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Fig. 1. Geographical location and study area
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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
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Table 4. Performance evaluation criteria of IHACRES model in two periods of calibration and validation

R? RMSE NSE 5l Jke 09
0.64 1.46 0.74 iy
0.58 3.23 0.52 (s Lo

@il b,z gl gals Sley culs 1) s ik ailssg, sll jo aS atwal (b2 5l ez VO (Y) Joax o

St oy ol Tw g oo Jyaws ,gi51s F iy cosh ) 0,58 b )b 1/C s o )bz sy 2lS Sley ol 7@
AT Lan g o) y2g0) ol adg> (o

0 (giluderd 9 Slaalin (2 Jloj 5

Shalis oo

odds (5lwanls (o0

N MM SO ONNOODONDDNDO A A NMMST LW ONNOWOO®DO o o
O OO0 0000000000 dddddddddddoddd-ddN NN
O OO0 0000000000000 O0O0O0OO0O0O0O0O0 00000 o o
A dddddddddddddddddddddddddddddlddddddaddaddadadadadadqNawqQ
daddadadadadadadadadadadaaadadaadaaadaaayaayaadaadadadadad
dd dd dd dddddddddddddddddaddaddaddaddoaddoadoddoad
ddddddddddddddddddddddddddddddd
S O NSO NSO ANOONODOANOOANOOANOOBOANOS O NS S AN O
— — — — — — — — — — —
(oLo)uLo)

IHACRES Jos iwly 0,98 (b oadgiluands 5 gloolin oo 55l A JSo
Fig. 8. Fit of observed and simulated discharge during the calibration period of IHACRES model

SVERY BOAVEYVEF T L) b Y Sl 6,e0 G sl o0 IHACRES Jow i el 5 (omnls 5l
salsplsl slo o i 5l ol bl 3ubo 0l o yi SSP5.8.5 5 55P2.4.5 SSPL.2.6 (54l as s (VFYY
55 5 Gl ooliiuls g0 g2l sy )0 (lins 5 Saly Jgab 50 il 0j90 4 Cod (ST 0550 50 allale (29 (Sl
4 o SSPLL2.6 (g5 L j0 3 AVle o0 nSlee e (V) USE w2 oo LiS i3l 010 e g 5 s S sleole
0,95 ;0 (Vo) Ui aiVlu oo Sl a0 oo lid 2alS SSP5.8.5 5 SSP2.4.5 (g4l 90 10 5 il Al 090


http://dx.doi.org/10.22034/JEG.2023.17.4.1019262
https://c4i2016.khu.ac.ir/jeg/article-1-3091-en.html

[ Downloaded from ¢4i2016.khu.ac.ir on 2026-05-22 ]

[ DOI: 10.22034/JEG.2023.17.4.1019262 ]

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

UFF NYIFF 55 4 55p5.8.5 45SP2.4.5 SSPL.2.6 slasg L jo o] Jladie a5 ol 4l caSo e Vo ye A by

\of
°i

o albole Ol s

-30 IIIH HI flly” of‘
.50

(oLo) uL")

w o~
o O o

(20,0) (o0 Ol s
= e
o o

mssp2.6 msspd.5 mssp8.5

al 0,90 4 Cond ST oy90 50 wlale oo wSile Ol s duo 0 A S
Fig 9. The percentage of average monthly discharge changes in the future period compared to the base period

by, o0

10 LLL LuuhuhlL LllilliiuJJJhuhd

% » o ) Q] ™ o ) 0\ ™ (3] Q )
Q' N\ Q \ " \ " " '» " W W ’\, Vo) Vel

, e 3 > : 3
RO RSSO AR RS
W) ol

mssp2.6 msspd.5 mssp8.5

o8l s slag s cov ST 0,90 50 edi st AVl 0 (Sl N e S
Fig10. Average annual discharge predicted in the future period under climate change scenarios

0332l bz gl e

Sl 5 35250 MODFLOW a5 5l sl 5 (535 o o (lgml (i o qlio s o8l s D131 55| g

ol 5o o gomaSs loj g S blad 4 oble 5 (635 10 cais lasul cagpbe Jow lal [ ol soliiul GMS
as o VO V0 Jolw o3l b g (Y dw) gt WIF 9 o) (X o) WYY Jolds samans glasias SIS jhassl Leal
S o 21,5595 ol )by aw Sledlbol oo 0l SIS ilale wbide jo Gloj plE VY e 4 ogpe Joo Sloj Hhaisl o

ogte Jdo 4 canlie glaann 5o,k 5l Sledbl Ll (V) SCS) ol ools egpe Jow 4y adgl Sdgjanm L g &S


http://dx.doi.org/10.22034/JEG.2023.17.4.1019262
https://c4i2016.khu.ac.ir/jeg/article-1-3091-en.html

