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To conduct this research, data on monthly synoptic and hydrometric
precipitation observations from the National Meteorological
Organization and the Ministry of Energy were obtained for a 30-year
period (1976-2005). To assess future changes in rainfall, historical data
from the period (1976-2005) and simulated climate data from the
period (2021-2050) using two models (CM3 and CSIRO-MKk3.6) from
the CMIP5 series were used. These simulations were based on four
scenarios (RCP2.6, RCP4.5, RCP6, and RCP8.5) with a spatial
resolution of 0.5 x 0.5 using the BCSD method. A mean-based (MB)
strategy was employed to correct any bias in the model outputs. The
results of the AOGCM models indicated that the CSIRO-Mk3.6 model
had a lower error coefficient than the GFDL-CM3 model when
simulating precipitation in the Large Karoun case. The average future
rainfall (2021-2050) across the entire basin, compared to the average
observed rainfall during the statistical period of 1976-2005, exhibited
a significant decrease in both the amount and extent of precipitation in
both basins for all models and scenarios. In the Great Karoun Basin,
heavy rains were consistently concentrated east of the basin across all
scenarios and models, with the central foothills experiencing the
highest rainfall and the southwest and southeast regions receiving the
lowest amounts. The findings of this study estimate rainfall to range
between 83-116 mm, with the highest rainfall expected in the Greater
Karoun Basin under the rcp4.5 and rcp2.6 scenarios for both models.
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Introduction

Climate change is one of the most important challenges that can have harmful effects on human
societies. The main causes of climate change are the increase in incoming energy from the sun and
global warming caused by the intensification of the effects of greenhouse gases (2000, IPCC). One
of the biggest problems facing mankind in the present era and in the future will be the lack of water
resources and the improper distribution of water resources. The existence of a decreasing or
increasing trend in rainfall will result in a change in the way of life in Iran. Without paying attention
to the fact that the climate is changing, realistic planning cannot be done in the field of water resource
utilization. In order to achieve this goal, accurate predictions of climate change in each region are
needed so that appropriate and effective strategies can be developed in each region with the proper
knowledge (Trendo et al., 2012: 6). Accurate predictions of climate change rely on general
circulation models (GCM). So far, various versions of climate change models have been presented.
The new emission scenarios, titled 4 RCP greenhouse gas concentration trajectories, represent the
models of the fifth report. The RCP family scenarios have been named based on the level of radiative
forcing caused by the emission of greenhouse gases until the end of the 21st century, including values
of 8.5, 6, 4.5, and 2.6 W/m2.

Methods and Materoal

Firstly, observational monthly synoptic and hydrometric rainfall data were obtained from the
National Meteorological Organization and the Ministry of Energy for a 30-year period (1976-2005).
In order to analyze potential changes in rainfall in the future, historical data from the same period
(1976-2005) and simulated climate data from the period (2021-2050) using two models, GFDL-CM3
and CSIRO-Mk3.6, from the CMIP5 model series (based on the four scenarios RCP2.6, RCP4.5,
RCP6, and RCP8.5) were utilized. The data had a spatial resolution of 0.5*0.5, and the BCSD method
was applied. The examination of stations within the jurisdiction of the Ministry of Energy and the
Meteorological Organization in this basin reveals a lack of unit statistics. To compensate for the days
without statistics, an additional set of ERA-Interim data was utilized to simulate future precipitation
using 9 auxiliary stations from ERA-Interim reanalysis data. ERA-Interim data is available from
1979 to the present. However, as the retrospective forecasts of CMIP5 models were only conducted
until 2005, the period of general circulation models from 1979 to 2005 was selected. ERA-Interim is
a global atmospheric reanalysis data set that has been regularly updated on a monthly basis since
1979, with a two-month delay for quality control purposes.

