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Introduction

Limited water resources in many arid and semiarid regions of the world pose a serious threat to land
reclamation and sustainable development. Therefore, it is necessary to review past policies and
formulate new policies in this area. In Iran, with mostly arid and semiarid climatic conditions, water
scarcity has become a great concern affecting not only the agricultural sector but also the industrial
sector and even the drinking water supply in some parts of the country. In recent years, due to
climate change, population growth and increasing water requirements, it is expected that the method
of water distribution will change and the optimal redistribution of resources will be seriously
considered (Mazandarani Zadeh and Hosseini, 2021; Misaghi et. al., 2020; Hosseiniasl et al., 2018).

A review of past research shows that although many studies have been conducted on how to
redistribute water optimally among retailers, each has sought to provide and optimize water resources
by defining a specific objective function. Since most objective functions do not show the ability to
describe mathematics accurately, it is better to use linguistic descriptions to model them.

In this research, the objective function has been defined using fuzzy capabilities to describe
peripheral phenomena. The irrigation network of Qazvin plain was equal to 255 million cubic meters
per year in the past, but in recent years due to various reasons such as climate change and increased
harvest for drinking water supply in Tehran, the allocated amount has decreased to about 120 million
cubic meters per year. The network consists of 11 subnets, each of which acts as an operator. Due to
the reduction of allocated water in the irrigation network of Qazvin plain and the lack of reform of
the irrigation program to this plain, in this study, an attempt has been made to reallocate water to
maximize utility, including increasing the total network revenue and observing justice using fuzzy
inference system.
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Materials and Methods

In the present study, in order to redistribute water optimally among the operators of Qazvin plain
network in order to increase revenue and observe the distribution justice, the fuzzy multi-objective
nonlinear optimization method has been used.

Study area

To transfer water from the Taleghan River through the Ziaran diversion dam to the Qazvin plain, this
irrigation network covering about 58,000 hectares of land in this plain has been constructed. The
network has a main channel with a length of 94 km, 12-degree channels with a total length of 214 km
and a third-degree channel with a length of 232 km. The project site has a semi-arid climate with
relatively hot summers and cold winters. The study area, approximately 20 km long, includes an area
of the Qazvin plain that is covered by a modern irrigation network.

Yield function
To estimate the amount of crop produced based on the amount of water consumed, the water-
production relationship has been used.

n

Ya AET, .
Y [1-Ky (- ﬁ)] (1)

i=1

where Ya and Ym are actual yield and crop potential in ton per hectare, respectively; AET; and
PET,; are real evapotranspiration and potential in growth period i in mm, respectively; and Ky; shows
crop susceptibility coefficient in growth period i.

Proposed optimization model

The following figure shows the conceptual representation of the proposed optimization model. As
can be seen, after estimating the values of the variables by the GA algorithm, FIS is used to evaluate
the suitability of the objective functions.
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Fig. 1- Fuzzy Genetic algorithm flowchart
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The purpose of this study is the optimal monthly redistribution of water with the aim of increasing
utility, including the revenue of the entire network and observance of justice in water redistribution.
The reason for choosing to increase the revenue of the entire network is to increase the efficiency of
water distribution so that the amount of water distributed leads to the highest possible revenue.
Besides, the reason for choosing the goal of ensuring justice in water redistribution is to prevent
dissatisfaction and increase the participation of users in the implementation of the water
redistribution model. This issue has 122 variables that limit the volume of water consumed per month
and the volume of water consumed annually.

Results and discussion

Comparison of crop production under the current conditions and the proposed model according to
Fig. 8, shows that the highest production growth occurred in the L1 channel and for forage corn.
Considering that fodder corn has the highest yield according to the potential yield table, it should
have the highest production in the channel with the largest area. The following figure compares the
water allocated to each channel in both pre- and post-optimization situations. As can be seen, 9
channels show an increase in water allocation as compared to before. As can be seen, only two
channels, L3 and L8, have reduced water levels.

2500

2000 ® Fuzzy Optimization = Now Situation
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Canal
Fig. 2- Comparison of allocated water in current and fuzzy situations (m3 x 10%)

The largest increase in the revenue is related to the L1 channel, which has increased about 4.5
times. The reason for this is that in the L1 channel, compared to the other channels, the highest area
under forage corn cultivation is observed, which also shows the highest increase in forage corn yield
according to the results of the optimal redistribution of water. This has led to the largest revenue
increase for the L1 channel among all channels.
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Table 2- Desirability obtained from if-then rules

Justice Low Medium High
Income
Low Very Low Low Medium
Medium Low Medium High
High Low High Very high

(D 2 (F) (295 b (S03L87 (S1h) DY gamm fuily 8 Kos -1 Jur
Table 3- Potential yield of agriculture crops in Qazvin (Ton/ha)

PRODUCTION
CROPS POTENTIAL
Wheat 8
Forage corn 70
Tomato 45
Alfalfa 15
Barley 6.5
Sugar beet 38
Pea 1.2
Bean 6.8
Potato 10
Corn 131
Lentils 112
- 1
=)
e Low High
T 05
Qo
2
"
2
g 5 6 7 8 9
= income
Fig. 3- Income membership function (MToman)
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Fig. 4- Justice membership function
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Table 7- Area of network products by crops type and sub channel (ha)

canal
crop L1 L2 L3 L4 L4A L5 L6 L7 L8 L9 L10
Wheat 1972 2681 6296 1228 1151 1017 3671 2054 1174 3724 2111
Forage corn 296 20 295 104 25 36.7 73.5 0 0 88.5 20
Tomato 227 280 275 6.5 41.5 41 85.5 255 120 75.8 26
Alfalfa 406 496 859 278 136 149 395 192 116 967 517
Barley 67 136 775 190 188 72 682 327 263 974 505
Sugar beet 10 9.5 609 0 125 0 423 275 0 176 101
Pea 4 11.2 42 0 1 27 295 38.7 26 95.6 103
Bean 78 39 103 125 23 9.5 42.8 90.2 52 87.1 20
Potato 0 0 16 5 0 2 2 39.8 41.5 17 16
Corn 0 5.6 171 5 80 15 103 35 0 0 0
Lentils 0 0 7 0 0 0 12 46 20 20 15

(P55 ok 9 Obgd) 1¥AL (9938 Cudd Gl 4l o)) DY gacme Cwnd -0 J9ua
Table 8- Crops price in Qazvin irrigation plain 1394(Toman/Kg)

CROPS

PRICE

Wheat
Forage corn
Tomato
Alfalfa
Barley
Sugar beet
Pea
Bean
Potato
Corn
Lentils

705
570
300
450
520
120
700
900
450
410
1100
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Table6- Percentage of change allocated water

canal

Percentage of change allocated water

L1
L2
L3
L4
L4A
L5
L6
L7
L8
L9
L10

12.87

8.6
-37
221
31.7
65.8
0.73
11.3
5.11

-29.1

12.11
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Fig. 8- Comparison of total production of crops for each operator (ton)
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Table 10- Net income (Mtoman) and Percentage of changes in current and fuzzy situation

canal Now income Fuzzy income %Income Changes
L1 3.8 21.3 460.52
L2 5.7 7.8 36.84
L3 11.1 75 -32.43
L4 4.1 9.2 124.39
L4A 3.1 41 -54.83
L5 3.7 5.7 54.054
L6 6.4 53 -17.18
L7 4.7 10.2 117.02
L8 3.1 6.1 96.7
L9 7.8 4.4 -43.58
L10 4.6 2.9 -36.95
Sum 58.1 81.8
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Fig. 10-Revenu comparison in current and fuzzy situation for main channels
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