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(1)FAO. August, 2009. "Description of Agro-ecological Ecosystems of the Egyptian Agriculture, 

Project UNJP/EGY/022, Climate change risk management in Egypt, Cairo, Egypt. 
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Objective Function

                                                 
)1)

 Hassan et al.2005. Optimum Cropping Pattern, Production and Income Level/ J. Agri. Soc. Sci., Vol. 

1, No. 1. 
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Net outcome per unit of water Maximization

كما يُمكن صياغت دالت الهذف والقيىد الخاصت بنمىرج البرمجت الخطيت فِى حالت معظمت صافى 

:-عائذ الىحذة المائيت على النَحى التالى
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1439.6 1769 2546.6 1293.9 2288.9 2366.6 -10.1 

 146.4 1523 223 115.8 176.3 183.4 -20.9 

 155.2 1398 217 123.5 172.7 249.7 -20.4 

 191.6 2285 437.7 199.5 455.8 853.3 4.1 

 831.9 2963 2464.8 976 2891.7 6211 17.3 

 249.3 1070 266.7 346.1 370.3 1023.1 38.9 

 11.7 1409 16.5 6.8 9.6 15.4 -41.7 

 56.3 1927 108.6 67.9 130.8 436.9 20.5 

 2.6 1404 3.7 3.9 5.5 25.5 48.0 

 65.5 2237 146.7 77.6 173.6 422.1 18.4 

 13.2 2237 29.4 15.3 34.2 102.7 16.1 

 9.7 2237 21.8 11.9 26.6 236.6 22.2 

 46 2237 103 28.4 63.6 104.1 -38.3 

 22 2237 49.1 15.3 34.3 63.9 -30.2 

 123.2 2237 275.7 80.7 180.5 174.7 -34.5 

 7.9 2237 17.6 9.6 21.4 58.9 21.8 

3372.1  6927.9 3372.17035.8 12527.9 0.0 

 1113.5 7608 8471.2 901.4 6857.5 1994.7 -19.0 

 725.4 3479 2523.7 758.9 2640.1 1343.2 4.6 

 2.2 3317 7.4 5 16.5 5.3 121.5 

 19.7 2990 59 24.2 72.2 29 22.3 

 76.5 4660 356.5 87.4 407.5 471.6 14.3 

 10.6 2602 27.6 14 36.5 15.4 32.5 

 3.2 8651 27.4 3.6 30.7 13.7 11.9 

 245.5 3945 968.7 210.7 831.2 170.2 -14.2 

 187.3 3555 665.7 205.2 729.7 1326.1 9.6 

 33.7 3555 119.8 44.8 159.2 109.5 32.9 

 21.2 3555 75.5 27.5 97.8 44.3 29.6 

 105 3555 373.1 110.5 392.8 679.7 5.3 

 28.9 3555 102.8 34.2 121.7 111 18.3 

 19.6 3555 69.8 37.9 134.7 54.7 92.9 

 90 3555 320 130.1 462.7 790.4 44.6 

 121.9 3555 433.3 172.6 613.5 560 41.6 

 169.1 2848 481.7 172.1 490.1 170.2 1.7 

 15.8 3055 48.2 27.1 82.9 126 72.1 

 3 3055 9.2 11.1 33.9 14.2 270.6 

 13.3 3055 40.6 25.5 77.9 53.1 91.6 

 4.3 3055 13.3 6.1 18.6 26.6 40.1 

3009.8  15194.3009 814307.7 8108.9 0.0 

6381.9  22122 36381.9 21343.5 20636.8 0.0 
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 470 1769 831.5 412.1 729 545.6 -12.3 

