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���� 0����+, ��� 8�(9, �� /#�  ��	 �������� ����� ���	 ���5#� ^�#� �" ��� ��� !�" ��.��� �[#�9 

/#� �5@���� ��# b� n)�� � ��� ���� ��# b� r 0����+, !�I5#� � /@�� /"�\ ��# <�� <�K���� ��� 

'� 0�� ��:�7 ���" .���"'%�"3��" � 0����?� �" ��� '%9%� b� ! ��" l(f� 
0��  �� ��� ��H� 3� '"��

4��� � ��� ��=� '#�" ���" ./#� �C.�A� <�� � ��  8>� �" 'A� ��� ��� b�  �  �"

4��� '� ! ��" �� ����� r � ��< ]9,�
e  ���� ���  � 4��H5#� �" ��� ��=� 3�� �MINITAB '���  ��# ��� � 

/��2 ����� ��� /#�" <# l�� �K%�;I, ��5���7�� 3�� �  � 4��H5#� �" 0����+, l�� 3���� �. 

X�7c1
+��? k+��" :G�� �!�	�?� ���=� G7J  

k+��  
+��? ^�?  
+��? �*���  

1  FDO )Forst day(  <� ���C �@?D 
:�C G��� 
C �+��<�� �?����* C °0 (��7:�	+ G��<��) .7��!  

2  SU25 (Summer days)   <� ��[! �@?D G��� �lCm7J 
C �+��<�� �?����*C ° 25 (�?�� !�")G� ��A G��<�� .7��!  

3  R95P (Very wet days)   n73<� 
C ����! S\?�� oB���957��!��[! ^�(EB��� ��F G��<��) .  

4  CDD (Consecutive dry days)  
 <� ���C �+ � G�� � �@?D �A7?��! 
C �+��<��1 9� ����� _[F G��<�� �?����*) .)

(�'�B��  

  

X7�   G���DCLIMGEN  

CLIMGEN  b� 3��%& �"�.�� 4��� , '#�%���� ��� :"�, 
��� 
'2���" ����5���7 ����" /�("�) 
'���c

��� � �I?� '������+= 3�>� b� ���" ��" /&�# � '[@� /"�G 
*%[� �A]� 
������ o��t)1
2003 ��� .(

CLIMGEN 3�>� � �� 3�� � ��.��5#� � �]���� 
�>���� ��;� ��Z� ���" 3�1=  � ����  ��� 3��>;� � ��)2 


                                                      
1- Zhang et al. 
2- Kou et al. 
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2007�� .( �CLIMGEN ��[� a��� 4����  !�  � 4��H5#� �" � ��� � '2���" ���� '� � �#  ^�#� �� �%�

4�� 3� �� /#� 6�G�� � b?� ���  
3��>;� � �2�� b�)2003.(  

CLIMGEN  �5��� u�],� �I@���� WGEN '�  ��# � �� ���"1990  8v;� J#�, <5K%��� '5.��� 4�K?��� �

 ./��� �C#�,� ��.�, '�����, ��� <�
�%�?�" ���� �����+5�  �%�;� ���� '"�5�� 0�&�# 
��" /&�# 
!�" �  
��� �

 8)��	 <5��2 �"  ��� '#�%���� 8���& ��.�, ���"25 4��� ��#  
!�" �10  
��� ��#5  
������ :"�, ��#

730  
3��>;� � ']�� ���) ��� '[@� /"�G �$� � ��" /&�#  �1389( !�" ��  ������ � ��� � ^��]� �

'� ��.�, ��  !� �" :���  

 J#�, !�" ��.�, �%���� �CLIMGEN '� �[#�9� !�" ��]� *� � h�)� ��;5	� *�  ����"�� '��" ���" .���

 ��� !�" 0�� � 0�� /#� <>;���� .�	 �� a��� 4����   � 4��H5#� �" ��� � !�" h�)� .���"  ��� ���" �5

'� ����� !�" n� �, � ���C, ��.�, �" b?�  � b�  � �C" �,  � b� h�)� ��;5	� .���2α   � b� h�)� ��;5	� �

 �" �,  � b�  � �C" b?�β '� 4��� 3�?�  � � .��� �� 3� !�"25/0 
���" �5?�" �� �5;�(��   �i� � �, �

'� �5��2 <�� � .��� � a��� 4����  0�$<�� �" 'G�� 0E�;5	� l���, ���" �5.�	 � :��" ����� 0�$  

)1(    

   

   

    
�� :3� �  

 '� b?�  � b�  � �C" �,  � b� h�)� ��;5	� 
���"  

 '� b?�  � b�  � �C" b?�  � b� h�)� ��;5	� 
���" 

 ?�  � b� h�)� ��;5	�'� �,  � b�  � �C" b 
���" 

  �,  � b� h�)� ��;5	��C" '� �,  � b�  � .���"  

