Doi: 10.22034/IAES.2025.2041213.2082

VEVIAY ol amiuol Vo Lo/ 14 als/ (g 5 yaLins’ Sl

Qo gt Lawadd 3 T > Glocuwlbw Wl b3
9 Sl ( oo § solaidl shdua bt b

Slaas
Y51 o il o ols (BLdans ol (gabldies Sl se s
VEXN Y Sy b VEY/H ST (35 s

sS>

sl (§900 (orelo sloilolupgy Lo g o] (gl Jus (sl DTyl ol s sl o i 51 clolis
LasasS jshaie 4 hagh cpl 0 a8 S8 o sl ials 4 wile e ol &l dipy Co pdo ek
oSl oilwangs b 5lel o il ol 55 s oolil NSGA-T w3565 5l dipes cubs ailaio ;> mlio disgo
OT Slom g0l cpasd gldns g elain] (oo j (dlaidl laciin | glac goore digy Cundg  £l);
ipgliS 5l daliin p Wo JueSS 3o,b 5l 5L 390 (slaosly s byl of cblis clacuwluw slac)liS il
Cyoud &bl b il as ol ol ol jl cblis glbcawlw by el b d”h)f Wy Jlo p adlate
531 s 4 35 |y Jgase doly yo il @ o Wgi (6559 Lol Bl el B pae ials g (glaliy 035b d9u0
o ol Jo g3 ol sl sl odd S5 claidan glgl lojen el b (0L cawls Wlgi o syl ]
03}l ko (S &) e ¢ liands (slaodles (ialS g Ol Bras e (il w4 )ll o5 L3P0k
U9§‘°‘Q’L’ dl!bd).:.b)u.v 9 uT d)..m u,.isL.n wfblf ‘dld.ol.’).: o.))'l.g L)““Q’lS Db g0 aslaio C.‘a.w 5 d‘duol)).s
D9 Am|9> W)@ D)9 dLmd‘.nJQuo » CJ)J WS)J) ("i.\aw L)M.mlf dl.bd)l..\f);l )‘ codlatwl D)90 Lglmbl.g{' ).i.{.)
Sl 4 (5)9LaS" (glnl 2 03] dgag oy S’ Jguae it 5 b (il 81 48 0> (Ui gl eionen
byl 3 el cowd @ ol 4 dogi b Ad Aalgd yotie Cas jlasxe s0iSedgll (slaodles j By g Ol Cyne
25 )3 oyl

Q18 P28 «C61 «C44 :JEL guaib

el ceban wiz (gjlose (S5 winpgS S 58U slS S0l

G50 . olpl (e (w55 srmde molio g (65,5l pole olKiils (g 5,5liS lazdl 0g )5 Lokl g ol jLisls ius 5 o !
ol e oL (g3 ,5LaS saSisls (g5,5LaS sl
Email: Mostafa.korg@yahoo.com



1P+ F/Y o )i/ 1A W/ (83 9les™ alaidl 1 FA

doddio

ol blis 5l )l jo 1) Ol 058 daide 500 5 (65,9L88 50 o wlie 5l (B esliul
S 23yt 5 @G 0255 e i D ez 0l 05l by Jele el 09,5 S a25
Tuninetti et al., ) wles, wais SleS sladihio 51 5 ke 0 1, Of plie p ,Lad (o8l
Sl sone Codgame SO w4 ol Lol g as e o Jols 896 ed Wiy, ol aslol (2022
ol Jad S deas g Sis gladdhais o ohgas golaidl — claz! dengi a4 ol
ol o e ol Lol al) pglas Lo 4 a8 wyls b ylaame (LiU et al., 2023) el
4 Ad e Cooms dgn p3lile 4 (qudipe 5805, 5 (B lacSlu ) CusE &b 5l O
ool (6 5YL (gatedgu gl)ls LolE &g pae slacuslw aSl (ol valsss 1o Cgllae azs
Olge 4 Loles co pow e opl  (Zetland, 2014; Mardani Najafabadi et al., 2022)
wilse grbae (st ol sl ol mlie S e 5 O lad s J 505 Gl 01, 0 5 o]
(Aljanabi et al., 2018)

