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�]� 4�-���	 ������� ^��� $�Ei .��"SPI، 

RDI ،SPEI  �EDI �"	" ���� � 7��'/ %E> ��k��������� #�� !��4�-���	 $" �5�N3	 !�� �&��U� "$
� !��

�'��I� %E> .�� 
�_��	 ������� ^��� !RDI  وSPEI Z�&/ � ��_'/ $	�T� �  ����  �� %�	 ��B�� 2�����C

�
���$�� � �:/ S�$ �	 $
P*� 7��  - .�� 4"�.��	 ������ ^��� ��"�T�EDI 0��  4"�.��	 �  �&��U� "$
� 4$�" !	� 

4"	" �	��	��$ S$�  !�� 4"	" �"
  F���� ��$�  $
P*� �  .��� %�� H���
5N� �
��� �	 �� -H
����5�	 )K-S (

4"	" �� l��	 �  �� �� 4"�.��	 !	$	" ��05/0>P 7�  �-��'5� \��` �'��I� %E> 7�	� �*  4"
  F���� c��
/ � 

^��� .��"�� 4"�.��	 �
���C �-��'5� \��` �	 �������T� %E>^��� ! �� ���$�� 7��&/ � GN�_� !����� 

4�� "	�&/ 	�� 	  !��;�� 4$�" F
( $" F�� �� $") !$��� !2015-1965l)� �� $" #�� ��"�T� l��	 �  ( 

 F��>) ������� #��24�� 2� "	�&/ r�� � ^_�� ( �� 7��&/ ;�� !��^��� �N��� �  4 �  GN�_� !��

.��� %�"  

 ������� ��	�	�10�� ��k�� �	�� $�5�  �TU*� ;� ������� ��$�  $" �E� !�� ?
3� ��	�	�1 ��$�  !	�  .���

4�� l)� $" ;�� !��4�� �������� #�� GN�_� !��  $	�T� �  �>
/ �  F�� �� $" 4�� 7��&/ ;�� !��

l)� $" �#�� GN�_� !����)�) �������� #��1q�
�� �2���� $���  � ���� �3�T'( ( F��>) ���� !�* 

2��	�	�1 � ( ^��� A�5/ $" ������� #�� �	 �T'( ��A�� $" ��4$�" $" GN�_� ����� !�� �P� "$
� !$��� !

.��"�� 7��&/ ;� �� ��	�	�1 �b$" � �'��I�  

 j�:?1: ��T�D+� )
�A�� � ��d	���c� ���� B��
�' 

_+��  
 R��

��T�D+�  

 �+�
*��b? j��

(
?��)  

 m�W

 �+�
*��b?

(
?��)  

 �� e�7-��

 �+�� ncH

(���)  

J
T��
� 

 
�f�H

 ���)C(°  

J
T��
� 

 4��! 
�f�H

��
�)(���  

 N+�L

 �;�G

J-����� )I(  


(cO� e��  

1  �����  Eʹ58 °56  Nʹ15 °30  8/1753  8/15 9/159 28/5 ;��  

2  �	���  Eʹ36 °52  Nʹ33 °29  1484  18 337 4/11  �5��;��  

  

���H���  

_'� - 
(�� B:O!�5�N3	  :
�'�c� ���� B�� ��T�D+�c5> �	 rC!$�� ��$�  � 4"	" �.�� � �5� �  ����� "$
� !��

4�-���	 
�_��	 !	�  �&��U� "$
� H�� l��	 4�-���	 �l��	 7�	 �  �� �� 4"�.��	 7/$���" �5�N3	 \��` �	 ��

);�� ��N3	 !	$	" �����28/5 I= (  �4�-���	 ;�� �5�� ��N3	 !	$	" �	���) 4/11 (I=  F��>) %�	2.(  

                                                      
1- Mild  
2- Moderate 
3- Sever/extreme 
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E- ]G�� �:� ���:���H� 4��! �'�D;�G1 )SPI:(  ^���SPI ��� q�
/2  �)R�	$��5�1995 �E*/ .�� �e	$	 (

�.�
�  �'��I� $" �8u� ��� r�� � ^_�� ����� l��T� ;� !	�  7�-���� �	 S$�  #��./ l��	�  � %�	 S$� 

