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Research Topic: Climate change and its effects on components influencing the
groundwater balance are critically important for sustainable water resource
management under conditions of water supply instability.

Objective: Investigating the exploitation of groundwater resources as a sustainable
resource in climate change conditions.

Method: Among 14 climate models, the most suitable models for simulating
precipitation and temperature were selected based on statistical indicators.
Considering the importance of precipitation in groundwater recharge, surface
water behavior was estimated through regression relationships.

Results: Climate simulation results identified the AWI-CM-1-1-MR model as the
best for future precipitation projections and HadGEM3-GC31-MM for
temperature projections. In contrast, temperature is expected to increase across all
three scenarios. Based on regression relationships between precipitation and
streamflow at three hydrometric stations, two components—recharge from
surface runoff and aquifer drainage—were calculated for the groundwater
balance. Groundwater inflow and outflow were estimated numerically in relation
to aquifer water level changes.

Conclusions: Climate change significantly affects the quantitative dynamics of the
aquifer, particularly due to the high sensitivity of groundwater outflow and water
table levels. Moreover, the findings reveal that groundwater abstraction has a
relatively smaller impact compared to climate change effects, suggesting that
well-planned abstraction policies could lead to effective adaptation strategies
under future climate scenarios.
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Introduction

Groundwater plays a vital role in sustaining ecosystems and supporting human adaptation to extreme
environmental changes. Climate change, driven by global warming and greenhouse gas emissions,
significantly affects hydrological systems, especially groundwater. These systems are complex and
sensitive, requiring a systemic approach to assess their responses. Rising temperatures, altered
precipitation patterns, and increased evaporation intensify pressure on limited water resources, leading
to overexploitation and groundwater depletion.

Method

Based on the objective of this study, the methodology is defined around the evaluation of 14 climate
models to select the most appropriate climate model. Additionally, groundwater simulation and
quantitative behavior assessment are conducted using the MODFLOW model. Finally, the impact of
climate change on the quantitative behavior of the Dehloran aquifer is evaluated. This study is carried
out in six steps according to the flowchart in Figure 1.
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Case study

The Dehloran study area is located in western Iran within the second-order border watershed, covering
2,729 km?. It features alluvial aquifers primarily fed by surface and groundwater flows draining
westward into the Tigris basin in Iraq. The region has significant agricultural potential due to ample
water resources and fertile soils. Geologically, it lies on folded Zagros zone units, with carbonate and
non-carbonate formations influencing its hydrogeology and groundwater quality.

Simulation

a) MODFLOW

Groundwater quantitative assessment was conducted using MODFLOW, a widely accepted
groundwater modeling tool. The conceptual model incorporated topography, initial water table, and
bedrock over a 5-year simulation period (2015-2020) with 60 time steps. A grid resolution of 250
meters and General Head Boundary (GHB) conditions were applied. Model calibration used the first 3
years, with the last 2 years reserved for validation, based on observations from 15 monitoring wells.

b) Climate change

This study utilizes climate models and scenarios from the IPCC Sixth Assessment Report, combining
RCP and SSP frameworks to assess future climate impacts on groundwater. Fourteen climate models
were evaluated against historical data using RMSE, MAE, and correlation coefficients to select the
best-performing models. Three scenarios (SSP1-2.6, SSP2-4.5, SSP5-8.5) were applied to project
temperature and precipitation changes for 2020-2040. A delta method was used to downscale climate
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variables for the Dehloran synoptic station. Future temperature and precipitation were calculated by
adjusting observed data with model-derived changes to analyze climate impacts on groundwater
resources.

Results

Based on the groundwater balance of the Dehloran aquifer, the effects of climate change on key water
balance parameters were analyzed under the assumption of no regional development. Surface and
subsurface inflows, particularly from runoff and upstream drainage, were modeled using regression
methods and MODFLOW under three climate scenarios. The selected AWI-CM-1-1-MR model
simulated changes in surface infiltration and discharge. Total recharge to the aquifer was estimated at
approximately 123.35 MCM, while external discharge was around 64.4 MCM. A net inflow of 31.17
MCM and an estimated upstream drainage outflow of 25.22 MCM were identified. Model results
show that increased precipitation under SSP1-2.6 could improve aquifer conditions, while reduced
rainfall in SSP2-4.5 and SSP5-8.5 worsens groundwater decline. Among balance components, the
greatest variability was observed in groundwater outflow, sensitive to minor changes in water table
levels. The hydrograph indicates that SSP1-2.6 leads to the least drawdown, whereas other scenarios
accelerate groundwater depletion.

Based on the integrated approach using groundwater balance and the MODFLOW model, the
results indicate that aquifer behavior under climate change is influenced not only by rainfall variations
but also by the complex interactions among water balance components. While increased precipitation
can enhance aquifer recharge and improve groundwater conditions, decreased rainfall leads to the
opposite effect. The most climate-sensitive parameter is groundwater outflow, which shows significant
variability. Although rainfall changes affect storage deficit and hydrograph behavior, high extraction
rates are the main driver of depletion. Therefore, effective groundwater management—such as
adopting suitable cropping patterns and modern irrigation technologies—can help adapt to climate
change impacts by reducing groundwater withdrawals.

Conclusions

One key approach to sustainable groundwater management is evaluating various climate and usage
scenarios. In the Dehloran aquifer, quantitative behavior was assessed using 14 climate models from
the IPCC Sixth Assessment Report. A combined application of water balance analysis and the
MODFLOW model was used to evaluate climate change impacts on aquifer components. The AWI-
CM-1-1-MR model was selected for rainfall, and HadGEM3-GC31-MM for temperature based on
statistical indicators. Among three climate scenarios, SSP1-2.6 (optimistic) projects increased rainfall
and temperature, while SSP5-8.5 (pessimistic) indicates decreased rainfall and rising temperatures.
Under SSP1-2.6, aquifer deficit improves to —1.01 MCM, whereas under SSP5-8.5, it worsens to —
4.52 MCM. Results show that the most climate-sensitive component is the groundwater outflow front,
influenced by fine-grained layering and bedrock structure. Overall, climate change significantly affects
groundwater balance, while management practices have a limited impact unless stakeholder behavior
and coordinated planning are addressed.

Author Contributions

Ali Pour Ahmad: Conceptualization, Methodology, Software, Validation, Formal analysis, Writing-Original
Draft.