 36.9 1523 56.2 28.5 43.4 30.7 -22.8 

 27.2 1398 38 30.6 42.7 68.2 12.5 

 2.9 1546 4.5 2.4 3.7 2.5 -17.5 

 46 2285 105.2 51.2 117 208.3 11.3 

 227.5 2963 674 249.5 739.3 1519 9.7 

 41.5 1070 44.4 70.7 75.6 196.5 70.2 

 1.9 1409 2.6 3.3 4.7 8.9 77.8 

 8.2 1927 15.8 10.7 20.7 67.6 31.3 

 1.2 1404 1.6 2.1 2.9 16.8 77.3 

 46 2237 102.9 51.8 115.9 383.6 12.6 

 9.8 2237 21.9 10.5 23.4 58.4 6.8 

 13.5 2237 30.3 15.3 34.2 261 13.0 

 5.8 2237 12.9 3.5 7.9 9 -38.4 

 4.2 2237 9.4 3.4 7.6 10.9 -19.4 

 11.5 2237 25.8 6.7 15 16.1 -41.8 

 15.8 2237 35.4 17.7 39.5 140.5 11.7 

969.9  2012.4 969.9 2022.  3543.  0.0 

 283.6 7608 2157.3 205.7 1564.8 378.2 -27.5 

 298.5 3479 1038.5 329 1144.7 339.9 10.2 

 22.6 2990 67.6 30.7 91.8 36.5 35.7 

 40.4 4660 188.2 50.1 233.5 223.6 24.1 

 35 3945 138.1 30 118.2 13.5 -14.4 

 30.3 3555 107.9 35.9 127.7 245.5 18.4 

 8 3555 28.6 9.7 34.5 17.4 20.8 

 12.9 3555 45.7 14.5 51.5 53.6 12.6 

 6.9 3555 24.4 8 28.5 80.6 17.1 

 12.9 3555 45.7 13.7 48.7 32.7 6.4 

 5.6 3555 20 6.5 23.2 9.7 16.4 

 13.3 3555 47.3 15.9 56.4 64.7 19.3 

 59.4 3555 211.2 87.9 312.6 270 48.0 

 23.9 2848 68.2 12.8 36.6 10.6 -46.4 

 7.5 3055 23 8.8 26.9 72.9 16.7 

 5.3 3055 16.1 6.8 20.9 36.5 29.7 

866.1  4227.7 866.1 3920.4 1885.7 0.0 

1836  6240 118365943 5429.2 0.0 



 

758 

 

 

 

 