�� %��  $��&� H	�I�	 �  �� ���T/��� �� �l��T� $" 	$ �� �	
/ ����� !��1 �3 �6 �12  �24 "�� �'��I� ����:  

)1 (  SPI	 = ����	

  

�� $" ����  � �&��U� "$
� ����� 4$�" $" ����$�  $	�T�σ %�	 �P� "$
� ����� 4$�" $" ����$�  "$	�����	 H	�I�	 

;�) �	$��5� � ��1995( .  

o - ]G�� �'�D;�G �+�H�O�3)RDI(: ^���  �� ������� �����*�RDI ���_� !	� $�  7  X$
> q�
/

l����/4 r�N:�� �5 )2005 � l����/) �� �e	$	 (r�N:��� 2005 7�	 �	 4"�.��	 �  ������� 7��&/ !	�  .(

 �" 7�	 ��B�� ?
5:� �� � ������ 2�����C Z�&/ � ��_'/ � ����$�  $��� 7��	" �  ���� ^�����=��  7�	 $" .%�	

�
���$�� S�$ �	 2�����C Z�&/ � ��_'/ �'��I� !	�  R��kC - �'��I� � 4�� 4"�.��	 ������RDI  �N,�� �� $"

 �'��I�) ��	�� 	 $	�T� 2��� �� 4��
�(  �F��� ) 4��RDI�) 4�� "$	�����	 � (RDI�� �	 4"�.��	 �  	�� 	 .%�	 (

�U 	$ ) F�� �� !	�  ���i4$�" �	 ( �� ��	�� 	 $	�T� ��&��U� "$
� !$��� !
�  �'��I� :4��  

)2 (  
�
(�)= 

∑ ��������
∑ ����������

  

 �� $":�� P  �PET  $" 2�����C Z�&/ � ��_'/ � ����$�  �\�/�/ � j F�� 4�� 7��	 i $	�T� .�*��� i �/ ;� �	 N 

F�� "	�&/) "�� ��	
� ���=/ (%�	 l���" $" �� $��� �� %�	 ���� .7��&/ !�&  A�� RDI F���� )�� ! ( �� %�	

 �	�U 	$  �'��I� ����� �
 :"  

)3 (  �� !(�)= 
"#(�)
"	#)  

 7�	 $" ��:��
	� ��"�T� � ��, 7�-���� 
� F�� �	 ;� �� �  w
 �� 4$�" !�� !$��� !%�	.   

�'��I� %E> RDI 4�� "$	�����	 )�� $% (��B�� ��"�T� �	 
� �	
*6 �  !"�6 �� ��1�� ���$�-� &' %��  ��

���) )ln(
�
(�)=&'  ( . �  �� �'��I� 	$ "	�6	 7�	 "$	�����	 $��&� H	�I�	 � � ��, 7�-�  و							'+*	  			'& /�/�\���

�� 4����� 4�� "$	�����	 ^��� ."
�RDI  �'��I� ��� F
��1 ;5� �  F�� �� $":""�� ��   

)4 (  �� $%(�)=+,
(�)�+,				

-,						)  

  

                                                      
1- Standardized Precipitation Index (SPI) 
2- Mckee 
3- Reclamation Drought Index (RDI) 
4- Tsakiris 
5- Vangelis 
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�- 4��! �'�D;�G ]G�� -���:���H� p��- � �
	�- �:�1)SPEI:( ^��� ������� SPEI  ��<	���	 q�
/ 

%*�*��-
�	��2 �	$��5� � )2010( �e	$	 4�� ��  l��	 ��_'/-Z�&/  2�����C)PET ( �S$�  ��"�T�  R��C � 

�� ��������	"�C$" ." #�'��I� ^��� SPEI rC �	 �'��I� H)��	 ��"�T� (�-�.�) ������ ����$�  � PET 

!	�  4�� i A	� 7�	 ��"�T� 4$�" $" ����� "$
� ��$�  �  �� c5> ��""��:  

)5 (  D =��-�./�  

)6 (  �!'=∑ �!��'�0�1� 	-	�./!��  

�� $" �� D :  

H)��	 7�  ��"�T� ����$�  � ��_'/-Z�&/ �2�����C k 4$�" ����� "$
� ��$�  )3 k= !	�  4��  3 (���� � n 4�� "$
� 

�'��I� ����*. c �/ ���-i ���5�,	 ;���:� ~
� �� 4��=�� �  ��"�T�D2  S�	�  4"	" ��"
� �� $"�3 �  �P�$" 