Mohsen Soliymani babersad: Writing-Review & Editing, Formal analysis, Supervision.

Hossein Eslami: Methodology, Software

Saeb khoshnavaz: Writing-Review & Editing

Mahmoud Jazayeri: Writing-Review & Editing

Data Availability Statement
Authors have no restrictions on sharing data.

Acknowledgements
No



Journal of Ecohydrology, Volume 12, Issue 3, 2025 870

Ethical considerations
Relevant research content in this study was in accordance with the ethical standards of the institutional and
national research committees.

Funding
The authors did not receive support from any organization for the submitted work.

Conflict of interest
All Authors declare that they have no conflict of interest.



Ol g (aaw OF @l 51 (551 120 302 > @Al eds OIST (b))
(o 25 (Jldlkae B3gume tantllae 5490 Alllain)

bdﬂ‘}ag 3305w daww fcc\lngf Sl s colo vcuaﬁwl s [

T alo gl slos e ol yg e

Ali.pourahmad94@gmail.com :aebll, .l b «piigd dnlg ¢ oDl 3l5T slEil ¢yl yos  wtie (655> (sgmuils .)
Mohsen.solb@gmail.com :aebll, .yl ubeds ¢yidgus sy o oMl 3151 olEutily «ol  wdins g pole 09,5 Lokl .Y

Eslamyho@gmail.com :aebll, .yl ¢ jdeds «yidgus dolg o oMl 3151 o8ty «ol  wdins g pale 09,5 Lokl ¥
S.khoshnavaz@iau-shoushtar.ac.ir :asbll, .oyl g «ubed doly ¢ oMl 311 oKkl ol wtin g pole 05,5 skl ¥

M.jazayeri@hotmail.com :asbbl, . )yl yiidgud b dly ¢ oMl 31T oKl ol utiz g pole 09,5 Lokl .0

oS> Ao oMbt
Mol Ll s 50 Ol qilie oo pslitods (omjj ol (M 2 S50 sloadlie 2 (] il g wuldl s 1g90590 o £95

el ol 35 il )3 by e S gt i o e Sl Gl pe e g BB

Edc JJ_A d...a.l; l_: u|9_><j 9 03942xo u_a..w)))) ui é»Lm UM“_’ )l odlewl l_) dllas u_)l » !W ws)
o 3l ol slaasls ookl b bd 8wy wull puss Lol s cod gl )18, (o5loans MODFLOW
PRy (o)l B g (e ol e dogr b b sl Led g () (s3lednd (sl cotie Jue (Je VY
35 e oSy Ly, Sl edlitl b e ]

HadGEM3- Jas g )b (gjlwdnd gl AWI-CM-1-1-MR Jso oS ol )l onl8] (gjludnd goli sbaidly
¥ 3 el g (o)l i oSy Ay o dng b s OBl 516,90 13 Loy (il sl GC31-MM
@398 (S3loins L g dsle My sl el (2505 5 (b Gl 513985 Ao 9 celalo (5 5209, ol
35 dplmo el 15 Sl 4 a2 g b (298 5 009 weing Ol Ol

ey L 28 ein ol & b ol beadlge Sl b plssal (oS St 53 waldl jut 5 a0
4y G (53000 o2 4 30 U gl ( Blojl sl e Bl s el Sl g 4dhe ol (VL il
e L )55 slily 3 1y sl gl Wlgi e 620 00 slacuslios Jlas] 5 035 yi3gace oaldl i gl
3l 4sly o8

VEE/FYE 1Bl > b
VEF 01V 16,550 &0
VX[ BINY 1y g,U

VEF/V/ 2yl o b

aojlgals’
ool i
MODFLOW Jao
Wl oM
sty b,

O ity S

O e 51 o) ymoyt0 y paddl yois lpsl Sl g emme duw (gl Sl oS Sl (555 ¢ e ¢ oMl £ puimo o by Sloshes ¢ Je el :DUKw]
MYNY (V)Y il teagST dleo () s  Slalllas 83gaxe tanlllas 390 dibaia) lgsul g (oxlaws
http//doi.org/10.22059/1JE.2025.403140.1885

@NOIE

NC

Sl 500t closS Slgi yoed Cilo ¢ oMl pus o b Sloshs s e lye (e ©

ol oK bl 1,k



mailto:Ali.pourahmad94@gmail.com
mailto:Mohsen.solb@gmail.com
mailto:Eslamyho@gmail.com
mailto:S.khoshnavaz@iau-shoushtar.ac.ir
mailto:M.jazayeri@hotmail.com
file:///C:/Users/Lenovo/Downloads/Eitaa%20Desktop/http/doi.org/10.22059/IJE.2025.403140.1885
file:///C:/Users/Lenovo/Downloads/Eitaa%20Desktop/http/doi.org/10.22059/IJE.2025.403140.1885
https://orcid.org/0000-0002-6676-0323
https://orcid.org/0000-0002-6676-0323

AVY O30 g oolygy [niylgrl g (ooxdaw OF @ilio 51 (6500 20 342 33 !yt 15T b3

400

Ll g (laome 5t g 3005 Sl b ] ()55l (0 g apiuosST Lais 3 Sl o e o ilio
Sy s 3 JIb 2l mo] Bl 5 Comer @ 15) b agzlge 3 (o Sl (gl o olSin 054 1S o
s 890 @l sl 5 48 ol (Sujslyynen cloalels 1 oge 22 (Gunin ST (VY (o lSen 5 geslel
M5 5 39 o2 ot B 5 V08 s 5 4] ol 4318 (B iy (oo a5 5 ol
Jolss 3l S5l bgye slaaol)d g a3 o a4y ot oSS piliuce «lbli)l o calises Jolos il 3l b)) daslys oyl
3390 Sz yl A 93 )3 &S Gl (ynof iale)S Aoy oaldl e Sl e tnoj 5 ol o o3 5 Ul &2 IS 5L
s Ag) (g 0B S5 s g 3 &y Ly (TPCC) il s Jodl iy i Lol ol y3 ol 4335 )15 dngs
85798 ol pline Calise clagimw o by g BB Il goaly 8 5glS 3590 Iy Ol &8 0 o] i85 g oould]
oy slaiE )LMI w\p\ aS ool ul'“"" o..\.\.’.'sc\.‘»‘)l C"L"’ .(\\c'\” ‘Q‘)&“” 9 dh&b) ol 03l 4\3‘)1 u.u...\o @L’..c 9 6)91951
Jbw 3l slas bwgio (sled JPCC cluslbro 3illas (ol aibly coudino ),;fls Lod yiul38l 50 9 00,8 Wi 1y o yore il il
3y S il dnp ¥ B Y buwgio by 15 osis] Jlo Voo Jgb 53 g Canl adl il 331 5,8 b dops < /A b +/¥ 3905 VASY
P03y o w0 S g il Aolyd 0 s cel pudl puw dod L]l LS 0 (VN o)) g AJJ)T) cdl dwlgs iol3dl
S alis jl oluj polie 58y cowd J ecsl ()l i Sl g (Sl By ol 3 juis (i)l Lkl o
el i 0 00,5 o Wi s Bl 6ylS g Led pd y s dawlgdy pond (]38l LS 30 sedge cpl g e
Ol iy 0)lsam Cilyr (5o 125 9 co Wl poi) o e o sUid g dgacme (daws O wlie ) ()b 00
(YVF o) an 5 ;9513) el aalg s 4 g pblbiolue allusd gl salgs #) Ol maw pglio cél 5 0dg 4355

