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 �� #!6�
6�� �:	 ���� �
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��!1�� )b;� c[��/9 O�E��� �,�%	 .(�6� * �d!���� !E��6 
��

\��1 * �%� &'� 
	�� ��.� �+�E6 * \]'6 X(�
� I( �!6P F�
������ �� ���.,:	 
	�� �� OP 
�� �E�6$ 


e:�� ��*�.,6 X(��
� �M�d	 -�!'� �^	�	 -!1�� �,1	� ������ �� ) -D,E/d * �(�Y/(*1985(2 - O��� �E�6$ �(	 ��

	 $	 �1�� -�.(�
� ��EM O	!U3 �/`	 F�%� !(�1 .�:	 �!(��d �%� &'� �!(!) 0(�) 
	�� �� �:	 �U�U� �(

��	� �� �:�,:� ����� -��h: O�(�� O�M 
�=(� 
����_,6 -b��� �� �*;9 *� �(	 $	 .�:	 �6	D%	 �!
,6 
��

 0��� .!E, � 
�*�i �(�) #�9;�	 O	�E9 �� ���,3P #�9�: -
!�1��� 0��� -�6� -��]�� -	�� �� � ����� -j��

$G 
Z��	 
!�1����3 $	 
��� � 
	�� VP���M * ���/�	 * �
��� 
��!E( b��d �/�� $	 
�� * �&(Z�%��� 
��

� 	� 	�� �6��9��6 ��6�	!(*� * !E���6 �(�6� e(	�1 0(	!�) -�(	�� #�1�',[	 -
�� 
��� ��
i* -S/h6 * ��=

O�3�� * ����� b$* * �1���;�� �� ���_� ���,� c�U, 6 ��[ �( c�U, 6 ��h� �� ��6$ kh: �� !�1��� �'��� O

 ���� �l(�� * O����d !1� * I(Z�%�E3 F�	�6 -0�* #��� -����d 01�) �(��3	�_� 0E�	�) �(	 �� �*;9 .�:	
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1- Banglapedia 
2- Wilhite and Glantz 
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1- Standardized Precipitation Index 
2- McKee 
3- Sirdas 
4- Sen 
5- Triple Drought-Solar Irradiation Model 
6- Altunkaynak 
7- Stochastic modelling 
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��	�6 �� -!1��

 I( $	 �,'����	� �����=, (	 N{: .!(��d Kw� �h� 
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�� �� � a�:	�� ��'� !(!�� 
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V�� $	 ���.,:	 �� �!1 ��	!��,:	 b��� �	D3	Minitab17  
��6P I�E&� *�1�� F�/��
	3 ��	* b*� *4 �1�� 
!E�

�� .!�!1 V�5�	 F�/�� �1��
	 �� 
*� ��=, (	 
!(!�� 
���
%�h6 ���6  * �� ���� �� kh: $	 �,'�� ����190 

����� �'� -!`�� �%� &'� - �(�:�E1 �'��� !1. ��=, (	 0�*l) �(	 �� -� 6	� -!Y'6 �:�E1	�� 
!(!�� 
��

��=, (	 O	�E9 �� D(��� * $	��1 -O�6�� -���E5� -O	�Y� -a��9�!E� �� �(�� 	�� * WP $	 �(�� ����� O	�E9 �� O	�� �6

O�d���d 
�� )���� * I'�!��1 �U/� ��'� (I'�7*!� .!�!(��d W�],�	 - 2  ���/�	 * �(��3	�_� #��`�+�

��=, (	 �
%�h6 ���6 
���6 O�'� 	�.!��  

  

                                                      
1- Dual Graphic Method 
2- Triple Graphical Method 
3- Cluster analysis 
4- Ward 
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1- Dual Graphic Method  
2- Triple Graphic Method 
3- Duffie and Beckman 
4- Cambal 
5- Angstrom 
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1- Allen et al 
2- Ward 
3- dendrogram 
4- Similarity 
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1- Z Score 
2- Wu et al. 
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1- Standardized monthly precipitation 
2- Mild drought 
3- Moderate drought 
4- Severe drought 
5- Scatter 
6- Extreme drought 
7- Standardized monthly precipitation 
8- Dual Graphic Method 
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1- Standardized Solar Duration 
2- Sirdas and Sahin 
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 n:�E6V�� ��	D3	� Surfer 11 �� b$	�� ������_� ��	� �!1 .�:	  

