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Abstract:

Background and Aim: Nowadays, by increasing the water demand in different sectors, the
withdrawal amount from groundwater resources is increasing leading to more drawdown of
Markazi province aquifers. One of the most suitable methods for the optimal management of
groundwater resources is the analysis of the behavior of aquifers in various conditions using
mathematical models. The objective of this paper is to investigate the effects of withdrawal
for agricultural and industrial consumptions on the groundwater level of the Shazand plain
located in Markazi Province and the impact of a 20% increase in irrigation efficiency of farms
in the case of the development of under pressure and low-consumption systems using the
GMS numerical model.

Method: First, the conceptual and numerical model of the Shazand aquifer was executed in
the GMS software and calibrated in the steady state. Then, the model was recalibrated in a
transient state for the statistical period from October 2015 to September 2019. To examine the
reactions of the model to the changes of important and effective parameters, the sensitivity
analysis of the model was performed and the model was verified for the statistical period of
October 2019 to September 2021. Then, the changes in the groundwater level in the aquifer
under two reference management scenarios and increasing irrigation efficiency were
investigated and compared. In the reference scenario assuming the continuation of the current
conditions and in the efficiency increase scenario assuming a 20% increase in irrigation
efficiency, the simulation of changes in the groundwater level in the entire Shazand plain for
the upcoming 20 years from October 2021 to September 2041 was carried out.

Results: Based on the obtained results, the RMSE error value related to the steady state
recalibration is about 0.7 meters and the average RMSE error value in the transient state in all
months of simulation in two recalibration and validation periods is less than 0.6 meters,
which shows the high accuracy of the model in simulating the groundwater level in the whole
plain. The sensitivity analysis showed that the changes in specific yield and hydraulic
conductivity parameters have the greatest effect on the fluctuations of groundwater in the
whole plain. The results showed that in the reference scenario, the drop in the groundwater
level at the end of the 20-year operation period is 3.95 meters. In the scenario of a 20%
increase in efficiency, with the reduction of extraction from wells due to the increase in
irrigation efficiency, the amount of drop will reach 2.76 meters, in which case the amount of
drop will be mitigated by 1.2 meters.

Conclusion: According to the results, the highest drop in the groundwater level in both
reference and increase in efficiency scenarios in the central areas of the plain is 9.2 and 6.9
meters, respectively, and the lowest drop in the western areas of the plain is 1 and 0.5 meters,
respectively. Considering that the agricultural sector has the greatest impact on the level drop in
the aquifer in the central areas of the plain, it is better to focus management plans to control
withdrawal from the aquifer, such as increasing efficiency or modifying the cultivation pattern,
on this sector. In case of the implementation of systems under pressure and increasing efficiency
in the plain, the amount of drawdown in the region will be mitigated to some extent, but the
problem will not be solved and it is necessary to implement supplementary programs to
cultivate high consumption plants instead of high consumption crops and in the industry sector
instead of extracting groundwater, treated municipal wastewater should be used.

Keywords: Groundwater level, Irrigation Efficiency, GMS Numerical model, Hydraulic
Conductivity

4. 10.30495/WSRCJ.2023.72053.11360


https://portal.issn.org/resource/ISSN/2251-7480
https://portal.issn.org/resource/ISSN/2251-7400
https://wsrcj.srbiau.ac.ir/
mailto:iauwsrcj@srbiau.ac.ir
mailto:iauwsrcj@gmail.com

G liS g o ui S Hlan Gawasdy Ol 5l (w2

WiLh Cebd (o py o g Sllug
Tl e deme Fighug 5 8 T lilad s [ sy el g el Sl

Ol colizile S o oMol ol3T olKzils colitile S axly vl wdige 09,5 col gl (5,557 (sgzeiils ()
Ol olesle S o adlul of5T olK2ils colisle,S amly vl cwiigen 09,5 (¥
ahmad.rajabil974@gmail.com :Jgtuw sdinw i Juosl *

XS

@ ie ol ool g el Gal8l Jl o e slal 5l ctlay e cilidee sla s ;5 2l 5L Gl L oy 0l i BB g dine
5 457 o g i) alie Ay Copde gl s, o dcmslio | (SOl sl (635 o oyl Glaglssul s O Gl i cél
5 E5aS Bylmn Sl Sl ek ol 5l B sl ol slo ke 31 ool b cakisee Lyl s balsiel (b, Lubos
g D30 50 5508 (w2l 5o il leadly e yo Yo (I3l 556 5 (635 e il o WS Cldo (e ST Sl p (Sxie
A3l oos GMS (goue o jloslatul b B rae o5 5 ,Lad cox slapiuw

20 Je G b iy Baile el 0 5 00 12l GMS 1581 6 5 0 wi5le Glsel g0 5 (sesaie Jow loil iside (b9,
ot 5oy S enis (sl & e (Sl STy sy sl i omialy VWAA yo0 05 5 VWAF e (5Ll 0,90 (sl S uilo et
O 515 DS s A omtanions VFe v 3008 B VTAA e 6 )lel 090 (sl Joe 5 o sl Jko Copmibos 50T <o
bz e sl )2 12855 )8 aslio s (o 3)50 okl landly (Rl 5 a0 Snoe Sslis 55 S Glsul o (o)
iy 215 Dl sileand g el plaily gao)0 Yo Il (28 b lewsly Gl (sl 50 5 05z 5e g elal o5
s pll VEY e g a8 B VEe e g 5l 5T Jlo Yo (gl wisls o JS 5o

sl bugie Jlade 5 e /Y 350> 0 JBaile > uwly 4 bgye RMSE (gl ke sowl Cavsy gl wluly iaisl
CBs s las aS canl e P 5l jeS ediome g mily 0,98 90 50 (g5lwand sleels plas o Buile e > ;0 RMSE
Colae 5 ok ol sla el )l Olss ol lis cawlus BJUBI cal cls S 0 sy 2l 5l oleand o Jaw YL
2 iy 2 S8 ez e sl o ol Gl @l ols cde IS o ey ol Sllag 18U i (Sgye
33 G0 slaole sl cilsy 2als L epledily oo o Voo 2ul8l (g0 )l jo il oo 50 Y/A0 (5510 po 00 Al Yo 0,00 (slyas!
Bl alys bass e VY dg0 Bl lime &ygoinl 10 45 duw) salgs e YIVE @ cdl lade (o kol leasl,y (iul5él )