Gigy 5o ekl (sl Glaz sl 50 b Sl woye Ve 4 Sop ol Sl o
6ok (Kl a5 sla,eaS jo . (Prakash Khedun etal., 2014) sisi o cisls (55,58
O 5o o Sl O e (Jlie sl 092 dalss i guz Altane cnl il (65,5LaS a5 o,
el (Wang et al., 2024) coul oo (5,155 0o ,0 AY dilio gl slo 925 (sl (55,0L8
Cudme (IS slaailaie ;3 ohga (65,5LaS i ,0 solal 2 os ml 5 el J>
Boazar et al., 2020; ) coul aslail o,ble 4 |, Sl cusel & oliws 4 f5,5las
b (6590 40 ¢89S ide ;0 ol Brae YU ppw 4 axg5 L (Mirzaei et al., 2022a
Sl 6 yael (St o g St gladilaie ;3 wglite by JLSEs 929 5 T 5l oalil
o caslow 2ol b g,y oo sl el pdol jum  (55,9LaS idu 0 O solie 5l g oola .l
Cdignn Comdy Sgage sLiwly 5o Of wlio 5l cblas> slacalow >l g (oo pae Gl s, g
358 Ghme 3o ol Bpas golall LI Gl OT ple iluly p 093 0l slaS
ciS oS leage dadbon opl G sl Sal, ;I SO (Hadiyan et al., 2020)
ol aliee sladilaie ;o Ol 0gueS Gl Jawd jslaie 4 Ol mle Copoe g slaidbie



PR S Gl 6 35

Cbla> caal> ok a4 0l ciS 56Xl gjlwaigs dLiuly opl 4o (Chouchane et al., 2020)
(Renetal., 2021) 5,5 s o1, goladl slas 5 p g 13 adg ol polio

B o O mle )l cble> gl egie sl ¢ b, Sal, wyxge Slusl 4 a5 L
e @b RIVARFINY] gs"")i’b 9 C)LA‘ (Jlo gl el 0uls Lsfl%})‘ Ls‘:‘)) A EYSU RS W Tov
Oleeas wms Gial38l 1y Ol G pae goladl § (Soub )5 a5 s 66501 SO b slodilaie
zhw Jyu8 58 g 5 (Marzban et al., 2021) coul oo axslo s o paly ol b5l &
el S 4l (Zaman et al., 2016; Yazdani et al., 2016; Mirzaei et al., 2016
el 515 590l0T (6Ll sladilels arwss (Mirzaei & Zibaei, 2021) o lag
03 C}.la.a A_JT d).a.o LSOLA""‘ﬂ G,I)LT O g 6‘)4 A_J—‘ CJL.A Co il yo oolazwl S,y90 LgL&b)lilb‘)
Lo o5 Lidbgr 3ok 5l sylal g JWS! oIS Lialidl eonl 5 958! (Huang et al., 2018) el
59950 O o)kl sladilobs daxwgs § axd is s Lol laasis sl ool Jlas! Lol sla US4
ol jlabla> sla g, 5l 50s (S i)kl o5 (Kalbali et al., 2021) 5 .5 & 50 %l o
5o )‘OKS;""'A UA&[S 9 sd..i)) JD‘)A JS 3O L: d..l?-).o &_ia 5o ‘) LQJ?M ‘-’*"9’6" aS Sl
5 LABL o Shae o aicin e ol o lep o) 5l odaw 4 (Jgame o,Slee
Attla et al, ) 05.4-..:‘5@ OQN).’ LS)L*-’T WS O)...Q‘) KPS ‘_ng‘_g).:).: )‘ u" d)..m ‘5)‘)5 L}“"‘JS‘
Solpl lgie s ail oo ol 5 cwd Ol gLl cupowe slaylyl 5l s S (2021
39,000 sl (Zamani et al., 2021) col laicolo 3lg 8,50 of lols jzals sy
Sl yie WYL 53,1 L sle Jeamte 0o 5 (5,90 10 St g,j 6,8 Cwed slacislw a5
(Sapino et al., 2020)

