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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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����" /#�� 1�$!I RG� �gFG" H� K
��
 J5� �� .���� �)�� �5�)
�E+ J5�IE)"H+ 8� �
  ���"���
�#

 J" - 8#e�& J��#��" H� �)T'" J5/� � /( 8���� ��G� �R&� 3�/'� ��������	5� �C��/D ��"� ��
 8�9�\" ��)" ��


 ���"+ ���� ����30 ) 89�&2014-1985/5��� ���g�&� ( ����	5� �� 85�
 ���� �� �/(��5 ����" 8#e�& /#�� �I ��


E+ �5���� �a�� J5� H� ���g�&� 1�9� .�)( �P�" UP�'" ��& /#�� 1�$!I ����  ^5H)I H� 8� R&� �#�"H ��


�-# ����
 �`�] ���"+��& /#�� 1�$!I �5�#�)I Y�# � /'����� �)�� �� �� �&�'(�)
 � �05�)9��/�
 ��
 ��


F� �/(  ��5�Y" H� ��/D �5�� " H� a�� J5� Y�L�# ��5q
�w� � p�] ���"+ ^5H)I 8� E�)�# 8�	��� J�'}-
 .����

J��� � ���)I) R&� a�� J5� H� ���g�&�1 �2005J" n5��"���
�# E)"H+ �E����
��
 O��9�\" ��� .(-  �Y� 3�/'�

J5�I�������
 a��� �&�'(�)
 O��9�\" �� /#�� 1�$!I ��
 �)&� yE���0-
 � 8���x� ��"�) R&� �05�)9��/�
2  �

 �E���0-
2020�	-( � d�Z( y ��)
1402.(  

 F� G5�.H �$�9��C <�� - J�)*?  

                                                      
1. Turgay & Ercan 
2.Aswad et al 
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 E�'�-�� b\& �� E)"H+ J5�951�$!I �"�-I a�� J5� �� .R&� % H� 1`�D ��
���)-# 8� 8�)I �� �
��	gI � �


 ���"+ �5�� "U(ti)  �U′ (ti) �" .�Z#�)( ���)-# �� �d��( 8\ # �� .�U(ti)  �U′ (ti)  .��� /'
�)] ^\N �� ��5/05

 �$\" �/N 8� �#�"HU  H�96/1 ��Y�  �I/(���'�" �#�"H ��& �8� .R&� ����I���, ���)-# ��� ���5�U(ti)  X] �� H�

Y= 1.96  �Y= -1.96 �" �/'� �)�,��& �� �)�)" /#�� E�)I�I�)`�� .R	#�� ����'�" �� �
  8�U > 0  �5 /(��

 ���)-#U(ti) �" 8���� �T#�� ����'�" ���5�Y�� /#�� �/(�� 8�(�� ��)�` ��& d)-Z" �� ��� .�)(U < 0  /#��

�I�)`�� .R&� ��
�� d)# H� � ����'�"  ��
���)-# 8�U(ti)  �U′ (ti) ���/!" �� �1.96  �-1.96  �/''� ��iI F
 ��

E��#J" E)"H+ H� K
��
 J5� �� .R&� J��#��" �� �#�G��# ����I �/'
�- 89��#� 3�/'� S��'& �T# S�&� �� ��

)1990/( 8���� ��G� ( 8�  ���"+ �5�� " E+ ��U(ti)  �U′ (ti) �" 8�&�!" �5H ��( 8�:����  

���� �/���) 8�I� �� 3�& S�&� �� �
yinL)� 8�I� �/�� 8�I�" �� ./( UI�" ( �I) �ti 8�I� ./5��� 8�&�!" (

nL)� ���� E+ ��/�I H� R&� O���, ���� �
 ��I ) �
ni ��)" ���� H� 1�N () �T#yinL)� E+ H� 8� ( ./'�	
 �I  

)1 (   �� = ∑ = 1
���   

)2 (   
(��) = �(���)
�  

)3 (   ���(��) = ��(���)(����)�
��  

)4 (   �(��) = �����(��)�
 !"#(��)  

 ��X����  e��
(��)  ����(��) 8� W#�5��� � X&)�" �5�� " U�I�I��  �" ./'(�� U′ (��) a�� 8� t� �N�U(��) 

�" 8�&�!"�" 8� �'�" J5/� .�)(���� ./(�� E+ ��/��� ���& ��G�#� ��� ��� E�)I��
U (��)   �U′ (��)  ��

8�I� � UI�" d)N� 3�& S�&� �" �/'�J5� �� y/#)(  �� d)N� 3�& 8� O��gIU (��)  �� �"� ���)�` ��& ��U′ (��)  ��

�" UI�" �9�Y# ��& �E���0-
 � ���# �0$") /#)(1392.(  

J)� GCM  >�
57��*A �SSP 

���/!" �C��/D ��"� ��
)�9� �� �-�$N� O�����I ��w+ ������ �K
��
 .�� KP� �)T'" J5/� .R&� 8�9�\" ��)" �

3/" a��� ��
) �")-,GCM����
 F�( H�� H� ( 8	5� "Rg� 3/" ��) �/(CMIP6 H� ����
 J5� ./5��� *�P�#� (

.�# 8� /5/� ��
)5��'& ) ����" ���o�N� � �,�-��� ��
��	"SSP�" ���g�&� (�/'5�-# �� 8� /'�  ��& s)\]

8#�P$� ��
H�� RT$B) ��RCP����
 ( FZ'
 a��Y� �IPCC ��) R&� �/( U���IE���0-
 � |'51 �2016 .(

8��x� /5/� ��
)5��'& �� �/(CMIP6  1"�(SSP1-1.9 �SSP4-3.4 �SSP3-7.0  �)5��'& ��GL 8� /'�	
 

SSP1-2.6 � SSP2-4.5 �SSP4-6.0 �SSP5-8.5 8� Y�#�/(H��  ��
)5��'&RCP2.6 �RCP4.5  �RCP8.5  �� �)�)"

CMIP5 �"E���0-
 � ��
)�) /'(��2 �20203/" .(*+ ��
�)N �$�� �5�)
�8,)-Z" H� �I �$�N ��
CMIP  /'�	


R����
 � �� �� ��wk" ��
9)IH���/ ��Y� ��
)�9� *+ ��
����" S�� "���� E��# �5�)
�E���0-
 � JL) /#�3 �

2020/" .(3�
 �GCM ���� �
 �)
��'( 80�( n5 �� �� �&�� " SY��� �� ���,�gI Oe�� �5 )�K�
�" �'��-

                                                      
1. Eyring et al 

2. Gupta et al 
3. Chen et al 
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 8� /''�")-,� �I5J  a����� �� ^�� J5� �10�"�g�& H� ��a�� �
 S�� "Y5� ��-#� �5 .R&� J5a��  �
�] ���

/"3�
 �GCM � �� ���g�&���� H� �� ����	5� ��
  ��
)
��'( ��&�� " 8� S!" �9 15/�I�"a�� ./''�  ��


S�� "Y5��& �H�� 8� �� 8�&� a���'5+ � �0�"�" ��	 I� F��" /#)(Y5��Y5/#�� � WI��)1 �2008� H� �05 .( 15e

��g�&� H� ��/" J53 �
 ��0$-,&� ^5�+ ��&E+ E �5�& 8� R�	# �
a�� �" �
 /(��)4& � F��)2 �2007.(  

���� �3�� 8�&� .�)� ���� ��& �� 8� H��# �K
��
 .�� KP� ����� ����8#�H�� ��
 3�& �� �C��/D ��"� ��


2014 -1985 ����	5� ����S��
 �8B��" �*��& �Y5��I ��g$�) E��5� *�B 3�-( UP�'" /5/-
 ��
 J�0�" ����+  ��G(

����	5�) /5��� R��5�� �)�� �&�'(�)
 E�"H�& H� 8� (R(��& � *�0I �8�"��� �)��" �3�P$] �1����� S�&� �� �


����E+ ^5H)I U&�'I � �)�)" ��
 �.�� 8�&� .(/#/( *�P�#� 8 \'" b\& �� �
���� ��
2  3/"GCMS  :1"�(

CanEsm5 �MPI-ESMI-2HR3/" ��& H� � ��
CMIP6 3/") R&�8� �
8#)� �)x� ����� 8� /#/( *�P�#� ��

���� � ��)� e�� �#�0"E+ ��
 ���� J5� .(/(�� �)�)" 8�9�\" ��)" ��
)5��'& ���� �
 ���� 8#�H�� �5�� " 1"�( �


���� ) �P5��I2014-1985+ � (�/'5 )2043 -2015*� H� 8� �)� ( ����
 R5�& 8	5� " Rg� 3/" a��Y� �/(