5 UV o a B (5550 bl o planly Il 5 e e sglin 59 00 Sein 2l S5 Sl i @l bl il
21 B e (65,0laS i Akl 4 4z b sl e U0 5 ) e 4 Sibo 8 bl 10 L8l e 2 2eS 5 Sl e 1A
L oloadl, il aile lsdol 51l S sly o poe gy cosl gy oo b 655y olgi o olyl o 5l 2l
Olie 5099 b et o leaily (Ralil s JLad cod sl pis izl ©)50 5 058 35 50ke i Cal 555 2 S 558 L
b lalS o T S¥pams sl o Lo sloasliy szl b ol o3 5 0 salsi Jor JSitie Lol 358 oy dilate 5o 515 <l
33,5 03liul (6548 00l aghal Gy I (i) 2l 5l Bl Slom S S (i 50 9 950 SIS WS (2l 5lS

Sdgyoun colaa GMS (goas Jaw (55kal Gledily ( suns s ol 51,5 iolguuds

YYOV-YFA- : ols Ll

VYO -VFe v Sg Sl LLs

S g 0T @b cHli> @ gis

lod, b w )bi
https://wsrcj.srbiau.ac.ir

1S g S Sy
iauwsrcj@srbiau.ac.ir

iauwsrcj@gmail.com

w2330 o

dl o & ,U
AARAVAM/R

toe iy &0
ARINVE

W-YA 1Ol

4. 10.30495/WSRCJ.2023.72053.11360


https://wsrcj.srbiau.ac.ir/
mailto:iauwsrcj@srbiau.ac.ir
mailto:iauwsrcj@gmail.com

(OV) Y o yladh /ans jacs Jlew

VA7 655 s ey 25 T b Sllugs 1 (559laS 9 Cuntio sy T Ojlan Sseaily Ol ST gy 2

5L 090 of 5l iBu el ST e ol i gl aisls
Sy Pl9 0 iy 2l gl s g clds
e DY g VIV e & g 4 Jlo Ve Lo O (sl o
Copde jglate 4 (VWAY) o) See 5 g .ol amlgs YU
Jow I Jlses Lalys jo oLl g5 s Glasl 51 g,lo po e
ol Lyl o ols olis mlis s S eslizd MODFLOW
oy dals e VO ST Lo 59 (6lp ey o 5l cdl
a Geeiy 25l ol (Jlses Llid s Joas sl
Gy YO Lialsly a5 wiS e cdl e YO lawgie b
SalS e VY 4y cdl ke ol o)lo e slaely auyl
O YO lawgie jsboay plsl 0p3d e s Wb
Sl (V) ToliSen 5 590 0 (oo by d9up csSayie
298 o JBI05 saob culies  olstel gana¥ b )
4 poodle JBaile cl> jo (ole Glsel jo cn e
s MODFLOW I S5 Jae L gose il
o yinlesl 6w Ko MT3DMS , SEAWAT2000
065 B e e b el ganle Y aw il gles SSB
slaglgsel 1o a8 oy wls olis gl aisls slol laayY JSi
Spdudsti b ¥ G (g5, oL 6 pdudeti L Y S ol
D g et ol BN el culhs wpS e )3 oS
<l ol bshs cuSl 5 a1y el cnl Slde ol a8
ol Y 90 S s Lab o

Cadgzye Gloj 5 e @is (V1) TolssS 5 byl
2l Ol Glabiiyd Sles g ceein @l 4l o
ol T ioges (ool liwgazs 59587 3 Tl asg>
s MODFLOW (sla Jos b oS 5 ;0 SWAT Jow 3l sudss
ol ol oxhe by sl as sl MT3DMS
@S oS oolitul ade> IS )0 it b @i 5 (seein
0ad (Gludnd (oipy 5 e ol Gl o pla
—o gl @b Slsalie polie b+ 1Y sgux jo  Scuen
oS s b gble o ol cdalé omen 5l TSl
ol 3blie o5l iy (oo o

ool 3 G ol Sl siledae wlidos (S p 50
ol 43T Dose gl e g glnl asl gileand
Agee S gldlye o glidl athie lojes gluand
s Sy Jolsd o 1) seeing 5 e slocl o Jols
» SidgledSe,ne LS (Ml (giloand b ke Sl
0525 9 b ol ek i Jae G )b 5l adlate o
Gz o Ll (YeY-a,b) o) Ken g Sy wled aul=e
ol ple pgas ;o S5 Gledbl g Jll ogs Jdo & Lol
Sl GRSyl ale Sl (6l wilsog, ablie 5 (b
3 Siledend Slagbyy Coje (LB S92y ey g (el

doddo

dogi 5 SES ldl o (285 18 e w ] j5aS
Ol 4 Sl 592 SV9P Sl (05 e gl oSS
el pz ol s bglsul 4ds glp & el Sk
P2 oaste G JSis cus (S5 ein; ol ple
Bl gy il 5 Ol sgeeS wais el 23 Lo
gl 5l e @l 1 el oad isjny o
G sln e Funse Glaasly sl gl (S
2 el ey ol Gl cdl hass 5 lesel 5l cdley
Sz g5y 5 ol e slocusgize Jdo 4 ol oy
sy 2l abe 3l wse Gl s w3 sladle 5
loogas oy ol ol 00 Wi Ol oy Ko
G9) Ot e il Sl s 00 6190 el Laplel LS,
Sobe &Bly 5o Glemul Co o abl ge bl oileans
978 4 lgie o b o5 6yl g Slides asgerms jl e
Sy oy Suz 5o d9rge slaced,b g SU! ) gl
Silwdnd Sz (o g o3l J5 3550 el 5l age
Sglie (slagyliw b calizes slois Jlosl 5 laglysel L8,
9yl il GBS (ot ol lie S ey
Seleed D s sl OT) ol Sen 5 S
91> b 5405 ool MODFLOW  Jowe 5l obT i s
aS 0l asie Baile s g Baile o g0 10 Jaw il
ol plme slaglszel S Glssel Gads mre rite
P sl gl (G e @ 55 OTA) Ken 5 editne
gl g a3l GMS 58l oy (5,5 b iz o g5
ot Jusas g Jlop (Jlop Sl an o) bl
g, e clley Jds a4 of mlaw a5 ols las gl . Wsgas
arlye il b ojyen JuSis 5 Joy ol o olsiol
oo Vb o 4 Sl (2 layiegiy Ll adlis
5 Sode 2 Ol 1) (15 gy o s (Sien
J15 i > MODFLOW Jao ol,lS (\FAY) o San
50318 13 gy 8590 5 e — e b 0 (e
RMSE) Jao slbs Slaje uSiloo iz ke Guio o
Fe VO 5 WY i & (risliono g (oeisly al> o g3 )
b g,y aalol ygo jo ols lis Gubos ol s el Casay
il o ()l Gl Syge 50 g Glssul Sl cle
slol> Bi> aniF aw wyp cll salgs cdl lses
75 Sl ikl o5l i 5 02tS (5581 i lma
9 obold il oo Glggul eanl Carsg p Sllee (pl Cute
sl Qs s Sl oo (omsn 4 (TAY) () ea
35 2 ol il g aimyuibe cads (55,0l Lo 5l adu asls
GMS  Joo 5l eolitwl b syl s go)p; ol



