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Introduction

Moghaddasi et al. (2010a,b) did a research on optimization of water allocation and distribution in
irrigation network of Zayandeh Rud catchment by the use of non-linear methods of collective
intelligence and genetic algorithm. In the above mentioned study, optimization has done by 4 sub-
models of water distribution optimization during crop growth periods, water allocation optimization
among network crops, water distribution optimization among different networks, and annual
optimization of agricultural water proportion of Zayandeh Rud. Comparing the results, it can be
assumed that nonlinear programming (NLP) and consequently particle swarm optimization (PSO)
methods have priority to the others.in addition the study confirmed that the optimization method
associates 36% more income. Management of irrigation water resources in the agricultural sector, as
the most important renewable but limited resource, has been the most important challenge of the
current century and has resulted in major concerns around the world. The aim of this study was to
allocation irrigation water and cropping area under uncertainty with emphasis on water use efficiency
(WUE) and relative irrigation supply (RIS) indices and the results were compared to the actual
management in Marun Irrigation Network.

Materials and Methods

At first, by using the Monte Carlo simulation method, water flow in different seasons was
simulated and the flow probability was calculated in three categories of high, medium, and low
intensity.The data obtained from the Monte Carlo simulation method as well as technical,
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hydrometric, and economic data were used to run a multi-stage stochastic model with interval
parameters for the upper and lower limits. As a result, solution parameters, the optimal area under
cultivation and the volume of consumed water were obtained. Finally, the comparative analysis water
use efficiency (WUE) and relative irrigation supply ( RIS) indices were calculated for the upper and
lower limits and compared with the actual management.

model of multistage irrigation water allocation based on two temporal stages of the interactive
algorithm were divided into two certain sub-models to obtain the upper and lower bounds of Z+ (i.e.,
the system’s total benefit). The upper bound optimization was calculated through NLP with the
CONOPT4 solver used for solving the problem. LP was used for lower bound optimization using the
same method and based on the target function and its conditions. for this purpos, first hydrometric
data were obtained from Marun Network Station during 2006-2016. Then based the results Monte
Carlo Simulation model, the probability of occurrence inflow intensity of low, moderate and high is
defined and the optimization model has been developed for water allocation and distribution between
different growing seasons.

Findings

The results indicate that Marun Dam had 60% of normal year, 20% of wet year and 20% of
draught continuously, to calculate the stochastic amount of input water to irrigation networks, the
Monte Carlo Simulation model, and to produce random numbers EASY FIT software can be used
(Table 1).( (Karamouz et al., 2003). In this project, agricultural water demand was calculated by
REF-ET software, FAO-Penman_Monteith method, and the case study meteorological data (Allen et
al., 1999-2000). considering high and low irrigation efficiency of the region in Tables (2) and (3)
water demand was determined based on intervals.The decision variables were calculated using the
relationship a b = 1'[1;'=1 S for seasons 1-4, respectively, at 27-81-243-243. These results support
the optimal allocation of water for all crops under different flow scenarios. These results proved
effective for the optimal allocation of irrigation water and the optimal cropping patterns in the
irrigation networks under study. As it was mentioned previously when STaibpopt approaches zero, if

the irrigation target is provided, there will be the least benefit, and if not there will be the least
penalty too. In the other words, in this situation, there will be a low risk. So the manager will have a
conservative view for available water.The results, indicate that the cropping pattern area of all crops
in all networks makes itself compatible with the optimization lower bounds.

Discussion

The results showed that the more optimal water consumption due to the increase of the cropping
areas were increased by respectively 26 and 2%, and of course the benefit amount had an increase of
92 and 25% and also the increase of the WUE index in the developed model compared to the actual
management. In the actual management the RIS index of irrigation water is close to one. In the
optimization model, the difference between the supply and allocation of irrigation due to the
estimation of the actual water requirement of the plant, the optimal cropping area and water storage is
more than the traditional management.

Conclusion
- Applying optimizing model for allocating water resources as for betterment of water consumption
management and enhancing economic water productivity that is attained from running theses
models.
-Water releasing management in irrigation networks according to water requirement of crops as for
influence of lack of enormous volume of water in increasing function of crops should be applied.
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Table 1- The stochastic input inflow to the networks for irrigation under 3 scenarios of inflow intensity
in 4 seasons of crop growth (MM?)
Available Water
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Source: Research Findings

Table 2- Water requirement of products during different seasons of growth in North and South
networks (M°)

Crop
t Fall Winter Spring Summer
Wheat 33-69 221 - 4623 1060-2208 0
Colza 118-246 2244.5-4676 591-1230 0
Alfalfa 2759-5744 394-821 6699-13957 9852-20525

Table 3- Water requirements during different seasons of growth in the Jayzan network (M?)

