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Southwest Iran, Global

warming, Hybrid Climate change, a global phenomenon with diverse dimensions and effects, has created
artificial intelligence, unprecedented challenges for water resource management worldwide. Rivers, as vital
Hydrology, Kashkan arteries supplying water for drinking, agriculture, industry, and ecosystems, are
River. severely affected by these changes. Fluctuations in temperature and precipitation

patterns, key climatic components, directly impact river flow discharge, introducing

uncertainty into future water resource prediction and management. In such

circumstances, accurately assessing the impacts of climate change on river discharge

and providing predictable solutions becomes critically important. With advancements

in climate modeling, sophisticated Atmosphere-Ocean General Circulation Models

(GCMs), including those from the Coupled Model Intercomparison Project Phase 6

(CMIP6), offer unparalleled capabilities for simulating future climate change scenarios.

By providing projected temperature and precipitation data at various scales, these

models enable the investigation of climate change impacts on hydrological components

in study regions. However, the complex and non-linear nature of relationships between

climatic and hydrological parameters highlights the need for more advanced approaches

in predicting future river discharge. In recent years, the utilization of Artificial

Intelligence (Al) models, owing to their remarkable ability to identify complex and non-

linear patterns in data, has opened new horizons in hydrological forecasting. The

; objective of this research is to examine the influence of meteorological parameters

Receive: 2025/09/09 (temperature and precipitation) derived from CMIP6 models on the river discharge in

Acceptd: 2025/11/08 the study area and to predict future flow rates using hybrid Al models. This step

Published: 2026/04/12 contributes to the developm_ent of innovative solutions for sustainable water resource
management in the era of climate change.
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Methodology

Initially, meteorological data for Poldokhtar city was obtained from the Meteorological Organization of Lorestan
Province. Subsequently, by collecting observational daily temperature and precipitation data series over a 30-year
baseline period (1992-2023), examining their characteristics and trends, and performing statistical tests on both
temperature and precipitation parameters, an analysis was conducted. Then, using artificial intelligence models such as
Support Vector Regression - Wavelet (SVR-Wavelet), Support Vector Regression - Whale Optimization Algorithm
(SVR-WOA), and Support Vector Regression - Particle Swarm Optimization (SVR-PSO), the river flow discharge was
investigated, and the optimal model for predicting this parameter in future years was selected. Subsequently, by referring
to existing databases related to the Sixth Assessment Report (AR6), the projected General Circulation Model (GCM)
was chosen, and time series generated by various models were obtained. The predicted climatic data from these models
for Lorestan Province are available according to their latitude and longitude ranges. To achieve the study’s objective,
historical data from the CanESM2.0 climate model in NetCDF format, at daily and monthly scales, were downloaded
from climate websites. For statistical operations, this data was converted to Excel format using the ArcMap software
environment, and the performance of the selected model in simulating temperature and precipitation parameters during
the baseline period using historical model data was evaluated. In the next stage, the relevant climatic data for the future
period were statistically downscaled and predicted using the available database within the LARS-WG software
environment for the CanESM5.0 model, based on the IPCC’s Sixth Assessment Report, for two future twenty-year
periods: 2023-2043. Finally, the river discharge is predicted using the selected hybrid model.

Results and Discussion

Statistical analysis of the model’s simulation for rainfall and temperature parameters during the historical period
indicates that the coefficient of determination for all parameters examined was calculated to be greater than 0.94. The
Mean Absolute Error (MAE) for simulating precipitation, minimum temperature, and maximum temperature was
estimated at 0.24, 0.04, and 0.05, respectively. Therefore, the capability of the LARS-WG model in simulating
meteorological parameters is confirmed, although the model shows less accuracy in simulating precipitation. The results
from the General Circulation Models (GCMs) revealed significant changes in precipitation and temperature under the
CMIP6 scenarios. In terms of precipitation, both the MPI-ESM1-2-LR and BCC-CSM2-MR models predict a noticeable
decrease in rainfall, particularly during the warm months under the SSP5-8.5 (high emission) scenario, suggesting an
intensification of drought risk. In contrast, the temperature data show a clear warming trend across all scenarios, with a
2-3 degree difference between the SSP5-8.5 and SSP1-2.6 scenarios, confirming the direct impact of greenhouse gas
emissions on the region’s climate. The increase in temperature fluctuations in high-emission scenarios also strengthens
the probability of more frequent extreme heat events. These findings underscore the necessity of planning for climate
change adaptation in the region. The results from river discharge modeling indicated that the Support Vector
Regression-Wavelet (SVR-Wavelet) model demonstrated superior performance compared to the other models
investigated. The evaluation of the LARS-WG model using baseline period data (1992-2022) showed that the
CanESM5.0 model has high accuracy in simulating maximum and minimum temperatures, but it exhibits greater error
in predicting precipitation. The results indicate an increase in temperature in the studied city under the influence of
global warming, with scenarios SSP126 and SSP585 showing a temperature increase between the years 2020 and 2050.
In predicting precipitation fluctuations, the BCC-CSM2-MR model predicts higher rainfall during the months of June
to October, and the SSP585 scenario generally leads to higher temperatures compared to SSP126. An increase in
temperature has been observed in all scenarios, especially in higher emission scenarios (SSP585), and there are
significant differences in precipitation predictions among the models.

