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Abstract

Agricultural sector is the largest water consumer and
uncertainty is an inevitable aspect of water management in this
sector. In this study, fully fuzzy linear programming using two
different solutions were applied for multi-objective optimizing
of cropping pattern and net benefit in the uncertain conditions
for the Zarrinehroud Basin. The uncertainties within the
optimized cropping pattern were considered using a fuzzy
method. Moreover, in order to consider the uncertainties in the
available water limitation, three different hydrological
conditions were applied to determine maximum, average, and
minimum of fuzzy bond. The results showed an increase of
%2.53 in net benefit comparing to the crisp optimization and
an increase of %36.34 comparing to the present cropping
pattern through decreasing low income crops substituted by
high income crops. It is also shown that applying fully fuzzy
linear programming instead of crisp linear programming leads
to a greater saving in water consumption with the amount of
%88.22. Considering %10 and %20 uncertainty bands for
optimization parameters caused more water saving and net
benefits from optimal cropping pattern. Therefore,
optimization of cropping pattern through considering
uncertainties based on fuzzy method leads to a more optimal
planning for agricultural water.
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Table 1- Cropping areas, net benefit and water consumption in 2015*
IVAF 10 (8 mre O (1 3a0 cpAlB Do (Y guaso CuilS g 5 baw —Y Jgun

Gross . Percent Gross .
Cropping irrigation Net_ benefit of irrigation Net_ benefit
Crop (Rials per Crop (Rials per
area (%) water . cropped water )
Kilogram) Kilogram)
(mm) area (mm)
Wheat 38.69 958.91 7709.14 Potato 0.81 2038.33 3649.49
Alfalfa 35.68 1165.41 4995.39 Apple 0.56 1513.32 6732.72
Barely 6.55 1775.96 5754.41 Rapeseed 0.47 1852.37 15072.83
Pea 4.81 1590.35 1001.52 Apricot 0.36 1253.43 28867.83
Onion 2.47 2305.88 6243.30 Squash 0.35 1430.03 8409.18
Grape 2.13 606.79 2003.65 Almonds 0.29 1620.73 43510.88
Tomato 1.85 2245.45 3408.90 Peach 0.23 1253.43 20671.79
Watermelon 1.33 1719.07 3017.27 Corn 0.19 1852.37 7784.20
Walnut 1.15 1513.32 155006.15 Cherry 0.11 1513.32 31147.09
Cucumbers 0.97 1430.03 8311.74 Sunflower 0.07 1875.94 19501.24
Maize 0.92 1852.37 9173.95
Net benefit (Million rials) 2165198  VVater consumption (Thousand cubic  g5q9ag

meters)

*References: Statistical yearbook of the Ministry of Agriculture, Statistical Center of Iran Mahab-Ghodss Company, Iran Water

Resources Management Company, and research findings (2015)
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Table 2- Cropping area in deterministic and fully fuzzy optimization models (percent)
(213) (55 loled 9 (oalad (g 5Lwdinge (S0 45 CullS o) Zobaw T Jgi

Fuzzy domain 10% 20%
Cropping
Crop area in Kumaretal.  Jayalakshmi ~ Kumaretal.  Jayalakshmi
deterministic (2010) etal. (2012) (2010) et al. (2012)
optimization
1 Wheat 21.52 22.68 22.87 21.01 21.63
2 Alfalfa 53.52 50.47 49.18 54.20 51.58
3 Barely 3.28 3.69 3.59 3.43 3.23
4 Pea 241 2.71 2.64 2.52 2.38
5 Onion 3.70 4.17 4.34 3.89 4.17
6 Grape 1.07 1.20 1.16 1.11 1.04
7 Tomato 2.78 2.50 2.52 2.39 241
8 Watermelon 1.99 2.25 2.35 2.09 2.26
9 Walnut 1.72 1.94 2.02 1.80 1.95
10 Cucumbers 1.45 1.63 1.70 1.52 1.64
11 Maize 1.39 1.57 1.64 1.46 1.58
12 Potato 1.21 1.36 1.42 1.27 1.37
13 Apple 0.85 0.76 0.77 0.73 0.74
14 Rapeseed 0.71 0.61 0.62 0.67 0.62
15 Apricot 0.54 0.60 0.63 0.56 0.61
16 Squash 0.53 0.60 0.62 0.55 0.59
17 Almonds 0.43 0.39 0.39 0.37 0.37
18 Peach 0.34 0.38 0.40 0.36 0.38
19 Corn 0.28 0.25 0.25 0.24 0.24
20 Cherry 0.17 0.15 0.15 0.15 0.15
21 Sunflower 0.11 0.10 0.10 0.10 0.09
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