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Fig. 1. Geographical location and study area

oS! e (g5l
! » GCM (General Circulation Models) Jow # 45 bgs o (o b slasols ol o8l 55 o5loads ca>
WJyl adye 0 jelaie cpl 40l awslie Slaslie gleesls b g osbls (CMIPE) (8l s il (g Ol 155
s 5 3l ESGF culus 51 ol GEM Jaw £ 53 sl s 5u,b 0,00 sl (G5 5 Loo) (sanldl (sl poiie
s sb,kas 5l GCM Jue oyt ol 5 aslin ool pbl Cgar o anslie Shislise slaosls b baosls
A 5Y 0 Llgy) b oolitel (R?) (puess g 5 (RMSE) Uas lay o ¢:Silie (NSE) calSile i

R2=[ £1(0i-0)(P—P) ]2 -
V21(0:-0)2/(M;—M)?

n .—0N:)2
RMSE = /% (Y)

Z?=1(Oi_Pi)2 (v)

n

NSE =1-—
oSile o Slanline sbaosls (1Sl « Slowlbrs sloosls o Slaslice slaosls cus s 4 5 P 0 Py 0; Y Laly, o
S92l a5 e (s e o3l g aslie 5 ey (Nassery et al, 2021) ol oo bosls sloss 5  Slawle slaosls
Lo 5 5,b slaosls odgs sl (ailioas cdl>) $8P5.8.5 4 (lawly o> cdl>) SSP2.4.5 (ailn yoes 2Jl>) SSP1.2.6
@ oblp 3 S giw o] cwlidlse Sledlbl 5l o8l Ol sy Lo (gl o oolamwl (V- YO-Y+00) sanl ;o

oolatul b ooyl 0,90 (6l (coeldl (slo piite (g jlusands oS colys o .ol oolaiwl cslio Sloj 6 ym 5l (5)18,95 0 JJo


http://dx.doi.org/10.22034/JEG.2023.17.4.1019262
https://system.khu.ac.ir/jeg/article-1-3091-fa.html

[ Downloaded from system.khu.ac.ir on 2026-06-24 ]

[ DOI: 10.22034/JEG.2023.17.4.1019262 ]

VEOY Olisy ¥ 65l gr,,nm.,\l?gw,\;w ‘;wtu:‘:f:ﬁj 4l
Oy

3y (Wo) s Jele 3g, 3 LARS-WG (Long Ashton Research Station Weather Generator) o
S ST slro 90 50 15 50050 (conlBl joie Dl i Glgi e et Jole b W g, Sl ooliisl b sl pled e
(Diaz-Nieto s,g] caws @ o5 Jale (g, 5 eolital b, o o] 0ulBl o5 (690 )l g 0,5 dwlne i 0,90 4
SN5b slp T o o 5l 5 Les gl uate 50 cps IS I g, ol ,o @and Wilby 2005; Raju et al. 2018)

(Hulme and Jones 1994; Lipczynska-Kochany 2018) 54 e eolu!

AP = Pfuture_Pbase (f)

Ppase

AT = Tfuture — Thase ®

Y‘ (_ELAO u.i:L.A Tfuture REGUEW- OLAJ.Q );) RS 0)9..) )O Lo\) 9 k;;h)b p..b‘ J..u..u 69-‘)L“*' ;)LJ w).s dJAT 5AP
OMLS‘)L»M u,u)Lv Jl.w Y. k),a.id.uc) w)a L ).u Pbase 9 Pfuture w‘ oLa).Q )») Lg‘odbLm.A o)jd )O AOGCM Ja.ws.’
(Simin Sheikha-BagemGhalehl et al, 2023) was o o)Lis |, sadosalice aly bt g oois] 5o

Sllgy- )b g3lwdoe
IHACRES (ldentification of Hydrographs and Ja. ;I Clly, cwsiie 5 <bls-Gib il Joe o
Jow 6 IHACRES .o solaxwl Components for Rainfall, Evapotranspiration and Stream Flow Data)
Lotfirad ) el arwss o,Ken g paSex lawss Jb yulsl (gl a5 Col Gllgym o)L (g5lwans gl cogtbo 4z LS,
3508 55 oS slaosls 4 ddg> Su5els,oun i, (silednd Cgx Jowe opl (YA ¢ ol Sen 5 soe! €t al, 2019
sadodalin Sk b é Josle OYAA (L Ken 5 o)) conl a5 8 g s g5k 5o Lol IHACRES Jus
ol Jsle 5 on oot ailsg, 0 &1y s (LT (S5l (o Jgsle s 335 o0 o (LS (Suib &,
(Jakeman and Hornberger, coul jgme ools bg, o Lulul pgs Jgile a5 I ,s ol am LSs sastbe Joo SO
abayl, 51 ool b (i) Sl Sas,L JHACRES ,5.1993. Croke and Jakeman, 2004. Lotfirad et al, 2019)

(Hansen et al, 1996) sg5 o dle 1

14
S, 17
_ kTk >l
uk - { 0 4 T'kSl (9)
7

S Sk g 5L sl b= Pyt | JIR l (oles ol )b p Kk Oloj o eddodalice Syl olie Tk YL alall) yo
13900 By 55 D )ygods &5 Susl (sb) (a2l