OI)L{«Q’@#'&&@/Y’

aY S glyie a ey e 5l ol vl oo
Sl als 4 arg b ej ol e (Dl o IS5 530
b ol JLed o glaailels 3,15 i1 o 34k

g5 9 olge

axilao g0 adlaio

L S ol jo adly wijls cuis Slllas ogase
Slarod alsog; 5l adg> 15 qupe yashS YVYNA oy
s plal Slay slotnlo;l Slalllas oluol ol @23 5 )18
oy YO o Jlail clllB g0 mSlas Wil clds o
o 4y A5 Sl 00l duslone s (635 0 3blo ;o 39, 0
G e B Sl S a o] ke et gy Jled 5 5,0
F L0 ogam wijls s lawgie oy Bl sy oo 59, 0
5 0a plasl (g ls kel oy 3T uliol 3 .00 ,5 o 3,591 5 oy
YOV ol Sladllas sogamme (suejpn; ol ale VWAA Jlo
5 (WL oy 5 oA VL) (Sio olr VA (55 )sleS ol
ol lawgs aildle adss ol il o Sl § acix VP
FIXY ol (caSe jio oubeo VYAV s g (55,0liS
CoSa e Ggekee VYIOPALSS laasir 5 caSe o (gelee
AVIEY ylo o sloely (358 slol 4y azgs L a5 wilioo
adss S 5l auo 0 ANVF ledsiz g duo,0 Y-V Oleid sy
Diloads Jalis ) a3l Sladllas 0dgome o)) o aolio

Cowl el aileog; asli gy s 5l (6 9.0 ol Al
Wby, ol 9900 Jled 4 slre S edns slaadll sl aS
g oogei b Jlad b gz 511 oogasme Jobo sl s
Bgd oo Ol Culo oy olais 4l jo eogase Jled
Srolliws] g bailsog, o (Sllllas oogame Comdao (V) JSi

A3 oo 0l 1) (6 g 00

wloszn Glagtans & baiye Jlow S sl Wl Ul
S0 A 0l SYolee 5 Jalg) glls 45T sl e )
1) ooz Slopincs Wiy a5 (giluands I3l o & 5L I
2 S oslel )5 4 g eolo zyh dgzge eally ulul
il anld po slazel Gl jslie a4 1) Jow dnwgs
Fo\)li‘m 5 92 «(Y- YY) DQI)KA@ g auwl) 3,18 dg>g Wl
o i VD) N Jas g e (Ve 2) VamgsSal (Y1)
Ysore gilord sl 5l oolial (g0 (e &l 515
bl s Glp (i 48d 5 039 (il (S o O)jg
Voles 5 gpa (Y1) Toen 5 ee) aas el
ol a3 il osliul Sz g ks o (Y1)
Loods )3 (o2l Joo ol eslitul b ey 9 (o
oRIBl 4 e (Siddaen 5 (pie latusgaze Jlesl
5 @by (OT) B 5 alead) cosl oad Of (650
5 Wghwg (VoY) hles 5 Lelowd (Y1) ') S
o335 (Vo VY YeVe) lSes g a0 (V2 V) sbilns
5 Y1) o San 5 00l3Sho (0 g il Yo 19) ) Ko
(VYY) Ken g opmal (TTT) Kad 5 daso (s
it (VYY) Son g as 50 (Y- YY) ) Sam 5 >
ey copae pdib SIS 3151 (Sl oads plodl Slddos
2o laglgul Sl lime 2 (e ol @lis
9 3098 Bilae Cbls p S 51 (gm0 oS (pl 5| Soe
5 &35y ool o Wil cds einy ol Sl e
2 &oskaS 2 5 )kl pledily gaoye Yo Gl b
Slosliiwl b Brae o5 g jlid Cov slapimmws drwgl &0
Sl Sl g s W sl s GMS ssas Jow
culoy als 5 lis cov glaaileles drwg b Lol el
S50 Wils glyzel Sl Gl 5 (einy ol @l
o lidos plo b ol Gaiiod Oglis 285 )13 (o
Ol elal e SIS e Dol s edle a5

358000

3760000 3770000

3750000

336000 404000 472000 330000
N
Legend A
2 || IShazand Plain | 8
S{pem - * tg gl
3 3228 =1 S
& a N
= ” L 5]
NMa rlp

o =)
=3 \ g

o
- 3 &

sl

— -
— &

2 — - 8
=3 | I +S
2 = "y g
© K (=

b=§|

E Legend
=3 8 ® Hydrometric Stations
8 - + |8 e
=3 (g Rivers
5 L? 10210 40 Kilometers S ___ Shazand Plain

336000 404000 472000 330000

344000 358000 372000

axdllo 9 )90 0090 s..u.'ﬁ,.a 3 ‘J&&

(O\)\" aJLa.Ji/MA}:wa Jle



(OV) Y o yladh /ans jacs Jlew

YV /a5l s giwnd ) o g Sllugs 1 5559liS 9 Cariao s O Bylas Sawsily OIS ) 5

2,05k ole Glgie s sle oyl gy o Joe 5o cplpl
o50 sl Fale clls Jow 10 (Y JS5) ab 4 F L
Al s VYAV e Bl