g Ay
2o aiS B g a0 s dae gl o il odlitl e o) ol @lie 2 eeldl i b)) pogad ) Slallls
Silwdus MODFLOW (g3a e Jao g BoS )l 80 Jdo 3l oolaiw] 5,55, LAY o o oK ¢ gadcs busly ol
aS oy s oaibasl) golss ol 8wy 3y90 (ool)) ()8 Sl 3,500, b ST (clmoygs o 1) 5, Kiia gl Jls,
FY ohlSon 5 gaiein) 3550 a2lse clol J alaise (a5 S by (Gl (G5 25y LI L (sl cal cunss
pio g (Bl (o0 4 A Iy B oy 3)90 waldl s bl )3 gl Cundg lw joguas )3 (g30s0 lallae
e () o (FV) oy Sat 5" e  (YYF) 5855 5 5SS 25 {0F-F) 5 5 (e 8 (OF-7)
ol &) hroj 5 ol @ilie Copde pogas > e sB3,S0g) 5 (sl 350 |y Sl g, &S Aitn

ladlie o e 3,00y b (aoiy Ol Wl 2 pogaday (Suiglgrien 8 waldl et (B Hgmeal)d
Jlos 290 48 ol 31y e g o I (IS ,80 0,509y el il (bles ey )8 8b sl Wl e M
s il o) s ol )3 sy ol 53 S oo wblyd st |y copslsls talsEl okt ,Sal, 1,1 s o amd o )8
» adlbs oyl gl ol 00d gy MODFLOW o 5l odlil b oMoy sine lplad ol (iuojps ol wlio y wadd]
ol glio oh)S Gyl dnwgs Ll yi )3 Ol wlie janass g (6150 00 g,

. Amanambu

. Liesch & Wunsch

. Munday

Intergovernmental Panel on Climate Change
Arnell
Dao

. Banerjee, Ganguly & Kushwaha

. Mizan

©O~NOUTAWN P



VFeF sl ¥ oyl VY 0,99 o 55809y 55T alxo AVY

Woigy g olge

P93 wlig y

ol 00 iy ya5 Cawlio o8l Jao Clasl cps 3 o8l Jao VF Sbj)l e (wlid e (yidgh cpl Ban & dasgi
lagd sl 4By B sy 2 3590 (oS o)) 9 el (g5loard MODFLOW o jl odlizl L 55 3,k
01 ool V S8 85z b (ullae oI55 5 gl ol sl 00 gy lmd gl (oS By p @aldl o 31 L)
L]

Case study

Water resources analysis
(Dehloran Catchment) —

rological parameters analysis

"

IPCC Models

Had GEM3-GC31-LL . -

IPSL-CM6A-LR Selected model r======= -t = === :mw:». _______
CanESMS I : > |
MIROCS I /| Groundwater 0 / :

BCC-CSM2-MR I ] Modeling g 07 Water Budget |
; 1

AWI-CM-1-1-MR . 1 |

ACCESS-CM2 Evaluation I ! 1

MRI-ESM2-0 1 ! 1
FIO-ESM-2-0 SSP1-2.6 1 1 |
FGOALS-g3 1 : Aquifer Structure :
scsuisvein | SSP2-4.5 Climate change ! ! ‘ |
EC-Earth3-AerChem | 1 |
CNRM-CM6 SSP 5-8.5 1 I 1
CESM2 I | = ° Conceptual model 1

| . ® |

: C i ;ll_il_n’al_iun— |

. . R— verification I

Impact of Climate change in Groundwater 1 1

e e e e e e e e e e e e e e ————— a

AR93 iy ) JSW

axdlbae 9490 adio

Ll (o 5 e3ga e (il sl osd Bl 8 (6500 pgdanyd pl Ao 0 g Glal 08 o les Slillas B
yog S YVYA ol oy Slallae B3game S Coluo ol 0l g8lg TV VD' B ¥V o' LLblas Jobo o YV FO' b YY Y
i 950 3y 595 5 A 30l 85 0)ls 5 @B 6 (i jledgame ol e g (e ] Sl l @0
)M}_LS V5 J9]o b doxo 35[539) Lol 631> J.Swu 1) LAPRC O L)"l u‘yu] TR J..Sw.t @9).:] C)by.») )1 «S LRPRC O Lfl )
YL Uity (glls odgasre ol a0 plol |y odgaoe (pl uojp g (rlaw (iSaj wdgiste (pl (635 40 iU 43
oS Canglio Ly olasjluw 5l odgame oyl Gl bl .l [y |y S (ghusdols g cavlio Ol @lio w45 v g5 b (659l
Lobg o o 3y Jlomd 2oy olyded losal ol s s Gl claodgione jl jonlods gy g obd oSt
oyl 5l by bewgio Ul yd (sauaily 9 (gybisu Wil g ases 5 5l (63959 byl caslio HA85 Jdday (g
Sy o Hlalllan B394 om0 05 ol My () olislyy sl onlio Ll (ell> (Sa3glionten o (Seolingyden
Jolro (eij 9299 slplays Sl andss ledlinl Ly sl 4365 (it ol ((YXF MCM) plysel (500 o
ULy 1 dauis 15 caSo jio yaakeo Yo /VE 0 Jl oo 035m0 (ol &gy )0 (daw by 4 a5 L YV YV MCM
Y Jgdz 50 0,5 o Sygao SYIAAMCM . oo (65 y0 500 (slools bawgs 55 audss jlade (it 335 oo plonl (xlaw
(OYAF c9,0 @ )ljg) 13,5 )| canl Q]9>'oj w3 sl Jde slie &S L;‘S)j 01959] oMo