_ Tk _ r
Sk = c + [1 Twexp[(ZO—tk)f]] Sk-1 0

Syt Sles bl G T el o0 bl adgm o> Jobes i 51 olipbl (1 a5 el Gl o)y Sy € )T o a8

Jﬁ)Lo ol oo quj.\.‘o ‘_;‘)J ‘_;).uo‘)l.t f 9 él)ftsuLw 4.?)0 > 5 k QLQ) ) ododnlive LgLoQ tk | Sk u.._mlf


http://dx.doi.org/10.22034/JEG.2023.17.4.1019262
https://system.khu.ac.ir/jeg/article-1-3091-fa.html

[ Downloaded from system.khu.ac.ir on 2026-06-24 ]

[ DOI: 10.22034/JEG.2023.17.4.1019262 ]

ol S5 3 5l s 30 Sllu g 5308 gy o

sl 65 5 (Xk(Q) Crmd) @ Oz Slr S Silse 237 99 5l (oSS s> o sl IHACRES L
g gy Oygods Bl ca Ly ley 50 b ol plo (Kim, 2015) (xk(S)) cosl atwal b >
(@) + x(s)

qr = Xy k Y]
-A —A

x,&‘” = exp (E) x,@l + v, [1 —exp E] Uy Q)
-A -A

x,&s) = exp (T—s) x,(cs_)l + vg [1 — exp T—S] Uy )

4 Vs 3 Vg g &l 5 @y Slaolz @lp (Blsd ploy Gl i 4 Ts 5 Tg ol Gloj o8 A VL Ll 5o
u*’l-“‘ » IHACRES ‘J..bb- asllae 90 Ad uL’)" vy 9 & 6\}9.-‘ LS‘)-.‘ (e (o> Gibo):&f sl S
A 0y JlS = slrools 4 L;"\")l" Lo sailale slo 1 Sile

o) 23l ol G3le e
Lol sadoslaiwl MODFLOW o5 5 GMS  Jl58ls 5 51 coejpso! obya giledae jelaieds Gadizs ol o
solatul o Ol guajp; ol LS, g e ol buld st 9 6leand sl MODFLOW
(e sl e iy o3 ol gogahe Joo ol (gogthe Joo Lo e il (siludse Slidllas 0 6l (sl 050 o
(Mirzaee et al, 2023; Mirzaee et al, 2022) coul ;Mo (10505 Lo 5 Gy it o 81,5051 wly joum slaosg
SS9 SG QB o | ools ilide (slasag)g Al pe (ol el (o0 Joe 4 (castie Joo o gom Al e
oS bl 5 segpie Joo bl e alS o baws aSls e MODFLOW . go0e Jow S 4y cslis
i 1 e SUaplS s S 02D ol Jan (o 5 S 55 o ST oo Sl s 8 S
b 5 Sl 5l m 0)l50 ST 0 sl (Sujglsyaee sla i g plysul slayiel )l 4 2 jlake 5 (555 bl d (oS
abul; Wy Jae B 0,5 &jge Joe 4 60959 laylil )0 (Sl b Joe mls codeS” (lB1 jolaiedy Jow
o= (Patil et al, 2020) .65 o (mewly 90l cpl @ iy GuadS 0l cim i 5 Slaslie polie ol (Soo3
JB lrodgazme )0 (g Cobll g Como ST lal,l pl )0 0,5 )8 arwions 050 al Jo (ly al> o S
Qs dl> e 0 el a8 Spll cudbge b Jow oo ol sy SLST 4 leesls jl Jiaw slayge;l 5l Joud
Joe s Ghomt g bl poliieas S BT Al ye 0 10,8 oo 58 lod 050 o iall Sl 4 Jae Sl
Slaye 5l yiz 9 (MAE) Gsllas glbas (:S5ke (ME) W (:S5ke sl a5l oads (miwions o (il
Sgs oo ol ol Slaalive Hlake 4y s 0al g jlwancd gl i 3551 50 Jaw o Sles Sils a5 (RMSE) Uas-
ME = z?zl(f:—hs)i )

ie1l(ho—hy)il
n

MAE =% av)


http://dx.doi.org/10.22034/JEG.2023.17.4.1019262
https://system.khu.ac.ir/jeg/article-1-3091-fa.html

[ Downloaded from system.khu.ac.ir on 2026-06-24 ]

[ DOI: 10.22034/JEG.2023.17.4.1019262 ]

VfoY QMJTS)WsrAMJl?gW.LquMJQJ;J
Oy

g o Slaslin gleol>  Sgyoue b Jlade Rg o8l 5 Lo sl g jlwans (Sdgyaue Jb lade hg YU g, jo