  

7- 3�� 
�
A�R�<
,��R ?2  

7�6�3�i�� �� �M �d	 O��:�d� 
�����d!EM
 �!1 �^	�	 �./,]6 !E��6 �=(� 
����_,6 �� 	� !�1��� 0��� �� !�	

�6 e���6 4�.��	 -�6� -����� -���,3P #�9�:��� �6	 �$�:OP 
� �E,�6 ���!EE��*!�6 #��i�3 � �� !,, � 
	

I�E&� $��� ���6�6 O��:�d� 
��!E1�� )&�� * ��: -O	��2001 -��: -2008( .7!6 ��EM ����:�d� 
��

��� O�'� 	� �^D� #	���_�
��� * �
h� �%�� �� ������ * !�� 7!6 ��EM .!E, � ���� �i�(� e�	*� �=���� �(��

��E6 -����_,6 �	!
� 0(	D3	 *�6 0(	D3	 D�� �h� u�6 7	�: �($ 7!6 ��� * !��(�6 	� 
!
� �: #	���_� .�*� �� O	��

�'U� #��+� * �(D���� #�+,]6 c, �: $	 ���.,:	 
���E�E6 O	D�63 �'U� �� .�	� 0(��� #	���_� �%��
6 
��

P ���1 * �%��1 #�Y� �( �(��3	�_� ��9 * 7�� F6�1 ���&6 
����_,6 �� ��_,6 I(�6 O��� �Y����d )� (��4 -

                                                      
1- Lu  and Wong 
2- Triple graphical method 
3- Contour map 
4- Cressie 
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1993o 	*�,:	�(�: * N�� (	1 -1989N(!���,�� o2 -1997 .($	  �� �'U� 
*� �� �8� ���6 ��_,6 �(��U6 ���]� *�E(	

�6 � �6 OP �L�E,6 * V�/
6 ���&6 
�� ��_,6 $	 �.� I( �(��U6 $	 ���.,:	0�) �d	 �*;
� .���d e(	�1 �E��

) $	 ���.,:	 �� �%� &'��$	!�	 
���,6	���6 -!1�� �8�!6 	�� 
�6� * ����� !E��6 �!1 
��d ���	 
����_,6 O	��

���� ���&6 ��_,6 *� �(D=(�� 	�a	���: . )2002 -(��Y� b*� �(	 ��� ��%*	 
	���%�:� �� 	� �'U� 
 
	�,�� 


�6 b*� �(	 $	 ���.,:	 �� .��� ��YE'�) ���� ��_,6 I( ���E� �(��U6 O	�� ���'6 �,6	��) *� �/�� �(��U6 a�:	�� 	

���d �: b*� ��,��: ���� c�:�� �'U� #��+� �=(����:�� 
 )TGM�6 �� �� 	� ��_,6 4�� �: ( ��� $	 �� ���d

�!1 ��	!��,:	 
!�1��� 0��� F6�1 FU, 6 ��_,6 *� �Y�P3 )SSI�!1 ��	!��,:	 ���,3P #�9�: * (4 )SSD ��,��: (

�� 4�� �(	 �/`	�!1 ��	!��,:	 �����6 b��� * ��	� F�&'� 	� c�:5 )SMP�6 �U/� �, �	* ��_,6 ( I( �� �� ���d

�6 �3�i	 0E�	�) �	���� 
*� �� * e���6 ��� �L�E,6 
����_,6 V���	 Q*$ �� �� ��:��6 $	 N) OP �(��U6 $	��1 

 -����: * a	���:)2008(�hU� �	���� c�:�� $	 N) -�i�� 0�*l) �� .	 �, �	* ��_,6 �(��U6 -FU, 6 ��_,6 *� 


 �3�i	 �	���� �(	 ���!1!�	�6 b*� �(	 �� .�'U� O	��b$�	 OP I�� �� �� ���� ��Y� 
	 * �, �	* ��_,6 
��

0�) FU, 6 
����_,6 �(��U6 a�:	 �� 	� �'U� 
*� �� �!1 \]'6 ��EM $	 W�E,�	 
�,:	� �� .���� �E��

�(�*!�66 ��YE'�) -��� * ���,3P #�9�: a�:	�� �!1 ��	!��,:	 �����6 b��� �� }���6 O	D�6 �E�E6 }�h� ��1

 �	���� .��1 c�:�� 
!�1��� 0��� O	D�6TGM  
����_,6 ��� F��U,6 e�	*� �YE� ��3 ���d�6 O�'� 	� z�3 
 !��

�^D� #	���_� �&/��$�� �� ��O�d���d ���6$ 
 )G�: * ��	$*� -�/+3 -�����6�6 O��� D�� 	� (�� �� ����,:� 
	�� .!E�

�6 K!� �(	D� *� $	 O	��� JE:	�) �(	 S�./� �� �� ���� ���.,:	 O�6D�� #��` �� FU, 6 
��3 �6 ���d O	��

 
���	����TGM  �6�5� ���,3P �9�: �� � #�+,]6 ��=,:� �� 
���9 ���6 �E��]� b*� �(	 �� .�	� 0(���

�
�	* ���,3P �9�: �� �6 y�+,�	 �� 
G�� 0��� �� ��6$ �� �!�:� 0��� �U3	 ���6 * �� V�: ��_,6 * !��(

�6 ��	� 0(��� O	D�6 �E�E6 }�h� #��`�6 �/�� F�	�6 �� ���� �� .��1 
!�1��� 0��� �E��]� �(��U6 O	��

 
���	���� .��*P �:!� �� � ����� * ���,3P #�9�: �*�.6 �.� �� 
	�� 	�TGM �6 	����*� 
	�� O	� 
��

X/,]6 ���6$ )���� ��Y� (7�: * ��6 -�,.� -$*� -�9�:  -����: * a	���:)2008(.  

  

  q�" � e-� A  

 7�+3 �� N&9�� * �,3�( 0(	D3	 ��� O	D�6 �T�	!� �� ���,3P O�6$ #!6 * 
!�1��� 0��� -I'� 7�+3 ��

V*	!� * ���,3P O�6$ #!6 .!��	� 	� ��� �(��U6 �E��� W���6 ��*� �� OP ��� * �,1	� 
���6 0U� -�%� &'� 
��

�	!(*� �(	 7�,E� ����6 O�d���d �
��� 
�� �,'�� b��� 4��* O�&6	 * c� ���,3P O�6$ #!6 
��	 
	�� �� .!1��

                                                      
1- Isaaks and Srivastava 
2- Kitanidis 
3- Standardized Solar Irradiation 
4- Standardized Sunshine Duration 
5- Standardized month precipitation 
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��� �� �Y��� F��� b��� G��
6 * �T�	!� ���,3P O�6$ #!6 -K�` O��:P e(	�1 �� �� �%�� �� �:	 �d	 .!��

 e(	�1 !EM �� �&'���*� !��( �6	�	  -7�: OP �� �%� &'�!�� �6 �� .  


!�1��� 
����_,6 $	 I( �� * ���/�	 �%� &'� ��� e�	*� ���:�� 0(��� 
	�� S�U�� �(	 �� ) ���,3P #�9�:

���d*� ���:�� b*� �� �� I����1 b*� �(	 $	 (
!�1��� 0��� * )DGM(  #*�.,6 �� ���� �� * �!1 ���.,:	

��� 
��!�	* O�$	!�	
��d  ���.,:	 !
� O*!� * �!1 ��	!��,:	 #��` �� ���,6	��) �(	 ���w6 
����_,6 $	 I( ��

 .�:	 �!(��d���d*� 
���	���� 
!�1��� 
����_,6 * �:�E1	�� �%� &'� ��� }����	 O�*P �:!� 
	��  �: *