AV¥F O30 g oolygy [niylgrl g (ooxdaw OF @ilio 51 (6500 20 342 33 !yt 15T b3

MCM -l (81 plgsal o ) g

e oY sl
VY il ol
a/0% ik il el
Al b gl 098
YA oo o 3 g @99 Jse
. y/aa Camivo 5 oy Sl jl 368
i AA/YY FRE
54 Ol 5 dads wls jl 4l
Yolvs (S
A i o)) s 2o el
v/oy 29 sein <l ol
VeV/ey alss
-Y/y& e Ol gt

z
:
2
47°0'0"E aclial
Geology
©  Observation well
oy servation wi s %477 Epaim F== Kgu - OMas
ver
: BEan BEBwn
e B= ko [HH Pk
I cio e
| | Aquifer e
| contment —_—

O (Sl bdgusme Y S

ol &ly 0,502 0515 95 29> BBl plul Sl slassly b loly Gy Slallas B3ga0r
CE gz g o ohled (sl g Sle ol I g ogluy e by 8L ¢ Jlosd )3 095 08 (8B ]
I gy ey wadl g Jlews ;3 6Soluw 9 LUl G dBU o 33 edgl S S ol es by ] oid oLl
ol ()l 5 ()l (hlaaS (s lomsl bl ()55 @] 08 g «Sgpr Jolis s 4y 0208 5l it (slasijlo )l
0392 &5 5 b dyaglSS «Stusdusle cplo il S (clo i uin ) Gas sllllas s3g10t0 1] 5 (swlidiwe; (slosles
S5 taoylS ol oo Loyl Loy eSSl s 5 Sy epOl] e plons] 6l 8 clontijlos it gl 55 it
e 1 0 il l 5o (Bl sl 8335 53 )k eslSS slaijlo plas LS gt slasifls (rimen sl 03
Sl (658 (ol Jole (gl el 5 pliluaS slasijl ofagar oSei 5 & sl le 88595 Sl (xein
sl 03 )] slidh o (sladisles (SAnpnds g el Camboe F JSb )l (ioj 5 5 b
1T (5 jludms
MODFLOW 45 | aslswl a5 coul lgsol (5ot ¢ cnojpj ol @l 13 o Cunsy by can 3 13,0, 5l S
Sl cgly el M an an g b ebd ol (YWY 1005 5 lacn o) 85 )18 oolizl 390 gy (i pine i

sslaioar b iy yss sosde Jae 3 Ao (gjlodend 890 ol iy S g sl (e il Sl (BT ms Jolis Gy
L ganaSs sl Jao dlal .o iy yai Jdo j3 WWAR 95005 B AVAY o 5l Sloj o8 5 Jold dlld 850 S (gjluwdunss

1. Haritharan & Shankar



IFeF ol oF oplas Y 0,90 (5 55)5 bt gT almo AVO

sl 5 sla oo dy drgi b b aB)S e )3 (5% YO+ (gilusdnnds gl g0 LS5 gy B85 )i o 4 g
Jie 3 5 olsel (M 4 by clojially ol 0 oy GHB g5 | Jao 1o (o dger o5 i3l oy slojyo
JLo ¥ g Jae (el )95 (sl Jol AL 89 ()bl .85 ploxl JBilo s 5 B0l s 93 )3 (Glodund 5 iy
Olomsds glodalin ol> VO dlus ‘01959] 505 (Pl ) ASh o gi bl a8 )5 jlal > riwCons bygd gy ol

ol 0 &5l lgsol ogede e ¥ SIS 13 A5 Ly oiwly p dals bl

Well

| Observation well

River

GW Fronts
_JEr
D Aquifer

Ol Gloal cogpde Jo ¥ S

roulS! S
(i35 ol sl 005 03lis ol IPCC it (235 cslogy i g oo | (isoj0 of @lio 1 ol s 31 05)) (41,
O3S e lag i sl IPCC iy (o)5-5 lanugs o Cosl orldl slogyylias gy 3 39290 )15 (3
S o oy |y (lawsie) Sle culily oo el sl (SlaBSE g sl 505 313 dnavgs BRCP Cis ot b o
st SSPS 5 RCPS (slagy s S 5 S 1y ol s SigS [V Jpi) olf o o )55 (sl i
ly 0See il olaial 5 oolatdl clacd iy 0] cilise slopaldl Ciog pogdle b oab] (slag )l @dly 3 S o0
bl 35 505 s (RCPS) gilsdS (glajl§ clale s boghas S 55 (SSPs) elain] (oolatdl yos boghad 15,8 1 )3 3
)y 9 laBl drwgi (o Camox 15y 38lo (sloinl g (3UaBl Jolse g wildl s (0 slo3)53 5k Jelod sl (oAU
(S Gy o L] )3 48 08 o Ciogi |y alaamBse qom LS )3 g1l 99 ol I3 S 1,5 eolizal 300 (55l
i (S5 5e (gjlwde 2 SSPS (slagy s > b aiiS oS jobolan 58 ) |y oile Bl orldl slacand 5 (55l
gl (ol 005 25T (65915 5 dmuog (line sl e higel o2l A5y e Jio (0Ll el Lyl
DS e JLin 1) 355 (Pl lagSl Ky (glod S jgboay o5 Slea SSP2 fgluky S seie lea SSPI 3l sl le
09 3 gy A8y slas SSPS < ili 8l s 1 (b g SSP4 ¢ gttt \Sanls duwg § 01:8T,, lys SSP3
ol latblany i (ol ) 51853050 (slagy i 1 3)90 s o old] )3 (g5l Bpaa 5 (o3laidl dal > g
SLaal,Y 5 390y CMIPS g5l 4y G CMIPE (gln b 3500 350 31 (S (T2 )+ e )Son 5 ' oga) Sgdb oo

1. Moss



AV$ O30 g oolygy [niylgrl g (ooxdaw OF @ilio 51 (6500 20 342 33 !yt 15T b3

ol a8l amg 5 BB b S oal 8ygd (clngsylw dus Cpiman 9 30 saweil il 1 (615885 Sl 45 Canl (o390
AR AR PP RPINE)