kSl et (3L

Sl ol s GCM e & (gl Lo 5 byl yeicio 50 43 bigypo oo 5 cslooold Il ol a5 lvionss jplatad,
By JINC sla LB 51 oo sglils slesls s al> o 4o .0l 35lils ESGF culs 51 (CMIPG) (8l 55 iy (g o
Blite olis L GCM (sla e j1 Lol cosldl (slo puicie ilale comdily Silos ums b 2,52l GIS 3305
oolizs] RZ g RMSE INSE Lol o,Slae o)) cslolone 5| damlie ol plowl gz s alio slaaline sloesls
Sl 5l e ol Ol o oy Glgieas MRI-ESM2 Joe (GCM sla Joe s 5 Coledys () Jgoz) o
o oleioeliion & ol s iS5 Jie o] labons Jsho (92 ol 51 s 45 GCM Jie 0 e
&5l 0 oolaiwl LARS-WGT Jow 5leans] 1o canddl slaools adss g sleimlibies ) capz anllas ol 1o .05 0
Gl 0031 0550 5l (cadBl sloools a5 Jow ol (Jow (s dl> o 4w Jols LARS-WG Jus Lawgs
ST 5 Sty gins olKag) Wl $0 _Slanlice sloesls 5 LARS-WG o oniwly gz 0 F+ Y Kt g olsias,)
5l yeiie dulio 5| Jol> )l slajlne 0 eslital 4l 6y90 Slieas (VFAFIYAL B IVA YOV T JLo)
sl e gilwans ;0 LARS-WG Juo Js8 LB o Slae onsmojlis Slaslie polie b oadgjlwdnd  conddl
odbsilwand g Slaslin wSlas sles g Plax sbos oL ailale Lo Bl youl g (1 Skeo (V) oo 0l oo g0l

el oalosls Lis (YD) 5 (YA) «(YA) sl IS 10 ol i il 0,90 b 5

MRI-ESM2 Joe 1y 0 Sloe b)) slo bz polie N Jgax
Table 1. Performance evaluation criteria values for MRI-ESM2 model

R? RMSE NSE o5l 5l yuiio
0.32 5.505 0.26 sk
0.54 3.94 0.49 Jolas sloo
0.501 6.43 0.44 ST o

Gilwarss g Slaaliv coddl slo puie anslin 5l Jol> Jow o Slee b5, slo lxs .Y Jgo
Table 2. Model performance evaluation criteria resulting from the comparison of observation and simulation
climate parameters

R? RMSE NSE ol 5l o
0.983 1.130 10989 ablo byl crasileo
0.999 0.064 0.999 ailble il sloo opeSileo
0.999 0.070 0.999 able 25Tus slod aileo
0.998 0.089 0.999 ailblo il il peSibeo



http://dx.doi.org/10.22034/JEG.2023.17.4.1019262
https://system.khu.ac.ir/jeg/article-1-3091-fa.html

[ Downloaded from system.khu.ac.ir on 2026-06-24 ]

[ DOI: 10.22034/JEG.2023.17.4.1019262 ]

ol S5 3 5l s 30 Sllu g 5308 gy MY

OFFYVFFY EAVFYFF LT L) b Yo 0,00 S5 sl (oonldl sloiie LARS-WG Jow o) L3151
b ool (slogs )l 51 (glacgazme SSP (glogs e .0l o i SSPD.8.5 4 55p2.4.5 SSPL.2.6 54\l daws Coo
S i 6 9 RCPJLatil slagy liw 5l oS 5 gy v ol aites IPCC @l )i it 6y 4 az g
&lsp 5 ol dilises lacalnl S syl Lax! slags v g5l sl o] 5l a8 atas el goladl
dlale a1 Sile Ol yis duo 0 loges w5 a5 (FD) 4 (F) «(YA) slo i .(VF+ ¥ (,KleS g (o) 99 oo oolazul
2 o sl W logei a5 el len aias co lis Al 0,90 4 s STo,90 101y yiSTas sleo 5 JBlas sles ¢ 3,b
Sl b o 5 rals atil 5 age slaole 5 5l anloans 10 (T 0,55 10 (Sl liee (50020590 So2 ki s 2 50
0599 4 o 1 0,90 ;3 g0 )liw ds ,o 50 AVl 5,L (1Sl S &g, sdeliawoas =l 4 arg bl oo sl
$SP2.4.5 8SPL.2.6 slags Lw jo STo,50 (b aVlo i)l 1 SSlee Jlake o0 o ylid (2alS (o Lo 0+ AA) il
b sl aw o o AVl (3L oSl Jloges (0) JSS el cws 40 FFF/A 5 F2V/) FFFPIY (o5 5 4 SSP5.8.5 4
SSPL.2.6 slogs L ,o 5T 0,50 b s AVl g ailals 2STas 5 JBlas slos uSiles e a0 lis ST 0,90
a0 VE 5V /A JBlas sles (1Sile i 5 4 398 (slagy ) Liw o .0m0 oo (L i3855, S5P5.8.5 455p2.4.5
YIY 5 VA A G5 4 00,83 slags )l (sl s aVlo 2STas slos uSilee jlade (8 ) aas oo ol il I

(Y JS8) cdl vales gioliél as o

ok a o el Bl oS Sl b
. loalie jlas il
i RT3 T oVSe S PR JES] i 20
100 | T ssleand 5 10 I III I
9 _j 0 . _ " " I Ill I ll; T
i3 W a2 a o
:3 % -10 I 9 % m B ¢ —% 3 3
3 3 59 .
320
4 3
~ ~ -30
3 o
R I
% ? 2 2R (olo) 5l
. mssp2.6 msspd5 mssp8.5
(a\.n) ULQJ p p p
13 b ailale eSils Sl yesis ao s (B b 6,99 (b oudiislotncs 5 Slanlie alale ol lee Gl 5 eSle (8 Y JS
@“’ 0)30

