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Abstract
Introduction

Optimal cultivation patterns are necessary for the sustainable development of agriculture and the protection of land
and water resources, and the need for it has deepened. In the context of sustainable agricultural development, the
optimization of the cultivation pattern, in addition to the economic benefits, should also follow the subsequent
environmental effects. Due to the limitation of water resources in different regions of the world, joint use of surface
and groundwater has become very important. Optimizing the joint use of surface and groundwater has become a
necessary contribution to sustainable irrigation methods, and due to this, there is a need to improve methods of joint
use of surface and underground water. The purpose of this research is to use a new comprehensive structure of
multi-objective simulator-optimizer in order to simultaneously formulate the optimal cultivation pattern and the
optimal allocation of surface and groundwater resources for the integrated management of the water resources
system and solving complex water resources problems.

Materials and Methods

The study area in this research is Shahriar Plain in Tehran Province, Iran. Shahriar Plain is located on the western
outskirts of Tehran city. In this study, a multi-objective simulator-optimizer modeling pattern was prepared and for
this purpose, it was first simulated using the groundwater modeling system (GMS) of the groundwater level. Then
six scenarios including a 50 % increase in artificial recharge, 50 % increase in artificial recharge and 30 % reduction
in consumption from exploitation wells, 50 % increase in artificial recharge and 40 % reduction in consumption
from exploitation wells, 30 % reduction in consumption from exploitation wells, 40 % The reduction of
consumption from exploitation wells, elimination of drinking and industrial exploitation wells and its impact on the
aquifer was defined based on the groundwater level in order to optimally exploit the aquifer of the study area. After
this step, the groundwater level was estimated using the artificial neural network (ANN) model. Finally, the two
objective functions of income to cost and groundwater level changes were estimated based on the constraints related
to the conditions of the desired area by a multi-objective genetic algorithm (NSGA-I1).

Results and Discussion
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The GMS model in a steady state was calibrated. The RMSE error was 0.71 meters and the maximum and minimum
differences between observed and calculated values were calculated as 1.73 and 0.001 meters, respectively. The
maximum amount of yield water in the calibration stage of the unstable state is 0.0976 and related to the northern
regions of the area and due to the coarseness of the alluvial formations in these areas, and its minimum value is
0.0003 and related to the southern regions of the area. The results obtained from the model showed the RMSE error
at this stage and the verification mode equal to 0.72 and 0.98 meters, respectively. Also, the budget resulting from
the third scenario of the GMS was estimated to be 203 (MCM), which has increased by 313 (MCM) compared to the
budget resulting from this model in the water year 95, and has caused an increase of the groundwater level by 13
meters. Therefore, the model has adequately simulated the groundwater flow in the aquifer. Also, the results of the
optimization model showed the highest amount of optimal irrigation demand for Eslamshahr district at 66%, then
Shahriyar at 20%, and finally Robat Karim at 14%. Optimal water demand volume and area under cultivation in the
total state, have decreased by 36%, and the volume of groundwater consumption by 74 percent compared to the
current conditions. The amount of optimal water consumption (surface water and groundwater) of agricultural
products also shows the values of 36, 39, and 25% respectively in Shahriar, Eslamshahr, and Robat Karim districts,
which according to this issue, water consumption in the agricultural sector is in optimal conditions compared to the
current situation has decreased by 44 %. The highest parameter of the ratio of income to cost obtained is related to
Shahriar district, then Robat Karim district and finally Eslamshahr district. The results of the simulator models show
the groundwater level changes resulting from the third scenario compared to the neural network model by 11 m.
Finally, Optimal cultivation pattern planning and exploitation of water resources compared to the third scenario of
the model and the neural network model, was chosen as the pattern of optimal water planning.

