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ABSTRACT

Monitoring the changes and fluctuations of precipitation in geographical areas can give
a better view of the behavior of this phenomenon in the coming years. The purpose of
this research is to investigate the precipitation situation in Ardabil Plain (Ardabil, Bileh-
Daragh, and Kolour stations) and forecast it in the coming years based on the output of
CMIP6 models by the CMhyd downscaling model. Then, using R2, MAE, MSE,
RMSE, and Taylor diagram, the observational data of the base period were compared
with the historical data of 5 GCM models from CMIP6, and the best model was selected
for each studied station. The output of the top models was corrected for skewness by
linear scaling method and based on SSP126, SSP245, and SSP585 scenarios, the
precipitation of 2050-2023 for each station, forecast, and its trend were drawn with the
Mann-Kendall statistic. The results showed that in the eastern and western areas of
Ardabil Plain (leading to the heights of Talesh and Sablan mountains), the rainfall
changes were increasing (2.80 mm). In the Ardabil station, the MIROC6 model with a
correlation coefficient of 0.94%, and in Bileh-Daragh and Kolour stations, the MPI-
ESM1-2-HR model with a correlation coefficient of 0.88% and 0.92%, respectively,
have the highest accuracy in simulating the precipitation. Also, the results of the
scenarios showed that the precipitation changes in Ardabil station in the future period
compared to the base period under the SSP126, SSP245, and SSP585 scenarios will be
0.24, -6.36, and -2%, respectively.
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Introduction

The study of precipitation variability is of great importance due to its impact on society, economic activities
such as production, agriculture, and the use of land and water resources. To investigate the consequences of
climate change on different systems, the most reliable tool is the use of climate variables simulated with
coupled atmosphere-ocean general circulation models of the atmosphere (GCM). These models simulate the
climate system, including the conditions of the atmosphere, sea ice, ocean, and the conditions of the earth's
surface and atmosphere and also describe how these components are related to each of the models for the
changes of the Earth's complex climate variables, therefore, these models are considered a very important tool
for simulating climate change and estimating future climate. Reducing uncertainty in climate change
predictions is a major challenge in impact assessment and climate adaptation planning. General circulation
models (GCMs) and forecast scenarios are the main sources of uncertainty in climate change projections.
Therefore, choosing the appropriate GCMs for a region can significantly reduce the uncertainty in climate
predictions.

Methodology

In this research, at first, data from the CHIRPS satellite precipitation band were used to show the precipitation
status of Ardabil Plain from 1985 to 2023. The data have a resolution of 5566 meters and since 1981, they
have provided researchers with data related to precipitation. First, the CHIRPS satellite precipitation band
data were called in the Google Earth Engine system and the trend of the average annual precipitation and its
anomaly in the mentioned period was drawn. In the next step, the temporal changes of annual precipitation in
Ardabil Plain were investigated and simulated for 2050-2023. For this purpose, the daily precipitation
observed data of the Ardabil synoptic station and the daily precipitation of the Bileh-Daragh and Kolour rain
gauge stations, which had complete data for the base period (1985-2014), were obtained from the Islamic
Republic of Iran Meteorological Organization (IRIMO). Also, historical precipitation data of GCM models
related to the sixth IPCC report (CMIP6) including ACCESS-ESM1-5, MIROC6, GFDL-ESM4, MPI-ESM1-
2-HR, and MRI-ESM2-0 were obtained from the ESGF website. By comparing the output of these models
with the observation data of the base period by the statistical measures of coefficient of determination (R?),
Root Mean Square Error (RMSE), Mean Absolute Error (MAE), Mean Square Error (MSE), and Taylor
diagram, the best model was selected for each station. The CMhyd downscaling model was used to simulate
precipitation. In this software, the superior model was corrected by the linear scaling (multiplicative) bias
correction method, and the precipitation was predicted for the studied stations under the SSP126, SSP245,
and SSP585 scenarios for 2050-2023. After generating precipitation data in MATLAB software, its normal
distribution was checked and the annual trend of this variable was drawn and analyzed for each of the
scenarios with simple linear regression using the least square error method.

Results and Discussion

The anomalous trend of precipitation in the Ardabil Plain in the period 1985-2022 by CHIRPS satellite data
of the precipitation band shows that since 1995, the precipitation in the Ardabil Plain has had a gentle upward
slope, and in the eastern and western areas (leading to Talesh and Sabalan mountains), precipitation changes
have been increasing (more than 2.80 mm per day). Comparison of observational data of the studied stations
with historical data of GCM models related to the sixth IPCC report (ACCSESS-ESM1-5, GFDL-ESM4,
MIROC6, MPI-ESM1-2-HR, MRI-ESM2-0), for the base period (1985- 2014) showed that in Ardabil station,
the MIROC6 model with a correlation coefficient of 0.94% and in Bileh-Daragh and Kolour stations, the

MPI-ESM1-2-HR model with a correlation coefficient of 0.88% and 0.92%, respectively, have the highest
accuracy in rainfall simulation.
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Conclusion

The results showed that in the Ardabil station, the MIROC6 model, and in the Bileh-Daragh and Kolour
stations, the MPI-ESM1-2-HR model had the most accuracy in simulating precipitation in the Ardabil Plain.
The results of the scenarios showed that the changes of precipitation in Ardabil station in the future period
compared to the base period (under SSP126, SSP245, and SSP585 scenarios), will be 0.24, -6.36, and -2%,
respectively. Based on SSP126, SSP245, and SSP585 scenarios, these changes will be -1.84, -6.21, and 4.92
percent at Bileh-Daragh station, and 3.65 percent, -1.97 percent, and 9.44 percent at the Kolour station,
respectively. The annual trend of precipitation in the coming period showed that in all studied stations and
under most scenarios, precipitation will have an insignificant downward trend.
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Figure (1): Geographical location of the Ardabil Plain
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Figure (2): Average precipitation trend of Ardabil Plain by CHIRPS satellite data in the period 1985-2022
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Figure (3): Ardabil Plain precipitation anomaly obtained by CHIRPS satellite data in the period 1985-2022
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Figure (4): Taylor diagram between the observed rainfall values of A) Ardabil, B) Bileh-Daragh, C) Kolour and historical data of GCM
models under study (before skew correction)
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Figure (5): Monthly precipitation forecast of Ardabil station by the output of MIROC6 model for 2023-2050
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Figure (6): Predicted annual precipitation of Ardabil station by SSP scenarios for 2050-2023
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Table (3): Annual results of Kendall's Z-statistic values and Sens-Estimator of the ssp scenarios of Ardabil station for 2023-2050
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Figure (7): Monthly precipitation forecast of Bileh-Daragh station by MPI-ESM1-2-HR model output for 2023-2050
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Figure (8): Predicted annual precipitation of Bileh-Daragh station by SSP scenarios for 2050-2023
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Table (4): The annual results of Kendall's Z-statistic values and Sens-Estimator of ssp scenarios of Bileh-Daragh station for 2023-2050
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Figure (9): Monthly precipitation forecast of Kolour station by MPI-ESM1-2-HR model output for 2023-2050
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Figure (6): Predicted annual precipitation of Kolour station by SSP scenarios for 2050-2023
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Table (5): Annual results of values of Kendall's Z statistic and sense-estimator of the ssp scenarios of Kolour station for 2023-2050
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