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Fig. 1 Schematic image of Hirmand catchment
(Shahraki et al. 2017)
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Table 1Virtual water content (m®/ha) and water requirement of agricultural crops (m* kg) in Hirmand

catchment
Crops CWR Miankangi Zahak Sistan
Wheat 6793 4.257 2.822 4.046
Barley 6135 4.596 3.316 3.725
Beans 3825 4.250 3.188 3.825
Sunflower 7318 6.861 4.879 4.879
Sesame 7500 7.500 15 7.500
Onion 7987 0.346 0.266 0.266
Tomato 10710 0.584 0.357 0.357
Melon 5087 0.284 0.203 0.339
Watermelon 11928 0.529 0.332 0.706
Cucumber 4439 0.317 0.341 0.341
Alfalfa 21575 1.036 0.616 1.199
Corn 6843 0.164 0.221 0.298
Sorghum 5688 0.188 0.142 0.090
medicine 1500 1800 1.500 1.500
Garden 11000 1.375 1.375 1.375
Average 7846.533 2.727 2.304 2.030
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Table 2- Current area under cultivation and change in area under cultivation in virtual water scenario (m® /kg)

Crops Miankangi Zahak Sistan

VW Current VW Current VW Current
Wheat 7971.2 16342.4 15190 25788.7 20687.4 36887.4
Barley 320 2073.6 98 6203.4 108 3207.6
Beans 0 316.8 49 617.4 172.8 172.8
Sunflower 0 28.8 0 0 0 54
Sesame 0 6.4 0 4.9 0 21.6
Onion 640 268.8 980 225.4 3240 183.6
Tomato 16 16 1470 0 167.4 91.8
Melon 3670.4 3670.4 3920 3140.9 1004.4 1004.4
Watermelon 2665.6 2665.6 2940 2695 1620 1809
Cucumber 640 6.4 980 0 1620 16.2
Alfalfa 716.8 716.8 1558.2 1558.2 540 772.2
Corn 960 428.8 3920 411.6 1080 432
Sorghum 4800 2953.6 5880 4331.6 10800 4654.8
Medicine 8000 32 11034.8 9.8 10800 21.6
Garden 1600 2502.4 980 4013.1 2160 5059.8

(million M?) sie e 15u] 059> (55,5l Lidw ,o ol aYle slolw—Y Jgu

Table 3 - Annual water demand in the agricultural sector of Hirmand catchment (million m?)

Miankangi Zahak Sistan

Crops Unmet Delivered Water  Unmet delivered Water  Unmet Delivered  Water

demand demand demand
Wheat 36.218  74.796 111.014 64.288 110.861 175.149 73.794  176.781  250.576
Barley 4.150 8.571 12.722  13.969 24.089 38.058 5.975 13.883 19.678
Beans 0.395 0.816 1.212 0.867 1.495 2.362 0.194 0.466 0.660
Sunflower 0.069 0.142 0.211 0 0 0 0.116 0.278 0.395
Sesame 0.016 0.032 0.048 0.013 0.023 0.037 0.047 0.114 0.162
Onion 0.700 1.446 2.147 0.661 1.139 1.800 0.431 1.034 1.466
Tomato 0.056 0.115 0.171 0 0 0 0.289 0.693 0.983
Melon 6.092 12.580 18.671 5.865 10.113 15.978 1.504 3.604 5.109
Watermelon  10.373  21.422 31.795  11.799 20.347 32.146 4.635 15.233 21.577
Cucumber 0.009 0.019 0.028 0 0 0 0.021 0.050 0.071
Alfalfa 5.045 10.420 15.465  12.339 21.279 33.618 4.906 11.753 16.660
Corn 0.950 1.962 2912 1.034 1.783 2.817 0.087 0.208 0.295
Sorghum 5.481 11.319 16.600 9.043 15.595 24.638 7.797 18.679 26.476
medicine 0.002 0.003 0.005 0.005 0.009 0.015 0.009 0.022 0.032
Garden 8.980 18.546 27.526  16.203 27.941 44.144  16.391 39.266 55.657
Total 89.935 150.793  240.827 136.087 234.675 370.761 117.741 282.062  399.804
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Table 4- Water demand for agricultural products in the virtual water scenario (million m?)

