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7 Representative Concentration Pathway

8 Downscaling

° Long Ashton Research Station — Weather Generator
10 Stochastic Weather Generators

11 Semi-empirical distributions
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3 Global Climate Model
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5 Deep Learning

¢ Convolutional Neural Network
7 Overtraining

8 Climate-induced pumping
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3 Islamic Republic of Iran Meteorological Organization
¢ Emberger’s classification
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! Long Short-Term Memory
2 Time-lag
3 Digital Elevation Model
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Table 1- Sources and aggregated data.

Data Description Data Source
Meteorological data (1984-2025) Precipitation, temperature | Iran Meteorological Organization (IRIMO)
Observation well data (2001-2022) | Water level, elevation head Ministry of Energy
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Figure 1- Study area: (a) geographical location and DEM; (b) land use map; (c) lithological map.
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Table 2- Specifications of the selected CMIP6 models.

GCM Developing Year Atmospheric Oceanic Features / Performance in
No. Model Country / Released Resolution Resolution Climate Studies
Center in CMIP6
Canada —
Canadian Centre ~2.8°%2.8° ~1° Focus on carbon cycle and
! CanESMS3 for Climate 2019 climate—biosphere feedbacks
Modelling
Good performance in
’ CNRM- France - CNRM 2018 ~1°x1° ~1° simulating atmospheric
CM6-1 / Météo-France circulation and
Europe/Mediterranean climate
Accurate simulation of ocean—
3 GFDL- United States — 2018 ~1°x1.25° ~1° atmosphere and
ESM4 NOAA GFDL biogeochemical cycle
interactions
. . Strong performance in
HadGEM3- | United Kingdom ~125°%1875° | ~0.25° simulating atmospheric
4 — Met Office 2018 . .
GC31-LL circulation and large-scale
Hadley Centre .
climate phenomena
Germany — Max Widely used model with
- - k ~1.9°x1.9°
> MPL-ESMI Planck Institute 2019 1.9 ~0.4° accurate energy and carbon
2-LR . .
for Meteorology cycle simulation
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Table 3- Specifications and features of the scenarios.

Radiative
Scenario Development Pathway Description Forcing by Scenario Interpretation
2100
This scenario represents a “middle-of-the-road”
pathway where economic, social, and This scenario is typically considered a

SSP2-4.5 technological trends follow historical patterns, 4.5 W/m? medium or relatively optimistic

with limited policies for greenhouse gas emission scenario.

control.
This scenario represents a world with rapid This scenario is known as the
SSP5-8.5 economic growth and high dependence on fossil 3.5 W/m? pessimistic or high-emission scenario,
’ fuels, where no effective policies are ’ representing conditions with the highest
implemented to reduce greenhouse gas emissions. intensity of climate change.

! Radiative Forcing
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Figure 2- Methodological flowchart.
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Figure 4- Monthly Anomaly plots for Climate variables: (a) Tmin; (b) Tmax; (¢) Prcp.
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Table 4- Summary of projected precipitation changes for the near and far-future periods.
Indicator Near Future Far Future Climate Interpretation

Relative increase (approx. 2

Winter Precipitation
mm)

Increased winter

Relative increase . .
moisture/precipitation

Spring Precipitation 4 mm increase

Increase of more than 4 mm

Temporal shift in rainfall
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Summer Precipitation Slight increase

Probability of short-term

Slight increase intense rainfall

Autumn Precipitation Significant decrease,

More severe decrease, Delay in the onset of autumn

especially in October especially in October rains
Annual Precipitation o o Greater change in temporal
Limited change Limited change Lo
Changes distribution
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Table 5- Summary of projected temperature changes for the near and far-future periods.

Indicator Near Future Far Future Climate Interpretation
] op: Approx. 3 ~ op:
Change (Tmin) Approx. 2 ~ 3°Cincrease 4.5°Cincrease Approx. 2to 4. 5°Cincrease
Approx. 1 ~ Approx. 3 ~ . .
Change (Tmax) 2.5°Cincrease 4.5°Cincrease Daily temperature increase
Highest Temperature Winter and early Winter and early Shift in precipitation type from snow to
Increase Autumn Autumn rain
Lowest Temperature . . o,
Increase Spring Spring Probability of cold spells
Model Uncertainty Level Higher in Spring and Higher in Spring and Higher m0(.1e.1 dispersion during
Autumn Autumn transitional seasons
Highest Model Summer Summer More reliable projections
Consensus
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Figure 5- Box plots for uncertainty assessment: (a) Tmin; (b) Tmax; (¢) Prep.
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Figure 7- Monthly Anomaly plot for GWL.