!�" 8�(9, � ����, e��G  � 4�� �� ���" E�" 0E�;5	� ����]��%(" ���  �[#�9� �C.�A� ��� 4�K5@�� 0��

'�  y !�" �� �I?� �� � � � .���'� ��� 
 5	� ^�#� �" !�" ��]� �[#�9� ��[�� n� �, 'C;�, ��;

'� >(# .���� � �g��1)1990 �� ����� 3�?� ( n� �, ���" n� �, <��51" ��[��33  � �>���� '#�%���� 4�K5@��

4�� m����� '� '�� .���"  

 ��� �K�� z��CLIMGEN  ��;5	� �� ��� ��� � !�" ����]� �" '[#�%� ! ��" ��[�� n� �, �� /#� <��

 'C;�,�" 3� '� a��C, 8�q �A"� 0�$ .���  

                                                      
1- Selke& Haith 
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)2(     

 3� � ��FR(r)  ���@� �� �5>��� !�" ��]� 'C;�, ��;5	�r ��  '� n� �, ����5�� �%��".  !�  � 4��H5#� �"

 <��C, 8�q �A"�  � '���" ��� � � !�" ��]� 
��[�� n� �, �" �����5#� /���%>� ��+5� n� �, 8��[, � ^�>C�

'� ��� .  

)3(      

 ���CLIMGEN )�%�;� ���� ��.�, �Tn) �%�?�" ���� � (Tx3�#��N� !�  � (1 '� 4��H5#� �%�r ��  <�� �

 ������ !��Z���	 '� �i� � ���2�%� '���c, ����%���� 3��%& �" � 8)��	 �  ��C� p��9�� � <�K���� �� ���2

'� �I?� b?� � �, !�" /�C�� J#�, �1�� ���2. ��# 4���;�)�" '���  ���  8)��	 � �Z���	 ������ ���

�" <�K���� ��]5�� �(�#� 4�� ��� �" ��C� p��9�� ��\�, � �� '� /#� �%��. a�C� '��5@�� z�� �" 
!� <�� e[G �" 

4��� (��� �[,�� '��5@��)  �����+5� <�" �A"� 
��Tx  �Tn � 4��+5� �%� '���#�2�,� ��� 8>� �" ��� �[,�

�" '� 3��" 8�q 0�$ .���  

 )4(     

 3� � ��)j(Zt  {��,��1×2   � ���"T ���� �� /#�  
3� ���4���;�)�" ���  4�� �����5#�Tx �� � �") j=1 � (Tn 

 �� � �")j=2 
(tԐ  {��,��1×2 �H.�� 8��� '� z�� � /#� 8]5@� '���c, ���  <�K���� �" ����� n� �,  � �� ���

�H$ '� /�C[, {����� � �%�. A  �B {��,��  ���2×2 ���2 �" �1�� �$�%& �� �%5@� '� a��C, ��  �� ����

'.��, 4�� l���� ���� ���= ���  �[#�9�  � {7 .�%��" 6�(A� 'K5@[;� � ��Zt  ��� � ����]�Tx � Tn  �A"�  �

'� ����" 8�q .����  

 )5(     

 ����� <�� � ��X t(j)  ����]� ��� �Tx �� � �")j=1 
(St(j)  �X̅(j)  ��+5� <[K���� � ��C� p��9�� 
l�,�, �"j  ���"

  �t  ����]� ./#�X̅(j)  �St(j) '� m�� <�C�  � b� '>?� �� ��, /�C�� �" �5@" �%�  � 8��5#�)


3��>;�1999.(  

X7� ��:9 )�3 

4��� 0��$�c� ��� '�%# /9$ /1= ��[� � ',����?� ���  �#0��H, <��C, /1= 4�� �  �� <�" ���� ���

4���  � 4��2  8�(9, � ����, ��� ����) ./��2 !�  � 8$�	 _��5� �@��]� � '"�� � �i%� �" <���"�%"  � ��

                                                      
1- Richardson 
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��� �" ��� ����  � 
e�]9, <�� � 4�� 4��" �� �A� 0�C"�� <�K���� -= �%��� ���� ���1)RMSE( <�K���� 


�A� e(A� �)2)MAE( 'K5@[;� l��� �3)R2'� ��  8>� �" ����C� <�� ����� ./#� 4�� 4��H5#� ( :���"  

)6(      

)7(     

)8(    

 
m�� 0E��C� �obs4 ',����?� ����]�
 )  (',����?� ����]� <�K�����pre5 :�7 ����]� 4�� '%�"
 ) 

:�7 ����]� <�K����  � ��� �>[� �(�#�" ('%�"N ��� 8� ���C,4  ��]� ���� ./#� 3�� �  � �(	�� �� � ��

RMSE  �MAE ��]� � �H$ �" R �" 3�?� 
���" �5>���� b� :�7 � 4�� 4���?� ����]� 3��" �5>���� 4�%��  '%�"

e�)� � �K��>� �" 4�� ��� J#�, 'K5@[;� l��� ./#� �(	�� �� � �1�� 3��" �,  ����SPSS �A� 0�C"�� �-�� 


) <�K���� � � ��� �A� e(A� �EXCEL ./#� �5��2 ��) '#�" ��� 

  