Fig. 2. a) Average and standard deviation of observed and simulated monthly precipitation during the base
period, b) The percentage of monthly average precipitation changes in the future period
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Fig. 5. Average annual precipitation during the future period in climate change scenarios
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Table 3. Optimal values of IHACRES model parameters
Tw(day) f(1C) 1/c(mm) 7@ (day) 1O (day) V) S o
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Table 4. Performance evaluation criteria of IHACRES model in two periods of calibration and validation
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Fig. 15. Changes in the annual balance of the aquifer during the future period under climate scenarios
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scenarios

S92 )lms 50 Ao b iy (5L Wiy, b allas Loyl (ST ey90 50 (s njol a5 ol (Do yo Slug o,
CEVAYYIY g -\ YYYO/Y) oo SSP5.8.5 §5SP2.4.5 (540 )L g0 ;0 Lol (YYFAF/O) o o 30l Lo SSPL.2.6
Slog bow o (5l Jow 0,90 Jlo o5 o s G‘;T 0,99 4 @.o)'ﬁ)\?ﬂ hw (2Sko gl 4 a5 L og aals>
Aoy 40 duny il e 2alS Gl Sl el b e zalS e BI85 F A o5 4, 55p5.8.5 4 s5pl.2.6

Jow oble 3 5 pl asg> .0 GCM sla Jow ole 51 Lidgh cpl 5l Jol> guls 4 as g b oul8l o5 Slalllas aie 4o
St Syl iSlas gles g Plas sles (il a8l glo psie o in yo 1) CBs o iy MRI-ESM2
Blax glabes iulidl g Sw,b jrals saiwo)Lii $SP5.8.5 §55p2.4.5 SSPL.2.6 slag Ll Cov canlil sl i
SSPL.2.6 (g4 ks o Al Yo Sl o Slee Lol 5wl Wb 0y90 4 s sanl Jlo Yo 0 iSTas
g o slod (im0 .28l walss alS e Lo #V/A g Y FY/E 5 5 4 il 090 40 s SSP5.8.5 5 55P2.4.5
bt aal3dl oS 5l 43,0 YT /2 A 5 oS il 42,0 Y ) 0A a5 & o slags i o 3 siSTas
2 0k Oliee 2lS wals ks 0550 & S (ST 090 53 (corlil lajeitie Slid ao)d (e 4 dz g b o
5 Bl glos Blyis oo s (lali Jad jo 1S oo s g 5l Jad o ol Gl g e 5 5y Jgad

ol Jgad soled jo Lo ioliél saimolis 50 xSTas


http://dx.doi.org/10.22034/JEG.2023.17.4.1019262
https://system.khu.ac.ir/jeg/article-1-3091-fa.html

[ Downloaded from system.khu.ac.ir on 2026-06-24 ]

[ DOI: 10.22034/JEG.2023.17.4.1019262 ]

VEOY Olisy ¥ 65l ‘f“m-'u?‘f“\;&‘ JWL.;JJ.U 4l
[N

IHACRES Jas ((minly 5l s Joo 0 ,80ee b)) slojlne polie 4 azg5 b Sllgy= )b (g5l Joe a5
IHACRES o (risly ulis 4 425 b ol Lad oblp 5 50 pl adgo 50 Sl (3)b (siloanss 5o (Jgud BB Ul
SSPL.2.6 slasg b cov mbs b el caws @ /FF Hlu R% g V8 1, RMSE +/VE 1, NSE jlaie
925l dw y 0 liee) g ol Jgad ;0 Al 0,90 4 Cand ST oy90 0 ailale o (Sl SSP5.8.5 4 53p2.4.5
6,99 4 Caad SSPLL2.6 (g s 40 5 AVl o0 (1 Silio om0 o yLas iol3dl ol ye g 15 wls 5 slaole o 5 2alS
CaSayio Voo A sl oye0 j0 aVle 00 (uSSle om0 o yLid ialS SSP5.8.5 5SSP2.4.5 (5o ,liw 90 10 5 il sl
peaSe e ANF 5 AP AY/FE (55 4 55P5.8.5 955Pp2.4.5 $SPL.2.6 slase Lw jo o Jlade a5 sl 4l
el Cows 45 4l

Zoly 0,99 (61 RMSE gllas 50 Slasbl cdl> o o bl @ az g b o)yl (b2 gleJoe aiw; 4o
e szl s MODFLOW s (gly! gl bl s il ot 135 omimscmos 050 gl 5 20 <10V b il
@ silw o 0y50 0 1) (o Hlade i YYAAITAY T Jlo abb oo Sudie (g3lw e 0,90 50 oble,5 (555 50
0595 b Do Al Yo uSilis oadplonl lo i i 51 odwliassds gl 4 drgi by 0l caaSoyie VEYYY e 5
2 del Caws 4 “FAAYY/Y 5 -V YYYOY YVEAE/D 55 4,55p5.8.5 555p2.4.5 $5pl.2.6 slase lw coss ST
S5 gy 4 azg bl aie SSPD.B.D 5 SSP2.4.5 slags liw o g e (Do SSPL2.6 (g4l jo wlul ol
aaly> 1als (T 0y50 (b plsmel (M liee S5 Glsien (coeldl (ssslis s 2 50 (D aVle Sl talS
D23 Gl 20l S g, el s gl s o 0 sneliensas @l 4 Azl b s ey 5ol gl 2L
G2l (S e Cwnd s SRl (n i blwend ple ay Cond Sl 55 0 5 Jled slacend mls 5k
10350 30 8l i (rghy (nl 5l onslivssas bl &y azgi b a8 S Glgiioe S sbas wims o (i | o s
b Sl gl g oud phlei les (alidl 5 (o)l (2alS &gt mull 1is al ol sl ¢ oble 5 5l s> 50
i) e g (e Gl Loles 5 w509, 20 5 (xba DUl5, 2015 el 45 0y Cand IS ST a5 5
IRWARTPES