'Y

o (iw035 9T 315 Sl 9! (lords L 23
st g g sl L gi

slering $l LSTM (5lu e 5l Jol> @bt Jolos
samoslis  suejpy ol Gl alble ol 565
o glysul (Sjslyyaee el e el (slacslis
Wl gl Cov anl canlil Ciliee (glagy i
590 00is] 098 40 duajp ol 5l calS Aig, SSP5-8.5
cdl e Jlo slaoke walos o 45 (5 5bay canl Sggiin SelS
laole ;o il 1l e0gd o odlive 4l 0y90 4y Cond 315
(Y JS8) sy o0 ke 17 5l G 0 Jlo (2Ll 9 (o]
(S50 0oyl 0,98 4,3 SSP2-4.5 g4l (59 b ¢ blia ;o
sl Slhlasl M= g wes o plis |, Sglate (5,l3,
oxilu; Cud 4y Jlo ped dnd jo ohagn |) (Sute Dl
b b il slasSl s s Sl 26 il e oS o
Joo gy a5 wily ols e o3l o] o cudlsy Ltals
el oai lulis LSTM
ity 2l Cemles (n it Jlad Slilugs Sl |
oonlie ool b ool clools jo anlil Ol &
97 8> (e 4 gy liw G SKD o5 o> 098 o
515 95 00l SSP5-8.5 (545 ,liw j0 a5 Jb> )0 o) o

plo yo ol I3 IO u;;‘).?q Cordy 4o Glores ;.fl



1P F Gl ¥ o louds (o Jlw (55919359 )0ud
Hydrogeology, Volume 10, No. 2, 2025

i S Caol G5l (S 5 lacabad poe ad o598
sole o (oloriny @ o pleg 5 (FaSly ol
slagSll J31a5 oS ol s o &) Gl Jead) (0 9 Jo g
I Gl slazg > wlsioe Bn 053 9 S5k
5o oslidlygs bli 0ezg Szl GCM sle Jos
03l ST g palipw ;3 05294 ¢ Jlo pgo anud (slaole
Sl ol (oolll log w4 el a> (sla STy
5o loass gilwans GCM slo Jow 51 (S lawsd aS
Slog b 0 e 51 ol isy Slhgpes Egexe
Gzl coushd pae ax 51 a5 weo o olid Gl
oS8l ol oj 5 o slaplaiiny p (orldl loJas
ol o g0 o] o Sk S wis, Ll wid
5 s plete bedls s 5l ol S5 4 SSP5-8.5
595 B poil el (nl aS 028 e )8 Sl (ol
ool gl @yl o e Joize glog )l

S oo Olazge

1300.0
1299.5

1299.0

Standard deviation of GWL
>
B
=

1298.0

1297.5

Feb  Mar

Tan

A})r M;a)'

Jun

alabe 55l loiiny 5l Jol> slas slologes Jolos
o3l eomolis LSTM  Jow lawg cuejpy ol Llp
S iy 2l Sl pleti 0 Coalid pas 055
Sl 57 (sogee 33,5 sla e ilise by il
2 i 2l e Bzl s bl 5 (A JS)
e VYoo BAYAV.D o g gy lins ¢ boels olos
Sglg e gl Vb Conlus Silo a5 oS (0 4,20
o254) Lo 5 ()L (53lwdnds ;0 Vb Cualad pue 4y g5l
S el Bl S5 el Gealy Blgl 5 ke slaole )0
SSP5- (g9l ;o ldaaz jiden (F3,88 5 polie Sl
S A 0929 b s o yLid a5 sl 30 a5l 8.5
1P sels &gy 59, 2 GEM sla Jow cqa )lw (! 5o ol
58 SSP2-4.5 69 b ¢ blie jo il (g tian @8l ol
aShy e g0 GLas | 515 s VL e & S35 oan]
S oy slaial bglas 5 foadS slaasr (rilb b
S99 loosls o iy (FaSly 5 Cushad pas S92y

el o 03l ol o eiiie sanlil sla ot

Jul Aﬁg Sép

(0323 1 515 Cgalal pas ()l (glanzr slogei —A JSi
Figure 8- Box plot for uncertainty assessment of GWL.
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