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5- Stage wise crop response factor
6- Inverse formulation method
7- Genetic algorithm
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1- Falkenmark index

2- International water management institute index
3- Water resources vulnerability index

4- Particle Swarm Optimization
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Figure 1. The location of Hamidiyeh irrigation network.
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Table 1. Hamidiyeh irrigation network cropping pattern information in water year 2015-2016
(Source: Hamidiyeh Bureau of Agriculture).
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Table 2. Seasonal and stage wise crop response factors proposed in former studies.
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4- Water Use Efficiency
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Table 3. Compare of NSGAII results with EM-MOPSO results.
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Table 4. Results of yield estimation error minimization using genetic algorithm.

S ol il oSl Mae o S s o 2 J e
Standard deviation Mean Worst value Best value Crop
Ry
1.57x10°° 5%x10° 5%x10° 9.3x10” f
Wheat
L
3.2x107 3.5 x107 1.18x10°¢ 1.4x10° S
Bean
1.2x10° x107 5.6 1.3x10° 1.6x10° >
Barely
4.5 x10° 4.8 x10° 1.3% 1075 6.9x10™"! cr
Rice
Sl
2.44 x10° 2.24 x10° 6.7x10° 1.2x10™ =
Vegetables
L=
1.41 x10° 48x10° 6.5x10° 1.1x 106 .
Cucumber
1.96 x107 3.72x107 6.5x10° 7.2x107 e
Tomato
5.66 x107 5.12 x107 3.14x 1077 1.1x10° S
Cabbage
..
1.6x10° 4.8x10° 4.1x 1075 1.1x10” ol
Canola
deS
1.17 x107 1.35%107 3.14x 1077 4.4x10° :
Sesame
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Table 5. Results of yield estimation error minimization using particle swarm optimization.

S ol il oSl Mae o S s o 2 J s
Standard deviation Mean Worst value Best value Crop
Ry
1.04x10° 5.2x107 2.6% 1076 3x10% f
Wheat
L
2.16x10™ 1.08x10™" 5.4x 10711 3x1033 e
Bean
2.4x10° 1.2x10°% 6% 1078 x10% 1.8 >
Barely
8.4x107° 4.2x10™"° 1.2% 107° 3.8x107% c-r
Rice
Sl
436x10° 2.18 x10? 1.09 x 10718 9.2 x10% o
Vegetables
L=
1.2 %107 6x1071 3x107° 3.8 x10% .
Cucumber
4x107% 2x10% 102 3.32x10% e
Tomato
2.2 %102 1.1x10% 5.5 x107% 0 oS
Cabbage
..
1.4x10™ 71071 3.5x10™M 1.9x103 &
Canola
deS
7.19 x107® 3.6 x10™ 1.8 x10"7 4.6 %107 i
Sesame
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Table 6. Modified FAQO stage wise crop response factors.

L m SED LS deS ols ] b Sl pS
Bean Barely RoughRice Canola Sesame Cabbage Tomato Cucumber Vegetables Wheat
0.02 0.05 0.01 0.017 0.06 0.06 0.04 0.01 0.02 0.02
Stage 1
0.48 0.63 0.53 0.25 0.07 0.07 0.09 0.56 0.19 0.48
Stage 2
0.17 0.43 0.35 0.57 0.37 0.37 0.34 0.28 0.53 0.17
Stage 3
0.35 0.04 0.12 0.11 0.31 0.31 0.48 0.25 0.19 0.35
Stage 4
(IS 4 e litie 5 3l 03l b ok 3,50 J gz RIS STy Jila Olpe -V g
Table 7. Minimum and maximum of yield reduction estimation using different K.s.
pS L o SAE, s oS oS oS ok Sl s
Wheat Bean Barely RoughRice Canola Sesame Cabbage Tomato Cucumber Vegetables
10.0 115 10.0 11.0 8.0 8.0 9.5 10.5 7.7 10.0 o
Minimum
KY
o Sle
500 1000  50.0 55.0 40.0 40.0 475 52.5 38.5 50.0
Maximum
19.0 19.0 225 39.1 20.5 20.5 16.5 27.0 21.0 34.0 o
Minimum
Ky
o Sle
1140 1125 850 195.5 82.5 102.5 82.5 135.0 105.0 170.0
Maximum
10.2 115 10.0 11.0 8.0 8.0 9.5 11.0 94 10.0
Minimum
Kyﬂdj
o Sle
50.9 57.5 49.9 55.0 40.0 40.0 475 54.8 46.8 49.8
Maximum

YEA
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Table 8. Crops water requirement supply percent in different situations.