��"�T� 7�1�� �.*� %�	:  

)7 (  (x) =
3
' (

4�5
' ) λ-1 [(1+	4�5

' 	) λ ]  -2 ƒ  

�� $":��  

k� λ � µ �  \�/�/ �.�
�!�� �l��T� 2�� � 2��5/ !0��� !	�  ��"�T��'  )∞˂�'˃λ( .%�	 �	 ���� S�$���� 

�� !	�  7��&/ !�����	$�C c��
/ ;���:� ~
� �e	$	 4�� �%�	 S�$ ��$������U� ! �  �	
*6 ���$ �$�� � c��� 

�1�&� .%�	 4�� !	�  7�	 $
P*� �  !��$����� �'��I� �U� � C�!�����	$ c��
/ �  $	�3 ��� 7�5_/ 4"� ��:"
�   

)8 (  λ = 67��7#
87��7#�87�  

)9 (  9 = (7#�67�)3
:(0;�

<):(0��
<)

  

)10 (  μ	 = >�– 	kΓ(1 + 1/λ)Γ(1 − 1/λ)  

�� $" �:�>0  �...)0�1�2=i( ��"�T� !��$����� ���5�,	 ��� 4�� �	 �'/�� l ����*.  

��"�T� �&5:/ c �/ c��
/ ���5�,	 ;���:� ~
� �	 !�� ��"�T� �'�  #$
b ��� G��&/ ��:""��  

)11 (  F(x) = [(1+
'

4�5 ) λ]-1  

$" %��E� ��"�T� SPEI �  2��'/ ��"�T� %��  4��� F(x) �  ��"�T� �(
 �� F���� "$	�����	 4�� )Z( �  �  !���$�� 

S�$ �'��T/ ;��)� 0/
�	�'��-��-��	 )1965�( �'��I� ��""��:  

)12 (  Z = - (k - 
G#;G�';G�'�

0;H�';H�'�;HI'I)                   for 0	<	H(x)	≤	0.5  

                                                      
1- Standardized Precipitation Evapotranspiration Index (SPEI) 
2- Vicente-Serrano 
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)13 (  Z = + (k - 
G#;G�';G�'�

0;H�';H�'�;HI'I)                for 0.5	<	H(x) <	1  

)14 (  k = Lln[ 0
(N(O))�]                                   for 0	<	H(x)	≤ 0.5  

)15 (  k = Lln[ 0
0�(N(O))�]                               for 0.5 <	H(x) <	1  

� - �C�� �'�D;�G ]G��1)EDI(: ) �
��  q�
/ ^��� 7�	1996 F�� ������� !� .��"�� �e	$	 (96-1995 

4�E  �  ^��� 7�	 �  	$ ������ $" �	 !���195 �
�� ) "
5� � ���$	 4�-���	2 %��EN�� ��3 1999.( �'��I� ! EP 

�'��I� $" �N,�� 7���	 ! EDI  �	 4"�.��	 �  � %�	�U 	$! �� A�:�	 ���."
�   

)16 (  EPi =∑ [	(∑ QR!R10�!1� )/S	]  

�� $" �� i � �`�1 A�	�/ QR �����$�  m-1  2'3 ��$%�	�  . ��	 F��� �	
*6 i � 	�  3 ���  ��$ EP #$
s   ���

 "$��� ��"��:"   

)17 (  .�R = (�0)/1+ (�0 + �6)/2 + (�0 + �6 + �T)/3  

 � 
� �  �U 	$ 7�	S$�  ����  ��8�/S$�  �  %'�� ���	 !���5��3 !��4$�" �( $" ��$ �� ��*�	 �-�" � �/ !

<)T��� !$��� ;� EP �� ���� 	$ %�	" ��	
�4$�" �� !	�  	]� .��" ����  ������� ��$�  H�� �� ����� !

�����  EP �U 	$) �P�"$
� A�	�/ 7�1�� �P� $" �  	$ 4$�" ��$ ��!17!	�  ( 365=i "$�� %��   � � 7�-���� r��

��"�T� �	 "$	�����	 H	�I�	 EP �� �'��I� 4�� �� !	� !�� � "
���"�T� ����� !�� EP H	�I�	 �  7�-���� �	 

)DEP( �� 2��'/��"��  ��	$��5� � ���T�)1384(.  