S b Jae ol (YoAFY220) su)b sbeodly b a8 )5 Jlai 1o o8l Juo VY dlod 5 o)L (glp ol s o
g a5 dwlie Shalie cbodly L (¥ bV &¥slee) 'CC 5 'MAE JRMSE s 4w jl oslisl b il el 5 by
SSP1.26) gl dw Jold o (slaglio il lunlie cloodh b (ot sl of Sub laosh a5 i
g g 03l (VoFe=Y¥+) 000l 593 1 5L g bod &l i oy 61y (SSP5.85 4 SSP2.45

- 2
RMSE = \/Z‘n:l(x" Xm) () k),
n
1 = Xo = Xm .
MAE = 3" |2 (¥ ik
n = Xo

Yic1 (X0 — %o) (Xm — %)
Yizq(xo = %0)% . Xin 1 (tm — Xm)?
5 yioS MAE 5 RMSE a5 y» Canlandiges a3 1 g a3l 593 )3 coul8l (o Jso p3lie Xy cordosanlive polie Xo ol y &8
ol yipe Jdo 5 Sl il YL CC

CC = (¥ dkal,

UL 6l g 390 0 0dlitul Lod (gl it 93 pw OB 5l syl 5 3,8 duloe L 593 4y s ST (slvoygd o 1,
Wl 00 359l V¥ =YY ela o gl pdlie opl pols ddlllas ,> 3¢ o0 odlitul byl yo Cas ;]

_ Pfuture - Pbase

AP x 100 (F dkay,

P base
AT = Tfuture — Thase (6 A,

AV e slos (1:5be Trypure 30 lid olo 2 )3 (g 8y95 3 |y bod 5 B3k cuuldl s (65 b0 iy AT 5 AP
dlﬁj u,iJL,o Thase olo Fe d])g A 5)53 5 (AOGCM) u»yh.el—? P9eE u.ub)f LngJ.xo sz93 omd)’bw S.x;g.—l
Yo pwSlo a3 Prase 9 Pruure -Cowl olo 5 (Yo A¥=1220) 4l 5,90 10 AOGCM bawgs 0a g 5lwans Aoy
BAY PN 9 2 2 )93 ) ¥ oSS
s o . -
(VoVY e wg)5) 258 00 dmslomo (V) g (F) dlao jl iy oo g ()b sl
P =P,,s x AP (7

T =T, + AT (v &,

e P g T s Shalie claoh Slale (S5l g bod Sloj gy bsimd i cus s Tops 9 Pops <yl > &5

Sl |91b5L_j U»LM ).u.v L;y)L.M: ‘_§\, Cod 9 oJ«;T » U.}bbsc_j u‘M )] L;wl: L)“’)l" 9 Lod u.»'.o) S BMbuLw

1. Tebaldi

2. Root Mean Squared Error
3. Mean Absolute Error

4. Coefficient Correlation

5. Grose



IFeF jaal o o Lol oY 0,90 o5 59)9 95T almo AVY

el

033 T (3L 5 S 3

9 sy p e JB8lopt g Ble o 9 ) plggul (gilwdmd (ylmd logul (ly 0ddipgls ogrie Jaa ) odlil L
&y oasplonl Calus 3JUT p sine JBale Jae  xiwly il 3 .cé )3 ol (Jlo V) (oxiwcous ¢ (Jlo ¥) (il 59
iloyie o oxiusly aobl )3.28)5 plosl (Sdgyam Colin g ol o ol (93955 i) o sl el 93
dy90 cuwl (guoiyp; ol 8> Aslre bl &S 03y 0] e JEulepe Jio > b S ploul dnleS By p ke
515 o el ¢ 3l a8 B gl Jao 5y93 Jobo )3 (53l Jao (gl (st glbad (slie 85 8 oty
Y¥) (Srawcons 8ygd (gly o Coleyd wanl dopd VI jiaS Jao (sllad goeome)d oS Ml o 0 g ilwdund g oddosaliv
g ol 390 1 Bkl e JBsile Juo b ¥ 3 (gjlol (slajadls .8 S plol JBuilo e Jao wluly (Slale Sloj o5
)5 Al ¥ gl Ojgody (Lriwcons 895 )3 B aile s

Fo =l lgtal (wejj Ol Jde 2y @l Y g

Mean Error Abs Error RMSE
Steady 0.18 -0.07 0.24
Unsteady (Calibration) 0.47 0.63 0.47
Unsteady (Verification) 0.37 0.42 0.49

S by 2 5 s Sty Jlad Sl (ages Cygots eig ol S e o 0 LS 55 (sl )8y )

oS! gt (5 s (I 3

Ao ye 53 g 00,8 81 bl el oo VY Luloly olas Sldlles 8dga0me > sldl e Glaise wloly (su)b gleedls
8)9> slp abSebnl Lbj)l @l (85 )8 abjl 2j90 lled Sugiow oBal ) Shalie laosls 4 a2y b sl
ol 485 18 560 2050 ¥ Jgir ollae ()l

ok baalio godld b dwslis 13 CMIPE slaJus s byl sl )bae X Joua

Parameters: Temperature Parameters: Rain

CcC MAE RMSE (mm) Models CC MAE S Models

(mm) (mm) (mm)
0.99 4.82 5.19 ACCESS-CM2 0.91 16.55 24.59 ACCESS-CM2
0.99 8.16 8.48 AWI-CM-1-1-MR 0.94 11.58 15.53 AWI-CM-1-1-MR
0.99 5.67 5.95 BCC-CSM2-MR 091 15.01 18.27 BCC-CSM2-MR
0.99 4.24 4.44 CNRM-CM6-1-HR 0.91 28.36 39.05 CNRM-CM6-1-HR
0.99 2.97 3.34 EC-Earth3-AerChem 0.74 17.36 25.79 EC-Earth3-AerChem
0.99 348 3.81 FGOALS-g3 0.91 31.10 43.29 FGOALS-g3
0.99 9.74 10.04 FIO-ESM-2-0 0.89 16.42 21.99 FIO-ESM-2-0
0.99 6.11 6.22 GISS-E2-1-H 0.78 17.29 26.42 GISS-E2-1-H
0.99 448 4.74 HadGEM3-GC31-LL 0.90 20.52 24.61 HadGEM3-GC31-LL
0.99 1.90 2.14 HadGEM3-GC31-MM 0.84 23.41 35.31 HadGEM3-GC31-MM
0.99 5.71 5.94 IPSL-CM6A-LR 0.86 14.82 20.85 IPSL-CM6A-LR
0.99 14.48 14.93 MIROC6 0.83 21.53 30.33 MIROC6
0.99 7.16 7.37 MRI-ESM2-0 0.87 26.88 35.24 MRI-ESM2-0
0.99 6.37 6.72 NorCPM1 0.84 23.41 35.31 NorCPM1