P L) = (SADEy oS N ] b Clor s
Wheat Bean Barely RoughRice Canola  Sesame  Cabbage Tomato  Cucumber  Vegetables
100 100 100 100 100 100 100 100 100 100 S s
Current situation
Vsl
100 71.6 97 81.7 100 90 95.5 91.8 100 73.6
Scenario 1
Y ool
100 71.6 85.9 74.4 91.3 56.2 94 89.8 66.8 73.6
Scenario 2
Y ool
100 71.6 97 81.7 95.3 89.9 92.7 90.2 66.8 73.6
Scenario 3
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Table 9. Crops cultivation area of Hamidiyeh irrigation network in different situations.

S Sl B o5 s oS s SADEr b S Jyamae
Totalarea ~ Vegetables ~ Cucumber  Tomato  Cabbage  Sesame  Canola Rough Rice Barely Bean  Wheat Crop
JECLEGNEIE P
16650 1900 700 1500 300 700 250 1800 800 500 8200
Current situation
Jsl st
16842 1996 717 1425 306 669 217 1845 748 485 8434
Scenario 1
£33 Syl
16839 1993 717 1424 306 664 256 1845 748 487 8399
Scenario 2
(e
16832 1995 719 1423 306 665 256 1846 749 485 8391 £ S
Scenario 3
ol s gl gyl SSE 4 ddo ol anplio Ve Jpi
Table 10. Comparison of the model results in each scenario.
V}i)tw« V}i)tw« \}i)t""’ JzﬁWﬁ
Scenario 3 Scenario 2 Scenario 1 Current situation
‘5:»“4‘ ol s L,d‘ )LS
11.3 11.54 10.92 10 ’
Relative water use efficiency
Wopn a Aol s S
25.87 24.18 26.04 25.9 S
Revenue-cost ratio
634.7 615.6 643.5 624 2 2 SR
Net benefit (Billion Rials)
(Ko e Osdia) IR
293 272.8 297.3 400 e i) P 2l Ol

Water use (MCM)

sl ol en e 4 el Ol S Ol
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Abstract

Background and Objectives: Considering the growing limitation of water resources, a plan is
needed to be made in order to optimally use water resources, especially in the agricultural sector
which uses most of the water resources. A study was conducted which its objective is to optimally
allocate water resources to the Hamidiyeh irrigation network cropping pattern in order to make a
plan to manage the water resources consumption trend in the Hamidiyeh irrigation network.

Materials and Methods: The water year 2015-2016 was divided into 36 periods which consist of 10
days and multi-objective model was created to allocate water resources to each one of 10 day periods
in order to maximize the relative water use efficiency and the revenue-cost ratio using a
non-dominated sorting genetic algorithm. Furthermore, another optimization model was created to
minimize the error in the yield reduction estimation under deficit irrigation application situation
using genetic algorithm.

Results: The obtained results of stage wise crop response factors modification model indicated that
the estimated values of yield reduction under deficit irrigation application situation using the stage
wise crop response factors which were proposed by former studies vary between 16.5 and 195.5
percent. The yield reduction amount of more than 100 percent shows an estimation error, while the
yield reduction estimated using the modified stage wise crop response factors vary between 8 to 59.5
percent. The optimal water resources allocation model is a multi-objective model which has more
than one optimal solution that none of them is better that the other, and the suitable solution is
chosen based on managerial decision taking. As a result, three solutions were chosen as scenarios to
be compared with the current water allocation situation. Results indicated that revenue-cost ratio is
slightly changed under optimal water resources allocation, but relative water use efficiency is
increased at least by 9 percent, and water use is reduced at least by 26 percent. Furthermore, the
cultivation area is increased by 192,189, and 182 hectares in the first, second, and third scenario,
respectively. Net benefit was increased by 19.5 and 10.7 billion rials (IRR) in the first and the third
scenario, however, it was reduced by 8.4 billion rials (IRR) in the second scenario.

Conclusion: The amount of water consumption is considerably reduced and the relative water use
efficiency and the cultivated area is increased under optimal water resources allocation which causes
reuse of fallow area. Furthermore, net benefit could also be increased depending on the chosen
solution.

Keywords: Crop response factors, Optimization, Revenue-cost ratio, Water management, Water use
efficiency
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