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ABSTRACT

Climate change is one of the main problems on Earth today, so predicting these changes
in the future and their impacts on water resources, the natural environment, agriculture,
and environmental, economic and social impacts is of particular importance. Therefore,
in the present study, the effects of global climate change on different climatic regions
of the country were studied in 12 climatic regions. In this study, NCEP data and climatic
elements of precipitation, maximum and minimum temperature were used for statistical
downscaling with SDSM model. And using the CanEMS2 model output under RCP
scenarios for the three statistical periods of 2011-2040, 2041-2070, and 2071-2099
annual climate change data were obtained. Correlation coefficient, determination
coefficient and error indexes of RMSE, MSE and MAD were used to evaluate the
performance of the model. However, the results showed that the accuracy of the model
was different at different stations. In this way, each model performs better than rainfall
in simulating minimum and maximum temperatures. The annual long-run results also
show that precipitation will decrease in all climates studied in the coming decades, with
the largest decrease occurring in semi-warm (35%) and very humid and temperate
(32%) desert areas. But minimum and maximum temperature variations will be
different in different climatic regions so that under RCP scenarios during all statistical
periods at Sabzevar and Tabas stations minimum temperature changes will decrease but
in other climatic regions the trend of minimum and maximum temperatures will be
incremental. The highest minimum and maximum temperature increases based on RCP
scenarios under RCP8.5 scenario during the period 2071-2099 in the cold mountain
climatic region will be 3.03, 4.27 ° C, respectively.
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Extended Abstract

Introduction

Climate change is one of the main problems of the planet today, so predicting these changes in the future and their
effects on water resources, natural environment, agriculture and environmental, economic and social effects are of
special importance. For this reason, in the present study, the effects of global climate change on different climatic
regions of the country were investigated in 12 climatic regions. In this research, NCEP data and climatic elements of
precipitation, maximum and minimum temperature in the base period (1961-2005) were used for statistical exponential
micro-scale with the SDSM model; And using the output of CanEMS2 model under RCP scenarios for three statistical
periods 2011-2040, 2041-2070 and 2071-2099, the annual changes of climatic elements were obtained. To evaluate the
performance of the model, the correlation coefficient, determination coefficient and error measurement indices RMSE,
MSE and MAD were used and the results showed that the SDSM model has a good performance for generating climate
elements. However, the obtained results showed that the accuracy of the model is different in different stations. Thus,
each model has a good performance in simulating the minimum and maximum temperature compared to precipitation.
The review of sources shows that in Iran, good studies have been done in the field of climate change and predicting
Iran's future climate with climate models; However, due to the fact that RCP scenarios are among the new IPCC
scenarios, no comprehensive studies have been conducted in this field in the country, so this research is carried out
considering the radiative forcing scenarios due to the newness of these scenarios.

Methods

The current research was conducted on 13 synoptic stations of the country, each of the representative synoptic stations
is a sub-climatic region in this research, however, due to the location of the semi-arid cold sub-region in two parts of
the country (north-west and north-east) of this The area of two synoptic stations was studied. The climatic zones used
in this study are based on the research of Heydari and Alijani (1378: 18), who divided Iran's climate into 6 zones and
12 sub-zones using 49 climate parameters. By applying SDSM downscaling method, It is a multivariate regression
model for generating meteorological data using microscale statistical exponential techniques (Wilks, 1992; Wilks,
Whibley, 1999: 75). The basis of which is the use of a combination of regression methods and the production of artificial
weather data for exponential downscaling. This model is one of the most widely used exponential micro-scale statistical
tools that has many applications in the fields of climatology, hydrology, geography and environment (Wibley and
Harris, 2006: 3).

The SDSM model creates correlation, partial correlation, and cross-correlation tests between the predictor variables and
the predicted variable (generally precipitation and temperature). With the help of these tests, independent variables
(predictors) that have a good correlation with dependent variables (predictors) are selected as future climate predictors.
SDSM model input data are divided into two general categories.

1- Observational data according to the required output type (rainfall, minimum temperature, maximum temperature,
sunny hours, etc.) These data were entered into the model on a daily basis and in the TEXT file.

2- Large scale data (predictors) of NCEP and GCM models (in this research CanESM2 model data) obtained from the
nearest global network related to the study area.