&L

gl g (Jow wiz golen ailel G 5l oslaul b ol pl oy Jad o slabes (6 i NF-Y p KleS wp (sl
MYV Sloas AFY Lol ¢ )ls AT AT o)Ll FV 0,08 ¢ lg aloxe .CIMPE (slo Jow (solaidl- cloiz|

0ozl 0,90 43 S 0 Sblg,y RO U PR R o R W1 ¥ B S N R P S T ST RS L R O
FE-AY Slmio ATAR Lol ATV Slo o,leds oY o,les XY 050 .5l 550l slo ings alxe

S Q‘ﬁ’.q—‘ (8,90 axflas ) kSM))J)U] égLI.o 2 p.J.%‘ peves; u‘f‘ R AYAA ‘AQL?Q‘)‘W) 9 e (SIS ¢ a)_éLg..\.ol
AT Lo AOY-188 o ) o)lads e ol Syl iils a5 (ol oo


http://dx.doi.org/10.22034/JEG.2023.17.4.1019262
https://system.khu.ac.ir/jeg/article-1-3091-fa.html

[ Downloaded from system.khu.ac.ir on 2026-06-24 ]

[ DOI: 10.22034/JEG.2023.17.4.1019262 ]

oSl i 51 e e 50l Slla g g3de ) ATy

Jowe jleolainl b swlislsa slo ol )by y @8l pss I3 SL3 L VFY g o g8 al gyl (o & «(s39mmns o olgia,

“Y) Slio NPT Gl oF o)l g Jlo i pl sloass> aeize o poe 00l olKiws] (59,50 anlllas LLARS-WG
(7

ales GMS Juw 5l oolainl b le,S s g 2 sl hw 8l gy Bl sy Sl gilwans AYAA (b el ol K,

Y5 amio OV Loy etidisans o5led otd Jlo el pimmmssS| skige gy sole
Sy 3ol Jow 5l ookl b ailiog, slyr @ilodmd AYAA S cunlis wp cpds, 15 o cyp oS op 1Sl

A oyles (pgus Al ol ey i § pole Lioghi- cale aloe (LS ) Adg> 163,50 anlllas) IHACRES
AVANVEY. o VAN gl WY Al ) o leds .yl ) 2525 5 (5,Le]

Adimalla, N., 2019. Groundwater quality for drinking and irrigation purposes and potential health risks
assessment: A case study from semi-arid region of South India. Expo. Health 11 (2), 109-123.
doi:10.1007/s12403-018-0288-8.

Allen, D. M., Cannon, A. J., Toews, M. W., and Scibek, J., 2010. Variability in simulated recharge using
different GCMs. Water Resour. Res. 46, WOOFO03. doi: 10.1029/2009WR008932

Antonellini, M., Giambastiani, B. M. S., Greggio, N., Bonzi, L., Calabrese, L., Luciani, P., 2019. Processes
governing natural land subsidence in the shallow coastal aquifer of the Ravenna coast, Italy. CATENA 172,
76-86. doi:10.1016/j. catena.2018.08.019

Croke, B.F.W., Jakeman, A.J., 2004. A catchment moisture deficit module for the IHACRES rainfall-runoff
model. Environ. Model. Softw. 19, 1-5. D0i:10.1016/j.envsoft.2003.09.001

Diaz-Nieto, J., Wilby, RL., 2005. A comparison of statistical down-scaling and climate change factor methods:
impacts on low flows in the River Thames United Kingdom. Clim Change 69(2):245-268

Ghimire, U., Shrestha, S., Neupane, S., Mohanasundaram, S., and Lorphensri, O., 2021. Climate and land-use
change impacts on spatiotemporal variations in groundwater recharge: A case study of the bangkok area,
Thailand. Sci. Total Environ. 792, 148370. doi: 10.1016/j.scitotenv.2021.148370

Gu, X., Xiao, Y., Yin, S., Hao, Q., Liu, H., Hao, Z., 2018. Hydrogeochemical characterization and quality
assessment of groundwater in a long-term reclaimed water irrigation area, north China plain. Water 10 (9),
1209. d0i:10.3390/ w10091209

Hadded, R., BenAbdelmalek, M., Nouiri, I., Tarhouni, J., 2018. ASSESMENT OF THE CLIMATE CHANGE
IMPACT ON THE ZEUSS KOUTINE AQUIFER (TUNISIA) USING A WEAP-MODFLOW DSS. 3rd
International Conference on Integrated Environmental Management for Sustainable Development.
ISSN:1737-3638.