Crop
t Fall Winter Spring Summer
Wheat 278-313 7508-8447 6117-6889 0
Colza 602-677 7822-8799 3610-4061 0
Alfalfa 0 0 0 0
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Table 1- Arable land changing interval for the prominent crops in the networks of Marun catchment
in Behbahan city (Ha)

Crop
North south Jayzan
Network
Wheat [18-3976] [0-4802] [14-2640]
Colza [10-38] [5-120] [0-253]
Alfalfa [3-461] [103-2144] -
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Table 2- Crops net benefit and penalties (IRR/ha)

CROP Network NB C

Wheat North [1.8(10)* -3.4(10)"] [1.5(10)" -2.6(10)"]
Wheat south [1.8(10)* -3.4(10)"] [1.5(10)7 -2.6(10)"]
Wheat Jayzan [1.1(10)* -2.5(10)"] [8.7(10)° -1.8(10)"]
Colza North [1.9(10)% -2.9(10)*] [1.5(10)7 -2.6(10)"]
Colza south [1.9(10)% -2.9(10)*] [1.5(10)7 -2.6(10)"]
Colza Jayzan [4.2(10)° -6.3(10)"] [8.7(10)° -1.8(10)"]
Alfalfa North [9.6(10)* -1.6(10)°] [2.6(10)" -4.1(10)]
Alfalfa south [9.6(10)*-1.6(10)°] [2.6(10)" -4.1(10)]
Alfalfa Jayzan 00000 e

* NB= net benefit of crop a in network b

* C=cost of an unirrigated rental area per hectare for crop a in network b
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Table 3- The stochastic input inflow to the networks for irrigation under 3 scenarios of inflow
intensity in 4 seasons of crop growth (MM?)
Auvailable Water
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o
— c c c c
= £ £ 5§ § € 5 § £ 5§ £t %5 g
g & 2 3 8 2 & & = &8 &8 S 2 &
8 P n i z 9] S P n S P n S

) )
> e & 9 = ~ T = G

=) =) &) o o
1S I q o q < g . ' <+ o o o o

C:‘ e C:‘ - =) ha

e e
S o - N 3 ] N 3 < ¥ P @ ) o
3 © g 9 g O T S & &« = ©
= ) ) ~ =] A ~ = = —

N—r N—r
~—~ —~ P —
™

= S 3 = ™ o N > ot S S ™) S
> o & & 3 D B <2 3 & @ §
T N < : ™ ™ © : o i < ~N < <

— N N — — <4 — 2 3 — N —

* P=Probability
Source: Research Findings

(o o > ) D8 9 Jlod SdCd 53 5o Ak (5 S )0 b DY gasm (2T Sbi-£ Jgr
Table 4- Water requirement of products during different seasons of growth in North and South
networks (M?)

Crop I Fall Winter Spring Summer
Wheat 33-69 221 - 4623 1060-2208 0
Colza 118-246 2244.5-4676 591-1230 0
Alfalfa 2759-5744 394-821 6699-13957 9852-20525
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Table 5- Water requirements during different seasons of growth in the Jayzan network (M?)

Crop
t Fall Winter Spring Summer
Wheat 278-313 7508-8447 6117-6889 0
Colza 602-677 7822-8799 3610-4061 0
Alfalfa 0 0 0 0
() g culs” =1 Jgur
Table 6 - Optimized irrigation area in networks(Ha)
Network STE .
Wheat Colza Alfalfa
North 4570-2400 51-10 539-291
south 6563-2582 128-4.5 2620-2022

Jayzan 3433-1891 362-0 -
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Table 7- Solution of the optimization model developed in fall

Symbol  Senario  Period  Subarea Crop ST SD SA
1111 H autumn North Wheat 2569-4570 0 2569-4570
2111 H autumn North Colza 1-51 0 1-51
3111 H autumn North alfaalfa 291-535 288-0 3-535
1211 H autumn South Wheat 2582-6563 0 2582-6563
2211 H autumn South Colza 4.4-128 0 4.4-128
3211 H autumn South alfaalfa 2022-2620 238-0 1784-2620
1311 H autumn  Jayzan Wheat 1891-3423 0 1891-3423
2311 H autumn Jayzan Colza 0-322 0 0-322
3311 H autumn  Jayzan  alfaalfa 0 0 0-0
1112 M autumn North Wheat 2569-4570 0 2569-4570
2112 M autumn North Colza 1-51 0 1-51
3112 M autumn North alfaalfa 291-535 0 291-535
1212 M autumn South Wheat 2582-6563 0 2582-6563
2212 M autumn South Colza 4.4-128 0 4.4-128
3212 M autumn South alfaalfa 2022-2620 1443-0 579-2620
1312 M autumn  Jayzan Wheat 1891-3423 1891-109
2312 M autumn  Jayzan Colza 0-322 0 0-322
3312 M autumn  Jayzan  alfaalfa 0 0 0-0
1113 L autumn North Wheat 2569-4570 1591-0 978-4570
2113 L autumn North Colza 1-51 0 1-15
3113 L autumn North alfaalfa 291-535 28-3.5 3-531.5
1213 L autumn South Wheat 2582-6563 2582-0 0-6563
2213 L autumn South Colza 4.4-128 0-38.5 4.4-89.5
3213 L autumn South alfaalfa 2022-2620 1738-1868 284-752
1313 L autumn  Jayzan Wheat 1891-3423 7-3405 1884-18
2313 L autumn  Jayzan Colza 0-322 0-322 0-0
3313 L autumn  Jayzan  alfaalfa 0 0 0
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Table 8 - Solution of the optimization model developed in winter

