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&l i) 5 5o IS A 0y G5l & o0 00l Lapass S g5,

. (Boa .
Obj GM Total gross profit in the pattern Labour, Labour allloﬁ;:(:;per crop i
(objective variable)
(Bap &b o) $51 j0 IS (s Lol &
Obj Water | Total irrigation water in the Energy;
pattern (objective variable)
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Table (1) List of symbols used in the model to define sets, variables and

parameters
- T Sles T
)0 @w Slap Srae IS Sl 400l o0ls Larass JSlgo 068
Obj Pes (Ba2 & i) Manure; i Jyaxe

Total pesticide consumption in
the pattern

Manure allocated to crop i

2550) S 53 glooss 095 8y JS

4 oad 0ld anass pile 0,55 o

Obj Fertilize o ) Mashin; I Jyaxe
[Total fertilizer consumption . .
. Machinery allocated to crop i
in the pattern
S )3 oolanul 8,90 )5 59,08 JS i s asls o
Obj Labour 5 b s Land; ’ PO BT AR e
) (a0 &b i) ‘ Land allocated to crop i
Total labour used in the pattern
&b i) $X1 5o 0ad adg 551 JS
; S BB e i
Obj Energy (San ) LandRHS B e e
Total energy produced in the Amount of arable land
pattern
Iy solaiul 050 Slgu> 055 S
5 5 i o Siles
Obj Manure (Sam gl i) Yeild; Jyama 28 ool
Total manure used in the Average yield of crop i
pattern
55 Slasl g by yaile 1 aslitul oyl JS S 5l Jols onds adss 55,50 JS
Obj Mashin (a0 pine) 55 TotalEnergy Jyecne
Total hours of machinery use | Production ; I 1ota) energy produced from
in the pattern crop i
i 1) S bailaie Corex
Net Benefit, Jyame sl & J5 R ad POP R 5t S Sureo
Total gross profit per crop i Population of the studied areas
5 sreme oo 3 1 Jpamo (5550 e
; o 59 Sl
| J},amd..go&“i‘: ooloua.ya;dgl 09 2=y
Water; Cal; The amount of energy of

Water allocated to crop i

product i in a certain amount of
unit weight
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Table (1) List of symbols used in the model to define sets, variables and
parameters
- T Sles T

Qo&oalow@wduw Sl s e s
S Lo 5l 9550 (65 ) aeS

Pes; i Joame Energy Re ]
' - J . gykeq Water allocated per crop i
Pesticides allocated to crop i
4ol ool aradd olierd 555 Sl s ol VL 355 8 a8 (65, e
Fertilize; i Jyame Energy Re g| Annual energy requirement per
Fertilizers allocated to crop i person
L;l)g k &94 )l oaLQA oolazw! u‘)..n
i K g5 5l ooles o 3 o
Inputy, I _ InputRHS, &) _m‘” QS 0 e
The rate of use of input type k Auvailable input value of type k
for product i
i Jsame ol Ll ks LT s
WaterReq; Jrame o 2l S | WaterEff it
Net water requirement of crop i Irrigation efficiency
WaterRHS s g2 e
Amount of available water
Source: research findings §udiod glaaidly saie
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B ((2lde ) Yo 6551 b lagame SoiS g diien pid Bua (slez)) L,
5 oolainl gjluaies 3T o g (o Cans) Sl 095 51 eolatul (joged dicion oXan
Max: Obj GM = Net Benefit; )

- 9)
Max: Obj Water = Z Water;

=1
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’ )
Min: Obj Pes = Z Pes;
=1
)
Min: Obj Fertilize = Z Fertilize;
i=1
)
Max: Obj Labour = 2 Labour;
i=1
! *)
Max: Obj Energy = Z Energy;
)
Max: Obj Manure = 2 Manure;
i=1
M)
Min: Obj Mashin = Z Mashin;
i=1
s
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RUIREE
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I
Z Land; < LandRHS
i=1
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obas 1y PP O Ve ol ol iy boolgiop! s BB jlade 51 auls o g
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Z Land;Input;;, < InputRHS; Vk
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Energy Req_Min = POPEnergy Req \Y)
TotalEnergy production; = Cal;Yeild;Land; Vi (\Y)

1
'Y
Z TotalEnergy production; = EnergyReq_Min on

i=1
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Table (2) The results of the current and optimal cropping pattern in
terms of the eight objectives in Hamidiyeh region (unit: hectare)
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Table (3) Defined values for NSGAII algorithm items
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Table (4) The optimal solution of the objective function values resulting from the
implementation of the algorithm in Hamidiyeh region
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Figure (2) The final solutions resulting from the implementation of the algorithm
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Figure (4) Changes in the optimal cropping pattern with the adoption of
conservation policies in Hamidiyeh region (Unit: Hectare)
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Table 5- The effect of adopting water conservation scenarios on target variables in Hamidiyeh region