Hansen, D.P., Ye, W., Jakeman, A.J., Cooke, R., Sharma, P., 1996. Analysis of the effect of rainfall and
streamflow data quality and catchment dynamics on streamflow prediction using the rainfall-runoff model
IHACRES. Environ. Softw. 11, 193-202. doi:10.1016/S02669838(96)00048-2

Hatch-Kuri, G., and Carrillo-Rivera, J. J., 2021. Groundwater flow systems and their importance in the
assessment of transboundary groundwater: The Mexico—U.S.A. Case, in Intensified land and water use: A
holistic perspective of local to regional integration. Editor M. M. Alconada-Magliano (Cham: Springer
International Publishing), 141.

Huang, F., Chunyu, X., Zhang, D., Chen, X., Ochoa, C. G., 2020. A framework to assess the impact of
ecological water conveyance on groundwater dependent terrestrial ecosystems in arid in land river basins.
Sci. Total Environ. 709, 136155. doi:10.1016/j.scitotenv. 2019.136155

Hulme, M., Jones, PD., 1994. Global climate change in the instrumental period. Environ Pollut 83(1-2):23-36


http://dx.doi.org/10.22034/JEG.2023.17.4.1019262
https://system.khu.ac.ir/jeg/article-1-3091-fa.html

[ Downloaded from system.khu.ac.ir on 2026-06-24 ]

[ DOI: 10.22034/JEG.2023.17.4.1019262 ]

VY Olteey ¥ 6 ket camdin Mo pwdige (bl 4 250
oYY

Jakeman, A.J., Hornberger, G.M., 1993. How Much Complexity Is Warranted in a Rainfall-Runoff Model?.
Water Resources Research 29 (8), 2637-49.

Jia-wei, W., Jin-ting, H., Tuo, F., Ge, S., Fang-giang, S., 2021, Relationship of underground water level and
climate in Northwest China’s inland basins under the global climate change: Taking the Golmud River
Catchment as an example, Journal homepage: http://chinageology.cgs.cn.

Kim, H. S., 2015. Application of a baseflow filter for evaluating model structure suitability of the IHACRES
CMD. Journal of Hydrology, 521, 543-555.

Kim, H. S., 2015. Application of a baseflow filter for evaluating model structure suitability of the IHACRES
CMD. Journal of Hydrology, 521, 543-555.

Li, P., He, X., Li, Y., Xiang, G., 2019. Occurrence and health implication of fluoride in groundwater of loess
aquifer in the Chinese loess plateau: A case study of tongchuan, northwest China. Expo. Health 11(2), 95—
107. doi:10.1007/s12403-0180278-x

Lipczynska-Kochany, E., 2018. Effect of climate change on humic sub-stances and associated impacts on the
quality of surface water and groundwater: a review. Sci Total Environ 640:1548-1565

Liu, J., Ma, Y., Gao, Z., Zhang, Y., Sun, Z., Sun, T., 2022. Fluoride contamination, spatial variation, and health
risk assessment of groundwater using GIS: A high-density survey sampling in weifang city, north China.
Environ. Sci. Pollut. Res. 29 (23), 34302—-34313. d0i:10.1007/s11356-021-18443-w

Lotfirad, M., Salehpoor, J., Ashrafzadeh, A., 2019. Using the IHACRES model to investigate the impacts of
changing climate on streamflow in a semi-arid basin in north-central Iran. Journal of Hydraulic Structures.
2019; 5(1):27-41. DOI: 10.22055/JHS.2019. 27816.1090.

Mirzaee; S.Y., Sheikhy, P.; Chitsazan, M., 2022. The vulnerability evaluation of groundwater level rising and
development of irrigation network in Mian-Ab aquifer through Analytical Hierarchical Process method
and groundwater modeling, Desalination and Water Treatment, 269(269):33-46,
DOI:10.5004/dwt.2022.28722

Mirzaee; S.Y., Amiri, R., Chitsazan, M., Nadri, A., 2023.Evaluation of Maydavood_Dallan Aquifer in
Various Management Scenarios Using a Mathematical Model, 52(4):308-328,
DOI:10.22125/IWE.2023.173303

Mookiah, M., Jha, S. K., Biswas, A., 2021. Assessment of groundwater mass balance and zone budget in the
semi-arid region: A case study of palar sub-basin, Tamil nadu, India. J. Earth Syst. Sci. 130 (4), 187.
d0i:10.1007/s12040-021-01691-2

Nassery, H. R., Zeydalinejad, N., Alijani, F., Shakiba, A., 2021. A proposed modelling towards the potential
impacts of climate change on a semi-arid, small-scaled aquifer: a case study of Iran. Environ Monit Assess
(2021) 193:182. https://doi.org/10.1007/s10661-021-08955-w.

Qu, S., Shi, Z., Liang, X., Wang, G., Jin, X., 2021. Origin and controlling factors of groundwater chemistry and
quality in the Zhiluo aquifer system of northern Ordos Basin, China. Environ. Earth Sci. 80 (12), 439.
doi:10.1007/s12665021-09735-y

Raju, KS., Kumar, DN., 2018 Impact of climate change on water resources. Springer, Singapore

Sheikha-BagemGhaleh, S., Babazadeh, H., Rezaie, H., Sarai-Tabrizi, M., 2023. The effect of climate change
on surface and groundwater resources using WEAP-MODFLOW models. Applied Water Science (2023)
13:121. https://doi.org/10.1007/s13201-023-01923-4.