Calsd 49035 g Lol 51 (5,100 5 030 52
e Sylas LS u_mb Sl Glas osgase o
Sl 5l 65)laS 5 (W5l olSg s g oty 2y 5 olK2VL)
2 kaly @515 095 oo ooliiul Lild g Grecdos 5 Gres
e o 385 ol i o 30 9 (535 0 o
A 50 @l aibios Fuein ©f Je )0 e slayial )y
A oolatwl RCH a3l Sldllas ddlaie jo aydss 28,5
(el (ol S alie by Shy Jodo 4 Yaers
@lizee b 5o (i) ol 9 (S)L Dol (2lS idy
ool g il Oglite i slaol ads Gl
g ad plml (e of @35 adgl anng) G9b oledlbl
s il gladgy (riwtono 5 (ly a1 Jsb 5o

20,5 3305 ¢ ol adss Y jo g

olggel (Sralindgyaad sl ol )y 050

Seoladgyien sloyally (meds slp al>pe cnl 5o
3550 09995me (k095 S esliul (503 By, 5l ple]
2 opg (day (S Colie dnule Sy adllas
95 S 0o 9 PLaS] (Slaalie sladly (o)l Sol bl
Lot ploxl adlaie 5l ot ags (Sopds) ablie (pizeen
ol adgl polie (y9) o Slgw, 9 S iz 4 axg
alyo 3o Culgd 55 a5 005 (e ofys (Al 5 (Slgyee
5 SHaed Salaw oul gy e (395 0 lp (ely 6
s Bl gy ool

1882

GO 9 (9o Joo dned

5 btegim «silonoie slaly Cosdge (b e3game 4
GMS 133l 5 ;0 04 00l ags GIS Laxe 1o a5 laaslsog,
)‘).) sLerQL> )‘ W‘Q)J )‘J.a.a Lel ‘109.1)4 uLﬁ)Uo‘ 9 IR GI?I)S
Gy adsl g (Slg i colse adsl sy 4 bse
9 50955 Sy Gilwand sl seshe Joo (RS o 0D
Y PRI :
e S L L e 5l wls clbs (g5
(ot Sl b L5 M, .al eolanu! (GHB)
S s ol o gl e 4 (315 (glage il Sl o,
RS Gilednd ST o cis (Sdge b aje
i P A5 Wb Gy Joe adsl Luls plsie a4 ATAT
elis ) bla g 31,5545 bglas 51 (TOP) Jow oYL ailiw]
Lg W M)J Calod ‘SCLQ..\)‘ ‘SAP) Al 9 ooy oolawl clbo
Sledbl s ond as Sidel; ablae I colaiul
ands wiled,S 865 S Kiw 4 a5 gloaalin sleol>
5o 2l 4y (BOTTOM) Wl s @S Kow glas )|
(e Joe 4y segpie Joe baud ly 398 Sledbl LSS
YO-xVO aSs loJolo olul ol sl Jow (gonasss
YWAIAR olows b Jowe (gosoaSus 1) ol a3 Ll o e
A wisle 2o YO Jolsd b (gt V2% g law VYY) Jolo
lilagi S5 syt 1ot 331 Jab Jshoo FYAY ol a5
Csd J}‘j 5_5‘;5)...\.-.&!5 ‘)lfAALA ole s_)l.‘z.».l‘ 9 w)).s) g_;‘
5ot BOYAY 535558) alls YAID oy S 0 wijls
W) W)" \)5.) J.als Lg‘oAbL.m Lgl.&bol? uLC)Uo‘ as (\\C’ .
sosge o Sl gl logs ol (las SIS 5 5008 cal (oo
Syl laoke plo 4 cad g5, Fale = VYAV L

1880

1878

1876

1874

1872

Groandwater level (m)

1870

1868

1866

0 15 30 45 60 75 90 105

Unit Hydrograph

120 135 150 165 180 195 210 225

Month Number

VFee yas e GAVAY (00598 31 aijli culs uslg & )59, 000 .Y Ui



015Kt 5 (5 peal Salous / YY

5 Bk > g0 ya lp () L g gejl G,

S TOT SN W [ H]

Sz Sled (05 b)) Jalis ol LT
ol 5IUT sl Joo slaggdg g st 4 S Jate
lop] ks b o5 sl plajuitte 0,5 (akie Cqx
5T sl g sl (eeins 2T 5l 50 et Gt
wile (gilwamd jo 8,00 Gl o)y s b Comlus
Joe asin ailiw] SO 50 o5y pul 5 (Sdgaue colaa
2oy byl Sl Joe szl b 2y al 2l el
90 soipy 2l Gl Sllugi g ook eols i texe
Ao ye (b3l g Joo 0 Shee Broai sl 23513 L)
ange slayell )0 el Gen Joe (riedoe (il
SFale ¥ g bl oy90 sl mmiwly al>ye jo oald zl Sl
&lp RMSE a3l o alosl VFe ey 00 B YA e
oo g (risly Jole 50 Jae S8 liee (o)
285 )5 ool 55

3hs 9,50 Sledbl 5 al aislo bainy plad 4ol 5l any

g odds dewlra polie Lol ol Tzl Jow il JoSS Joo
Sl e ol o cplply asls 6, Keie O Slaslis
50 50 willd cude by Jow ad pll Jow mls IS
3 S Slaslice 5 Slawlxe polie Mzl o5 Gas oyl
Bole el o omwly anld Job o asl e S
5 8550 sl o JE! CollB o S50 Solan (slo ol
Gl ey U apdss (gang) 9 aildog; yiw JUml el
Shaalie guepm; ol 515 b oad gjlwans O 515 s
WWAY oo ypo sl boyiagim (oolod ;0 o V5l eSS 4
3 Joe Fuwly e 503 1] Jow g ool eols s
Grwogim odd b gloosls 5l ooliwl b ,Baile,e o>
> po ol pledl clds JS 0 slodnlin ol YA 4y by se
polie (358 slo el )l polie saze ti pogdle JBaile s
by il sblie jo lesul ohg pn] oo alise
sl Jae loand 28s (lBl g Joo s G505
330 OVAA je e BYAY o) adle ¥ o)Ll 0,90
@ 398 byl ool b Jae (minly (285 8 (gl