 ���d�%� &'� 
 - ��=, (	 �� 
!�1���
�� -O�6�� -O	�Y� -!Y'6  D(��� * $	��1 -a��9�!E� -� 6	� -���E5�

 c�:��:���d �6 �	�� x�� ���6 �($ ��'� *   

WP * �� O�6�� ��=, (	 
	�� �U�� c, �: a�:	 �)�� 
!E�BSw �6!1��. O�, ��� 
	�	� �=(� #���9 �� 
��

O�, 6$ * I'� 
��W���6  .�:	 ��: �� F(��,6 7!,
6 * �� F&14 �6 �!(��i �� ��1 ��� ���
� n(	 #�9�:

 ��	!��,:	 ���,3P�!1  * �!1 ��	!��,:	 �,3�(�� 0��� �� b��� O	D�6�����6  �!1 ��	!��,:	 n���,� ��=, (	 �(	 ��

 ���88/0  *94/0  �(	���E� * �:	�h�	� ��� �h� 
SSI  *SMP �h�	� $	 
SSD 
���:	 �� . $	 �&'� e(	�1

	� �6	�	 �6 �� * $�[P �:�dP ��6�� ��6 F6�1 ���:	 ��6	�� * ��,�	 -��6�,{: -�:�dP -O�� -
G*Z -�6 
��- �E
( 

7  ��6 e(	�1 �� 7�: $	 * I'�5  ��6 �� ��U��6 u�	* W���6 e(	�1�1�.!  �� $	 
	 �!�9 0]� �� �=(� #���
�

 �(��U6 7�:SSI * SSD  O	D�6 * �8�;6 F���SMP  .�:	 ���� D�M���5�,� ���� F��� 
 �=(� �� ���� �� �&E(	

 
���	����DGM ��6 $	 ���� �&'� ��
i*X�`�� 7*!� �� �� � �� ��� �%� &'� �%�:�� * �� a�:	 

���� \��1  ��	!��,:	Z-Score ) 7*!�2�6 ���_� ( �(��U6 eU3 �!1 ��	!��,:	 b��� \��1 ��:��6 �� 	�($ .!��(

�6 �8� !6 �����6 b��� �d	 �6	 -!1������� �� ��
i* �� �,��E1	�� F6�9 I( O	�E9 �� 
!�1��� 
����_,6 $	 I(

��6 �,���� * �&'��6 �!��'6 ���d �:��� 7�: 
�� �(	 ����_,6 �(	 
*� �� �( I( �� O���� ��8E6 �� �� ��1

�6 a�:	 �(	 �� * ����� ���_� ��
i*�%� &'� ��
i* n � �� ��6 �� ���/�	 e(	�1 O	��- OP 
!�1���

�!56H;T6 -���� X(�
� 	 O�6�� ��=, (	 �� )F&1 4(  ��6 �!1 ��	!��,:	 b��� * 
!�1��� 
����_,6 �� ���� ��

7�6�� �� I(�D� �(�YE� �� �!1 ��	!��,:	 b��� �� �%* !(!1 �&'� ��
i* ��6�,{: )99/0 -99/0 -�6 ( 
	�� .!1��

��=, (	 V����6 	� �,���� * �&'� e(	�1 ��6 ���=E(	 O	��.�	� �	�� �:��� ���  �6 ���1	 ���6 
�� �,3�(�� �*;9

 O�6�� ��=, (	 �� �
%�h6 ���6 
��6P ��*� �� �� ���� ���1	 D�� �5�,� �(!� O	�� �� ���� �� ��� ��� e�	*�

�!1 ��	!��,:	 b��� * 
!�1��� 
����_,6- ��=���6 * �/� ��h� 	�($ �:	 ���� c��� �%� &'� e(	�1 ��%�[  ��

*� $	 �,�� ��*� I( eU3 * �,1	� V*	!� 7�: �� $	 ���6 �.� ��*� I( �� �%� &'� e(	�1 -�
%�h6 ���6 
��6P ��
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 C<�4: �h�	� �	����) 
!�1��� 0��� ��� 
SSI�h�	� �	���� * (X%	) �%� &'� * () ���,3P #�9�: �	!
� ��� 
SSD &'� * ( �� (W) �%�

O�6�� ��=, (	  

  