Sy, 5 gelr Silwainge sladoa L) ladlaie ciS 665 gluaite 6k sla sl
olaidl xdlie b Jgame adg dicinn (giludigs slbldon s 5l ailes S v, p gaiie
s B0 I Slend slaoolys B yas (gilwaieS Sl Ol G rae aisS (Jpame



1P F/Y o )b/ VA W/ (8359l Bl 10+

Varade & Patel, 2019; Mirzaei et al., 2022b; Mardani ) siless o zags o0
bt syl Jeld 0530 sl bg, ( 5Ll by, e 5| .(Najafabadi et al., 2023
slalius s;leagy ¢ (Rasikh et al., 2024) " ;6 3,406, (Wang et al., 2021)
k8 sla,Sal) 45 WS sl yog, ol ol o (Mirzaei & Zibaei, 2021) Tasoasis
ol 3l Ees QUlF 5 Wb oo Bigie (ordge dingy Al (rds 4 ey (A 4 (A
Sy Gl (Sauzmy o Jow ol jo ccpl o 938l Wl 1) Saigy gadads a4 &S > g alats
(Sedghamiz et al., 2018) wb oo (ial38l alice o3lail 2ul38l b 28lg slss S >
Sl w5 (Deb et al., 2002) sy wi oS asile LolSs slapi 531 3l sloans o
slos S axg5 Jain etal., 2021) " wl)s pl>o 3l 0,51 5 (Shikh et al., 2015) *laas 50
ABan L D90 4y &dly j0 dan Wiz (giledig i o g, ol jo ailes ST > 095 s |,
Ol e 1 Bad 2l otz 999 e 4 ddus wiz gloaliuwe ;0 a5 ol ol 5505l o >
L ey, oz )0 bawl o (atie e jshn K006 4 Cond 1) by 59 6552
) g Gl SO S a5 T gl 0,805, g se il ool Vol e ally 580,
Sl o2 A s a5 098 oo A ol 3l Slacgee 4 Slows A e s G
sasSn Ml e sladeel, b AIE b ang slagl gl ul 4 i
Sl e slap il aS > 1 5l 4 0es oo JYau! (Sudaryanto & Yortsos, 2000)

Vb e JS (Jod BB cBo b ai 0l oS e soliiul Comex 5 e 00,50, 5l LSS
o yss, ool 500 &)le & (Vermaetal., 2021) sas cuws 4 o650 sly>! )L SO L s |

! Linear Programming

2 Fuzzy Programming

3 Multi-Objective Problems
4 Genetic Algorithm

5 Ant Colony Algorithm

¢ particle Swarm Algorithm
7 Pareto dominance relation
8 Non-dominated solutions
° Pareto optimal solutions
19 Pareto front



101 .. S Caslow b b3

085S My ln it slacaz jo g 485 Hla 50 peeal glad o ) laalals I (glacgorns
08 )4 &S Sl (59,0 &S5 opl S (Zheng et al., 2022) oS o &S > Jow dgs Ful
Gl Glae p ane Gl o o 0 (Il e At Slagal Sl Slasseze S92
g (oo DLl )L e slaguly acgene