Symbol  Senario Period Subarea Crop ST SD SA
1121 HH winter North Wheat  2569-4570 0 2569-4570
2121 HH winter North Colza 1-51 0 1-51
3121 HH winter North alfaalfa 291-535 288-182 3-535
1221 HH winter South Wheat  2582-6563 0 2582-6563
2221 HH winter South Colza 4.4-128 0 4.4-128
3221 HH winter South alfaalfa  2022-2620 238-0 1784-2620
1321 HH winter Jayzan Wheat 1891-3423 0 1891-3403
2321 HH winter Jayzan Colza 0-322 0 0-322
3321 HH winter Jayzan alfaalfa 0 0 0-0
1125 MM winter North Wheat 2569-4570 0 2569-4570
2125 MM winter North Colza 1-51 0 1-51
3125 MM winter North alfaalfa 291-535 0 291-535
1225 MM winter South Wheat  2582-6563 0 2582-6563
2225 MM winter South Colza 4.4-128 0 4.4-128
3225 MM winter South alfaalfa  2022-2620 1443-0 579-2620
1325 MM winter Jayzan Wheat  1891-3423 0 1891-3403
2325 MM winter Jayzan Colza 0-322 0 0-322
3325 MM winter Jayzan alfaalfa 0 0 0-0
1129 LL winter North Wheat 2569-4570 1591-0 978-4570
2129 LL winter North Colza 1-51 1-49.5 1-15
3129 LL winter North alfaalfa 291-535 288-0 3-0
1229 LL winter South Wheat  2582-6563 2582-0 0-6563
2229 LL winter South Colza 4.4-128 0-38.5 4.4-89.5
3229 LL winter South alfaalfa  2022-2620 1739-2620 283-0
1329 LL winter Jayzan Wheat  1891-3423 7-3423 1884-0
2329 LL winter Jayzan Colza 0-322 0-322 0-0
3329 LL winter Jayzan alfaalfa 0 0 0-0
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Table 9-Solution of the optimization model developed in spring

Symbol  Senario Period Subarea Crop ST SD SA
1131 HHH spring North Wheat  2569-4570 0 2569-4570
2131 HHH spring North Colza 1-51 0 1-51
3131 HHH spring North alfaalfa 291-535 288-0 3-535
1231 HHH spring South Wheat  2582-6563 0 2582-6563
2231 HHH spring South Colza 4.4-128 0 4.4-128
3231 HHH spring South alfaalfa ~ 2022-2620 238-0 1784-2620
1331 HHH spring Jayzan Wheat 1891-3423 0-18 1891-3405
2331 HHH spring Jayzan Colza 0-322 0 0-322
3331 HHH spring Jayzan  alfaalfa 0 0 0
11314 MMM spring North Wheat 2569-4570 0 2569-4570
21314 MMM spring North Colza 1-51 0 1-51
31314 MMM spring North alfaalfa 291-535 0 291-535
12314 MMM spring South Wheat  2582-6563 0 2582-6563
22314 MMM spring South Colza 4.4-128 0 4.4-128
32314 MMM spring South alfaalfa  2022-2620 1443-0 579-2620
13314 MMM spring Jayzan ~ Wheat = 1891-3423 0-2535 1891-1070
23314 MMM spring Jayzan Colza 0-322 0 0-322
33314 MMM spring Jayzan  alfaalfa 0 0 0-0
11327 LLL spring North Wheat 2569-4570 1591-0 562-4570
21327 LLL spring North Colza 1-51 0-49.5 1-15
31327 LLL spring North alfaalfa 291-535 291-535 0-0
12327 LLL spring South Wheat 2582-6563 2582-.0 0-6563
22327 LLL spring South Colza 4.4-128 0-38.5 4.4-89.5
32327 LLL spring South alfaalfa  2022-2620  2022-2620 0-0
13327 LLL spring Jayzan  Wheat  1891-3423  1891-3423 0-0
23327 LLL spring Jayzan Colza 0-322 0-322 0-0
33327 LLL spring Jayzan  alfaalfa 0 0 0-0

Olul fad 58 4Bl drwgd Sl yo Wiz S podlbp Bolad Jow -V Jgu
Table 10-Solution of the optimization model developed in summer

Symbol  Senario Period  Subarea ST SD SA

3141 HHHH  summer  North  alfaalfa  291-535 288-0 3-535

3241 HHHH  summer  South  alfaalfa 2022-2620 238-0 1784-2620
31441 MMMM  summer  North alfaalfa  291-535 0 291-535
32441 MMMM summer  South alfaalfa 2022-2620 1443-0 579-2620
31481 LLLL  summer  North alfaalfa  291-535 291-535 0
32481 LLLL  summer South alfaalfa 2022-2620 2022-2620 0
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Fig. 2- Comparison of WUE index in four seasons under the low scenario in networks
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Fig. 8 - Comparison of Relaive Irrigation Supply index in four seasons under the moderate scenario
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