Conclusions

The results from the performance of the hybrid models WSVR (Wavelet Support Vector Regression), WOA-SVR
(Whale Optimization Algorithm-Support Vector Regression), and PSO-SVR (Particle Swarm Optimization-Support
Vector Regression), considering the statistical period of 1992-2022, indicated that the WSVR model has higher accuracy
and lower error compared to other models investigated. The results from predicting river flow discharge in the coming
years showed a downward trend in the river’s flow, with this trend being approximately 3.51 cubic meters per second
lower than the long-term annual average.
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Figure (1): Study area
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S iz 95!
alidee glaaiee) s 9 48,5 pledl 0wy Dlogse 13, g Sl 5l aS 005 (63 slapty o) aloar 5l St (g lwaint o0l
S8 5 s Gl (Y VP gl g (el o)l oo Byme ) Sen 5 (Ll o Jasgi Jb sl 457005 o 518 ooliiuls 5
2 2 sl l )0 aiS e ool 1) ()T 5 bl 1) IS Jore Sigh o5 (slaigSay sl onisasd 5 ool IS0 plSin Sy
Bad 'y i 4531)'1&. oy o3dl ol o ol alasd | B ooadlow Jooly cp s oaimoylis o((K5) desbs Cuxdgo a5 Canl oyl
5 @S Sluyiern Kb e 4 Camd | 053 e B aiils ol o i Koo alse wgel g | IS
Ll (V) 9 (V) Lalg,y ollae o630 ol Sl (Y- VYol
D=|C.X-X t)| )
(+1) =X(¢

><¢

) — OY)

A C Glals .ol 5 Jlo pX g pol> Jl 50 sonl Cawds J>ol) oo i 5o Hlo p X* c colpo slals C sA T o a8

>y
Il
Qu
=
|
Qu

(")
\Y)

NN
=

o
Il

! Mirjalili and Lewis
2 Reddy and Saha

1¥8



\Fe0 cf?.a)u L\Y’a)_gé L‘_;j)j}é)}ﬂj:j})u\.:.b

RUL CET I EgY

el 5 B0 03 o 3olad Iy S 5T g il e G2l LSS 2 40 s & ygods Y o s Sl 5la a3k (VY) abaly o

el oaools Hlas & S o r@;%)ﬁﬂ‘ RO EINE

S iyl @yl ol 2(0) S
Figure (5): Whale algorithm flowchart
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Table (1): Assessment of the skill of climate models in simulating annual mean temperature in the historical period(1992-2022)
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Table (2): Assessment of the skill of climate models in simulating annual precipitation in the historical period(1992-2022)
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Table (3): Statistical index of LARS-WG 8 model evaluation
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Table (4): Values of the sixth report scenarios in the forecasts of the future period's volatility relative to the base period

MPI-ESM1-2-LR model BCC-CSM2-MR model
3 13 3 3 13 3

g g2 b 52 8255 82| 5| Be 52| 82| 5
o (%] %] [%2] [%2] [%2] [%2] [%2] [%2] [%2] [%2] [%2] [%2]
Jan 21.23 32.04 15.01 14.97 4.78 4.5 24.43 425 11.17 12.17 3.88 3.89
Feb 26.41 35.7 15.78 14.61 7.01 6.3 22.7 48.92 16.37 15.9 6.69 6.76
Mar 55.1 57.96 19.61 19.45 11.49 11.95 31.31 46.36 20.31 19.29 135 13.14
Apr 68.65 65.8 255 25.79 17.58 17.37 14.8 25.95 27.36 26.65 20.21 19.91
May 77.05 69.76 32.15 31.53 23.53 23.49 6.72 7.18 35.81 34.24 24.98 24.93
Jun 29.38 25.58 39.49 39.11 29.82 29.8 0.56 1.24 45.74 44.49 28.05 27.53
ul 341 1.94 44.64 44.69 33.55 33.55 0.16 0.24 48.56 47.87 31.64 30.98
Aug 3.58 2.69 46.52 45.81 33.25 32.83 0.8 0.32 49.63 47.26 31.98 31.43
Sep 14.09 11.42 4341 42.97 28.01 27.46 2.76 4.06 41.87 41.18 27.58 26.99
Oct 33.12 22.24 36.42 36.13 21.55 21.08 22.77 22.7 31.25 31.67 19.83 19.39
Nov 39.35 37.3 27.58 27.21 13.9 13.24 27.47 38.8 20.89 20.61 11.55 11.22
Dec 28.15 32.92 19.14 18.77 6.48 7.15 26.9 43.04 13.95 12.78 7.25 6.88
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Figure (6): Comparison of monthly fluctuations of meteorological parameters of Pol Dokhtar synoptic station in the future period
compared to the base period
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Table (5): Correlation coefficients of climatic parameters with Dubai in the statistical period 1992-2022.
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Table (6): Results of the models studied for simulating the flow of the Kashkan River
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Figure (7): Time series diagram of the models studied in the simulation of the Kashkan River flow rate
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Figure (8): Box plot of the models studied in the simulation of the Kashkan River flow rate.
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Figure (9): Chart of Dubai's projected values during the years 2023-2043
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