 759 

 390.4 1958 764.5 336.8 657.4 757.7 -13.7 

 2.9 1531 4.4 2.5 3.8 2.6 -13.8 

 4.8 1479 7.2 2.9 4.3 4.3 -40.3 

 3.8 1479 5.6 3.1 4.6 4 -17.6 

 38.1 2560 97.4 47.2 120.7 248.6 23.9 

 208.2 3311 689.5 233 751.7 1556.7 11.9 

 24.7 1205 29.8 36.3 43.8 115.3 46.7 

 21.4 2161 46.2 24.7 53.3 115.2 15.6 

 15.6 1713 26.7 18.8 32.2 152.3 20.4 

 45 2350 105.8 50.4 116.4 314.7 11.9 

 3.6 2350 8.4 4.7 10.9 26.4 29.8 

 5.1 2350 11.9 5.6 13.2 61.8 10.9 

 2.6 2350 6.1 2.5 5.8 8.1 -4.6 

 6.5 2350 15.2 6.7 15.8 31.7 3.8 

 14.9 2350 35 7 16.5 15.9 -52.8 

 3.9 2350 9.1 5 11.6 32.6 28.1 

 10 2350 23.4 14.3 33.7 69.7 44.0 

801.5  1886.2 801.5 1895.7 3517.6 0.0 

 491.5 3995 1963.7 475 1897.7 800.9 -3.4 

 12.8 3515 45.1 14.6 51.5 11.8 14.2 

 20.6 3854 79.2 14.9 57.5 17.6 -27.4 

 16.7 3448 57.5 19.5 67.4 37.3 17.2 

 15.9 5551 88.5 10.2 56.6 56.3 -36.0 

 4.9 3040 15 8.2 24.8 10.9 65.9 

 41 9839 403.3 40.3 397 204.9 -1.6 

 15.9 4429 70.6 9.6 42.6 3.4 -39.7 

 41.8 4178 174.5 43.3 179.1 414.2 3.8 

 3.8 4178 16 5 21 22.3 30.7 

 17.3 4178 72.3 20.6 86.2 128.7 19.3 

 13 4178 54.2 14.5 60.6 102.8 11.8 

 9.1 4178 37.9 9.3 39 23.5 2.7 

 11.1 4178 46.2 13.8 57.6 58.1 24.7 

 2.9 4178 12.2 4.7 19.7 19 61.7 

 81.4 3208 261 88 278.4 119.7 8.2 

 15.5 3416 52.8 18.3 62.5 202.1 18.3 

 3.6 3416 12.3 6.2 21 15.3 71.5 

 33.5 3416 114.5 35.5 114.2 135.8 5.8 

 2.9 3416 9.8 3.4 11.6 17 17.7 

855.1  3586.  855.  3546 2401.7 0.0 

1656 6  5472 71656  5441.7 5919.3 0.0 
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 588.1 2425 1426.2 540.8 1311.5 1334.2 -8.0 

 29.8 1965 58.6 27.9 54.8 21.8 -6.5 

 23.4 1942 45.4 20.5 39.8 29.3 -12.4 

 4.9 1942 9.6 3.6 6.9 6 -27.8 

 1.3 2201 2.8 0.8 1.8 1.6 -37.1 

 6.9 2097 14.6 5.7 11.9 6 -18.4 

 27 3190 86.1 13.6 43.3 40.9 -49.7 

 287.2 4162 1195.2 331.4 1379.2 2041 15.4 

 38.3 1580 60.5 48.1 76 139.2 25.6 

 30.5 2775 84.6 31.9 88.4 218.7 4.5 

 2.8 2205 6.1 3.7 8.1 33.8 32.7 

 45.4 2510 113.9 54.6 137.1 389.7 20.4 

 1.3 2510 3.2 1.6 4.1 11.9 28.0 

 4.2 2510 10.6 5.8 14.5 68.9 36.3 

 2.9 2510 7.3 3.3 8.4 16.1 14.6 

 2.9 2510 7.3 3.4 8.4 19.7 15.7 

 1.3 2510 3.2 1.6 4 11.5 26.8 

1098.2  3135.2 1098.2 3198.24390.  0.0 

 13.1 8980 117.3 0.003 0.3 0.03 -99.8 

 369.6 4563 1686.3 348.4 1589.6 398.2 -5.7 

 288.7 4042 1167 318.1 1285.9 363.3 10.2 

 1.4 4448 6.3 0.9 4.2 0.5 -33.0 

 13.6 3977 54 15.9 63.2 23.4 17.0 

 13.4 6646 89.3 15.2 101.2 95.8 13.4 

 15.8 3449 54.3 22.3 76.9 33.8 41.1 

 55.2 11939 659.4 54.9 655.3 334.4 -0.6 

 25.6 5050 129.3 23.7 120 0.3 -7.3 

 10.1 6019 60.6 10.9 65.8 84.8 8.5 

 1.7 6019 10.3 1.1 6.8 2 -33.9 

 2.6 6019 15.9 3.6 21.6 15.5 36.1 

 3 6019 17.9 2.4 14.2 3.3 -20.9 

 3.6 6019 21.4 4.6 27.6 11.4 29.2 

 3 6019 18.3 4.1 24.5 20.8 34.1 

 8.3 6019 49.9 12.6 75.9 30.6 52.2 

 62.1 3886 241.2 50 194 31.4 -19.6 

 18.5 4350 80.4 20 86.8 211.3 8.0 

 1.8 4350 7.8 2.1 9 14.7 15.4 

 1.4 4350 6.1 1.7 7.3 6.8 19.2 

912.5  4493.  912.5 4430.1 1682.  0.0 

2010.7  7628.42010.7 7628.46072.4 0.0 
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 156.2 2425 378.8 136.3 330.6 325.6 -12.7 
 4.9 1965 9.6 2.6 5.2 2.9 -45.9 

 3.5 1942 6.9 2.9 5.6 4.8 -18.6 
 1 1942 2 2.5 4.8 5.4 138.1 

 28.9 4162 120.2 40.7 169.5 274.9 41.0 
 3.9 2775 10.9 4.8 13.4 34.4 23.0 
 0.7 2205 1.5 1.1 2.5 11 60.7 