F�(3 8� ./5��� R��5�� K�
 �)T'"����	5� �C��/D ��"� ���#.�# �� 8�9�\" ��)" ��
  ��Y�� SDSM6.1  ���g�&� ��

3/" H� CMIP6 ) J���'�� ��
)5��'& R!I �SSP2-4.5) 8#�'��/� � (8.5-SSP5 RN� �/��� �(3/" �5���� � ���� �


8��(���� 8� R�	# 85�
 ���� �H�&8$D�" �� .R��� ���N ���5H�� ��)" �I�/
��" ��
  H� n5 �
 ��"� O�����I /��

����	5�) �/'5+ ���� ��
2043-2015K�
 (���� �� 1`�D _5��# � �'������ ��
85�
 �  b�x)I 8� .He) /( 8	5� "

# /5/� 8P	# �� 8� R&�.�  ��Y��SDSM ���� F
 �/'5+ � 3�D8��( E�"H K�
 � �H�& �" �'�� 1�9� J5����'� .����

���� d��( �5��I .�# �)] X&)I �I+  3�& H� ��Y��2015 ) 3�/� �� .(R&� �/( r5��I13/" O�oP�" ( ��


GCM .R&� �/( 8���� K
��
 �� ���g�&� ��)"  

  

 J�)K1J)� ��L�	� : >�
GCM  .:
��
 �� ���M@A� ��5��������� :����  ���
���� � ����1401 

N7��  J)� O�6   �5	?

�P����)*
�  

 F�50�.�

(�$	R)  

%6�7���  �TAU�  

1  MPI_ESM1_2_HR ���#��  100 ��")$��  r1i1p1f1 3/" �5���#�� Y��" *+ 1�$!I � �H�&�)
�  

2  CanESM5  E�-9+  100 ��")$�� r1i1p1f1 �&�'(�)
 8	&)" n#i
 W��" (MPI-M)   

  

J)� ��$��� �+�7.�� >�
������
  

3/" RN� � ��0$-, ���5H�� RG� ��
CanEsm5 �MPI-ESMI-2HR���� /�9)I �� ����� ��C��/D ��"� ��
 ��


8��( � �I�/
��" �����H�& H� ���g�&� �� �/(3 8Z'&  �\] O����" J��#��" :1"�( ���"+(MSE) J��#��" 8�5� �

�\] ^��" (RMSE) �$\" ��\] J��#��" � (MAE)  ./( 8	5� " ����] ���5H�� ���� �
����" J5�GCM  ���g�&�

                                                      
1. Bates & Kundzewicz 

2. Kim & Seoh 

3. https://esgf-node.llnl.gov/search/cmip6/ 
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�"E��# �1`�D �5�� " � �)(K�
 3/" RN� 8L�
 J5����'� � R&�\] E�Y�" �� �Ie�� �/''� �'�� �5�� " �/(��

�]�( 3�-,� H� 1`�D ��\]n5�Y# �g` 8� ��/(��5 �Z'&�\] ��
�I �".�)(  X���� ��5  �I7 ���"+ 8� ��)" ��


.R&� �/( ���(� ���g�&�  

)5 (  MSE = �
'∑ (X) − X+)�',��  

)6 (  RMSE = .∑ (/0�/1)23456
'  

)7 (  MAE = ∑ (/0�/1)3456
'  

 �e�� Oe���" ��Xo �����/
��" ��
 ��/(Xs ����8��( ��
�H�&� �/( N ���� ��/�I�" E��# �� �
 ���	") /'
�

 �E���0-
 �2022.(  

  

�@67V W�+ � 

 V7�@6��?�� F� G5�.H X�A� �+ ��0�B� ��5� >���H ���� �� �Y?�)& >��� )6�� �����Z! > - J�)*? 

8�  ���"+ ���� �� ��C��/D ��"� /#�� 1�$!I �)T'"30 ) 89�&2014-1985E)"H+ �5�� " �(  J" ���"���
�# ��
- 

 H� n5 �
 ���� 3�/'�12  8#e�& S�� " �� UP�'" ����	5�) 10( �� � ���)-# U9�N �� 1`�D _5��# � 8�&�!"2 (

 J" ����)-# E)"H+ �&��� ./5��� 8���� -  �
 �� �8#e�& �C��/D ��"� J��#��" ��& �� 8� ��� E��# 3�/'�12 

 �'!'" �����	5�U �H�� �� �'!'" �� �I���, 8� � ���� R��D R�C" �H�� �� ���� ^\N �� ��5/05 R�C"8� � /#�  Y�

5�����	5� �5�& �� �R(�/# ����'�" ��5�Y�� /#�� 8� �g$� ����	8� �
���)-# 80'5� 1�9� U  �� ��Y= 1.96  ���	 
��


����  b\& �� ����'�" ��5�Y�� /#�� J5����'�99% 8-
 �� J5����'� � ���� �)�� E�'�-������	5� �3�& �� �
 ��


�� .R&� ���� f� K5�Y�� �C��/D ��"� �� ��]� ���� 8g9k" �8�9�\" ��)" ���"+ ��
U  �U'  �C��/D ��"� J��#��"

KG� � O�����I �)��" n��
)'�& ����	5� �� 8#e�&8� � R&� 8�(�� ���5H ��
  F
 �� �'!'" �� ��9�)�" �)�

���� ��)]�� 8� /#��]�( �NiI 1!"�
 �U'  �U E��# J��#��" �� �#�G��# ����I �/'
��&� H �#�"� .R& ���

 J" ���)-#- S��
 ����	5� H� ��B 8� �3�/'� KG� 8� ���+�" �/
��" ���"+ ���� 3)� �� �
����	5� �5�& �� �����-

KG� �8�9�\" ��)" ��
 �� U$B� �
10 .R&� ���� f� 8�9�\" ��)" ���"+ ���� R	P# 3�&  
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 D$�2 .� :/K [�16 � )6�� �A��+ :��\6��F  �6��. >�A30 �0�A  F� <�� �+ �Y?�)& >���- J�)*?  

�\] _5��#�Z'& 8��( 8#�
�" �C��/D ��"�����	5� �H�&3/" S�&� �� 8�9�\" ��)" ��
 ��
GCM 

 H� 1`�D _5��# ���3/" �Z'&����,� ��
GCM�Z'&�\] �]�( S�&� �� �RMSE, MSE  � MAD � �� 8L���

8� 3/" �� �
  �]�( �� ��5�MSE���� ��\] E�Y�" ����� �� �I�/
��" ��
  8-
 �� �"� y�)� e�� t���	# �/(/�9)I
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����	5�3/" �
 CanESM5  3/" 8� R�	#MPI J5��� .R(�� ���-� ��\] 3�D �
 �� �\] E�Y�" 80'5� 8� 8�)I ��

K�
 J5����'� ��)� F
 8� n5�Y# t��5� I 3/" �� �
 S�&� �� �"� �I+ �5�� " ���# 3�/�) R��� .�Z#� 3/" ��2.( 

 J�)K2 �Y?�)& >��� ��*A�BR : �6�
������>.�AJ)� �+ �)�>�
 MPI,CanESM5  

��\@T7� �
  J)��
  MAD MSE RMSE 

�g$� MPI 4 5/23  4 

CanESM5 2/3  9/13  7/3  

*��& MPI 8/3  8/18  3/4  

CanESM5 8/2  3/11  8/2  

Y5��I MPI 4/3  4/16  4 

CanESM5 7/2  2/11  3/3  

8B��" MPI 2/4  7/27  2/5  

CanESM5 9/3  4/25  5 

)��" MPI 4,2 5/10  2/3  

CanESM5 5/1  8/4  1/2  

8�"��� MPI 9/3  4/23  8/4  

CanESM5 9/3  4/25  5 

R(��& MPI 3/3  6/14  8/3  

CanESM5 9/2  5/13  6/3  

*�0I MPI 9/3  2/24  9/4  

CanESM5 9/1  7/6  5/2  

S��
 ���+  MPI 6/2  8/12  5/3  

CanESM5 3/3  1/15  8/3  

J�0�" �G(  MPI 2/3  4/15  9/3  

CanESM5 5/2  1/8  8/2  

1����� MPI 5/2  2/10  2/3  

CanESM5 5/2  2/10  2/3  

3�P$] MPI 2 7/7  7/2  

CanESM5 6/2  10 1/3  

J)� �K��R V7�@6 MPI 

K�
 _5��# �C��/D ��"� �'��12  3/" S�&� �� ����	5�MPI  S�&� �� �"� K5�Y�� /`�� �T# H� 8� ��� E��#

 ��
)5��'&SSP 2-4.5 � SSP 5-8.5 ��" �� U$B� �I+ ���� �� �"� K5�Y�� /`�� J5����� /
�)] f� 3�& ��& ��


 10() ���3K�
 ��� .(.�Z#� ���#����	5� �� ��/(  E�Y�" 8� � ��"�&� ��" �� �"� K5�Y�� J5����� 1�����℃ 5/0 

����	5� �� .�)� /
�)]  E+ E�Y�" 8� /( /
�)] 8��ZI �"� K5�Y�� J5����� ��"�)# ��" 3�P$]℃8/0  �� .R&�

����	5�  ����� ��" �� )��"℃ 2/1 K�
 �"� K5�Y������	5� �� ./( �'��  K5�Y�� �g$�6  E�Y�" 8� �"� �/`��

℃8/0 �� K�
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