the amount of virtual water exported by about 1.633%, 0.829%, and 0.487%, respectively. The research
recommends the importance of focusing on imports and foreign agricultural investment in agricultural products
with high water needs, and increasing agricultural exports with less water use, in light of the escalating water crisis,
taking into account the value of the imported virtual water unit used in the production of products, and the
necessity of adopting the concept of virtual water when developing future strategies for the agricultural sector in
order to ensure the adoption of agricultural production systems with less water use.
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