“ilgis e landls
DEM (ms Ko 0o j2eg3m

cory Spd) plolia cay ula]

P L PSP g, Y

con dnalsng, oo ded  SUL

oty ol (g1 o iy
e Yo G5 23

s gy

e g pegide cla Jhe 4
3390 (slaalii 4 laoshy L

S s S
2k 8 3 (i
GMS Ju »

al)ly lag o (ool S alie
e sha ISl

o e S
S0 d929e 55y 555

Gudizd plamil Jo o 0yl gld ¥ Sl

(O\)Y‘ OJLM}J/MAJ:AM Jle



(OV) Y o yladh /ans jacs Jlew

YY /a5l s giwn) ) 2 g Sllugs 1 5559LiS 9 Cariao s 0T Bylas Sawsily Ol ) 5

oleadly Liolidl sg b 0 0,5 Dyge el ) cuils
Ve ooga Sl Jlo Yooy golal plead]y Jlade oals 5,8
SiuslsS ol Bras Gliee o ol 5 il ali8l ao o
ol 5l cudlo p ylime 13 00,8 oy jialS vuoyo Yo sgus
O gy gl ool rals wpas ‘_;J)'L,; Sade bl
ok (1) o 50 )8 plxl Jolie )l gld (3udios =1

el 00 00l

99 50 Jow (o Como g iwly Ul 5l ol gl
Sl 00l ool Hlas (F) i o ) Blené 5 Buile cl>

03325 2T 51 Sy S S
Silotd (Jao 3 See (wys 5l plebl 1w
5 ke Bilae clsy Sl e hajny Ol 5l Ol
9 A BF e a0 dla Yo (glel 090 Sy (6l (65,9L88
Jol glw b plnil (e g2 )L 90 B 0 (VFY
9N 9 Ssz9e @y bl (B8 L az e o)l (lgie Co
£90 Soylw ol 00ls dxwsi ol (51000 Gliee H s
S5a9kiS i 5o s kel plewsly gaoyo Yo ualdl o8 L
30 g o oald dmwgi (5,10 po o sbrolx ) il alS g
5 NS deslie 0SG Ll 050 slag sl bl colys
ool axd I 5l o by ge )l lsie 4 oS @z e (o)l
3l po e bali eanl Jlo Yoo yo aS ool 5,8 el

Oles )3 Sy 9 28k adS Jlo Ve L Billae sl

Error Summary
Head
Mean Error: -0.258
Mean Abs. Error: 0.652
Root Mean Sq. Error: 0.701
0.8

et

0.0

RMSE

» ;)\”\ P»ow P A 5 » tﬁ?} » 4 2 P )3:.7“;

o M
S
el
i (<)
i Ealeay* | mmm aEE ]

0.8
-y
06 + (;\ -
04 + 1
N -
/T -k 5
02 -+ \g \é' é’ i
0.0 ———
» ;)\“ P R j;ﬁi;,.g-’} w7 2 of ﬂ:.)";‘

¥ GMS Juw 10 o 315 5,51 9 RMSE polie —o jBuwile el 5o oy (somimwly g W3l calbs ool dutd go0e Jovo gl3 -1 LF sl

(w0 g (Zouwlg 0598 Jeb 50 )Wl s >



UKo g (5 el Salow / YF

039 39y ¢ o W g FID i i @ cbs JS 5o (Sdsyae
C S 4 SBs S ) ohg (sl Slae g Jlas piolie
bl e (doyo VYID 5 Y/B) -/VYD 5 /- YD
St gl 53 e Joliesl (o Sl el
Slpes sl a Jae slatiSly oy pslite 4 a5 wlise
e Sl Jlod 0900 pll Sge g e slayell
e Lo piie ki 550 g 0B plonl (eivly (gal> 5o 5l o
Loy (a5 (Spee cabie wiile Jao jo 35,50
il 250 ol polie 2 VO 5 VO Sss o po Jles!
olszel (e 2l Joe Combas Jolowi (o) 2 85 )13
5 059 2l polie 4y laml Jawo ol a5 ol olas wsjls
IS 50 asle le (Sgpiee Colas polie 4y e
el o 0018 s ol Jlae ol ()

Lgye RMSE sllas jlade wads Jool> gl ulul 5

Oezed 5 039y yiw oY dga> jo JBuile cl ly
3 Gilwand Slale plas ;0 RMSE (glas lawgie laie
JF ) S JBaile e cllb  riwiors § il 0y50 90
Gilwad 5o Jow YL cds oaas (lis a adl e e
356 % Qliime ol cis S s seins o 5l
ol 5l gilwass sy MODFLOW 4 GMS sla Jaw
YL sy g los )T eolasiul aliee slaciis ;o gine) )
OlSer 5 B> ,e) wilanile o SU Jaw pl gileand
OhlSes o ey (VYY) LKen 5 Lol «(1YAY)
2l g (Sgyon Coloa aigy polie (B) JSi (Y-Y-a)
ssbiles am3 oo (lis (Zrimwione 5 (xily 5l o |y o
olae @Sl g JBlas ol Laseice jo aids gloanly jo a5

358000 3720P0

344000
Legend e

K (miday)

mmes
10 ) 1
1 S 1
4
145

16

L7

18

187

40

425

a7

657

7o

L 72

92

974

170

3770000

3760000

3750000

0 2256 45

I

3770000

3760000

3750000

9 Kilometers

3440‘00

344000

3580‘(]!] 372CIII]D

358000 3TZDPO

Legend
Sy (%)
[10.025
I 0.028
1004
[ 0.041
[ 0.045
[10.048
[ 10.048
005
[ 0.055
[ 0.06
[ 0.065
B oo7s
10085
I 0 085
o1
[70.115
0125

