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Climate change is a key factor in most weather-related disasters worldwide. Regarding its
distinctive geographical location and diverse climate, Iran has the most variable climate in
the world. The present study aims to investigate the effectiveness of the MPI-ESM-LR
model from the CMIP5 model series in predicting the monthly temperature of Iran under
representative concentration pathway scenarios (RCPs) with the CORDEX-WAS project.
In this research, for the historical period of 1980-2005, the daily air temperature data of 49
synoptic stations of the country and the MPI-ESM-LR model under the CORDEX project
were used. Likewise, for the future period, from the predicted temperature data of RCP
8.5, RCP 4.5, and RCP 2.6 scenarios of the mentioned model in three periods of the near-
future (2021-2050), mid-future (2051-2075) and far-future (2076-2100) was used.
Validation of the model was done with three statistical indices: r, RMSE, and MBE. The
results revealed that the model has a good performance. The slope of the temperature trend
in station data and model data has been increasing in the historical period and the future
period in RCP8.5 and RCP4.5 in all months, the temperature trend slope has been observed
in every decade. In all months, the maximum anomaly of temperature under the scenarios
studied in all three future periods can be seen in the northwest and western highlands. The
eastern and southeastern regions of Iran have indicated minimum temperature anomalies,
except in RCP 2.6 and RCP 8.5, respectively, the southern coasts and the northeastern
heights of the country also show minimum temperature anomalies. In the cold half of the
year, the minimum area of temperature anomaly has been extended to the north-western
heights and low-altitude interior regions of the country.
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Extended Abstract

Introduction

Climate change is a key factor in most weather-related disasters worldwide, and the increase in frequency and
intensity of extreme events is well documented in various studies. Based on the IPCC report, the climate is
continually changing under the complex effects of natural and artificial factors on a global and regional scale.
Climate models rely on integrated simulations of the ocean, land surface, atmosphere, and sea ice systems to
understand the Earth's climate system and its future changes as accurately as possible. The current research
aimed to evaluate the monthly temperature anomaly of Iran under representative concentration pathway
scenarios (RCPs) with the MPI-ESM-LR model from the CMIP5 model series by using the CORDEX-WAS
dynamic downscaling method and using satellite data and tried to find the answers to these questions, will the
MPI-ESM-LR model have a suitable performance for predicting Iran's temperature in future periods? Will the
temperature increase in the future? The results of the present study can be valuable for climate modeling and
environmental stresses resulting from climate change in Iran.

Data and Method

In the current research, for the historical period of 1980-2005, the daily air temperature data of 49 synoptic
stations of the country and the MPI-ESM-LR model (from the CMIP5 model series) under the CORDEX-WAS
project with a spatial resolution of 0.44 arc degrees were used. Likewise, for the future period, from the
predicted temperature data of RCP 8.5, RCP 4.5, and RCP 2.6 scenarios of the mentioned model in three periods
of the near-future (2021-2050), mid-future (2051-2075) and far-future (2076-2100) was used. Three statistical
indices r (Pearson's correlation coefficient), RMSE (root mean square error), and MBE (mean deviation error)
were used to validate the model.

Discussion and conclusion

The results of validating the historical data of the model with temperature station data in 49 stations during the
statistical period of 1980-2005 regarding the three statistical indices r, RMSE, and MBE reveal that the r index
with a correlation of 0.99, RMSE with 0.69 °C and MBE with 2.20 °C indicates the better performance of this
model in parametric predicting the temperature in Iran. The temperature forecast investigation based on the MPI-
ESM-LR model on an annual scale disclosed that under the pessimistic scenario of RCP8.5, in all three future
periods, the average air temperature for the whole of Iran compared to the historical period (1980-2005) will
increase as 3.33 °C, which has indicated the highest increase in temperature compared to the two mid-future
scenarios of RCP 4.5 with values of 1.89 °C and the optimistic scenario of RCP 2.6 with values of 1.09 °C.
Inspecting the slope of the temperature trend revealed that the temperature changes during the historical period
of the model in average Iran, except January, with a decreasing trend (-0.083 °C in each decade) had a
significantly increasing trend in other months. Likewise, the slope of the station data trend has been increasing in
all months during the historical period. The temperature forecast until the end of this century shows that in
RCP4.5 and RCP8.5, the temperature has an increasing trend, while in the optimistic RCP2.6 scenario, except
for January, February, and March, with the increasing trend of temperature to a small amount (respectively
0.011, 0.004 and 0.002 degrees in each decade), in the rest of the months, the trend of decreasing temperature is
predicted. Inspecting the spatial extent of the maps reveals that in the historical period, in all months, the
maximum temperature is observed in the south and west coasts of Iran and the minimum temperature is observed
in the high mountain areas of the west and northwest of the country. In all scenarios and future periods, the
maximum anomaly of temperature is observed in the mountainous regions of the northwest and west of the
country in some months (April, August, October, and September), and in RCP4.5 and RCP8.5, the maximum
temperature anomaly area has also extended to the center of Iran. The east and southeast in all periods and
scenarios show the minimum temperature anomaly, which in RCP 2.6, the southern coasts of the country, and
RCP 8.5, the heights of Binalud and Aladagh in the northeast of the country are added to the area of minimum
temperature anomaly areas.

Results

Future changes in extreme weather events, including temperature, will lead to great losses for society, the
economy, and natural ecosystems. The development of cities, the increase in using vehicles, the increase in
pollutants because of the industrialization of activities, the increase in the concentration of greenhouse gases, the
destruction of land, the significant and serious lack of precipitation, the increase in the potential of temperature
increase in future periods. The harsh increase in air temperature in the high and snowy mountainous areas of the
northwest and west of the country will lead to the melting of ice and increased evaporation and the reduction of
water resources and vegetation in these areas. Likewise, the high positive temperature anomaly in the central,



Journal of Geography and Planning Vol. 28, No. 88, 2024

eastern, and southeastern regions of Iran, which have dry and semi-arid climates, will lead to increased drought
and desertification and increased soil salinity through increased evaporation of surface water. Regarding Iran's
climate, which is mostly dry, following the increase in temperature even in optimistic conditions, the country
needs an integrated water resources management plan and a long-term viewpoint of the relevant managers and
officials. Because the upsurge in temperature generates challenges in various fields such as environment,
agriculture, food security, social, economic, cultural, political, international.
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