Shrestha, S., Bach, T.V., Pandey, V.P., 2016. Climate change impacts on groundwater resources in Mekong
Delta under representative concentration pathways (RCPs) scenarios. Environmental Science & Policy.
61:1-13.

Taylor, R. G., Scanlon, B., Doll, P., Rodell, M., van Beek, R., Wada, Y., 2013. Ground water and climate
change. Nat. Clim. Change 3, 322-329. doi: 10.1038/nclimate1744


https://www.researchgate.net/journal/Desalination-and-Water-Treatment-1944-3986?_tp=eyJjb250ZXh0Ijp7ImZpcnN0UGFnZSI6ImhvbWUiLCJwYWdlIjoicHVibGljYXRpb24iLCJwcmV2aW91c1BhZ2UiOiJwcm9maWxlIiwicG9zaXRpb24iOiJwYWdlSGVhZGVyIn19
http://dx.doi.org/10.5004/dwt.2022.28722
http://dx.doi.org/10.22125/IWE.2023.173303
http://dx.doi.org/10.22034/JEG.2023.17.4.1019262
https://system.khu.ac.ir/jeg/article-1-3091-fa.html

[ Downloaded from system.khu.ac.ir on 2026-06-24 ]

[ DOI: 10.22034/JEG.2023.17.4.1019262 ]

oSl i 51 e e 50l Slla g g3de ) AvA

Vaccaro, J.J., (1992). Sensitivity of groundwater recharge estimates to climate variability and change Columbia
Plateau Washington, J. Geophys. Res. 97 (D3) (1992) 2821-2833.

Zhang, X., 2015. Conjunctive surface water and groundwater management under climate change. Environ. Sci.
3:59. doi: 10.3389/fenvs.2015.00059.

Zhang, Y., Dai, Y., Wang, Y., Huang, X., Xiao, Y., Pei, Q., 2021a. Hydrochemistry, quality and potential health
risk appraisal of nitrate enriched groundwater in the Nanchong area, southwestern China. Sci. Total Environ.
784, 147186. doi: 10.1016/j.scitotenv.2021.147186

Zhang, Y., He, Z., Tian, H., Huang, X., Zhang, Z., Liu, Y., 2021b. Hydrochemistry appraisal, quality assessment
and health risk evaluation of shallow groundwater in the Mianyang area of Sichuan Basin, southwestern
China. Environ. Earth Sci. 80 (17), 576. doi:10.1007/s12665-021-09894-y.


http://dx.doi.org/10.22034/JEG.2023.17.4.1019262
https://system.khu.ac.ir/jeg/article-1-3091-fa.html

[ Downloaded from system.khu.ac.ir on 2026-06-24 ]

[ DOI: 10.22034/JEG.2023.17.4.1019262 ]

Journal of Engineering Geology, Vol. 17, No. 4, Winter 2023 526

Numerical investigation of groundwater fluctuations affected by climate changes in
Khorramabad River watershed

Seyed Yahya Mirzaee!”, Roghayeh Amiri 2, Manouchehr Chitsazan 2

1. Associate Professor, Department of Geology, Earth Sciences Faculty, Shahid Chamran University of
Ahvaz, Ahvaz, Iran
2. PhD Student, Department of Geology, Earth Sciences Faculty, Shahid Chamran University of Ahvaz,
Ahvaz, Iran
3. Professor, Department of Geology, Earth Sciences Faculty, Shahid Chamran University of Ahvaz,
Ahvaz, Iran

Received: 23 Oct 2023 Accepted: 22 Dec 2023

Abstract

This study investigates the effects of climate change on the Khorramabad Central Plain aquifer.
The climatic variables of temperature and precipitation were studied and downscale using GCM
and LARS-WG models for a 45-year base period (October 1971 to September 2015).
Temperature and precipitation values were then projected for a 30-year period (October 2024 to
September 2054) under the climate scenarios SSP1.2.6, SSP2.4.5 and SSP5.8.5. The rainfall
runoff simulation was carried out in the Khorramabad basin using the IHACRES model. The
groundwater flow in the central plain of Khorramabad was calibrated using MODFLOW code
for a period of 120 months (October 2010 to September 2020). This model was validated for a
period of 36 months (October 2020 to September 2023). According to the results, the values of
precipitation in the future period compared to the base period will decrease by 42.6, 47 and 61.9
mm in the scenarios SSP1.2.6, SSP2.4.5 and SSP5.8.5 respectively. The annual mean of
minimum and maximum temperatures increases in all three scenarios. After calibration of the
IHACRES model, NSE=0.74, RMSE=1.46 and R2=0.64 were obtained. According to the results,
the predicted discharge of the Khorramabad River in the future period will increase by 2.38
m3.sec in the SSP1.2.6 scenario and decrease by 0.42 and 0.94 m3.sec in the SSP2.4.5 and
SSP5.8.5 scenarios, respectively, compared to the base period. The average 30-year aquifer
balance under the SSP1.2.6, SSP2.4.5 and SSP5.8.5 scenarios was 27494.5, -12335.3 and -
41823.3 m3, respectively. The groundwater level of the Khorramabad Central Plain aquifer will
decrease in the future period.