3770000

3760000

3750000

0

I

3770000

3760000

3750000

h 7__.-'
9 Kilemeters ~

344000

358000 372000

I ile el Juo (i g (omiwly 1 dmy Culd IS 50 03sg Rl 5 ey et Calad cpd (e 2ol D S

(M)\" aJLauﬁ/eAu}“w Jle



Yo /.b)lﬁ: - “bw)f)c..ﬂ Ckmublm,:):‘s))gugwuuauul d)l.a.ou.\.».\..bul)ﬂ‘sm)):

Error vs. Time Step

(OV) Y o yladh /ans jacs Jlew

Trans. Head
54+ .
a4 . . ‘.'/-\._ R, -
L I T, — N T
- - S A N Rt
- - ~
ERE N N N —~
- M z ,-\‘}/ \,,\‘\. >
E 24 e . v
ot
L % -
11T - Mo ¥
L s /\ /.».
o o Vi F‘\ rd LY /\\ 2 »-’\ 7 o >
i N / 7 N7
/ .
-1 ! L 1 1 L L L I L L L I
2010 2011 2012 2013 2014 201¢
Time
Mean error Mean absolute error Root mean sauared error
Error vs. Time Step
Trans. Head
5 N . .
a oy . ERENES Y 5
L ern A -
a . ~ 7 \vf’“z Y ARV
T s S -
i bt e - Sod
~ T
52t .
w P 4
L . M J
14 . ‘,'\N
L & - Y,
0 - 11 J\/\ /‘ d I~
o
[ NN ./ ./
14 o
n 1 " L " 1 " L I L L " 1 " L " 1 " i " .
2010 2011 2012 2013 2014 2015
Time:
[—
Mean error Mean absolute error Root mean squared error
Error vs. Time Step
Trans. Head
7£ P
ef
51 : L
foan o
AN .. - o
E 7oA .
3f i v ‘\ -
F »
E - o~ N
2+ \ ‘«, 1
E - = / — e S
L S \_,A-‘# %‘f —
E ,J"\-
o
Il L i il i L I Il I L L i
2010 2011 2012 2013 2014 2015
Time
— [
Mean error Mean absolute error Root mean squared error
Error vs. Time Step
Trans. Head
E T LA
E LT N, e
3 A : N B
L et e e NG N
R T z Y T ¥
D i A S _yf - -t .r'*'\,
E 4
é T A ‘
=\ P AAN S
= \.»-x./'\_,,/\_/\j . / N,
E S
= il & il il Il
2010 2011 2012 2013 2014 2015

Mean error

Time

Mean absolute error Root mean squared error

o5y 2l 9 (Slgyuud Colud polio ;0 a5 4 V0 9+ /¥y cu pb Jloel b Joo Sl Sl gulis # S

Sleg bw Jleel b Jowo St o galoye o

Eyo9e nl 4 azg b plply ad By Srae oS g L
oS A5l Clls (6410 p0,u0 slrole cils p Jlade a0 Y
Sl e G g 0 12l loazee Jae T 5l am 5 00,8
Syye o] Jlo Vo S ln luld a0 e
Lasgie lsee ol 5lis ploadly Sialsdl gl gl 2,8
Ol 4 0)90 Sl o plyzel U5 50 (senjny <l s 8
Sooliw @ S g)liw ool g) ol 5l 09 walss e VIVE
Fo MY e 4 (o ol 28l faws 5 (Sl gz e
Goabo 99 50 il el 050 Job )0 515 Sless o)l

Sl 0 ool HLas (V) S o oads )58

Cosds (St e 2l Gu et (L85 D90 i
@ azg booanl o plpul Candy lp (BT W 0]
Sl (St GReg3 ()3 wBbioe S0 )90 slag L
Eog el (28 Losnl Jlu Ve e sl (e 2l 515

O @S 285 Ojge @z e Sl Olpie SoS Serge
S9z50 o5 b Gillae Glssel 5l (g )lopese Dyge yo ol
VIR0 sgam alls Yo 0,08 clel o lsul o o 515 Lawgia
Olee Cov Ko agbee iren LCllly ales cdl
obesly a3l g9 )b

ot Gt drwgi Ojge 48 65,0leS Ll e skl

obeaily as doyo Voo olidl LJB o



Ol 9 (5 ol Sl / Y

90 2 4 Gl o dl

Oliee e (paizmon w39y algs

Orizeid sl (Bph ek 5 (Byb (>l a4 e g5l

IRl g 9990 g slag L

5 Gbln ol 5l gewd (o

OV % SR UUN U5 UL I % SO (K Y

1878

Oliee (i plondl,
A3l s e 815 5 OIF

0,90 skl o cs IS 0 ‘5;..,.4)’);)' ol 5l cdl Ol s
%A Hle
Ot 39790 gy Sl )3 was e LS () S8

Alo Yo ooy90 lal jo co 35,50 2y yo cdl Gl
Fo FIR g0 0

6Lﬁy) )Q (\f\‘ | Ls)b).noﬁ; s Y-

Slessly i3l gsnlis 45 5 e AT Sga

1877
1876
1875
1874
1873
1872
1871

Groundwater Elevation (m)

1870

1869
0 20 40

—A&— 8>,0 [ ]

60 80 100

Oloasl,d il 381

120 140
olo o, lowis

160 180 200 220 240

Slewily Ghal331 9 &2 yo sLgs sl 50 oyl Jluo Yo (sl casd S 50 ol g5k Jute (Somo 3 T 31 (mSilno ¥ JSs

344000 358000 372000 344000 358000 372000
g 5 18§ bt
s ol @
< s
Legend I 2 Legend 2
E GW Drawdown-Eff E S GW Drawdown-Ref g
Elm B Blm &
BN (-69)-(-4.9) BN (-32)-(-6.5)
B (-48)-(-3.7) BN (-64)-(-5)
(3.6} - (-2.7) 1(-4.9) - (-3.6)
[(-28)-(-15) [7(-35)-(-22)
glia1a-0 § Bloaen-o g
g|mo.1-15 £ E[moi1-08 £
=163 0 225 45 9 Kilomet ==09-24 0 225 45 9 Kilomet
lometers !
m31-66 ! i ! m25-56 . ! j Homeers
344000 356000 372000 344000 356000 372000
1960
1940
1980 —, 11920
1960 —
1940 — 1 1900
1920 —
T
> 1900 —
° 1880
2 1880 —
0]
1860 — 1
1860
1840 —
1820 —
1840
1800 =
0
80 1820
1 0
9 120

