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temperature regimes, precipitation patterns (including both rainfall and
snowfall), and the occurrence of hydro-climatic extreme events within the
Tajan River basin, northern Iran. For this purpose, the SDSM downscaling
model—due to its wide application and acceptable performance in generating
daily temperature and precipitation—was employed under the Sixth
Keywords: . Assessment Report (AR6) and the SSP1-2.6, SSP2-4.5, SSP3-7.0, and SSP5-
Climate Change, Tajan River | ¢ 5 gieonarios for two future periods (2025-2055 and 2065-2095) at the
Basin, Return Period, Sol -T h and Kiassar stations. Design precipitation values were also
Downscaling. o'eyman gnge a’ . assar s . & p. p . .
estimated using statistical analysis and the EasyFit distribution-fitting model.
The results indicate that monthly minimum and maximum temperatures
increase in all scenarios, with stronger warming under high-emission scenarios.
Moreover, the precipitation regime shifts in the future, with increases in winter
and autumn precipitation and a noticeable decrease in spring precipitation.
During the 2025-2055 period, the intensity of extreme precipitation events
rises, increasing the likelihood of destructive floods; however, in the 2065—
2095 period, a substantial decline in design precipitation is observed across all
return periods, which may reduce the potential for intense rainfall events but
increase the risk of widespread droughts. The decline in design precipitation
during the late-century period reflects a shift in climate conditions toward
fewer extreme rainfall events and generally drier conditions. These findings
highlight intensified climatic variability, greater concentration of precipitation
in short-duration extreme events, and increased surface runoff, all of which
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impose additional pressure on water-resources management. Therefore,
i developing adaptation strategies for future climate conditions and revising
water-resources utilization plans in the Tajan River Basin will be essential and
| unavoidable.

1. Introduction

Rivers, as one of the most important natural components of aquatic ecosystems, are constantly influenced
by various factors, including climate change. Climate change is a global phenomenon that has widespread
impacts on water resources and natural hazards, such as floods. By altering precipitation patterns,
temperature, and runoff, climate change can lead to significant changes in the flow regime of rivers.

2. Materials and Methods

In this study, the SDSM statistical downscaling model version 1.6 and large-scale climate data from the
IPCC Sixth Assessment Report were used for modeling. The dataset included outputs from the MPI-ESM1-
2-HR climate model as large-scale predictors, and local data from the Soleyman Tangeh station, including
precipitation for the baseline period 1979-2014 and maximum and minimum temperatures for 1990-2014.
After defining independent and dependent variables, calibration and validation steps were performed, and
the downscaled data were compared with observed records. Model performance was evaluated using the
statistical indicators NSE, RMSE, R?, and R. Temperature projections were generated for two future periods,
2025-2054 and 2065-2088, while precipitation projections corresponded to 2025-2054 and 2065-2094,
respectively. For statistical analysis and fitting of data distributions, the EasyFit software was used, which
includes 65 statistical distributions for continuous and discrete data. Distribution fitting was conducted using
validated tests such as Anderson—Darling, Kolmogorov—Smirnov, and Chi-square. This approach allows
accurate analysis of climate variability and assessment of hydrological hazards. The return periods of
precipitation for the observed and two future periods under climate change scenarios were estimated using
EasyFit for return periods of 2, 5, 10, 25, 50, 100, 200, 500, 1000, and 10,000 years.

3. Results

Temperature analysis indicates that during 2065—2088, both monthly minimum and maximum temperatures
are projected to rise under all climate scenarios, particularly under SSP5-8.5, which represents unchecked
development and high greenhouse gas emissions. This warming could increase evapotranspiration, reduce
snow reserves, and ultimately decrease surface runoff, posing a serious threat to the basin’s water resources.
On the other hand, future precipitation trends (2025-2054 and 2065-2094) indicate changes in both temporal
distribution and rainfall intensity. Increases in autumn and winter precipitation, contrasted with a significant
reduction in spring, especially in May, suggest a shift toward more concentrated short-term rainfall and a
higher likelihood of intense autumn floods, while summer remains the driest season. Analysis of design
rainfall across different return periods reveals two contrasting patterns: during 2025-2054, the intensity of
rare and extreme rainfall events increases, raising the probability of destructive floods; whereas during 2065—
2094, a notable decrease in design rainfall is observed across all return periods, potentially reducing extreme
rainfall but increasing the risk of widespread droughts. Overall, these findings highlight the need to revise
water management policies, develop flood early warning systems, optimize water use patterns, and enhance
the basin’s adaptive capacity to future climatic conditions. Neglecting these changes could pose serious
challenges to the water security and environmental sustainability of the Tajan River Basin in the near future.
Therefore, incorporating these climate-driven changes, particularly for long-term return periods, is crucial
in flood risk assessment and water resources management.

4. Discussion and Conclusion

The warming trend in the Tajan River Basin during the period 2025-2048 indicates an increase in both
monthly Tmin and Tmax at the Soleyman Tangeh station. Minimum temperatures, particularly during the
cold seasons, are projected to rise more than maximum temperatures, indicating a reduction in daily
temperature variability. In the 2065-2088 period, both monthly minimum and maximum temperatures are
expected to increase under all climate scenarios, with the highest rise under SSP5-8.5, which represents
unchecked development and high greenhouse gas emissions.
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On the other hand, analysis of future precipitation trends (2025-2054 and 2065-2094) shows changes in the
temporal distribution and intensity of rainfall. Design rainfall analysis across different return periods reveals
two contrasting patterns: during 2025-2054, the intensity of rare and extreme rainfall events increases,
raising the likelihood of destructive floods; whereas in 2065-2094, a noticeable decrease in design rainfall
is observed across all return periods, which may reduce the potential for intense rainfall but increase the risk
of widespread droughts.
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