S99 Lod yiol)ly (gl (ogasay o Slalie (baodly g el gla Jae (glaodld o awlio  Siuen a5 3 LS zols
VO/D Uas j9ime pSilue duo > AF  Siusod (5lol (sLlaybze b AWI-CM-1-1-MR ol s (ol oyl 3l



AVA O30 g oolygy [niylgrl g (ooxdaw OF @ilio 51 (6500 20 342 33 !yt 15T b3

T sLnlns L HadGEMB-GC31-MM e 5 s bl oy ok VVIOA (sl sllae xSk e
W olesl bed yiel )y gl o8 8l VA gllas Bllas 1, SSho g 31,8 Sl VY s joiome (1nhe o pd A Siasad

SSP 1.26 Ll (g5l ¥ ool Lo g ()1 (gl dod 5 ()l Jelos (sl (ool Jio ¥ (] Sl 4 2255,
Gt o Jio 90 0 Led g o)l il & S5 )0 .28 )5 plowl VoL LYY u.:] 8,93 ¢!y SSP5.85 4 SSP 2.45
Wl o &) HLis) (g0 )l ¥ (g 5ludnd

250
200
= 150
3
Z 100 mObs
B Ssp585
Ssp245
50
WSspI26
I || m I
o - L__ ] L__ — — — L -
JAN FEB MAR APR MAY JUN JUL AUG SEP OCT NOV DEC
BObs 449 43.9 356 48.5 18.3 0.1 0 0 1 3.6 35. a
WSspS85 41.0 40.1 325 443 16.7 0.1 0.0 0.0 0.9 3.3 32.3
Ssp245 441 43.1 349 47.6 18.0 0.1 0.0 0.0 1.0 3.5 34.7
ESspl26 478 46.7 379 516 19.5 0.1 0.0 0.0 1.1 38
Month
o (A
160
140

Temperature- C

Ssp245

W Sspl2
20 Sspl26

120
100
80
I mObs

W Ssp38s
JUN  JUL  AUG

- o
= 3
\.':\7\7;‘. -
=z

0 FEB MAR | APR | MAY JL | AUG SEP  OCT NOV DEC

mObs 9.4 136 175 235 304 33 345 312 267 185 122

mSspsss 100 14 186 250 323 351 367 332 284 197 130

Ssp245 9.9 143 | 183 | 246 319 346 362 327 280 194 128

mSspl26 9.4 9.7 140 | 180 242 313 340 355 321 275 191 126
Month

Lo.) (u
518,93 0 bod g (19,b Oyt (g5l gl F IS

YWE ials8l U ailin isd g0yl olaicds SSP126 g )liw 45" amd o oyl jlisl (o)l ¥ 50 (a8l (5liodncd gols
Jadhaio ;3 (S45)b 8y93 48 md oo (LS gl Cusl olyen ()b (IS L 503 (goylim 93 9 039 olpen ()l (s yte e
S 0393 (32l g Bl o) o 3 p08 sy SV (s eyl 893 il 3 sy bl 4 o olo 3 g 0 ST el
Sonpbuo ¥y 0 Loy Giolidl 51 S 518,80 j0 Led lyuss oy lis Lials g yiol38l jlasil a8l clagyylis o 1) Conwlies
ol ol Cawd a4y il oL, Sl do > VYA V40 o /F0 b s g3 )law dws p Lawgio yobods 45 039s conll

Ol JU3 ) 9 ouldl gk (1l 3
2 Led 5 Gl Sl szl (oS 5l 1 il s 51 o)) ) delllao cal GBam g ey (Bl el (M 4 25
e cddlaie ) dxgs bl b pae (585 o 5 .8 S )8 1T )50 (Mo 2 S50 slaatald 5,00, b Mo sla el
(sl oy 2l Jdo 5 ooyl s o (s pglaions 29ib 0 38 b sl 5l aldss g 188 5 L ) Do



VFeF sl ¥ oyl VY 0,99 o 55809y 55T alxo AVA

g b gjlwand Jho ) oMo sbajiall plo ol wae sl ool (iunjs bz g (2daw (b 5 3585 i
oSl o o) )LJ Hlosliiawl b o oo oy ()l cpand jolaiody 00,5 oy g Julod oy J Sy Sl
Jio 5l oolawl Ly (YAF=YY) oSy o (+\AV=YY) Sl ((+A0-YY) ol kas sals (55009 ud o] dw 5 o)l o S gimw

(B JSb) c8)5 plol dilale & jgods (daw (b g (0 (ilwodund (Sgaw S

1.6
® Station: Sarkamar
1.4 Station: Dehloran
L ]
@ Station: Bayat
1.2 °
L ]
w1 .
3 : . *
n - . -
O,OS ) . o L] .
Eﬁ ® P o ' vy =0.0178x+ 0.8582
0.6 ® . L R® = 0.7264
® LE "L . .
- e - . - N
04 g% o P "’,._‘ - ® 8 e ¥ 0];.{(:1_9?”3%9368
- 0 . s . ™ L ] e = U./4:
o g s 2 .
kth- L v =0.0214x+ 1.0025
. R*=0.7383