Row

oboaily a3l g @2 yo U s 55 0T Jlus To (sl Wil s 13 o0 3o b g2 ol 3157 il 350 oy .l A JSCs
Oloaily 39 591 b 50 Al Yo 0590 (SLieiil 1o (gubny A @ y3u oo liizo b 50 0l (g3 bwdends (oo 0§ T 515 0

(O\)\“ aJLmu‘i/Muj:tw Jle



(OV) Y o yladh /ans jacs Jlew

YV /a5l s giwni ) 2 g Sllugs 1 5559liS 9 Cariao s 0T Bylas Sawsily Ol ) 2

&2 $:l bl 2 syl Djpe yo ol GliS s

W3 cds Glesel (des )y ol 5l il lagie Jladie 95250
Sigo > il e VRO ST Jlo Vo Soe sl e
Ol ez 50 el s loaily oo Yo Gl
SOl aoyd Ve alS 4 o oS adlate Ol b (5590 40
Sy oo o YIVE a4y Jlade cpl o salss (5518 000 (slaol>
oleaily Gl g )liw Jlosl b e o5 T 515 <l dly yo
Bl d2lg dguge yie VY dga cail Jlw Yo 0,90 sleail o
IR ez sl 93 o 50 S8l e (n i 4]
e F10 5 AV o A B (635 e ablie ay bgy e olend],
o ¥ B VD ceds B8 gblie 1o il e o ieS
2 S Gyh Jled g 50 5l placwnd 5 e Zul
S5 dalg> sgro e FIO U O o3Il 4 O o g5l 90 2
R Cumdg & 4295 b oS gliiul Gz Gl Suled e
2l e ot Wils Glssul (ceei; ol wlie Sl syl
e s a4 plas Slealy sl culs cnl o 5l
lodly a3l Sl s el B 3550 o o] ity
Wil s ey Sl ey 5 e i )l
3983 Sl fals I s cuds sl ades malS (85 Sl o L
ol gl jstiws 5l JLed cov slaalle arug b sl o
Co5 Glapims szl Djg0 50 @l lul el Gaiow
o 3l 8l e gogam U caie jo el ioli8l g jLas
gt 1 0d walyss > JSie Ll i e Jyosd ailaie
Sl Al Sl g Cmez (SBal8 Wy, 4 4z g5 L 39 oo
@ pleddly (Rl opdle Wl oan] ladle o gl ol
o oS LSl s dilie oS oS Aol Jlis
Slm 8 Caro w0 09 Sracy sbEAS gl Sras
03,5 oolatul (6,4 0ad ashal Sl 5l (a5 ol 5l il

Reference:

5 Gl lulyd cod Gl Conds cagin
o9 o0 el GMS (goue Juw (bl 5 calizee glagy b
e (Sl sliwly 0 g sles 33 sl Caway @l
Ol eslainl 3 )1, gh 3l (6 laws Olanazs 1o a3 )ls o8
9 I Ve ‘53‘|).>l 9 ‘_AA.C Lng)&b‘) B oo M:l) LJJ.A wl;b
5 GBL (V) an g piize) 00,5 aljl (5,135 ,56
OHen g (608 (Y1) 1Ko g (00365 «(\VA0) ), Sen
(YoYDL g e «(Y+19)

21l e iplsS Gise woede U5 o sl STy
Sleol g Copie Cgz g Cal anils gzl o 55 cdl
oz ) a5 ool 5t 5,05 i ol 8, 45 el
ol 4 g o adllas 5,90 s yo Izl BB sl Sl
ool o aS 8,8 oLl Brae plesdly auliEl g cuiS (oS
5 12 Sl g, ol ol Iy M b 55 s
el o 5l wils Glssel ol (i Jae ol Jlow
ol & s 9 039 (ol Sl 4 i o Salinag aun
Lbgs o RMSE lawgio jlaie o)y Comlus  Sg ue Colas
odgaze JS 38,5 ks o b Baile > o Joe ouily 4
MalS™ a8 ol s ya /Y b ply g e V5l pieS w53l s
)‘A.M ‘o..\A—‘ Cewdy @L..J wLM:‘ P O o &)“;U wLp)
Cono dll ¥ 0599 g Ls?d.w‘s adJls ¥ 0,99 JS ).) RMSE
F S oS ab b o o fF 5l paS hawge jolay (ouiw

el ey ol 55 gilwands 10 GMS Jow VL cés

Amiri, S., Rajabi, A., Shabanlou, S., Yosefvand, F., izadbakhsh, MA. (2023). Prediction of groundwater level

variations using deep learning methods and GMS numerical

https://doi.org/10.1007/s12145-023-01052-1

model. Earth Science Informatic.

Azizi, E., Yosefvand, F., Yaghoubi, B., l1zadbakhsh, MA., Shabanlou, S. (2023). Modelling and prediction of
groundwater level using wavelet transform and machine learning methods: A case study for the Sahneh Plain,

Iran. Irrigation and Drainage, 72(3), 747—762.

Azizpour, A., Izadbakhsh, MA., Shabanlou, S., Yosefvand, F., Rajabi, A. (2021). Estimation of water level fluctuations in
groundwater through a hybrid learning machine, Groundwater for Sustainable Development, 15, 100687.

Azizpour, A., lzadbakhsh, MA., Shabanlou, S., Yosefvand, F., Rajabi, A. (2022). Simulation of time-series
groundwater parameters using a hybrid metaheuristic neuro-fuzzy model. Environment Science Pollution

Research, 29, 28414-28430.SA

Bayesteh, M., Azari, A. (2021). Stochastic Optimization of Reservoir Operation by Applying Hedging Rules.
Journal of Water Resources Planning Management, 147(2), 04020099.

Esmaeili, F., Shabanlou, S., Saadat, MA. (2021). Wavelet-outlier robust extreme learning machine for rainfall
forecasting in Ardabil City. Iran. Earth Sci Inform, 14, 2087-2100.