S9 ]� �\:�	"  

<#6)19688��, �� ���� 0�C.�A� ��# b� J@" � �C#�, �" (7)1950 ��5���7�� !� b� .��" 4���# ����� �" (

 8�(9, /1= ���# ��� �" 0��H, 8�(9,  � ���%� <� !� �%��;� ��� !� <�� .��;� �D�� '���  b� 0����?� <

'� 4�1" '���  ��# 4��� ��=� ��K%� � 3�� � <�� <�%N;� .���2 �" 
4�?;2 ��� '� 4��H5#� 8"�) '5	�  .���"

'%C� ��� � 3��;� 0��|) � '���  ��# ���" ����� l�� b� �[#�9� �" !� <�� ^�#� �" l�� ���  /#�

'� a(5I� ��;5&� }�A# � 4���  � '(� 8	��� .���"'� ��  }�� �" 3�� :���"  

 <�" l�� �[#�9��� 4���?� 4��� /H= :��  �A"�  � 4��H5#� �" �� 

)9(     

                                                      
1- Root Mean Square Error 
2- Mean Absolute Error 
3- Random Error 
4- Observed 
5- Predicted 
6- Sen 
7- Theil 
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 �A"� <�� �xt  �xs 4��� l�,�, �" 4���?� ��� 3��  � ��  ���t  �s  � /#� 4��"t  3��   � �C" '���  �	�� b�s 

'� 4���?� 4��� /H= �� �� ���" �A"� <�� ��;&� �" .���" l��  � '���  ��# b� 
��  /#�" 4�� �[#�9� ���

'� ��� J� l�� '���  ��# <�� ����� �[#�9�  � �� ���)Qmed( '� 8$�	  /[Z� ��]� .���Qmed   � '��	

3�?� 3� 'H%� ��]� � ��� 3��" ���C$ '� ��� 3��" '.��� 4�%�� .���"  

 �5���7 �[#�9�Ca � �" 3�� � ��� 3�%�;G� }�A# �:��  �A"� b;  

)10(      

 3� � ��Z  ����� n� �, 4��������5#� '�  �5��2 �i� � 3�%�;G� }�A# �" �5@" �%��� �� 3�� � b� � � ���"

'� 4��  3�%�;G� }�A# ���" 4��� <�� .���K" ��� �" 'H(5I� ����]� ����,95  �99  �" �"��" l�,�, �" �$�

Z=1/96  �Z=2/58 �' ���" )Salmi et al, 2002(.  

<���7 � E�" ��;5&� ���	 �[#�9�)M1  �M2( :��  �A"� b;� �"  

)11(    

    
 �� ���C, l��  �A"� � 4�� �[#�9� ���9 '� .���"  

'��1� �(	��  ���	 '#�" 
<# 3�� �3�%�;G� '� 4�� �[#�9� l�� <�"  � �� 0�$ <��" .���"  �[#�9� ���

 �A"� J#�, 4��11 
M1 � <��� )M2+1( l�� <��� '� j��I5#� ���  <�" �%��� � �H$ ��& �� ',�$ � .����2

';� 
3�� � ��� '���  ��# �" � 4�� �5���-7 �H$ z�� 
���2 ��) m�� 4�� j��I5#� l�� ��  ���� ~�� 3��,

$ z�� 
0�$ <�� ��f � .��� /[@� �i� ��� 3�%�;G� dA# �'%C� ��� b� ��=�  � '��	 � 4�� � �H  � ��

'� '#�" ��� '���  ��# .���"  

  

p�! � b+��?  

'5#� ���"  ��� '��� �CLIMGEN 4���  � 4��H5#� �" /@I� 4��� 
���7 4�� !�" ',����?� ���  4�� ���

2010 -2001 4��� <�" 'K5@[;� {v# .�� ��.�, 4��� � ��� J#�, 4�� �5��# ���   � 4��H5#� �" ',����?� ���

SPSS   � ���� �� ���"4�K5@�� ��  ���= � �� �A��;� ./��2 0�$2 '� 4���?�  <�" 'K5@[;� l��� ���2

4��� 4��� � ��� J#�, 4�� ��.�, ������ !�" ���  dA# � ���[, 4�K5@�� ',����?� ���01/0  � :�" 3�%�;G� �" 

99/0  ���= .��� ��=�2  �3 ��4��� <�" 'K5@[;� l��� � 4��� � ��� J#�, 4�� ��.�, ������ !�" ���  ���

'� 3�?� � 6�>, � ����� 4�K5@�� ',����?� dA# � �� ��� 01/0  � :�" 3�%�;G� �" 95/0 4��� <�� <�"  ��

:�" .��� ��=� 'K5@[;� <��, <�K���� ��A� e(A� !�" � 4�K5@�� ����� �" 69/4 �5;�(�� � *� <��, 3� � 

4�K5@�� ���[, �" 07/3 �5;�(�� 4 ���� ���2 �� .<��5?�" ��]� �-�� <�K���� 0�C"�� ��A� !�" � 4�K5@�� 

6�>, �" 4/6 �5;�(�� � *� <��, 3� � 4�K5@�� ���[, 01/4 �5;�(�� /#�"  ��� . 8>�2  �3  �4 �]� 4�%�� 3�?� ���
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 ��� J#�, 4�� ����" !�" � ',����?� !�"CLIMGEN ��# �  ���2010 -2001  � ����� 
���[, 4�K5@�� �

'� 6�>, '� 4���?� 8>� � �� �A��;� .���"  B�[��], ��� J#�, 4�� ����" !�" � ����� � /�� ��� ���2

'� ',����?� !�" � ��� � /�� ��� �" o%��;� l��� .���"  ��.�, ��� � ���� �Z���	 � 8)��	 <�" 'K5@[;�

4��� � ��� J#�, 4��  ����= � ����� 4�K5@�� ',����?� ���5  �6 '� 4���?�dA# � �� ���2 01/0  �"

 � :�" 3�%�;G� 84/0 4��� <�� <�" '%C� � 'K5@[;� l���� '#�" .��� ��=� 'K5@[;� ��4��� <�" ���  ���

�Z���	 � 8)��	 4�K5@�� � ',����?� � ��� J#�, 4�� ��.�, ��� � ����  �E�" 'K5@[;� 4�%�� 3�?� �K�� ���

4��� <�" '� ',����?� � 4�� ��.�, ��� .���" 

 X�7c2���� S\?�� S! �\� ��� ]+�I : )P+��" ��\� +� �"�7��[� � �7� 7'B" 
?���� 0��! G��2010 -2001(  

 S! �\� ��� ]+��IS\?�� ���� ��=�� � �7� 
�F�9 
?���� 0��! G�� 

  ���� �"�7��[� G�� ���� X7� G�� 

����)�B9�2 �\� ��� ]+�I (�"�7��[� G�� 1 990/0 ** 

�:��G��� 0 

��7�" 12 12 

����)�B9�2 �\� ��� ]+�I (X7� G�� 990/0 ** 1 

�:��G��� 0 

��7�" 12 12 

 X�7c3S\?�� S! �\� ��� ]+�I : ���� )
���� ��\� +� �"�7��[� � �7� 7'B" 
?���� 0��! G��2010 -2001(  

 S! �\� ��� ]+��I S\?������ ��=�� � �7� 
�F�9 
?���� 0��! G�� 

  ���� �"�7��[� G�� ���� X7� G�� 

����)�B9�2 �\� ��� ]+�I (�"�7��[� G�� 1 964/0 ** 

�:��G��� 0 

��7�" 12 12 

� ��� ]+�I����)�B9�2 �\ (X7� G�� 964/0 ** 1 

�:��G��� 0 

��7�" 12 12 

 X�7c4���� S\?�� S! �\� ��� ]+�I : )E�8" ��\� +� �"�7��[� � �7� 7'B" 
?���� 0��! G��2010-2001(  

 S! �\� ��� ]+��I S\?������ ��=�� � �7� 
�F�9 
?���� 0��! G�� 

  ���� �"�7��[� G�� ����  G��X7� 

����)�B9�2 �\� ��� ]+�I (�"�7��[� G�� 1 958/0  ** 

G��� �:�� 0 

��7�" 12 12 

����)�B9�2 �\� ��� ]+�I (X7� G�� 958/0  ** 1 

G��� �:�� 0 

��7�" 12 12 
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H8�2���B�? : 0��! S\?�� 
?���� 7'B" �7� � �"�7��[� ��\� +� P+��")2010-2001(  

  
H8�3 :���B�? ��S\? 0��! 
?���� 7'B" �7� � �"�7��[� ��\� +� 
����)2010 -2001(  

  
H8�4���B�? : 0��! S\?�� 
?���� 7'B" �7� � �"�7��[� ��\� +� E�8")2010 -2001( 
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 X�7c5
���� ��\� +� �"�7��[� � �7� 7'B" 
?�<�� G��� H=�7J S! �\� ��� ]+�I :  

 S! �\� ��� ]+��IH=�7J G��� <��
?� ��=�� � �7� 
�F�9 

  ���� �"�7��[� G�� ���� X7� G�� 

����)�B9�2 �\� ��� ]+�I (�"�7��[� G�� 1 849/0  ** 

�:��G��� 0 

��7�" 365 365 

����)�B9�2 �\� ��� ]+�I (X7� G�� 849/0  ** 1 

�:��G��� 0 

��7�" 365 365 

 
 X�7c6
?�<�� G��� �lC�7J S! �\� ��� ]+�I : E�8" ��\� +� �"�7��[� � �7� 7'B"  