3ol Jshoe JSits b asls, 5o ol alio e gl 45530 sla Joe 51 ooliceul
Ol SiS day 5 Sis gledilaie o ad @dly Lo 4 Glpl el gleass> s 5w
sl 0 039381 T i 4y el cla Jlo 4 aS o35y LSt lrs wglite & ygods o,lgem
Lolyon Slezr (eSloe plp a5l G 255 9 Sl (eks po Gl oS ( S0k (e
i S @ 1) (55,5lS Ol dige anass 6y )3 55,4l ol jo (Wb caslial @59
Olpl 5o 6ylaS isu (ol osy8l (Hadizadeh et al., 2018) coul 00,5 Jous Sl
S el s olel @I 5w oo plail o9 4l o mle Brae ao s A 5l o
WOlpl 5o leS wais b dewly ol o (Boazar et al., 2020) ol ool 5,505 duoy0 YO
3030 51 (o s5ysleS i 5o ehus ol ysoste Gl g sz adie sl iyl
S 1580l ilad 9 Co e s g laione 3o 5l Lel sl oals bas o (slacanlow ;o lpl3]]
Sl 0 ymie S92 Llp 090 4 (65,08 kel O il o Cupoe sl gl
5l cbli> slacaolow 356! g ag sloo al, 4 axg5 opl plu (Mirzaei et al., 2022b)
eles Sasles T G pae golazdl LIS S5 g arlie 65luly & wilgs oo o sl

lasgarme Bl by ol)5 slasSl giluoary @ yol> ool ;o oad aiS (e a4z L
ot s iyl el ol sy (glandis 5 elaiml o pame (oolazl ladius |
Gran gileansS (g)lal Of Gras iluaneS (S LAl sge (giludiies Jold Gaa
A5 655 9, s 5l ool (gilwatin ((olend (o35S 5 ) (olons slaoslys
oolaiwl Wlelw ials g Slgm 065 5l oolaiu] (glwaicion Lol o Jaame axly 1o slil 4y onls
s 53 oy Glagsl ileante sl oy ! o 285 1B ke Slgol 5 baile
aslol yo ol eolatwl (NSGAID 11 g5 Lo e silocs o S5 0,65 5l ddes>

ol Casd 2l g lrleS ecestel LS Lialzdl ol O 51 clis (glacaslins bags 08731



1P+ F/Y o b/ VA W/ (8559l LBl 1 OY

WS CiS 5 e Gl etz g ol Jpame S plyie 4 gy St 5 e S
b 2l e Ll
5 00 @Bly 985 )8 0 50 45 Sl 50 5 o) 3 dm lnl gl 4de (2S5 a5 S
goyd (LS asex> 5 O lyls asg> pl () USS) wllee g0 pely Cusdse sl
9 0% )LCT 4,5 ol SFS 4> S Ao 039 ! £F 4> S 90 e iolewblE
5l Blwss 5 395 (BT s o pol> b 40 0 e log aslsl pulaalljge VB G
s ST e 2ims oo S5 |y (pgir a5 5 ads> 5 (65,5l baml (n e dhox
S50 991 p axSe yia (ygaken VAA 51 i e (5lol St o ybo 51 5 55LaST o s 5o
arg b ol ilele, Oliee woaz (nl )05 quis Sodo gl )5 Gl sladad o o5
B 50 iz 455 ohaghr g adg> ol ol e p o] b 5 455 T Ao 5 ol s
S iy 995 diile (SMSie 45 4z 55 b o rien (Ghobadi et al., 2019) ol alls V- -
31 ol 0 500 solitul 35 5 LaSed 5 g g e Sldes ais pbwl (s lal sl JUS
Iran Water ) ol oo Gl jlews 29 45,5 adg> 40 s L] UL skl g slashs,
ass> p; el o (S, ol (& Power Resources Development Company, 2015
;! (Heidarzadeh et al., 2019) coul oo (5,155 yio o VO+ 5 S o Jlos 51 (g5l 5o
4 el Jho 45 o5 Sk ol (Ll )3 5 005 Gl yo ()T slad)l i (e
dgmeS b ol 4y 3 gladns o )b plaiel o6 g JlSis Lo 4 asee ol g le
dibaio (pl 0 Bpas ol Ay acass (oplpls (Choubinetal., 2019) coul sus axlge o1
Gty Sget 1> Wlgi oo o] mulis 5l Cbilim alox 5l slacian Koo 5 golaiil slacsos Llx L