Fallahi, MM., Shabanlou, S., Rajabi, A., Yosefvand, F., izadbakhsh, MA. (2023). Effects of climate change on
groundwater level variations affected by uncertainty (case study: Razan aquifer). Applied Water Science, 13, 143.
Ghobadian, R., Fatahi, A., Zare, M. (2014). Studying the Effects of Gavoshan Dam's Irrigation and Drainage

Network on Groundwater of Miandarband Plain Using GMS 6.5 Model. Journal of Water Research in

Agriculture, 28(4), 759-772. [in Persian]



UKo 9 (5 el Salow / YA

Guzman, S. M., Paz, J. O., Tagert, M. L. M., Mercer, A. E. (2019). Evaluation of Seasonally Classified Inputs for
the Prediction of Daily Groundwater Levels: NARX Networks Vs Support Vector Machines. Environmental
Modeling & Assessment, 24(2), 223-234.

Hu, L., Xu, Z., Huang, W. (2016). Development of a river-groundwater interaction model and its application to a
catchment in Northwestern China. Journal of Hydrology, 543, 483-500.

Ivkovic, K.M. (2009). A top—down approach to characterize aquifer—river interaction processes. Journal of
Hydrology, 365, 145-155.

Lu, C, Chen, Y., Zhang, C., Luo, J (2013). Steady-state freshwater—seawater mixing zone in stratified coastal
aquifers. Journal of Hydrology, 505, 24-34.

Mahdavi, M., Farokhzadeh. B., Salajegheh, A., Malakian, A., Souri, M. (2013). Simulation of Hamadan-Bahar
Aquifer and Investigation of Management Scenarios by using PMWIN. Watershed Management Researches
(Pajouhesh-va-Sazandegi), 26(1 (98)), 108-116. [in Persian]

Malekzadeh, M., Kardar, S., Saeb, K., Shabanlou, S., Taghavi L. (2019a). A novel approach for prediction of
monthly ground water level using a hybrid wavelet and non-tuned self-adaptive machine learning model. Water
resources management, 33: 1609-1628.

Malekzadeh, M., Kardar, S., Shabanlou, S. (2019b). Simulation of groundwater level using MODFLOW, extreme learning
machine and Wavelet-Extreme Learning Machine models, Groundwater for Sustainable Development, 9, 100279.

Mazraeh, A., Bagherifar, M., Shabanlou, S., Ekhlasmand, R. (2023). A Hybrid Machine Learning Model for
Modeling Nitrate Concentration in Water Sources. Water, Air, & Soil Pollution, 234(11), 1-22.

Mohammed, KS., Shabanlou, S., Rajabi, A., Yosefvand, F., izadbakhsh, MA. (2023). Prediction of groundwater
level fluctuations using artificial intelligence-based models and GMS. Applied Water Science, 13, 54.

Mohtsham, M., Dehghani, A.A., Akbarpour, A., Miftah Halaghi, M. (2011). Prediction of water level in aquifer
using GMS software, case study: Birjand aquifer, 4th Iran Water Resources Management Conference, Tehran,
Iran. [in Persian]

Nadiri, A. A., Naderi, K., Khatibi, R., Gharekhani, M. (2019). Modelling groundwater level variations by learning
from multiple models using fuzzy logic. Hydrological sciences journal, 64(2), 210-226.

Nagheli, S., Samani, N., Pasandi, M. (2011). Investigation of balance and sustainable development of Najaf Abad
aquifer, 30th Earth Sciences Meeting, Tehran, Iran. [in Persian]

Narula, K.K., Gosian, A.K. (2013). Modeling hydrology, groundwater recharge and non-point nitrate loadings in
the Himalayan Upper Yamuna basin, Science of the Total Environment, 468, S102-S116.

Pahar, G., Dhar, A. (2014). A Dry Zone-Wet Zone Based Modeling of Surface Water and Groundwater Interaction
for Generalized Ground Profile. Journal of Hydrology, 519(27), 2215-2223.

Porhaghi, A., Akhondali, A., Radmanesh, F., Mirzaee, S. (2014). Manage the Groundwater Sources Exploration of
the Nourabad Plain in the Drought Conditions with MODFLOW Modeling. Irrigation Sciences and Engineering,
37(2), 71-82. [in Persian]

Poursaeid, M., Mastouri, R., Shabanlou, S., Najarchi, M. (2020). Estimation of total dissolved solids, electrical
conductivity, Salinity and groundwater levels using novel learning machines. Environment Earth Science, 79:1-25.

Poursaeid, M., Mastouri, R., Shabanlou, S., Najarchi, M. (2021). Modelling qualitative and quantitative parameters
of groundwater using a new wavelet conjunction heuristic method: wavelet extreme learning machine versus
wavelet neural networks. Water and Environment Journal, 35, 67-83.

Shamsai, A., Forghani, A. (2011). Conjunctive use of Surface and Ground Water Resources in Arid Regions. Iran-
Water Resources Research, 7(2), 26-36. [in Persian]

Yosefvand, F., Shabanlou, S. (2020). Forecasting of Groundwater Level Using Ensemble Hybrid Wavelet-Self-
adaptive Extreme Learning Machine-Based Models. Natural Resource Research, (2020); 29, 3215-3232.

Zeinali, M., Azari, A., Heidari, M. (2020a). Simulating Unsaturated Zone of Soil for Estimating the Recharge Rate
and Flow Exchange Between a River and an Aquifer. Water Resources Management, 34, 425-443.

Zeinali, M., Azari, A., Heidari, M. (2020b). Multi-objective Optimization for Water Resource Management in
Low-Flow Areas Based on a Coupled Surface Water—Groundwater Model. Journal of Water Resource Planning
and Management (ASCE), 146(5), 04020020.

Zibaei, M.H., Zibaei, M., Ardokhani, K. (2013). Evaluation of scenarios of integrated use of surface and
groundwater resources in Firoozabad plain of Fars. Journal of Agricultural Economics Research, 5(1), 157-181.

b cudlooly

YLuetal

2 Narula and Gosian
® Himalayan

4 Nash-Sutcliffe

® Bayestehand Azari
® Hu et al

7 Ivkovic

8 pahar and Dhar

® Guzman et al

10 Nadiri et al

11 Zibaei et al

12_ General Head Boundary

(BY) ¥ o ylac / aa jaan Jluw