 27.3 2510 68.4 31.7 79.7 342.6 16.5 
 1.2 2510 3 3 7.5 8.2 148.7 
 5.5 2510 13.9 6.9 17.4 68.7 25.2 
 1.2 2510 3 1.7 4.3 8.4 43.8 

234.3  618.2 234.3 640.  1086.9 0.0 
 60.4 4563 275.5 48.9 223.2 27.9 -19.0 
 40.4 4042 163.1 48.9 197.7 54 21.2 

 11.7 3977 46.6 16.7 66.5 36.9 42.7 
 1.9 6646 12.4 3.8 25.3 17.1 103.5 

 220.7 11939 2635.3 220.2 2629 1208.9 -0.2 
 1.7 6019 10.1 2.3 13.9 19.2 37.2 
 1.9 6019 11.2 2.1 12.5 7.5 12.0 

 1.3 6019 7.6 0.9 5.3 0.4 -30.9 
 1.1 6019 6.8 0.3 2.1 0.2 -69.8 
 2 6019 11.8 1.4 8.6 1.5 -26.9 

 22.4 3886 87.2 18 70 6.7 -19.7 
 3.3 4350 14.5 5.1 22.2 77.2 53.6 

368.8  3282.  368.8 3276.3 1457.5 0.0 

603.1 0 3900.4603.1 3916.72544.4 0.0 
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11. FAO. August, 2009. "Description of Agro-ecological Ecosystems of the 

Egyptian Agriculture, Project UNJP/EGY/022, climate change risk management 

in Egypt, Cairo, Egypt.
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                                            Abstract 

This study aimed to design alternative cropping patterns for 

the actual cropping pattern to maximize the total net return of 

water unit in different agro- ecological zones in Egypt. Egypt was 

divided into five different agro- ecological zones, for exploiting the 

points of differentiation for each zone, and providing the designers 

of agricultural policy with an opportunity to guide them adjusting 

the path of agricultural production, therefore satisfying the greatest 

needs of the Egyptian society from agricultural crops under the 

limited agricultural resources, through maximizing the economic 

use of these resources using linear programing approach. 

The total net income for the alternative cropping pattern at the 

first ecological zone increased by L.E. 1.25 billion, which 

represented 1.06% from Egyptian vegetables production in the 

year 2010, that alternative saved about 779 million m3 from the 

actual irrigation water, it’s represented 3.52% from available total 

irrigation water, which could be used to irrigate 232.93 thousand 

feddan in new land at the same zone, and hereby the total net 

income will be increased by L.E. 753.3 million. Therefore the total 

net income for the alternative cropping pattern at the second 

ecological zone increased by L.E. 365.1 million, that alternative 

saved about 297.2 million m3 from the actual irrigation water, it’s 

represented 4.8% from available total irrigation water, which could 

be used to irrigate 93 thousand feddan in new land at the same 

zone, and hereby the total net income will be increased by L.E. 275 

million. 

Whereas the total net income for the alternative cropping 

pattern at the third ecological zone increased by L.E. 291.5 million, 

that alternative saved about 31 million m3 from the actual irrigation 

water, it’s represented 0.6% from available total irrigation water, 

which could be used to irrigate 5.5 thousand feddan in new land at 

the same zone, and hereby the total net income will be increased 
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by L.E. 19.7 million. The total net income for actual cropping 

pattern in the forth agro- ecological zone was reached L.E. 5.77 

billion, while the total net income for alternative pattern was 

reached L.E. 6.07 billion. L.E. 301 million was difference between 

the estimated income for actual pattern and alternative pattern.  

The total net income for actual cropping pattern at the last 

agro- ecological zone was reached L.E. 2.38 billion, while the total 

net income for alternative pattern was reached L.E. 2.54 billion. 

L.E. 162 million was difference between the estimated income for 

actual pattern and alternative pattern. It is represents about 8.6% 

of the total value of vegetable production in 2010. 

Key Words : Agro-ecological zones, linear programming, cropping 

paktern net return of water unit.  

 