[ Downloaded from ¢4i2016.khu.ac.ir on 2026-05-22 ]

[ DOI: 10.22034/JEG.2023.17.4.1019262 ]

VEOY Olisy ¥ 65l sram,u?gf,u@ JWL.;J.U g s
OYA

WA olojge b cdle o s els Jbl s sl Sl 5o sl slla s (655 50 o olssul o s Jlos
@l Vo) anle 1Y+ 6,68 Sy sl omoionsnl Oliyz ojlodie bl s o s a8 F la s ol ole lsica

W [nL?r.Sl VYA g0y G YYAQ J.e,c)'|

3D Grid Bottom i & ) 3.5 .
12600 D Sl;sd OTop Sl ny
b 13300
11600 00
11100 350
1060.0 20
10100 250
960.0 uong
9100 s

oblp 3 655 5 cetis olssul gilodowe ;o (WS Ko g BT g )adsl ledbl VY St
Fig. 11. Basic information (topography and bottom) in the modeling of the Khorramabad central plain aquifer
iy 45 Jow 4 basdg s oabos sl Ll i jo o 1l bl el sl Jow b b o Joe il 5 e
S0 L a_:i C.'a.w ‘d)b)ﬂ"’)‘eﬁ Lngol} )‘ )L..o.: A.n.\:u su_".\bLm.A 6L®ol.> EL-;’l:uuu." C.‘a.w Sleds| J-QLAAJ ROUIW- uLA) 4
5 ) (d Syg0 90 4 Jde (rimwly ol Jlesl bl Jow 4 g eolel ol VY ¢ (5l ailsog, iliSTais s GHB
795 58505 SOk 5 iy (T ( Sy Culan polie (39 59 58 0 285 ebxil (PEST) 5055 5 (>

242000 245000 248000 251000 254000 257000 242000 245000 248000 251000 254000 257000 242000 245‘000 248‘000 251 §00 254900 257]000
N N N
° ‘ \ s o ‘ \ s 3 A o
g 12 2 g 8 g
5 5 5 5 5 5
b 3 o o =3 2
g ‘ g g g 2 8
g1 Laaly | g8 ) g g g
" . 5 5 @ § 8 . g
Sl
[EPR—
s 34 518 s 3 5 & IR -
g g 3 S Simm 1 o5 g
STl 283 4062 - < g 8 g
g 5 5 0.209 " 5 e 35 0945 o
| 15 282
- — A \ 021  0.1056 4 503
e ; / 014  0.011 o o
o - & 9 g 7 3.006
S 585 328 g 8 g 8l=— 8
Eg k2 e 0.21 0.2699 o @ [ 14 8.7051 @
2 2
S 24 307 g 8 012 005065 g 8 8
! ; X 15 9315
| 167  28.802 =
— 0.10  0.0837 B os
8.4 5.347 - » 0.5 1.208 o
g 029  0.239 2 6 9432 8
B 12 228 m— Kiometers - S . Kilometers { S
— g 03 0286 T 456 |9 Bl 5 o 0735 3 45 6 |®
7.2 396 0735 3 45 6 L4 00735 3 45 8 2
242‘000 245‘000 zdaboo 251'000 254'000 251‘000 242000 245000 248000 251000 254000 257000 242000 245000 248000 251000 254000 257000


http://dx.doi.org/10.22034/JEG.2023.17.4.1019262
https://c4i2016.khu.ac.ir/jeg/article-1-3091-en.html

[ Downloaded from ¢4i2016.khu.ac.ir on 2026-05-22 ]

[ DOI: 10.22034/JEG.2023.17.4.1019262 ]

ol S5 3 5l s 30 Sllu g 5308 gy ;A

Selgroed Colan luosli g ohzg ol ( Sy o Culaw ol 5 adsl polie VY S
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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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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


http://dx.doi.org/10.22034/JEG.2023.17.4.1019262
https://c4i2016.khu.ac.ir/jeg/article-1-3091-en.html

[ Downloaded from ¢4i2016.khu.ac.ir on 2026-05-22 ]

[ DOI: 10.22034/JEG.2023.17.4.1019262 ]

Journal of Engineering Geology, Vol. 17, No. 4, Winter 2023 528

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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