)18 (  DEP = EP- .�				  

��"�T� ��U� �� �'��I� ��� #$
b � :"
�  

)19 (  ��U�= DEP/∑ (0
V)�V10  

�5� 2 �T�� c5> �4$�" c5>4�� !#�� $" �� N  !	�  )��) %�	3 N=�  � 	�  4$�" 7�	 .( 3/1+2/1+1/1 ��	
� 

 ."
 ��� $" EDI �� �'��I� ��� #$
b � :"
�   

)20 (  .� �=��U� /ST(��U�)  

�� $" ��: ST(��U�) ����4�*�" H	�I�	 !$��&� PRN %�	.    

2b	 $"� EDI  �&�
/ ��	��$ ����� A�� $" ������� q�	�� R��C !	�  ��1���	$��5� � !���	)� 2009o  l	$��B��

�	$��5� �� 2010o �
��  � ���� 2009o �	$��5� � ���� 2009o �	$��5� � ����� 2006o ���� � ��"�$� 2010 � �� o

                                                      
1- Effective Drought Index (EDI) 
2- Byun 
3- Wilhite 
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 ��	$��5�2012 R��C !	�  r�� � (r3�� � 7����5�) %�	 4�� 4"	" ��5&/ ������ �������� 2004o  � ����

�	$��5�� 2006o �	$��5� � !���C� 2008o �
��  � 
e"� 2014 .( #�� �	 �T'( �� !	�  ��"�T� #	���=/ �*�	"

^��� !	�  �������  !��GN�_�  F��> $"2 %�	 4�� 4"	" ����. 

  

j�:?2: ]G�� �;�G ^k@ B:O! 
(�� B��  �'�D;�G ��	$��5� � �� ;�)1993
�
e�C o  �	���C �2007 ��	$��5� � �N�N� o2011(  

�+��(� SPI �RDI �SPEI � EDI ^k@�'�D;�G B��  

�	� ����  ٠≥شاخصT1  

0>^���>1-  ��)�  

1-<^���<5/1-  q�
��  

^���≥5/1 -  ���� $��� /����  

  

q�! � `+���  

�:� �H��! :�'�D;�G B��  ������� #��  �  w
 �� !��$	"
5� �E*/ R��kC 7�	 $" $�s��	 %��6$ %E>

 ^���SPI  �EDI  2��) %�	 4�� 4"$�� !��1 �2.(  

 2�� $" ����*i1  4�������4�� ����� A�� �� $" �"
�4�� ��e�g � 7e�g ��� �2�$�� !�� ��'����� � ;�� !��

4�� �'���" � �'�	
� ��'��	.%�	 

(�� !�� #�� 7�-���� 7�*D5�2s1 $" �������� !�� ������ � 0���C !��

4�� �	) 4�� �	) ���� �/ � $�E  F
s1 �  %'�� (��$
1 �/ �'����� !��  ������ #	���=/ � ���
� (%�
�� �/ l$�� !��

 ."$	" !���� �$	" ��89/ ���� 7�	 $" �NI� � "�� {U� $" ��
���
�� "�&�� q�	�� � 2�	
6 �i��	 l��T� $" ��	 ��

�E� ��)� ��	
� � 
�7�	 %N6 7��/  ������ #	���=/#�� !�� %�	 $
�� ����C
*�� q�	�� ��������!$
( �  . 

4$�, \*> !��$��1�C �F�� A�� F
s1 $" �	��	 �	 !$��*EC 4���� $" ��!	1 (STHP)  7�	� �*  � ���	" �'NQ

������ �	�*i $
�� �  4"$	� !���5� !�� .%�	 ���� � ���� 4�*�	01 ���$ ���&`� 7�*i �:��� .�*���� ?
*��

������ �F�� "�� F
s1 $" �����, $"%E> �	 !
> �
���
� !�� $" ��, �� !$
( �  4�� $
�� "$	� GN�_� !��

��.� l��T�  ���:�N6) %�	 #��.�� !
> q�	�� $
�� !�> !�> $" ��	��$ ��, �1392 ���"
&�� �1391  �

�$� �	$��5� � 71392�   .( ����� A�� R�	01	� �� R��� ������ #	���=/ � ���
� 7�	!$
( �  ��* ��  �*I*� ��

 ����� A�� $" #��1 ) "$	" 	$ ���
� 7�����  ����44/1<I<05/0-(  2��)2.(  

  

