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The purpose of this study is to investigate the trend of temporal and spatial 

changes in cloud temperature and cloud water fraction in Iran. To achieve this 

goal, MSG SEVIRI satellite products have been used for the period 2004 to 2017. 

First, the studied data was set in a regular geographical network with dimensions 

of 290×380. Then the cloud properties were extracted separately for each month 

and finally, the time changes of the cloud properties were modeled. To accurately 

assess the changes in variables, Iran was spatially defined into four separate 

regions. Based on statistical methods, the trend of time changes was examined 

through the Mann-Kendall test and Sen’s Slope to reveal the existence of a trend. 

The results of calculations of indicators showed that water fraction and cloud 

temperature in Iran, except in May and September, was upward. The highest 

significant value in the cloud water fraction variable can be seen in June in 

southern Iran and the lowest in May. Percentage study of the trend showed that 

the highest significant amount of cloud temperature in June in southern Iran was 

the lowest in the month. According to the calculations, the lowest amount of 

cloud water fraction in Iran is located to the north of the country with 25% and 

the highest amount is located to the west of Iran with 41.6%. Also, concerning 

high cloud temperatures, southern Iran with 58.3% has the highest amount, and 

eastern Iran with 25% upward data. The maximum significant percentage of 

series in the cloud temperature trend in western Iran was 70.83% and the 

minimum in the south was 45.83%. 
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 7�!8� 8���!���*��;! ' -��<! 7�!8� @AB ��"�( '�� �� '8����?� � "��� '��� �! ���G��� ���!8 '��  ���!� .��

;! -7�!8� ��	8 ����� ��5��( �=9F! a�kl �� ���95 ��"�( �! � "�� � �b?F! � ���� '�� ;9	�* �	��-! "�����  8� ��

 ."��( ����( �� [S�! "V 

 7�!8���!���*��;! ' -) n��� �"�5� ��"�( 
7�!1945 
��"�() n��� OP� � +^��� (1975���� +��� +	�* �5 (  �� ��

;! 7�!8� �GM ��I .@I�	 +<��� � n 5 ���!8 '�� H	-�I��E� �5 ��"�(���� � 7��57 ���� '��  ���� @,D� ��

 �v*	X� ���� '�� �� "��� ��B� �5 ��� (�GM ��I ��) H	 ��I .@���  

;! '��!� 7�!8� +���F! ]V��! -���!� Y��� �5 ��"�( � +5  
7���?b� � �,���) :@�� �	8 C��M1391.(  

(x,�  H� ;95 :|�N� +���F! @!|l ~5�� ��bl� � ��	"b� �5 C�"���! H� ���� ���	
��� ��!���* R��S��� � �  

) +=5�� �� +51( 

)1 (  � = ∑ ∑ ��������������� ��� − ��� 

) +=5�� ��1 (��b��  '�� C�"���! ��"<�  ���!8 '����  , �� +5���� y9��� '�� � a�   �� a�  .@�� '��

+5 '��Q 
+(    ��� − ��� < 0     '��5  ������ − ���  �5��5+1'��5 : ��� − ��� = 0  �5��50  '��5 � ��� − ��� > 0  �5��5−1 .@ �  

)2 (  ���� � −  �� = !+1            ����� − ��� < 0                     0               ����� − ��� = 0−1            ����� − ��� > 0                  

 ;9���9! (�"#�$  ���!�� +5 +5 �	8 C��M�! @�� :"	�  

)3 (  "#�$ = 0  

 O��	��� (R%(�) ) n5��� 8� �?	 Y��� �53) � (2 ��"<� Y��� �5 � (�  '�� C�"���! �	 �! �"���! ��  ��� .��� 
HW�(  8� ��10 :C��M ;	� �� 
"�5  

)4 (  %() #�$ = ��(� − 1)(2� + 1)�/18  

 ��� �����5  8� ��10 ) +=5�� Y��� �5 "�55:(  

)5 (  %() #�$ = ��(� − 1)(2� + 5) − ∑ 
.(
. − 1)(2
. + 5)/0�� �/18  

 7� �� +(
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;	��5  +�!�� �� 7�!8� H	 �� 
Y������� '�� �5�	 "��� @AB �! +�I�	v* ����M �� �GM ��I 
��  +=5�� +( ��

)7:"�5 ���T�5 (  

)7 (  |3| ≤ E=F    

����M��  ���!� +(Z �G�! C��M �� � '��<M "��� "�5 @�`!�� �,��� "��� 7� 7��5�! +�I�� �K� .��   

��<!  ;99<� @AB  ���G��� ;� 7�!8� 8� �	�A� y9 7��5��� � �" '�� �� ���� @GB �� y9 ;95 +���F! .@�

) +=5�� n���8+5 (�! @�� :"	�  

)8 (  H = IJ́�ILḾ��  

 7� �� +( Ḿ �"���! ����  7�!8 �� '�Ń 
 � �"���! ����  7�!8 �� '��  �Ń  7�!8 8� "<5 ���!8 "V�� H	� .@ �  

)9 (  O= = 3� − (/2;%()(�)  3  7�!8� ���! 7��9bQ� p=� +5 +� 5 
+�!�� �� 7�!8� H	 �� +( ���"����� ��!�� ~	8�� ���!� 8� @�� C���l

�!  7��9bQ� p=� '��5 ���!� ;	� ."�5 +��� ��N +5 ����G�! �	��-! "����95  �5 �5��5 %Z = 1.96   p=� �� �

 7��9bQ�99  �5 �5��5  %Z = 2.58   �! +�I�� �K��� .��  

)10 (  ST1 = UV �W=FT2 = UV �W=F    

;	��5��5T1   � ;9!�(M2 + 1) y9 ;9!� y9 ;95 8� �� �� +���F! '�� �! R��S��� �" ����M�� ."	�b�  �"l +(
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 ���B � g� 8� ��S5 �� ��!�9� �� �5� '�!� �	��-! +5 '�(�! 7��	� 
a�� ]EI �� .@�� �"9�� @�r +5 7��	� ��6
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 N���� �� �$� PQ �KA � �$� @��� *8�� �(��$ (P  

+5 @9M�EN "��� ����5 ��K�!���!� 
7��	� �� +����! ���!8 '�� �� �5� '��  7�!8� �� '����!���*��;! '- � ��"�(

 ;� [N�+���F! ���! ��<! OP� .@I�� ���T 7� \	��� '���  7��9bQ� ��=� �� ��95  �99  7�!8� ���! "M��

 ��"B �� C����F! \	��� .@I�� ���T2 +^���  ���G� .@�� �"  @��+5 +(  ���"F! 
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 � ��"��� ��B���<! ;9�db� 7� 7��5��� @b T a�"( �� ��  ��"B ����5 .@�� ���5 ���95 7��	� �	�9I��>B '��

 ���b2 +5 7��	� �� �� � ( +( @�� 7� ������ ��! 8��96 +5 ��!��P� � �! '��  ;9�db� .@�� ���5 '��<M C��M

:�M �5 �9� �5� '�!� ��! 8� �K� +��� '��<M @9<m� ��!��P� � �! '�� �� ��"-! ;	���95 
C����F! Y��� �5 ."

��<!  X8�� �5 7��	� ���B �� ;^�_ ��! �� 
�5� �� � ( �9>�! �� '���31/7  ��"-! �5 7� ]T�"V � @�`!50/4  �G�!

]5�T �! �"���! ��<! ��"-! ;	���95 ;9�db� ."�5  X8�� �5 7��	� ���B �� ;^�_ ��! �� 
�5� '�!� �9>�! �� '���

59/7  � @�`! ��"-! �5 �! ��! �� 7� ]T�"V25/2 .@�� ���5 �G�!  

 C�*D2O� N+��Q �� XU�L T��'8 :- N�B���� Y+Z( �� C�*BA95  �99 *U�� 

 �$� @]�$ @���CTT (Z)  �$� PQ @�KACPH (Z)  
g� ��6 ���B ��b g� ��6 ���B ��b  

92/1 04/1 81/1 90/0 47/1 15/1  70/1 93./ +	���_ 

82/0 66/3**  97/1* 66/3** 69/1 81/2** 69/1 81/2** +	��I 

13/1 - 37/1 98/0 - 78/4** 41/1 - 09/3** 37/1 - 64/1  Y��! 

22/4** 06/5** 25/2* 92/1 78/4** 38/3** 48/1 81/1 ]	��� 

82/0 - 41/0 - 25/2 -* 16/0 09/3 -** 25/2 -* 50/4 -** 97/1 -* �! 

36/2* 50/4** 59/7** 26/1 38/3** 41/1 31/7** 16/0 - ;^�_ 

73/0 81/2** 81/2** 53/2* 34/5** 69/1 94/3 ** 59/0 +9^�_ 

26/1 84/0 66/3** 28/0 - 14/1 28/0 04/1 41/0 C�� 

00/0 16/0 08/0 - 69/1 13/1 41/1 - 24/0 - 38/0 - ��!��P� 

25/2* 66/3** 97/1* 06/1 69/1 53 /2 * 97/1* 82/0 ���(� 

38/1 37/1 92/1 59/1 48/1 16/0 70/1 05/0 - ��!��� 

49/0 82/0 28/0 53/2* 41/1 49/0 00/0 22/4** ��!��� 

**  7��9bQ� p=� �� "��� ��B� ����9599 7��9bQ� p=� �� "��� ��B� ����95 * �  %95   % 

 C�*D3O� N+��Q �1�/8 � @�+�U  @*U�� ����2� :- N�B���� Y+Z( �� C�*BA95  �99  

 �$� @]�$ @���CTT (Z)  �$� PQ @�KACPH (Z)  

g� ��6 ���B ��b g� ��6 ���B ��b 

25% 6/41% 3/58% 3/33% 3/33% 6/41% 3/33% 25% 

+5  7��9bQ� ��=� �� �,��� � '��<M "��� ��B� '"M�� ;99<� ��K�!95  �99  ��"B "M��3  ."	��� +9A�
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��"B Y��� �5 .@�� �"

3/33 ���5 �����N�5 ("M��  �5 7��	� ���B 
�5� 'D�5 '�!� �5 f����� �� ."��3/58  7��	� g� � �	��-! �`(�"V "M��

 �525 '��<M ]T�"V "M������ 7��5  .@�� ���� e�E�N� ��N +5 �� �� 

 ��"B) ;� [N� C����F! Y��� �5 "��� "M�� ����54 ;	���95 7��	� �5� �� � ( �� +( @�� 7� ������ (

��<! "M��  "M�� �`(�"V ;9�db� .@�� ���5 ���B � ��b �� 7� ?	 ��"-! +5 7� ;	��b( � g� �� '���

��<!  '��� 7��	� ��6 �� �5� '�!� "��� �� '�� ��B�)83/70 ) ���B �� 7� ]T�"V � ("M��83/45  ���5 ("M��

+5 �9� 7��	� g� � ��b .@�� �5 y9���33/58  �16/54 .@�� ���� e�E�N� ��N +5 �� '�� �� "��� ��B� "M��  
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+5 ��� ��� ��EI  �� 
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�5� '�!� �99>� .@�� ���5 '���
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