In order to verify and evaluate the model in each research, for each station and parameter, a series of performance
indicators of the error measurement model is needed; In this research, the root mean square error (RMSE), mean square
error (MSE), mean absolute error (MAE) and also the determination coefficient () of the correlation coefficient have
been used.

Findings and Results

After evaluating the SDSM model and ensuring the model's ability to produce and simulate climate elements in the
future using the output of the CanESM2 model under RCP2.6 (optimistic), RCP4.5 (moderate) and RCP8.5
(pessimistic) scenarios, proceed to Data was generated in the periods of 2071-2099, 2041-2070 and 2011-2040. The
results of this section are shown in Figure (2). As can be seen, except for Sabzevar and Tabas station, in the rest of the
stations, under all three RCP scenarios, the minimum temperature element will increase in the coming periods. The
synoptic stations of Mashhad and Shiraz will also experience a decrease in minimum temperature under the RCP2.6
scenario in the first study period (2011-2040). The highest minimum temperature increase in the country (13 studied
stations) under the RCP8.5 scenario in the period of 2071-2099 in Shahrekord, Khoi, Kermanshah will be 3.07, 2.96
and 2.95 centigrade, respectively.



Discussion and Conclusion

In this research, the SDSM model has been used for statistical exponential micro-scale and for simulating and generating
data of climatic elements in future periods from the outputs of the CanESM2 model. Precipitation, maximum and
minimum temperature are climatic elements that were simulated in the present research for 13 synoptic stations, each
of which represents a climatic region. In general, the results showed that the minimum and maximum temperature data
have a better correlation with the observational data compared to the rainfall data, this is because the variability of
temperature is less compared to rainfall, so to increase the correlation between rainfall and observational data in this
research, The fourth root of the rainfall data was used, among the researches that used the fourth root of the rainfall
data, Al-Mukhtar and Qasim (2019) can be mentioned. The results showed that precipitation will decrease in all synoptic
stations under the RCP scenarios, and in most stations, the greatest decrease in precipitation will be under the RCP8.5
scenario in the statistical period of 2071-2099. So that the greatest reduction of precipitation will happen in the synoptic
stations of Tabas and Bandar Anzali and the climatic regions of the interior semi-hot and very humid and moderate
Caspian desert. Also, the hot mountainous climatic region (Shiraz) will experience less rainfall than other climatic
regions. The results of the present research are in line with the studies of Rezai Banafsheh et al. (2014) and Asakereh
and Akbarzadeh (2015), while they are different from the results of Golmohamadi and Massah Bowani (2015) who
studied the changes in precipitation in the period of 2040-2069. . The results of the simulation of the minimum
temperature with RCP scenarios showed that except for Sabzevar station (hot semi-arid climate region) and Tabas
(inland semi-hot desert climate region) in the rest of the climate regions under all three RCP scenarios, the minimum
temperature element will increase in the coming periods. The synoptic stations of Mashhad (semi-arid climatic zone B1
of the eastern sector) and Shiraz (warm mountainous climatic zone C3) will also experience a decrease in minimum
temperature under the RCP2.6 scenario in the first study period (2011-2040). The highest increase in the minimum
temperature in the country (13 studied stations) under the RCP8.5 scenario in the period of 2071-2099 in Shahrekord
(cold mountainous climate region) will be 3.07 centigrade. The decrease in the minimum temperature in Sabzevar and
Tabas stations can have different reasons, the most important of which is the decrease in precipitation and the decrease
in atmospheric humidity and consequently the decrease in cloud cover. The average annual changes of the maximum
temperature in different synoptic stations are different, so that according to the RCP scenarios, the synoptic stations of
Shahrekord (cold mountainous) and Bandar Anzali (very humid and moderate) experience the greatest increase. The
highest increase in the mentioned stations under the RCP8.5 scenario will be 4.35 degrees Celsius at the Anzali station
and 4.27 degrees Celsius at the Shahrekord station. Also, the results showed that during the studied periods, the
minimum and maximum temperature will have an increasing trend from the first period to the third period, the main
reason of which is the increase of greenhouse gases in the second period (2041-2070) and the third period (2071-2099).
The trend of precipitation from the first studied period to the third period will have a decreasing trend. The results of
the research on temperature changes are consistent with most of the studies conducted in different regions of the country,
including Abbasnia et al. (2016), Ghavidel et al. (2017) who mentioned the role of carbon dioxide in temperature
fluctuations and possible climate changes in Iran.
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