Conclusion

Products such as vegetables, alfalfa, onions, grapes, pears, and pomegranates can be used more in the study areas,
because the amount of income to cost and volume of water consumed have been suitable, and these factors have
been very effective in increasing the net profit and changes in the groundwater level, and prevent the occurrence of
crime and water complex problems. Also, optimal cultivation pattern planning and exploitation of water resources
compared to the third scenario of the GMS and the neural network model, was evaluated as the selected optimal
planning pattern of water resources. Therefore, by applying the desired research policies and optimal management
and control of the cultivation pattern of agricultural products and available water resources, in addition to preventing
the occurrence of crisis in water issues, environmental and economic problems can also be reduced.
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Table 1- The volume of flow along the Karaj and Kan rivers
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g M 5yg0 e 805 i olat Jyl &Y sy iz
lr 09 Se 2o &Y 5 0o et ey psd BY (09
LY ;0 100sig &b < Jsl leis &Y 43 35 e p JWsl b s
purelin Jasl xb ¢ 95 &Y ;3 g tansig b g ol
feed @b jl 5l 300 (gtan (as &S Jo b
Olgieds newff ob L 5 forward backpropagation network
ool ookl b Jde copinen b oolatwl et i ASS
a laodly olal jelaieds b o3l bjgel &)lgS 5 o)
45 NS el d0d s 4y ¢3903] g (Frhaeo (bjgel Sy
VO« ijgel dAlsye  lmodls doy> YO Eadge (pl 4 axgi L
a bodly Ko dop Ve 5 (riwious dsye 4 ol wsp
&S olaylSS L aoygy dlaw s odly olaid! ygejl ds e
S Jai y5 59 Veor plp amd e ploml sl e 50 4SS
ohjgel 4 deg b Al sl gpyie bl coles ol
il sbjlee 335 bS5 Ggefl sl g (ras 34
Slowlxe 4T3 Sbys g0 ¥ S ol 48,5 & jg0 o g )lal
oins 3l Oluslowe a0l 8 b jlsei ¥ IS5 s GMS

2 o i |y e giuan aae &5 e jl oolatwl b

adania S5 oo b Gaios laal (g iludigy —F-Y
Ol Jgame jo iS5 colue slaodly ol 590 Guivs )
Jyae o disn (Jgame 1o (gl )iSe 2 3 (raw (e

gl kb (ipe lulyd (3905 asde pogde luLl
g 039 bl ©jgodr Sl ol 3 (G5pe bualpd AS iy
b oJle o ady bld cwl sad edlail wlale slaodls
o Jb pols G 3 &S Cunl oo a 53 (Sgyie
Mio cpye Ol olul bulyd o Jue (ivly 5l ol
cola s 4SS a0 lubl cdlb o adgl blus 6y
gl by lj ol (Bhesl dsye nl p (Sgye
o 035 1] Jto Il dlsye cpl > el 0k5 oty
ssbitedy a5 pll ofag (w30l by bl el oy
el slls 51 o2lizl b oxioly golis ¢ Jao (sllas ials
Fly Sl a8 )8 oLyl 0,0 RMSE 5 ME
25 W Jls Slale slaodls 3l edlitwl b Jro  viwcos
b g o> gty 35 oy (3] 285 Sygo bl bl
S polaieds gyl Cpiiar Caleg > b (eiwly Jae sl 2]
s 2990 Bl & Cus szl Gusly 5 41 GMS gl (0,8
2oyd B Al =Y el gy 3)90 slage)lw (8515
Slajas 5 s mn 035 s B Gl Y egime Bl
D Ll <Y eyl slaoly I Goylas alS 1oy ¥
il Golae Jials o ¥ ljed g (Souas LT doy
slol> I Gilas galS wopy Yo =¥ (g)boyyy slaols
(s oy slroly I Bjlas jialS” wo > ¥ =0 (o)l poyns
el ol Wb g Cato g 0pb )l slaoly Bl —F
sl Gl 0j5e Glaglw olel pcowes il
odds &yl wejnj ol @lie Sl s)lo o sl it S5y
odi astie GMS Gluwle 41,8 oyl Y S 55 ol

!

ANN egian uas 85 b (eajj ol 515 silodud —Y-¥
o s 35l ssbaiods GMS Laws clusloes s po 5l Loy
olisul Y dix g iy (Sgias (mas 8ud Jho | dejn
Sl Bk JS Gl JB dspe @ls I Jols laod i
Ol 828 Jlesl )5 3590 (qas 3 Juo 3 ¢ Slallas
@dgio (glbjye )3 (295 5 (839)5 Sweinj ol ez Slaedly
Gy slooly by ieinj ol 456 g gl 4
2 29 Olssar eing 5 claedl 5 93955 plgieas
Ogthe iy (295 9 (§39)9 S piile oy aS a5 s
U8 bosls gileloy b (A5 pote oled )3 ol CaSioyie
ool p0 b plool Sl Awlre g adgl & yguods Woald (0,8 5)lg