 �d	����  �� e�	*�b*� �:���d�&�3	�d 
  F&1 �� �&��EM5 ) �	����TGM O�6�� ��=, (	 �� -���d �:��� (

 a�:	 �� �� ��1 �6 �!��'6V*�, =�	 �%��
6  ��� �Y��� F��� �h� �=, ��� ���,3P #�9�: * �,3�(�� 0���

�!1 ��	!��,:	 ��	� ���* )R2= 0.91 c� �E�E6 F&1 �(	 �� .( �!1 �^	�	 X(�
� S�� �� �.` ���� �� b$�	

 7*!���2 ���[ W�E� �	!,6	 �� ����$ I( #��+� �:	 7�6�� �%� &'� e(	�1 �=���� -  �� * �'U� ���1 7��1

�E�E6 -�E�E6 �(	 F�	� �� * �!1 �!�'� V*�, =�P �%��
6 O��:�d� e� �	!,6	c� 
����T6 �(��U6 �� b$�	 

)�.E6 �(��U6 �� b$�	 c� 
�� �E�E6 OP $	 Q��� �� * (�%�:�� e(	�1 )  #���
� .!�	 �,3�( c8� (�%� &'� e(	�1

 n � �� �%� &'� ��*!�6 �=(�S/So 64/0 -76/0  n � �� *H/Ho  ���62/0  ��77/0  �(	 �,�� �� * !1�� �6

�%�:�� e(	�1 �� ��*!�6 �%� &'� ��
i* V���	 �(	 �,'�� �� * �� * -c��� � $	 I( �� ���� 0(	D3	 �� #��`�

��_,6�6 ��*D3	 OP V*	!� �� * !(!'� D�� �%� &'� x�� ���6 
!�1��� 
��.���d  

  
C<� 5:  �	����TGM O�6�� ��=, (	 ��   

 

�d	 �6	 -!�	 �!1 c�:�� *� F`	�3 �� �,'�� ��i* �Y� �� �E�E6 V���	 F&1 �(	 
*� �� �M�d �&E(	 cY6 �,&�  $	

 �����6 �&�3	�d �	D3	 V�� �� �'U� �(	Surfer)( �6 -��1 ���.,:	O�&6 ���� �� O	�� �hU� �� �� �'U� 
*� �� ���
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�^D� �(��U6 -OP �U3	 kh: $	 ���6 �: ��x, y  *z  	� �=(� 
�� ���� n � �� 	� I(�� #	���_� * �:��� 	�

 .���� �!��'6�5�,� �� �'U� ���=E(	 c�:�� �&E(	 ����� ��� 
�� �dl(* ���($�	 �Y� �(�� �1*� 
!
� �: 


.!(��� �6 �^	�	 OP $	 �,�� * �����6 ���6$ a��U6 �� (V*	!� * O�(�) -$�[P) �%� &'� �	!��  

!Y'6 ��=, (	 )F&1 6( �U�� c, �: a�:	�� c�/�	 
	�	� �)�� 
!E�BSh �6 I'� c�/�	 4�� $	 * �:	!1�� 

) -O	��&�� * 
�**	�1389.( ���d*� 
���	���� �� �&��EM )DGM
!�1��� �%� &'� ( )F&16�6 �!��'6 ( -

���d ��� ���
� n(	�i - �!1 ��	!��,:	 ���,3P #�9�: * �!1 ��	!��,:	 �,3�(�� 0��� �� b��� O	D�6�����6 

 �!1 ��	!��,:	��	�� ��(�U� ��=, (	 �(	 �� )R2= 0.82( ��6 �� H���3 �� ��/h6 O��� * ���� -!1 ��� O�6�� ��=, (	 �

������  �&E(	 D5� �:	 z��` ��=, (	 �(	��6��*� �� �6 * F(�)P -a��6 -�(��3 -�(��	Z 
���!1 u�	* W���6 
 .!�	

H;�� �&��EM ��*� �(	 ��  I( a�:	�� �!1 ��	!��,:	 ���,3P �9�: �	!
� �!1 ��	!��,:	 b��� 0(	D3	 �� !1 ���1	