0 20 40 60 80 100 120 140
Rain-mm

S kg yiad (o] g (40, (Fomw 5y bl D JS

cupmd sl (aw (L 398 g (e 0l (i Sabailne (Sgn)S) Al 4 dagi b oelud pl
AWI-CM-1-1-MR 5o canldl Jio 51 olizsl b (glibedS clajl§ Liml (canylias ¥ )5 efssol M 5 snbasd S kai s
5 52909 45 (+AV-TY) Sl 5 (+A0-TY) ol ld B3l (6 yi0g 0 oKl 93 CamaBigo dy i b o(B)bojl 3y dplne
92 ol i (g S ddaly ol 2,5 oo )15 duslome 350 lsmel (iSa) liee S 0 i ) sl (295
Dy oo dplne (LESB) (jue ¢ pdlie BUBT Gululy g dslce o]

oler e «leli)) (iSm) (18,8 15 0 b (e ol 51 (36 3985 g 0uddyglyy (b ol olie olly
Sty e g Slelis)l )3 39 o MBI Sl Slelis)] )5 i) daylpd (al )3 b0 s Byl & (52959 wos 5
olzel J515 )3 3688 5 005 avusloxe (539)53laclS g )0 M J) &S 03500 IS0 S0 50 BMEN &y dngi | D900 Apulns
2398 Olise Glyisdn e gio Ggrkes FA g Wl oo bl (pl 3035 dnlre gzl )b )3 398 s ke
FY/VY) 0dgdme p3 iS5 M) bl 55 olgsol 5l 2yl )3 (iS p Ol e 3,5 3591 lesl 1 25
M 15 (8] 29 o dumslono arSlo o alee MVB 2 Jl oz sl B > (1S Ol g (o o (yoele
ol Sl @l 19 3585 fie plosel 5o (e Gl Sl 3985 g 039300 )3 (cexSlayio (ygalee VWIAP) (s o 35 IS (e
Al ploedn coaSoyio (oeken WYY 2 b cores ol (] o 0900 drsloe CaSo yio (ygelie YYTZ 0 @l (oo
Ogskee WE/OY) Slalllas 83game IS 5l oy oo M) & dngs b lgsul 5l )8 du56 35 (93] 13,5 s 0390
o g olel (M 4 a2 b dslowe coSle o (yselso FYIF L s (o 20 (igileo SY/49) il g (anSlo 2o
I el 5 63905 ey Dl Olysdr oS yio (igrles YWY o (e Ol 315 88 olsly (93939 (o)t
S5l lsSel oVl (2o lgieas Cleli)] iSa) lsieds (o o (ke YOITY poe o295 5 s29)9 il
lmyiolly yalie g (gilodnd Jao Ll (ggrlios dus )3 oaldl s Lailyd )3 Glosel (M g (cogrie Juo 4 25 L 235 o
0,5 BLIY oo 0 M (sl el )b ol 03,5 dwlee M



M O30 g oolygy [niylgrl g (ooxdaw OF @ilio 51 (6500 20 342 33 !yt 15T b3

oSl S Ll pad g3 o0 (B0l lopel (M F g

SSP5.85 | SSP2.45 | SSP1.26 | asb 5,90 oM s wol )b
Ya/sA ARIAYN TV/EY AATANS iyl b
o/-8 vy o/A o/0% b 3l Sk
YAIF Ya/¥ A veIve b by 5 dgw
YAIY YAIY YAIY YAIY sl o 51 g W99 S
v/aq Y/aq Y/aq v/a4 Gt g o Ol jl S8
/- s/vE Ve o/SY AV IRE;
£Y/-Q £Y/-Q £Y/-Q £Y/-4 b g deuis oly jl adss
AA7AS) YEVR YIS0 Yo/vs iSa;
Ve VY \Y AR soip ol ) s oy Jalos
YIYY Y/vs Y/vY Yoy o iyl ol
AA/0A Voo ¥V | NVEA | NeYeY alss
=F/0Y | -YQY | VY | -YIYS P S Jvey)

a8l 55 Ll 5 ol sloyzelly MODFLOW Jue 5 (gees)Sy Jio ol b oS ezl (M @l (o
Wawgd ple 38, 5 la3 0 1wl 0ads (g3lwanss SSP 1.26 a8l (gosjliw p3 a8 o)l e Lioli8l &S0l lis s S
SSP 5.85 g SSP 245 (¢4 )l 93 > 45 oy e idlS 5 (Bubosl 0yl 1y oyl lgsel oS Cundg dgu0 cubls
ol 48 1m0 ol lszel My sloailhe oy sl 0392 JIS L szl M il sl 5 01 (gl
2 ey 2 5 Sl U ) (S 48 4ty enldl Cilise (glagy s )3 |y Slyeis st e 29 ais
B39 me ol A3, ol S (o 5 (g o o 3giome i) 3 315 o Sl oS e Gl (g i
2l g 2l 5 a3 s

8y90 wgio (glys g )liw aw g lesul 81T g 0 MODFLOW o b lesol (oilwdas alluwd 595 4y 4> g5 b
35 s 5 IS5 3llan 005438 ,5 550 M

160
—o—5SP 5.85
—o—5SP 2.45
159
—o—5SP 1.26
— B ase
158
2
X157
k
4,
156
155
154 ab 8,92 il 93
O I R O AR SR T & T I O I B I ‘ff“"
3@ 3 A g s g% 3@ 3 A

! Cilises (g L Coui (51893 43 (w5 O Qi o ealll gt w3l £ S



IFeF jaal o o Lol oY 0,90 o5 59)9 95T almo A

»P L aS SSP1.26 (o luw y a8 ol lis oMo o 5 e 5l odelcawnay zolis 40 dg b losol G159 0m aw)yy

agy ol g s L |y (g yeS talsT ag) sl sl Sl i sl olyan ()l (Il g dngs pas (85 i
sl 085 35055 gy s by il a8l

S oslatal g g5l (M 3l e noipj O @lie pr waldl s SISl Dbl (gl 005485 ai)s 5,05, 4 g L
clpalhe Lloo g 0395 ok il s bgyye b gl oyl 1> lesel oxiuwyld, 45 3l L ks MODFLOW
Q‘)'_n.n u\u|)3| 4 ol oLl s oo oWy 3 oo oyl Iy d)lf)ub alises sladis dajiolyl cpl uixf).\ﬂ 9 e
)Y I Lass ol pials g 6dg) (oS Cumdg dguo (gl Qly’:ﬂ Oy Liwliel 4 o8 ‘019591 L wlo p ol b o)L
2o i ) le 3 eab uSate ()L dilge )3 oS Bl s i i o Amd e (L S (g )
ol alyuss aS o ey o L 0197'91 oS s yielb oo G (Bl il (g i Gl g Camlus ()l d|9>'q—|
ailato ol 53 6y 0 0 oo (lezul a5 YL a4 dogi b )l GBlSg,nn (kB g i (s yuS il 4 S
Ll )3 (6yslid 5l ookl 5 i S oS i 3,0y (295 b g 03,8 Syl |y waldl 5 b IS o Lyl wilgi oo
Db oy el ol el als «j)olis