1O ... s Caslow Wb b 35

SP A5 5T Adg> Akl —) Kb
Figure 1 - South Karkheh basin map

Lo sig g olge
aiz slealiue giluasgy jshite 4 NSGA) 'Ll 1é (g5l o b iy o2 55501 o0y
2 88 Col gilwags by, S NSGA ol b2 Srinivas & Deb (1994) Ly asua
o o JolS5 5 S5 e 31 ooliial U iz (ol 35 o Jae S5 580 ol (sline
D50 Cul 0B 02,65l 005 o0 (gilwaige sloalins o b dely oy 8L JLdo
WS o amais glad o | b ool e g 00ged (gilwaigs 1) Bue pais lojen
w52 sl anss 59,525, (NSGAID Y g5 e i 53l yo Sy o5
oo ol ot olebis Glp QI e (silecs o 9,505, S 5l g <l NSGA - Lol
C)‘?Sns“ NSGA Lasls o NSGA-II P9 0dws (_gl.eb(_g).'»'ﬁ alos> )“ .A.:S‘_s.o solawl Comas

! Non-dominated Sorting Genetic Algorithm
2 Non-dominated sorting genetic algorithm-type 11 (NSGA-II)



VPP o b/ 1 wh>/ (55 9lis™ slaiBl 1 OF

slml (2lXen )3 Vb LUls wi)sl cnl s 2l g S Slwbre (Sazmy @
s s aude gloalins b agzlye 1o YL 68 J ik 50 slogwl )0 ceslie (SauSTy
sl dg anasi 5 o paw oj9> 0 NSGAIL 5,15 05 o)Ll Sl,Fass S5s og
Hojjati et al., 2018; Sato & Sato, 2022; ) cesl 609 ol o osllae zls by el);

.(Huang et al., 2023; Chen et al., 2023
(s e cgolatdl ylyd 0y Sua b (ol)s slagSl (gluaing jekiie a4y (cwy (2l )0
oyl ol oo solaiwl 98 LI e (o3locs o Sy i ,65d) 5l slasiss 5 elazz]
srusluws 350! o 6,138 31 caalol jo ol zlzanl o)L )5 aigy sloagwl ;1 (slacsome
e e g5l yo Sy o ,950) sl 5l o] s 4 saige o lade p ol 5l cble

Ghglis cls cSBi” FERY-S oo gi)lw o

o5l il o jo 3 Slidion gl sl p Guios (pl o soliin Jow ol Lsle
Mardani Najafabadi & Ashktorab, 2023; Mardani Najafabadi & ) ol cuzs
Slaasiul b g e paie dadacgeme ol olowi 4 a5 L (Shirzadi Laskookalayeh, 2023
ool 00l 4N (V) Jgaz 0 slizl cnl 51 G jo Gy jlad g baoles ¢ gy jo a8 )15 &
aziowl 8 g b i bdcgomo iy y2i (512 Joo 0 03liiwl 390 3L Cow ppd (V) 9o
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(Bap &b o) $51 j0 IS (s Lol &
Obj Water | Total irrigation water in the Energy;
pattern (objective variable)
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Energy produced per crop i

I Elitism



100... 51 Caslow Wb b3

Wasawl 1 g b o (dac gozxo iy 2 gl Joo 0 coliw] 050 Olod Caw it (V) J90s aolol
Table (1) List of symbols used in the model to define sets, variables and
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- 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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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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I
Z Land; < LandRHS
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! Crossover
2 Mutation
3 offspring
4 Selection
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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)

(W0 33) yuats

oy wl b Jgpaxo
Change . ‘
g Optimal Current Crop
(Percent)
645 3445 9701 e
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1614.8 2555 149 P ez
Tomato
1018.4 425 38 5
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Bean
515 1722 3580 Cuf
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70 146 86 -
Sesame
127 174 76 e >
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1157 176 14 Lg‘dj‘o Q)o
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CiS ;e JS
114 12568 14194 Total cultivated
area
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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

P al sy s Jyane
Chnge . ' .
g Optimal Current Unit Crop
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Man-day Power Labor
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' Calories per kg Prodused energy
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' ' ' Hour Machinery
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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
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(2.8%) (7.2%) (-12.6%) (-29.8%) (15.6) 10.9 Man-day it
Labor
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(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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