�h�	�� �h� �i�(� 
�6 0���5�,� ��� �(	 �� !��( 
	�� ���� 
MP  �UhE6 �(	 �� �� �� � 
�	!(�) * .�:	

* �%� &'� ��� e�	*� �:��� �� ��=, (	 �(	 �� H��%�[ 
!�1��� 
����_,6 ��6 ���	���� �(	 u�� *� �� 7�: 
��

��6 0E�	�) .�:	 �:��� F������d*� 
���	���� �� ���%� &'� 
 - * �� 
!�1�����
�	 ��	!��'6 * ���5� 
��

H;6�� �6 ����� 	� ���	���� �(	 �(	��� * ��� ��� �(	 �� �:	 S�hE6�� !(��� $�[P * ��6�:� ��6 4*�1 �� �&(���

c'M ��� �� b��� O	D�6 ���,3P #�9�: �	!
� �� � ���T� �� O�6D�� ��Y� ��	*	 �� O�, 6$�6 0(	D3	 
��d .!��(

��6 �YE� OP $	 N)��*� �� �� �H�,� � 
 �6 u�	* 7�: W���6��Y� ��6 �(��P ��1 ) �/9 �� OP $	 N) * �:	 (�6

��/[c, �: 
���� nE� ��'3�) 
�� 
�� 
	STHP)( #�9�: �	!
� �� * �,:�� �����6 b��� O	D�6 $	 �9�: �� -

�6 ��*D3	 ���,3P�� -��1 �&(���6 ��6 �� 7�: $	 ��6�(�) * O�, ��� 
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��*� �� (
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��*� �(	 �� .��1 
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� -��$*� O!1!E/� �� J(�!� �� ���6

�6 0��� ������	 O	D�6 * 0(	D3	 ���,3P .!��( ��=, (	 �(	 �� �	���� �(	 a�:	�� ���6 
��6P ��*� �� ��=���6 ��h�

%�h6 �
6  * �%� &'� e(	�1 �� 7�: $	 ��66 �6 ���5� 	� �%�:�� ��
i* 7�: ��U� ��6.!EE�  

  
 C<�6: �h�	� �	����) 
!�1��� 0��� ��� 
SSI�h�	� �	���� * (X%	) �%� &'� * () ���,3P #�9�: �	!
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	�� * WP �� (O�6��BSh 

 ��� 7��
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04/0�6 ( #	���_� �� �3�d �5�,� O	��SSE * SSD��� #	���_� !�	��SMP  
�=(� F6	�9 * !(��� ����� 	� O�M
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!
� �: 
��
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� n(	�iSSI * SSD �� SMP  �h� e�	*� ���
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��E� O	�� �6 -!�	 \�]'� 
	�� 	� �(��
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Abstract  
Drought is natural phenomenon’s which can damage were and has a significant loss to human and natural 
structures. The occurrence of this phenomenon cannot be predicted with complete certainty. The main objective 
of this study is clustering of drought tradition stations and assessment Climate drought based on the triangular 
relationship between drought and Hydrometeorology and meteorology variables Such as rainfall, solar radiation 
and sunshine hours. In this study, using data from meteorological synoptic stations in Iran where twenty solar 
radiations were recorded, was conducted in the period 1970-2010.The stations studied using Minitab17 software 
based on the standardized precipitation index solar radiation and sunshine duration, Clustering, Standardized 
monthly precipitation and from each cluster a station were selected and to examine the relationship between 
drought and solar variables, and to examine the relationship between drought and solar variables the 
standardized precipitation same value curves map was drawn and then Angstrom equation variables such as solar 
radiation and sunshine duration as reference variables was drawn. The results showed solar variables divided 
into eight different Clusters in all studied stations coefficient of Angstrom equation 0.62-0.96 determinate except 
Bojnoord, Ramsar and Shiraz are 0.038, 0.067 and 0.36, respectively. The statistical mean period shows most 
station that started in March and continues in June, July, September, and October and continues in the late of 
November. In this period, the most sunshine hours and sun radiation are recorded.  

 
Keywords: Triangular relationship, Standardized precipitation, Angstrom, Sunshine hours, Sun radiation. 
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