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One of the most important challenges for mankind is the issue of climate change 

and how to face the dangers caused by it. The purpose of this research was to 

forecast the maximum temperature in northwest Iran based on CMIP6 climate 

models. For this purpose, after trending the maximum temperature data of 12 

selected stations in the northwest of Iran from 1985 to 2014 using the Man-

Kendall test, maximum temperatures were simulated in SDSM6.1 using (SSP 2-

4.5) and (SSP 5-8.5) scenarios of CanEsm5, MPI-ESMI-2HR models and 

predicted for the next 30 years. To evaluate the performance of CMIP6 models 

and compare the basic and predicted values, 3 statistical measures are used. 

Including Mean Square Error (MSE), Root Mean Square Error (RMSE) and Mean 

Absolute Error (MAE). The results of trending by the Man-Kendall method 

indicated a significant upward trend at the 99% confidence level in all stations 

except Jolfa station. The results of maximum temperature modelling showed that 

the CanESM5 model has less error and more accuracy in predicting the maximum 

temperature compared to the MPI-ESMI-2HR model. According to the results, an 

increase in temperature will be experienced in all stations and all months of the 

year in the coming decades, and the amount of this increase was higher in (SSP 

5.8.5) scenario. In general, according to the findings, the highest percentage of 

temperature increase in all stations will occur in the cold months and often in late 

autumn and winter. Based on the results, the maximum temperature in all stations 

will increase from 0.2℃ to 2℃. Tekab, Urmia, and Maragheh stations with a 12-

13% increase, and Mako and Jolfa with a 6% increase will experience the highest 

and lowest increase in maximum temperature, respectively, compared to other 

stations. 
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INTRODUCTION 
Climate change and climate components are one of the current topics of interest to researchers in the 
field of climate and meteorology. Northwest Iran, as one of the cold regions of the country, has always 
been welcoming to domestic and foreign tourists due to its favourable and cool climate and special and 
unique tourist attractions. With the occurrence of global warming and the undeniable increase in 
temperature in various places, the northwest region of Iran has also undergone changes, and the 
increase in temperature in this region will reduce the tourist attractions of the region and harm its 
economy. The present study aims to predict the maximum temperature of future periods in northwest 
Iran with the new CMIP6 models. 

 

DATA AND METHODS  
In the first part of this study, the average annual maximum temperature during the years 1985-2014 for 
12 selected stations in northwest Iran (Jolfa, Tabriz, Sarab, Maragheh, Parsabad, Meshkinshahr, 
Ardabil, Khalkhal, Maku, Urmia, Takab and Sardasht) was trended based on the non-parametric 
Mann-Kendall test. In the second part of the study, the maximum temperature forecast of the studied 
stations for the future (2015-2043) was performed with the SDSM6.1 downscaling under the SSP2-4.5 
and SSP5-8.5 scenarios of the CanEsm5 and MPI models. In this part, two data series were needed. 
The first group is the daily data of the maximum temperature of the studied stations during the years 
2014-1985, which was received from the Iranian Meteorological Organization and, the second group 
is the daily data of the historical period (2014-1985) and the future (2015-2043) of the two models, 
which were received from the website of the Coupled Model Intercomparison Project Phase 6 
(CMIP6). Then, the accuracy of the models was examined based on the MSE, RMSE, and MAE 
indices. 

 

RESULTS AND DISCUSSION  
The results of the Mann-Kendall test showed that during the years 2014-1985, in the studied stations, 
the U curve moved in the positive range and the two curves intersected each other in the positive 
range. Therefore, the average annual maximum temperature, except for the Jolfa station, in other 
stations had a significant increasing trend at the 99% confidence level because the U curve crossed the 
Y=1.96 line. In all the stations studied, there has been an increase in the maximum temperature in 
recent years. During the statistical period under study, the components U and U' of the average annual 
maximum temperature at the Mako synoptic station have undergone many changes and jumps and, 
successively, the two curves have collided, and the intersection of the U' and U indices indicates a 
sudden change in the average time series. Apart from Parsabad station, where jumps are observed 
throughout the statistical period, in other stations under study, jumps have often occurred during the 
first 10 years of the statistical period. According to the results of model validation with RMSE, MSE 
and MAD indices, although the simulation error rate with both models, especially in the MSE index, 
was relatively high, the CanESM5 model had a lower error than the MPI model at all stations. 
According to the MPI model prediction, the highest increase in maximum temperature will be 0.5℃ in 
Ardabil in December, 0.8℃ in Jolfa and Khalkhal in November, 1.2℃ in Maku in October, 2℃ in 
Meshkinshahr in July, 0.6℃ and 0.2℃ in Maragheh and Sarab in February, 1℃ in Parsabad in 
January, 1.3℃ and 1.4℃ in November, 0.3℃ and 0.5℃ in Sardasht and Tabriz in December. 
According to the MPI model results, the maximum temperature at all stations will increase by 0.2℃ to 
1.8℃, with the highest increase being at Takab station. According to the CanESM5 model forecast, 
the highest increase in maximum temperature will be 0.5℃ and 0.7℃ in Ardabil and Urmia in 
December, respectively, in Khalkhal in November by 0.7℃, in Maku in October by 1.1℃, in 
Meshkinshahr, Maragheh and Jolfa by 0.8℃, 1.3℃ and 1℃ in November, in Parsabad and Sarab by 
0.7℃ and 0.8℃ in January, in Takab, Sardasht and Tabriz by 1.3℃, 0.9℃ and 1.3℃ in November. 
According to the results of the CanESM5 model, the maximum temperature will increase by 0.5 to 
1.3℃ in most of the studied stations. 
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CONCLUSION 
According to the results of the trend analysis, the maximum temperature, except for the Jolfa station, 
had a significant increasing trend in other stations. Therefore, given the high percentage of confidence 
(99%), this increasing trend is expected to continue in the coming years. Based on the prediction made 
for the near future (2015-2043) under the scenarios (SSP2-4.5) and (SSP5-8.5) of the MPI model over 
the coming decades, the maximum temperature will increase in all 12 stations in all months. Based on 
the results of this study, the maximum temperature increase in the MPI model will be up to 2 ℃ and in 
the CanESM5 model up to 1.3 ℃. 
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