Keywords: Central Plain of Khorramabad, Climate Change, CMIP6, IHACRES model,
MODFLOW model.

Introduction
Climate change is the greatest future challenge to the hydrosphere and human society, especially in
arid and semi-arid regions. Climate change can have significant impacts on regional and global
surface and groundwater resources. Global climate change studies investigate and model the effects
of climate change on water resources and the interactions between unconfined aquifers and the
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atmosphere. Globally, 60% of the population depends on groundwater resources (Gintamo et al,
2021). Demand for groundwater is likely to increase as events such as floods and droughts become
more frequent. According to IPCC modelling, more than 80 to 100 million people in the Middle East
region will suffer from water shortages by 2050, and groundwater will also decline rapidly.Therefore,
it is necessary to study the effects of climate change on groundwater resources, especially in arid and
semi-arid regions. The purpose of this study is to simulate and evaluate the effects of climate change
on the groundwater resources in the central Khorramabad plain using the GMS and CMIP6.
Materials and Methods

This study was carried out in three steps. The first step was to simulate climate change. To simulate
climate change, first, the appropriate model was selected from among the GCM models. Then the
climate data were extracted and downscaled with the LARS-WG7 model. Finally, the climatic
parameters were predicted for a period of 30 years (September 254-October 2024). In the second step,
the rainfall-runoff modelling was carried out with the IHACRES model. Modeling includes three
steps of calibration (September 2020-October 2010), validation (September 2023-October 2020) and
forecasting (September 2054-October 2024). Groundwater flow modeling, using MODFLOW,
includes conceptual model preparation, numerical model selection, model design (selection of time
steps, determination of boundaries and initial conditions, and selection of appropriate values for
aquifer parameters and hydrological stresses), calibration in two steady and transient states
(September 2020-October 2010), sensitivity analysis and validation (September 2023-October 2020).
To evaluate the accuracy of the prepared models, NSE, RMSE, R?, ME and MAE performance
evaluation criteria were used.

R2 = 2?:1(01'—0_)(13’:_13) ]2 (1)
JET0-0)2/(M;—M)2
RMSE = [2i=aPiz00)? ;
n —P:)2
R 3)
ME = M :
I - .
MAE = W :

Results and Discussion
In the simulation of climate change, the MRI-ESM2 model was selected as the best model for
predictor of climate parameters among the GCM models. The predictions were made under the
climate scenario sspl.2.6, ssp2.4.5 and ssp5.8.5 using the LARS-WG model for 30 years. According
to the results, under all three climate change scenarios, the average minimum and maximum
temperature in the future period will increase compared to the base period, and the average annual
precipitation will decrease. In the rainfall-runoff simulation, according to the values of the model's
performance criteria (table 1), the IHACRES model has an acceptable performance in predicting
runoff. According to the results of applying the climate scenarios, the amount of runoff increases in
the sspl.2.6 scenario compared to the base period and decreases in the SSP2.4.5 and SSP5.8.5
scenarios. In the groundwater flow modeling after the construction of the conceptual model, different
packages were defined and quantified in 120 time steps for the model. After calibration and
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verification, the values of the performance evaluation criteria of the model indicate the accuracy of
the model (table 1). According to the results of sensitivity analysis, the Khorramabad central plain
aquifer model shows the most sensitivity to the parameters of hydraulic conductivity, hydraulic
conductivity heterogeneity (HANI) and river conductance. After ensuring the accuracy of the model,
the prediction of watertable and water balance of the aquifer under climate scenarios for the next 30
years was carried out. According to the results, the average of water table in the future will decrease
by 3.8, 4 and 4.6 meters respectively under scenarios SSP1.2.6, and SSP5.8.5 compared to the last
year of the modeling period. According to the results obtained from forecasts, the 30-year average
balance during the future period under SSP1.2.6, SSP2.4.5 and SSP5.8.5 scenarios was obtained as
27494.5, -12335.3 and -41823.3 m® respectively.

Table 1. Performance evaluation criteria of IHACRES and MODFLOW models in two periods of calibration
and validation

MODFLOW model IHACRES model
Calibration Validation Calibration Validation
R? - - .64 0.58
NSE - - 0.74 0.52
RMSE 0.52 0.92 1.46 3.23
ME -0.01 -0.84
MAE 0.44 1.08
Conclusions

The prediction of climate variables under the SSP1.2.6, SSP2.4.5 and SSP5.8.5 scenarios show a
decrease in precipitation and an increase in minimum and maximum temperatures in the next 30 years
compared to the base period. The average annual runoff in the base period is 10.08 cubic meters per
second, and its value in the scenarios SSP1.2.6, SSP2.4.5 and SSP5.8.5 was 12.46, 9.66 and 9.14 m3,
respectively. According to the results obtained from the forecasts, the 30-year average balance during
the future under the SSP1.2.6, SSP2.4.5 and SSP5.8.5 scenarios was obtained as 27494.5, -12335.3
and -41823.3 respectively. According to the results obtained in all three climate change scenarios, the
water table shows a general decreasing trend. According to the results, the northern and central parts
of the plain show the greatest decrease and the southern part the least decrease in water level compared
to other parts.
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