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how conditions in these regions will evolve in the future, particularly under climate
change. In this study, the SWAT and LARS-WG V7 models were used to investigate
the impacts of climate change scenarios on the outflow of the Kor River. For this
purpose, the outflow from the Kor River basin was calculated using the SWAT model
for the base period from 1988 to 2018. Then, with the help of the LARS-WG V7
exponential downscaling model, the future precipitation and temperature of the
Keywords: HadGEM3-GC31-LL climate change model were estimated under SSP2-4.5 and
Cham-Riz station. Climate SSP5-8.5, as two emission scenarios, for the years 2031 to 2090, and the effect of
change, Kor river,’SWAT climate change on the outflow of the Kor River basin was evaluated. The results
showed that, from 2031 to 2090, the largest increases in precipitation, temperature,
and discharge at the Chamriz and Dorudzan stations primarily occurred in the autumn
and winter seasons. The increase in precipitation during these seasons is consistent
with the significant growth in discharge, indicating a rise in seasonal precipitation
patterns in the future. The increasing trend of minimum and maximum monthly
temperatures is evident in all months, with the most intensity observed in autumn
and winter. These results indicate significant climate changes, particularly during the
cold half of the year, highlighting the importance of water resource management in
these seasons. Changes in meteorological parameters will lead to significant
alterations in the hydrological regime, particularly basin runoff. Increased
precipitation and temperature are likely to result in flooding in the region in the
future. Therefore, adopting strategies to infiltrate rainwater into groundwater
resources and reduce the risks associated with increased surface flows and flooding
is essential.
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1. Introduction

Climate change refers to long-term changes in temperature and weather patterns (Mamon et al., 2024). Factors
such as human activities, especially industrial activities, lead to an increase in greenhouse gases (carbon dioxide,
methane, nitrogen dioxide) in the atmosphere, which are the main drivers of global climate change (Kando et
al., 2014; Mamon et al., 2024). Climate change due to increased greenhouse gas concentrations will have various
consequences for water resources, changing rainfall patterns, and the amount and timing of runoffs (Dar et al.,
2009; Nguyen et al., 2020). As a result, many regions will experience more severe droughts, while some regions
will experience more intense rainfall and subsequent flooding in the future (Khaing et al., 2014). According to
the latest assessment report of the Intergovernmental Panel on Climate Change (IPCC), climate change will
intensify globally in the coming decades, with global temperature increases expected to reach or exceed 1.5°C
(IPCC, 2021). Studies have shown that a 1°C increase in temperature could affect water availability and pose
challenges for water resource management, as water demand is expected to increase under global warming
(Skelris et al., 2016; Lutz et al., 2019). Consequently, it is essential to understand the changes in watershed flows
under future climate projections.

2. Research Methodology
In this study, to model the hydrological conditions of the Kor River basin, a Digital Elevation Model (DEM)

with a 30-meter resolution and the watershed stream network map were first imported into the ArcSWAT
software. Subsequently, Hydrological Response Units (HRUs) were defined using land use, soil type, and slope
classification maps. The daily climate data from seven meteorological stations were used to run the model. The
model was calibrated for the period from 2000 to 2018 and validated for the period from 1991 to 2000. After
evaluating the model’s performance, the final calibrated parameter values were applied in the last calibration
stage within the SWAT model. In the next step, to assess the impacts of climate change on precipitation and
temperature, three future time periods were considered, including the near future (2031-2050), the mid-century
(2051-2070), and the far future (2071-2090). The climate projection data from three global climate models,
namely GFDL-ESM4, HadGEM3-GC31-LL, and ACCESS-CM2, were obtained from the Copernicus database
under the SSP2-4.5 and SSP5-8.5 scenarios for the meteorological stations in the study area. To downscale the
outputs of these models to the local scale, the LARS-WG model (version 7) was used. Finally, the downscaled
precipitation and the temperature data generated by LARS-WG were inserted in the SWAT model to evaluate
the impact of climate change on the flow of the Kor River.

3. Results and discussion

The results of the study showed that the SWAT model has performed relatively well in estimating surface runoff
in the Kor River Basin. The model successfully simulated the streamflow fluctuations at the Chamriz and
Dehkadeh Sefid stations during the validation period, performing even better than that during the calibration
period. The peak discharge values were also accurately simulated, particularly at the Chamriz station.
Furthermore, the evaluation of the selected climate models in estimating precipitation, and minimum and
maximum monthly temperatures indicated that the HadGEM3-GC31-LL model was in better agreement with
the data observed at the meteorological stations. This model proved to be the most reliable for future climate
projections. According to the findings, the studied basin is expected to experience an increase in both temperature
and precipitation in the future. The greatest increases in monthly minimum and maximum temperatures under
both SSP2-4.5 and SSP5-8.5 scenarios are projected to occur during the autumn and winter seasons from 2031
to 2090.
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However, future changes in monthly precipitation under both scenarios show no consistent trend. Some months
are projected to experience increased precipitation, while others may face reductions. At the Chamriz station,
the highest monthly increases in precipitation under SSP2-4.5 and SSP5-8.5 scenarios from 2031 to 2090 were
observed in autumn (22.19 mm and 6.64 mm, respectively) and winter (12.14 mm and 35.97 mm, respectively).
Similarly, at the Dorudzan Dam station, the highest monthly increases occurred in autumn (28.33 mm and 3 mm,
respectively) and in winter (4.62 mm and 34.76 mm, respectively).The monthly discharge changes at the
Dehkadeh Sefid and Chamriz hydrometric stations under both SSP2-4.5 and SSP5-8.5 scenarios also indicate
that the greatest increases in streamflow, compared to the baseline period, will occur in future periods across all
months. This is primarily attributed to the shift in the precipitation type from snow to rain, as well as rising
temperatures. The largest increases in discharge at both stations are expected during autumn and winter,
coinciding with the periods when the greatest increases occur in precipitation compared to the historical period.

4. Conclusion

The results showed that during the period from 2031 to 2090, the greatest increases in precipitation, temperature,
and discharge at the Chamriz and Dorudzan stations occurred primarily in autumn and winter. The increase in
precipitation during these seasons corresponds with a significant rise in discharge, indicating a strengthening of
seasonal rainfall patterns in the future. Additionally, the upward trend in both minimum and maximum monthly
temperatures is evident throughout the year, with the most pronounced increases occurring in autumn and winter.
These findings highlight substantial climate changes, particularly concentrated in the colder half of the year,
emphasizing the critical need for effective water resources management during these seasons.
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