 S! �\� ��� ]+��I�lC�7J G��� 
?�<�� ��=�� � �7� 
�F�9 

  ���� �"�7��[� G�� ���� X7� G�� 

����)�B9�2 �\� ��� ]+�I (�"�7��[� G�� 1 847/0  ** 

�:��G��� 0 

��7�" 365 365 

����)�B9�2 �\� ��� ]+�I (X7� G�� 847/0  ** 1 

�:��G��� 0 

��7�" 365 365 

 

!� <�" �  ���" �� ���� ��1.�� � ��'#�" '� �>" ';�()� 0�C.�A�  '#�" ���" '���  ��1��# ��1.�� ��

���� 0����+, ��� :�7 � !�" � ��� ��	 ���/#� 4�� 4��H5#� �1�� '%�" r��# ���  ����  '�����, '���  ���

�G � 0����+, ��� :��;� �:�7 ���" l#�%� ��1.�� �D�� � 3��  �.��� � 4�%�� ����]� '%�"  8>�5  ���;�

 ����FDO '� 3�?� � ���" ���K�5��# �=� �H$  � �5;� �1�� �%�;� ���� �� '��� � '������ ��  �A��;� 
���

'� 4���?� ���;� <�� � �� , 3��" � /���%>� ��� 3��%[I� ��� � '������ ���2  � �H$ 0����+, l�� �" ���+

8>� .��� ��# �6  ���� ���;�SU25   � �5?�" �1�� ���� �Z���	 �� '��� � '������ ��25  ���K�5��# �=�

'� 3�?� � ���"  0����+, l�� �" '?����� �" � ��� ���[, 4�K5@�� � ('��5@"�,)���@��2 ��� � �� ���17/0 +

'� 3�?� ��# �  � ���8>� .7  ���� ���;�R95p  s�$  � �� '��" <�K���� h�;�� �� ���[, 4�K5@��95 

'� 3�?� � ���" �5?�"  �" '?����� ���[, 4�K5@�� � <�K%# !�" �" ��� � �� 6�G�� '(�� ��� � ��� 
���

 0����+, l��46/0'� ��# �  � +  8>� .���"8  �1�� '2���" �� '��� � ��� ���;�  � �5;� �� ���@�1 

'� 3�?� � /#� �5;�(�� '� 4���?� ���;� <�� � �� �A��;� ���  �" '?����� '.��5� b?� ��� � ��� ���2

 0����+, l��66/0'� ��# �  � + '� ��-� ���� �" �=�, �" .���"  m�� � �� ���[, 4�K5@�� � �� /H2 3��,
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�C�� ��� ��) ����� ����� ���	 � <�K%# !�" �" ��� � <�%N;� � '.��5� b?� ��� � � ��� :����� /

'� :����� 4�%�� ��� �%� .�"��  

year

FD
O

2049204620432040203720342031202820252022

115

110

105

100

95

90

85

80

Accuracy Measures

MAPE 6.8860

MAD 6.5134

MSD 63.0754

Variable

Actual

Fits

Trend Analysis Plot for FDO
Linear Trend Model

Yt = 95.0065 + 0.00766129*t

 
year

S
U

2
5

2049204620432040203720342031202820252022

150

145

140

135

130

125

120

115

Accuracy Measures

MAPE 5.2427

MAD 6.7981

MSD 66.1735

Variable

Actual

Fits

Trend Analysis Plot for SU25
Linear Trend Model

Yt = 126.581 + 0.157258*t

  
H8�5 7?�� H��" ���B�? :FDO )P+��"2050-2020(  H8�67?�� H��" ���B�? : SU25 )P+��"2050-2020(  

year

R
9

5
p

2049204620432040203720342031202820252022

100

80

60

40

20

0

Accuracy Measures

MAPE 63.814

MAD 23.956

MSD 799.311

Variable

Actual

Fits

Trend Analysis Plot for R95p
Linear Trend Model

Yt = 38.6581 + 0.329435*t

 
year

C
D

D

2049204620432040203720342031202820252022

140

130

120

110

100

90

80

70

60

50

Accuracy  Measures

MAPE 21.141

MAD 15.133

MSD 399.113

Variable

Actual

Fits

Trend Analysis Plot for CDD
Linear Trend Model

Yt = 63.3355 + 0.680645*t

  
H8�7 7?�� H��" ���B�? :R95p ) P+��"2050-2020( H8�8" ���B�? : 7?�� H��CDD ) P+��"2050-2020(  

 8>�9  � 3��%[I� ��� � �� � ���" ���K�5��# �=� �H$  � �5;� �1�� �%�;� ���� �� '��� � '������ ���;�

'� 3�?� � ����� 4�K5@�� '� �H$ 0����+, l�� �" ���+, 3��" � /���%>� 3� ��� �� ���  8>� .���"10  ���;�

� '��� � '������  � �5?�" �1�� ���� �Z���	 �25  4�K5@�� � 3�5@"�, ��� � '������ �� ���" ���K�5��# �=�

'� 3�?� � �����  0����+, l�� �" :����� �"� 3� ��� �� ���12/0'� ��# �  � +  8>� .���"11  ���;�

 s�$  � �� '��" <�K���� h�;�� '������95 �� � '������ �� ���" �5?�" 3�?� � ����� � <�K%# !�" �

'� '� 4���?� ���;� � �� �A��;� 
���  0����+, l�� �" '?����� ��� <�K%# !�" �" ��� � ���257/1  � +

 8>� .��� ��# �12   � �5;� �� ���@� �1�� '2���" �� '��� � '������ ���;�1  ��� � �� � ���" �5;�(��

 3�?� � '.��5� b?�'� '� �i	F� ���;� <�� � �� �A��;� ���  :����� �"� '.��5� b?� ��� � ��� ���2
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 0����+, l�� �"50/0'� ��# �  � + '� m�� ���� �" �=�, �" .���"  6�f � �� ����� 4�K5@�� � �� /H2 3��,

� '.��5� b?� ��� � � 3�5@"�, ��� � '������ ��� ��) ����� �����  <�%N;� � :����� �"� 4�K5@�� <��

'� 3�?� '?����� ��� 4�%�� ��� �# � <�K%# !�" �" ��� � .���  

year

FD
O

2049204620432040203720342031202820252022

130

120

110

100

90

Accuracy Measures

MAPE 5.4813

MAD 5.9848

MSD 66.5719

Variable

Actual

Fits

Trend Analysis Plot for FDO
Linear Trend Model

Yt = 110.445 + 0.00241935*t

 
year

S
U

2
5

2049204620432040203720342031202820252022

140

130

120

110

100

Accuracy Measures

MAPE 5.1615

MAD 6.2359

MSD 64.6061

Variable

Actual

Fits

Trend Analysis Plot for SU25
Linear Trend Model

Yt = 118.348 + 0.1375*t

  
H8�97?�� H��" ���B�? : FDO ) 
����2050-2020( H8�10 7?�� H��" ���B�? :SU25 ) 
����2050-2020(  

year

R
9

5
p

2049204620432040203720342031202820252022

200

150

100

50

0

Accuracy Measures

MAPE 47.59

MAD 32.04

MSD 1762.28

Variable

Actual

Fits

Trend Analysis Plot for R95p
Linear Trend Model

Yt = 37.5071 + 1.36690*t

 
year

C
D

D

2049204620432040203720342031202820252022

130

120

110

100

90

80

70

60

50

40

Accuracy Measures

MAPE 28.351

MAD 18.818

MSD 531.389

Variable

Actual

Fits

Trend Analysis Plot for CDD
Linear Trend Model

Yt = 65.2581 + 0.425403*t

  
H8�11 7?�� H��" ���B�? :R95p ) 
����2050 -2020( H8�12:  7?�� H��" ���B�?CDD ) 
����2050-2020(  

 8>�13  � 3��%[I� ��� � �� ���" ���K�5��# �=� �H$  � �5;� �1�� �%�;� ���� �� '��� � '������ ���;�

'� 3�?� � 6�>, 4�K5@��  0����+, l�� �" '?����� 4�%�� ��� �# � 4�K5@�� <�� � 'I� ��� � ��� 
���44/0 +

 �  �'� ��#8>� .���"14 ���;�   � �5?�" �1�� ���� �� ��� � '������25  �" � 3�5@"�, ��� � �� ���" �=�

 0����+, l�� �" :��� �"� ���09/0 - '� 3�?� � ��# �  � 8>� .���15   � �� '��" <�K���� h�;�� ���;�

 s�$95 � � <�K%# !�" �" ��� � '������ �� ���" �5?�"'� 3�?� 4�%�� ��� �#   :��� �"� 3� ��� �� ���

 0����+, l�� �"72/0 - '� ��# �  �  8>� .���"16   � �5;� �� ���@� �1�� '2���" �� '��� � '������ ���;�1 

'� 3�?� � '.��5� b?� ��� � �� � ���" �5;�(�� '� �i	F� ���;� <�� � �� �A��;� ��� ������ ��� ���2 '
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 0����+, l�� �" :��� �"� '.��5� b?� ��� �66/0- '� ��# �  � '� ��-.� m�� ���� �" �=�, �" .���"  3��,