S 5 A%

5 ol 5l el il lagy i (sl g lslisd (im0 o @lie Sk (ol 5o (e sl,Su, 31 (S
Jie VF Sl oalit ol U (—eal8l glagy b ibicos olgsul oS oxiwlidy ol dmd lasal )3 o ull ol sl ()l 00 00
st i) sl ool g0t MODFLOW 5 3 Jaa (3l J) ool pobaiods <855 )5 oy 390 i i)l
5 U 6 odunds (glyy AWECM-1-1-MR. oyldl Jio 45 sl Ls gults 133, odlitasl iliske (clodillo s oalil yuuis
) g )ol sl sl ol (glioe s Sl 5T 590 5 od (gloaunsd (5l HAdGEM3-GC31-MM _osl8l 1o
i g5 sl losieds SSP 1.26 sl 5 ol s ooslil (o)l ¥ )3 tie (b o 15 waldl (c5lodands gl
Sl (gonliow plgisdr usles GRl1s ()l ()l (il L a5 SSP 585 (g5l g adlain )3 o3 5 () ul38l b &S
sl yiol ly ¢ lalllas B3gamo a5 Ol My > Clelis )| (S duaslons it plssel (M il bS48 S i 5
oS iy ol 28 5 plosl el (oS (Silednd g Julod dng bl pas (585 5l 0 L gjlo e sl o
5 4Bl Joli oo yio (pgrbee VoY 4 asSe o (ysulio YIVE Sl (5500 (58 il iailindss 3 o 3 oLt g
g L olles gosel Condy b))ty anlss (2l coSe o ades IOV (ke (g il iy 52
o iy o slads 4 bayye wull i bl i cod i ) Gl o i 45 3l i osel s gl
sl e 5 o5 2 S Ol 4y g b atlaie ) o lssel Db, (sanarY g sty St 8 lo 4 g b oS
il g lesol My caliso clavadhe ;o lod g 55k pdlie p3 puuss dawlgdsy waldl pois a8 ol LS adllae oyl ol
i oL e 3 Sl W)l 1) (o8 e (sl po s 5 eyl o pte Blie 53 g 0392 1388 e
Ak sl (350 LIS Wl g gD g e sd ol 1) (585 Jai p> (sl Sug pasiiee ol



MY O30 g oolygy [niylgrl g (ooxdaw OF @ilio 51 (6500 20 342 33 !yt 15T b3

References

Olped Sldlas 83gae o &bo (Mo o)l55 YV 5,0 &)lje

Amanambu, A. C., Obarein, O. A., Mossa, J., Li, L., Ayeni, S. S., Balogun, O., ... & Ochege, F. U. (2020).
Groundwater system and climate change: Present status and future considerations. Journal of Hydrology, no.
589, 125163.

Arnell, N.W., Lowe, J.A., Challinor, A.J., & Oshorn, T.J. (2019). Global and regional impacts of climate change at
different levels of global temperature increase. Climatic Change, no. 155, 377-391.

Banerjee, D., Ganguly, S., & Kushwaha, S. (2024). Forecasting future groundwater recharge from rainfall under
different climate change scenarios using comparative analysis of deep learning and ensemble learning
techniques. Water Resources Management, 38(11), 4019-4037.

Dao, P. U., Heuzard, A. G., Le, T. X. H., Zhao, J., Yin, R, Shang, C., & Fan, C. (2024). The impacts of climate
change on groundwater quality: A review. Science of the Total Environment, no. 912, 169241.

Dehghani, S., Massah Bavani, A., Roozbahani, A., & Sahin, O. (2024). Assessment of climate change-induced
water scarcity risk by using a coupled system dynamics and Bayesian network modeling approaches. Water
Resources Management, 38(10), 3853-3874.

Grose, M. R., Narsey, S., Trancoso, R., Mackallah, C., Delage, F., Dowdy, A, ... & Takbash, A. (2023). A CMIP6-
based multi-model downscaling ensemble to underpin climate change services in Australia. Climate Services,
no. 30, 100368.

Hariharan, V., & Shankar, M. U. (2017, November). A review of visual MODFLOW applications in groundwater
modelling. In 1OP Conference Series: Materials Science and Engineering (Vol. 263, No. 3, p. 032025). I0P
Publishing.

Hanifehlou, A., Javadi, S., Hosseini, A., & Sharafati, A. (2023). Simulation of the impacts of climate and land-use
change on groundwater level in the Hashtgerd plain, Iran. Arabian Journal of Geosciences, 16(7), 428.

Kayhomayoon, Z., Jamnani, M. R., Rashidi, S., Milan, S. G., Azar, N. A., & Berndtsson, R. (2023). Soft computing
assessment of current and future groundwater resources under CMIP6 scenarios in northwestern Iran.
Agricultural Water Management, no. 285, 108369.

Liesch, T., & Wunsch, A. (2019). Aquifer responses to long-term climatic periodicities. Journal of Hydrology, no.
572, 226-242.

Mizan, S. A., Sikka, A., Chakraborty, S., Laing, A., Urfels, A., & Krupnik, T. J. (2025). Modelling groundwater
futures under climatic uncertainty for local policy and planning: A case of quantification of groundwater
resources at sub-regional level in the Ganges basin. Journal of Hydrology: Regional Studies, no. 59, 102315.

Moss, R. H., Edmonds, J. A., Hibbard, K. A., Manning, M. R., Rose, S. K., Van Vuuren, D. P., ... & Wilbanks, T. J.
(2010). The next generation of scenarios for climate change research and assessment. Nature, 463(7282), 747-
756.

Munday, P. L., Donelson, J. M., & Domingos, J. A. (2017). Potential for adaptation to climate change in a coral
reef fish. Global change biology, 23(1), 307-317.

Najafi, S., Sharafati, A.,, & Moghaddam, H. K. (2023). Impact of climate change adaptation strategies on
groundwater resources: a case study of Sari-Neka coastal aquifer, Northern Iran. Environmental Earth Sciences,
82(23), 571.

Tebaldi, C., Debeire, K., Eyring, V., Fischer, E., Fyfe, J., Friedlingstein, P., ... & Ziehn, T. (2021). Climate model
projections from the scenario model intercomparison project (ScenarioMIP) of CMIP6. Earth System Dynamics,
12(1), 253-293.