O 28 A ARSI Y 2 RA0n V PR V B AGR e >l b Jgaze
Scenario 5 Scenario 4 Scenario 3 Scenario 2 Scenario 1 Optimal Unit Crop
) 50 o2 12,0 126 160 o
(6%) (-8.9%) (-6.2%) (-12.4%) (12.6%) Million rials Gross Margin
8946 7590 8150 7096 6289 8745 xS e sl o
(2.3%) (-13.2%) (-6.9%) (-18.8%) (-28%) Cubic meter  IrrigationWater
186 1.7 15 1.6 2.2 18 S ol slagw
367 342 298 293 420 a5 ks olod 358
(4.8%) (-2.2%) (-14.8%) (-16.4%) (20.1%) 3506 kg Fertilizer
11.2 11.6 9.5 7.6 12.6 IS o,y c o
(2.8%) (7.2%) (-12.6%) (-29.8%) (15.6) 10.9 Man-day it
Labor
Power

3394 3188 2844 3726 3586 2,8 6 S .
(8.7%) (2.1%) (-8.9%) (19.3%) (14.8%) 3122 o 5oL 0ud 39 (55
il Prodused energy

Calories per kg

671 605 520 621 756 o5 eks Slg 355
(15%) (3.8%) (-10.8%) (6.5%) (30%) 583 kg Manure
15.1 16.6 13.4 16.3 17.9 154 celu ool g bpwisle
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Extended Abstract

Introduction

Competition for water resources in agriculture and other sectors has
exacerbated global water scarcity. Factors such as population growth,
urbanisation, dietary changes and climate change have increased pressure on
water resources. Researchers argue that demand management policies are
more effective than supply-side solutions for managing water resources.
Various strategies, such as optimising cropping patterns, have been
evaluated to improve water use efficiency. Changing cropping patterns to
improve physical and economic water efficiency is a key adaptation strategy
for farmers. In the present study, the optimization of cropping patterns was
considered with a set of economic, environmental, social and nutritional
objectives in mind. Accordingly, eight objectives were considered,
including maximizing gross margin, minimizing irrigation water
consumption, minimizing chemical input consumption (pesticides and
chemical fertilizers), maximizing labor and energy use per unit of product,
along with maximizing the use of animal manure and reducing the hours of
use of machinery. Next, the effects of water conservation policies, including
increasing irrigation efficiency, irrigation deficit, increasing water prices,
controlling the area under rice cultivation as a water-intensive crop, and
increasing the area under sesame cultivation on the optimal conditions were
evaluated.

Materials and Methode

In the present study, the Non-dominated sorting genetic algorithm-type Il
(NSGA-I1I) was used for optimal resource allocation in the Hamidiyeh plain
region. A set of Pareto-efficient optimal solutions was extracted from this
algorithm. Next, the effects of adopting water conservation policies on the
optimal values obtained from the implementation of the NSGA-II were
evaluated. To implement the NSGA-I11 algorithm, statistics and information
related to the cultivated area, price and yield of crops, cost of irrigation water
utilization, cost of irrigation water extraction, cost of agricultural inputs, and



total production cost were obtained through face-to-face interviews and
completion of questionnaires from 170 farmers of the Hamidieh Plain for
the year 2022, who were selected using a multi-stage cluster sampling

method.

Results and discussion

The results showed significant differences between the optimal cropping
pattern and the current cropping pattern in the region due to conflicting
goals. The evaluation of water conservation policies indicated that
increasing irrigation efficiency not only improves gross margin and reduces
water consumption but also increases the energy produced per crop, making
this policy highly compatible with achieving the mentioned goals
simultaneously. In contrast, the deficit irrigation scenario, despite reducing
water consumption and chemical inputs, leads to a decrease in the average
gross margin in the studied area. Additionally, the results showed that the
impact of doubling water prices is less effective than increasing irrigation
efficiency and implementing deficit irrigation policies. However, increasing
water prices still reduces gross margin and the area under cultivation for
most crops. Reducing the area under rice cultivation results in decreased
gross margin, reduced average water consumption, and heterogeneous
changes in other inputs used. Furthermore, increasing the area under sesame
cultivation, while aiding in improving farmers' gross margin, leads to
increased water consumption and some environmentally polluting inputs.
Suggestion

The important achievement of this research is the development of a
framework that performs simultaneous optimization despite the
contradictory objective functions and allows managers and users to choose
a solution from several optimal solutions. In other words, the framework
proposed in the present study is a type of decision support system that helps
stakeholders to identify priorities, view the results, and make the best
decision. Based on the results of evaluating water conservation policies, it is
recommended that improving irrigation efficiency in agricultural units be
prioritized.
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