��� � 6�>, 4�K5@�� � �� /H2  '������ �K�� p�G  � � 4��" '?����� 3��%[I� ��� � '������ ��� ',� ���

5� b?� ��� � � <�K%# !�" ��� � 
3�5@"�, ��� �'� :��� �"� '.�� .��-2  

year

FD
O

2049204620432040203720342031202820252022

150

140

130

120

110

Accuracy Measures

MAPE 5.9423

MAD 7.7389

MSD 87.4812

Variable

Actual

Fits

Trend Analysis Plot for FDO
Linear Trend Model

Yt = 126.174 + 0.513306*t

 
year

S
U

2
5

2049204620432040203720342031202820252022

130

125

120

115

110

105

100

Accuracy Measures

MAPE 4.6131

MAD 5.1750

MSD 41.7290

Variable

Actual

Fits

Trend Analysis Plot for SU25
Linear Trend Model

Yt = 114.413 - 0.126613*t

  
H8�13 7?�� H��" ���B�? :FDO ) E�8"2050-2020(  H8�14 7?�� H��" ���B�? :SU25 ) E�8"2050-2020(  

year

R
9

5
p

2049204620432040203720342031202820252022

140

120

100

80

60

40

20

0

Accuracy Measures

MAPE 68.46

MAD 26.70

MSD 1056.82

Variable

Actual

Fits

Trend Analysis Plot for R95p
Linear Trend Model

Yt = 66.5432 - 0.735766*t

 
year

C
D

D

2049204620432040203720342031202820252022

130

120

110

100

90

80

70

60

50

40

Accuracy Measures

MAPE 30.705

MAD 20.108

MSD 563.523

Variable

Actual

Fits

Trend Analysis Plot for CDD
Linear Trend Model

Yt = 86.3677 - 0.597581*t

  
H8�15 7?�� H��" ���B�? :R95p ) E�8"2050-2020( H8�167?�� H��" ���B�? : CDD ) E�8"2050-2020(  


��?G�A  

 ���	 :��L7  � p����� � �#  �7�: "�%' ';�()� ������+5� ��� !�  � 4��H5#� �" ��� ���� �� 

]��^� �;�'� .�, ��� ���4  &�%c� '�' ���"� � .�< ]9,�e /#� �i%� �" �"�' � �"�< 
p����  ��5"�4���  ';�()� ���

 0�&�# 
!�" 
���'"�5��  4�� 'G ... �1981  �,2010  .����2 -�� '#�%���� 3�� �#  � {v#���  � 4��H5#� �"  

���� CLIMGEN 4��� � 4�K5@�� �# ...� !�" 
��� ',����?� ���  4��� 
���	 lI5%�  4�� ���2050 -2020 

.�,��  .��4��� �" ����� ���� [��� �#� ) 4��2050 -2020���� 
(��� �	� ��� ���  � 4��H5#� �" !�" � ���� 

RClimDex  � 4��� /#�"" �=�, �" 3�� � � b?� � 6�G�� 
��2 
��# ��� � '#�" �� �C.�A� ��� p�� �
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'� 4�%�� � ��� ��=�  
���"4   � ����27 �	 �����  ��� � 
���@��2 ��� � 
3��%[I� ��� � 8��� ��

 
/#� '.��5� b?� ��� � '������ � 6�G�� '(��#�" ���' �%5��2 ��) .  � 4��H5#� �" /��1� �MINITAB  �

��# ��� ���� ��� '���  ��� 4�K5@�� � ';�()� ��� �� *�#�, ����� ����� ���	 lI5%� ���  3���� �

��� /#�" <# l�� �K%�;I, ��5���7�� 3�� �  � 4��H5#� �" 0����+, l�� 
��� '"�� � � '�%# /9$ ���" .

4��� J#�,  4�� ',����?� ���1981  �,2000 :�7 �" 4��� '%�"  4�� ���2010-2001  .�� �5����7 ��� �(�#�"

 ��A� 3���� � 'K5@[;� {v#MAE  �RMSE 4��� <�" 4��� �" 4�� ��.�, ���  J#�, ',����?� ���SPSS  �

EXCEL :�" .��� /#�"  �" ����� 4�K5@�� � !�" e(A� ��A� <�K���� <��,69/4 *� � �5;�(��  � 3� <��,

 �" ���[, 4�K5@��07/3 �4 ���� �5;�(�  4�K5@�� � !�" ��A� 0�C"�� <�K���� �-�� 3���� <��5?�" .�� ���2

 �" 6�>,4/6 *� � �5;�(��  ���[, 4�K5@�� � 3� <��,01/4 /#�" �5;�(��  �]A%� <�� � <�?�7 0�C.�A� _��5� .���

)3��>;� � /#������� e�]9, �(;=  �1392)3��>;� � �?H%" '��� (1394�" (  :����� 4�%�� 3�?� '(� �G

'� <�K%# !�" ��� � ��� :��� � ���@��2 ��� � ���  e�]9, <�� � .���"���  � � �#:�7  ��� '%�"

 ��� :��� � :�����  � '��	 e�]9, <�� _��5� ./#� 4�� '#�" 4�%�� !�" � ��� ��	 �������� ��� � ���C,