Miankangi Zahak Sistan
Crops Unmet Delivered Total Unmet delivered Total Unmet Delivered  Total
Wheat 12.745  41.403 54.148  30.179  73.007 103.186  34.752  105.777  140.530
Barley 0.462 1.501 1.963 0.176 0.425 0.601 0.164 0.499 0.663
Beans 0.000 0.000 0.000 0.055 0.133 0.187 0.163 0.498 0.661
Sunflower 0.000 0.000 0.000 0.000 0.000 0.000 0.977 2.974 3.952
Sesame 0.000 0.000 0.000 0.000 0.000 0.000 1.002 3.048 4.050
Onion 1.203 3.908 5.112 2.289 5.538 7.827 6.399 19.478 25.878
Tomato 0.040 0.131 0.171 4.605 11.139 15.744 0.443 1.349 1.793
Melon 4.395 14.276 18.671 5.832 14.109 19.941 1.264 3.846 5.109
Watermelon  7.484 24.311 31.795  10.257  24.812 35.068 4.779 14.545 19.323
Cucumber 0.669 2.172 2.841 1.272 3.078 4.350 1.778 5.413 7.191
Alfalfa 3.640 11.825 15.465 9.832 23.786 33.618 2.881 8.769 11.651
Corn 1.546 5.023 6.569 7.845 18.979 26.825 1.828 5.563 7.390
Sorghum 6.426 20.876 27.302 9.782 23.664 33.445  15.191 46.239 61.430
medicine 2.825 9.175 12.000 4.841 11.711 16.552 4.006 12.194 16.200
Garden 4.143 13.457 17.600 3.153 7.627 10.780 5.876 17.884 23.760
Total 45.579  148.060 193.639 90.118 218.007 308.125 81.503 248.078  329.580
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Fig. 3 Monthly water demand in the agricultural
sector
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Table 5 - Comparison of drinking water demand in the current and virtual water scenario (million m?)

Region Unmet Delivered Total
VW Current Vw Current VW Current

Hamoon 1.633 2.135 4.701 4.021 6.335 6.335

Hirmand 1.766 2.502 5.083 4.347 6.850 6.850

Nimruz 0.696 0.987 2.012 1.722 2.709 2.709

Zabol 39.044 55.261 111.233 94.996 150.258 150.258

Zahak 3.597 5.097 10.354 8.855 13.952 13.952

Zahedan 110.347 153.782 348.628 305.218 459 459

Rural 59.904 84.820 170.686 145.770 230.590 230.590
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Abstract

Agriculture is the largest user of freshwater in the world. One of the practical solutions for managing
agricultural water resources in arid and semi-arid regions is to calculate the amount of water
consumption in the process of agricultural crops through the virtual water index. The aim of this study
was to use virtual water to manage water consumption in the agricultural sector of the Hirmand
catchment. The need for irrigation of agricultural crops in the catchment was obtained using
CROPWAT software. Then, the current and future status of water supply and demand was
investigated using the WEAP model for agricultural crops in the catchment in the current cultivation
pattern of the region. After calculating the virtual water content of the crops, the cultivation pattern
was presented based on it and with emphasis on the need for irrigation. The water demand for crops in
the virtual water scenario of the cultivation pattern was investigated using the WEAP model. The
results showed that the need for irrigation of crops in the Hirmand catchment was 7847 m?/ha and the
virtual water content of crops was 2.353 m*/kg. The agricultural sector consumes 70.10% of the total
water supply in the Hirmand catchment. In the current situation, the total annual demand of water for
crops is 1011x10° m?, of which 67.13% is supplied and 32.87% is not supplied. If the current situation
continues for the next 15 years, the agricultural sector will face water shortages of 6099x10¢ m*. By
applying the virtual water scenario, the demand for agricultural water could be decreased by 180x10°
m®/yr. Finally, it was found that if the priority of water allocation between the agricultural sector and
the drinking sector be the same, the drinking sector will face an annual water shortage of 18x10° m®.

Keywords: Agriculture Sector; Hirmand Catchment; Virtual Water; WEAP Model
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