Resultss and Discussion

The results showed the performance of AOGCM models in simulating the rainfall in the studied area
during the base period. The CSIRO-Mk3.6 model had the lowest error in rainfall simulation, while
the GFDL-CM3 model had the highest error. In terms of rainfall, the stations of Ahvaz, Abadan,
Harmaleh, and help-point 9 had the least amount of error, while the stations of Kohrang and Goseh
Pol had the most errors. The highest correlation (0.98) was observed in the simulation of monthly
rainfall for the stations of Abadan, Harmaleh, and help-point 9. Both precipitation models showed a
high correlation.The results of the seasonal comparison of the Karun and Dez basins show that in the
autumn season, both basins are predicted to have a slight decrease in rainfall in the two scenarios of
2.6 and 4.5, with a range of 16-24 mm compared to the observation period. The CSIRO model
scenario 6/rcp2 shows the largest decrease in precipitation in the Dez basin, amounting to 24 mm. In
the winter season, both basins show a decrease in rainfall in all scenarios. According to the presented
models, a decrease of 80-90 mm in the Dez basin and 95-112 mm in the Karun basin is predicted in
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the two scenarios 6.2 and 6 compared to the observation period. In this season, the CM3 model
predicts a decrease of 112 mm of precipitation in the Karun basin in the 2.6 scenario. In the spring,
the results of the two models show slight differences. Based on the CM3 model, a slight increase in
rainfall of 29-32 mm is predicted for both basins compared to the observation period. According to
the 6rep scenario, the Karun basin will receive a larger share of spring rains with 32 mm, according
to this model. Based on the CSIRO model, a slight decrease in precipitation is predicted for all
scenarios compared to the observation period. The 4.5 rcp scenario model predicts a further decrease
in rainfall in the Dez basin, up to 38 mm, and in the Karun basin, up to 26 mm, compared to the
observation period.

Conclusion

Climate change is considered one of the most significant global challenges of our time. Over the past
few decades, it has had a profound impact on human lives, with observable changes in meteorological
parameters such as temperature and precipitation. In order to mitigate the destructive consequences
of these changes, it is crucial to employ new forecasting methods and models. The results of the
study demonstrate the performance of AOGCM models in simulating rainfall patterns. Among the
models examined, the CSIRO-Mk3.6 model exhibited the lowest error in rainfall simulation, while
the GFDL-CM3 model had the highest error. In terms of rainfall, the stations in Ahvaz, Abadan,
Harmaleh, and help-point 9 had the least amount of error, while the stations in Kohrang and Goseh
Pol had the highest error. The simulation of monthly rainfall showed the highest correlation (0.98)
in Abadan, Harmaleh, and help-point 9 stations. Both precipitation models demonstrated a strong
correlation. The seasonal comparison of the Karoun and Dez basins revealed a slight decrease in
autumn rainfall in both basins under the 2.6 and 4.5 scenarios, with a reduction of 16-24 mm
compared to the observation period. The largest decrease in precipitation during this season was
observed in the CSIRO model's scenario 6/rcp2, amounting to 24 mm in the Dez basin. In the winter
season, all scenarios indicated a decrease in rainfall in both basins. The two presented scenarios, 6.2
and 6, predicted a decrease of 80-90 mm in the Dez basin and 95-112 mm in the Karoun basin
compared to the observation period. According to the CM3 model, the 2.6 scenario predicted a
decrease of 112 mm in precipitation in the Karoun basin. In the spring season, the results of the two
models varied slightly. Based on the CM3 model, a slight increase in rainfall of 29-32 mm was
predicted for both basins compared to the observation period. The 6rcp scenario indicated that the
Karoun basin would receive a greater share of spring rains with 32 mm. On the other hand, the CSIRO
model predicted a slight decrease in precipitation for all scenarios compared to the observation
period. The 4.5 rcp scenario model predicted a further decrease in rainfall in the Dez basin by 38 mm
and in the Karoun basin by 26 mm compared to the observation period. Overall, based on the average
observed rainfall in the Dez basin (680 mm) and Karoun basin (601 mm), both models predicted a
reduction in rainfall. The Dez basin is expected to experience a decrease of 77-124 mm, while the
Karoun basin is projected to see a decrease of 113-86 mm compared to the observation period. The
highest decrease in rainfall was observed in the 4.5 scenario (CSIRO model) and the 2.6 scenario
(CM3 model) for both Dez and Karoun basins. Considering the average observed rainfall in the Great
Karoun Basin (626 mm), the final results indicate a predicted reduction of 83-116 mm in rainfall
compared to the observation period. Once again, the 4.5 scenario (CSIRO model) and the 2.6 scenario
(CM3 model) demonstrated the largest decrease in Karoun Bozhar rainfall. Overall, it can be
concluded that both models predict the highest amount of rainfall in the eastern and central
mountainous areas of the basin, while the southeastern and southwestern areas are expected to receive
the least amount of rainfall. If this trend continues, it will have detrimental effects on the
environment.
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