�� � !�" � ��� ��	 ��������4�K5@ 3�5@"�, ��� � ��� :����� �(;=  � 4�%�� ��� �# 'G lI5%� ���  �")

 <�" 0����+, l��12/0 �, +17/06�G�� '(�� ��� � :����� 
(��# �  � +  <�")46/0 �, +57/1 (��# �  � +

'.��5� b?� ��� � �  <�")66/0 �, +50/04�K5@�� � (��# �  � + 6�f � n)�� lI5%� ��� ���	 m�� � 

'� 3��%[I� ��� � ��� :����� <�%N;� .���"  0����+, l�� �")44/0 ��� � ��� :��� � (��# �  � +

3�5@"�,  �")09/0 - 6�G�� '(�� ��� � :��� 
(��# �  �  �")72/0- '.��5� b?� ��� � � (��# �  �  �")

66/0 - :�7 ���	 6�%= lI5%� 4�K5@�� � (��# �  � .����2 '%�"  

  

h!�:�  


������ 
��;� 
�E�# 
<�@	 )1392�C.�A� .( ��� 0����+, ���2 � !�" � 6�f � ��;� 6�f 3���� �" 4��H5#�  � !� ��� ��5���7 

� 
��5���7�� �(�� .�����+= 4�;� 27
  �$288 -271.  

) 
';�	 ����) a#�� � ��C# 
8$� :I[��1=1383�" ��� � �# ��� .('.�@>?� '%�" :�7 � !  
����� ����� ���"� ���	 ���

�����" � �����+=  4�;� 
���17�$ 
52-33.  

'(& 
/#������� ) 
a#�� 
'&�  
��C# 
�%K�  
�;9�1392���� 0����+, ��� '#�" � 8�(9, .(  � !�" � ��� ��	 ���

)4�?�����1961 -2009%� <�5@I� � '��;���2 <���� � '# 
(<�" 4�K <��  3�� �# 
<��  ��(& 'ccI, '((;.�  0���?5�� � '#�%�

.�?� '��C�  

*�	 
4��  
�;G�� /���� 
'.�� � 
���� �7 
3���+$� ) 
� �1390.( '"�� � ��� � :1= ���;� ��� ��	 ��� � !�" � 3�5#� 


3�2���� �����+= � .�C#�, 4�;� 21�$ 
 116 -97.  

�� 
'(& 
']�� ���) 
�� 
��� <@	 ��.� � <�@	 ���� 
';��� 
8|H.�"� 
{��� '��%1389 ��� '"�� � .(CLIMGEN  '%�" :�7 �

.3���� �%��" ��1� 4�K?��� 
��� � s�� r6� r4��2 � �# ��� '((;.� <�" {���H%� <�.�� 
���[, �]A%� ���" '#�%���� 0�&FG�  
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'.F= 
�;G�� 
4 �����# 
���� 
�?H%" '���) 
4���G1390!�" � ��� ��� '#�" .(  ���?� 
����� ����� ���	 � ��	 ��� � ���

�����" � �����+= ��# .���16 4�;� 
38 �$ 
74-43. 

) 
l�C� 
0�"��� 6� 
�[�[	 
4��  ']� 
��C# �;9� 
'H�� 
���� 
�?H%" '���1394!�" �5� ������ .(  �" `�[,� � ��	 ���

�� 8���&��;� � 6�f � !�" �" �\ ! .'A�9� 0��G�I� � �����+= 
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Abstract 
Temperature and precipitation are the basic elements of climate. Therefore, sudden or short-term and long-term 
changes may change the climate of any location. The aim of this study was to predict trend indices of climate 
extremes using statistical downscaling methods and artificial technical data generation. In this study, in order to 
achieve these goals, The climate data of temperature, precipitation and sunshine hours during the period 1981 to 
2010 was received from Meteorological Organization. Then, using CLIMGEN statistical models and 
observational data of selected stations of the basin, data produced over the period of 2020-2050. Then, using 
RClimDex software, extreme temperature and precipitation indices were extracted. Finally, the by use of 
MINITAB software the climate trend indices were drawn at selected stations of Urmia Lake basin. For 
validation, the prediction was accomplished by observational data base period of 2001-2010 through the model. 
The relationship between generated data with the observational data were analyzed by SPSS, which showed high 
accuracy in most stations. The maximum absolute error of precipitation in the station of Orumieh was 4.69 mm 
and the lowest in Tabriz station with 3.7 mm. The highest mean squared error of precipitation in the Takab 
station was obtained with 6.4 mm and the lowest in the Tabriz station was 4.14 mm. Results indicated an 
increase in temperature and precipitation extreme events including increases in summer days, and very humid 
days of consecutive dry days at selected stations proved to be located on West and East basins. The increase of 
icy days and the reduction of summer days were shown while very wet and dry consecutive days were observed 
in the southern selected station. 
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