                                                      
1- STHP: Sub-Tropical High Pressure 
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 [;�1: �:� 
����� J
T��
�  
�
H� 
! �:� 
�H��� �'�D;�G B��SPI R�M �� ����� B��) =���@ ��T�D+� �� =�M���M2015-1965(  

 

 2�� �>
/ � 2#�� ������ 7�-���� #	���=/ �*�	" �A�� $" ������� !��%�	 #��.�� GN�_� ����� !�� o ��	

��A�� $" �� %.� �	
/) #�� 4�/
� ����� !��1  �3 ����( A�� $" �#�� �*N  ����� !��) �/6 �9  �12  �" (����

 ^���RDI  �SPEI �  �������� �5� #�� #	���=/ �*�	" \�/�/�� ���� ��E  	$ ��.�*�"  ?
`
� 7�	 ��$� 

�	 �� ^_�� �� "$	" %�5�	 %E> 7�	"
��  �*���  � �*�5� �  %'�� ����� A�� �i �  ^��� A	�� �5�

����������	" !����  %����, �� �� ���  	$ #	���=/ 7�	 �*�	" � ^��� ��*�	 �:��� .�*�SPI T1 �� ���C �  q

�� �'��I� S$�  ��"�T�
�A�� $" �" ����� !��4�/
� #��  ^��� �" �RDI  �SPEI 4"	" l��	 �  �� S$�  !��

 ��_'/ ��� 256 ��" �"	" %���" �� Z�&/ ��� �  �4�*�	01 ��8�/ 2���  ��**�*� $" ���]� 4�� �*i �&5:/ � ��

A������ !����B
( �������� �5� #	���=/ �*�	" �/  	$ ���� ���� !�/�$�  $
( � �*�")49/1SPI1= �

08/0RDI9= �08/0 SPEI12= .(7�-����#�� ������ !�� �N��� �  4�� �'��I� ������� !�� RDI  �SPEI  � 

 "
>� $" #��./�� �'��I� �-�
-i � 4
I� �� �   SPI�  ������ #	���=/ � �������$	" !�*��5��  ��	 #�� 7�-����

�N��� �  4�� �'��I� ������� EDI %�	 #��.��  2��)3.( 

  



  

  

  

  

113  --------------------------------------  ����� ?�� �	��� ���� � ?�	�@�  �9A B�)��� 3�#�  �9A...  

 

  
 [;�2: ]G�� �:� ���

b- 
O��� J
T��
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Abstract  
Droughts are the expanded period during which available water is significantly lower than usual. Among the 
climatic phenomena that affect communities and the environment, climatic drought is one of the most complex 
ones. This feature makes the need for more recognition of its different aspects. The purpose of this research is to 
express some of the characteristics of climate drought, especially their severity in arid and semi-arid regions of 
Iran. After providing hourly data on average, maximum and minimum temperature as well as average rainfall, of 
Kerman and Shiraz synoptic stations which are representative of arid and semi-arid regions of the country 
respectively, and converting them into daily and monthly scales, the severity of climate droughts was calculated 
based on four SPI, RDI, SPEI and EDI indicators during the statistical period of 1965-2015 and at 5 different 
time steps. The efficiency of each indicator was evaluated in determining the characteristics of climate drought. 
The results showed that the drought severity estimated by each of the indices at different time steps in arid 
regions (Kerman) and semi-arid regions (Shiraz) has the same monthly changes and fluctuations. But in each 
region, based on the type of climate, the index that has the highest correlation with the others at different time 
steps is different. So, in Kerman, RDI6 (R2=0.64) and RDI9 (R2=0.70) in Shiraz had the highest correlation with 
other indices, and have higher efficiency for Justifying the quantitative changes of other indices. In addition, at 
different time steps, the SPEI in Kerman and RDI in Shiraz have good performance in determining the number 
of dry months. Meanwhile, in terms of the frequency of occurrence of dry months in different drought severities, 
the class of mild dryness (0> I> -1) with a frequency of 65% and then the moderate dryness class (1> I> -1.5) 
had the highest percentage Frequency, and severe dry and severe drought (I>1.5) had the lowest percentage of 
abundance (15%) at both stations.  
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