Y¥a

- D a5 o g iy o e jglatedy dingy culS (oS oS

(Jb) 595 A game J JiSn 0 s &sn €O (52)
e kdg (Jby) Lpas o] caSayia yn dujs COW
kW 5 (JUSo )3 aaloyio) SV guamo nejj ol Bylas
Jsame o ciSpj g [ aw ol Blas o
O Ay Bylae B> Liulisl Jdsas .ol (caSo o) (659l
3 e Ol gle S bpose yalie (o 5 e
Glae sl heipy ol Jhe (GBS ol b a0
wsio o (A) GYgame culS pj Colue o kdg (gj0lis
45 039 deuy> U penalty function « yisps Aiws guouas
Jile g Areamax cuiS pj pdaw 3Shis Coley pae Cyao
03938l Baa w4 5 ol dwoloe Ar€amin CuiS yj pdaw
2 Atmin g iS5 pdaw xSlas (V) dlaly ;o Atmax g 0
aw pShs il oo Y guase i 5 daw Jla (F) A
CutS oy o Pl g 0392 (Jad CulS 5 aw plp cutS 5
sy g55liS slaculld o ol Bylas 5 plie byl 4 2 L
Cawl 00 391 cadlllan 390 Bdgde ab CuiS ) prdaw + /8
WA ol Jlo GledMbl g odls ool 5l 3590 (slaodly
@b PPy 0ol culps LB S JE )y 3,50 VRO
b 48,5 53Vl g Sl des

Z,=Maximize

u (OPXSEXA)
2 ( (COXA)HCOWx((kdgxA)+(ksw))) ) ()
- (penalty function)

np

penalty function = z ((Areanm)2 X()L)Jr((Areamin)2 XB) (Y)
P

_(if A-Atp<0 , 0
Arean = { else A - Aty (v)
if A-Atpin=0 , 0
Areapy { else A - Atpin (\c)

SN gaoes Bpas b cuslite (dsojpj f 15 Olpuss duska —F-Y

73571
wtch 90 RV @L 5 ol £9d RV CAL Zs c)J) Jag]ﬁ) 5
A S Sl ol i O Sl Ol e
> o 4 OULPUL 5 INPUL o dly L (5y5liS @Y guaze
s 3550 B3ga5te Sajye ) wein) &l (2o 9 $d959
wyb gbyity  Guejpj ol Bilas e igw 5 dgw

el QIS i S 50 3 Jpame o g oliSa i
OSa 2 ) Jpaze o ably 3, Slas (LS 2 0 Joa>we ya
o3l el o 12 )3 Jguammo y (£5)5liS i) (B pe
I ads adlas 3)50 039t slajye 3 (Sweini 295 9
Jlo sl g slale @90 & i wopb uajpj bpae
Silwdine Jdo jd k5 550 Blial Lud 506Xl o)l YD
SV guamo db3a 4 del)d Cand 3900 ST (Jol Can Jolis
woins &l Sl pdgel Jlis gy Ban g (g5slsS
g sl ¢ ol miie oyl 5l (6559l Y gamo B puae | 5L
3 ol od ool ol ¥ SS n lalre aulE b
loyita 5 oS sitn Wl adg) Comen wiysSI Slasloce
g oo 5 ((wej ol Bilas 5 CutS ) ) e
Sygo adgl Comar 4 g b wys¥l Slasle K9 (ol plo

DS

et ..\.Jia el JL-.I‘ ,1)‘_ =t S J.A.a By

N Ly & LY pal i T 13
ot 5t s GMS fame ]

st el pab

'

Sl lansls ol ol g i

|l s sl [ sl oty

opfl st gl || S Sk gl

_ ) Ll =il
TR ey P AN R SN IR S R S el

Al ol 2 Ja

! ol g s

=

325 G 3l pae 38 o Clusla d19 Sy Jloges Y JS
Figure 3- The flowchart of the calculation process of the neural
network model of the underground water level
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Figure 4- Flow diagram of the calculation process of the ratio (income to cost) and changes in the underground water level
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Figure 6- Groundwater level resulting from GMS scenarios
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Figure 7- Observational groundwater level, artificial neural
network, and GMS simulator
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