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It is common to use different data mining methods in drought prediction. However, the 

selection of the best model is mainly based on the accuracy of the simulation, while 

most of the studies do not mention the features of the models. In this paper, the 

performance of the most common data mining models, including Multilayer Perceptron 

Artificial Neural Network (ANN-MLP), Radial Base Function Neural Network (ANN-

RBF), Regression Decision Tree (CART), Model Tree (M5P), and Support Vector 

Machine (SVM) is evaluated in order to predict monthly one year ahead rainfall at 

Bandar Abbas synoptic station and then the characteristics of each of them are 

described. Calibration and validation of the models were done using raw data and a 

three-year moving average of climatic parameters from 1347 to 1396. The performance 

of the models has been evaluated using different statistical indices and comparative 

diagrams. The results showed that the SVM and M5P models have good prediction 

performance with RMSE of 7.93 and 8.31 mm, the MAE of 3.66 and 4.69 mm, and the 

CC of 0.83 and 0.82, respectively. Also, with the exception of the CART, the change in 

the data mining tool makes an eight to 11 percent difference in the accuracy of the 

estimates. Therefore, the most appropriate model should be selected based on other 

characteristics of the methods besides their accuracy. In addition, using the three-year 

moving average of the input parameters has increased the correlation coefficient by 

about 78 percent and reduced the RMSE by about 63 percent. The analysis of the long-

term drought situation showed that with the increase in the period of the standard 

precipitation index, the separation of wet and dry years becomes more specific. 
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��� (M�� +K +'M� ��8 MH&
 &�H�
 ���,�� �K ��N ���W� �%��R M���
 )� #��#.
 <�4�Y � A�R K�
 +r�,� 

%�
 ���. ��N 7�= ,�
 ��� +3 (�� ��8  I,�
  �Kx>I +'M� ��8 MH&
 &�H�
 � ����N ��8 ,���K  $A���M �

+K  =�,
 YK�T f�4�` � �O4�� �
 ���K. +&�%X� 
��,�3 
K��),� R��@A N�� )� x�� _��� N�� �K ���� � )� 8�  N��4

��� ���� 8��  8��3� �,�K
 ���@
 ��8 �� �S )� �	 �� ) +�Z�. ��� [��A 
&�H� 
MH& +'M� Y���ANN-MLP( �
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&�!� +��A ^K�4 �K 
&�H� 
MH& +'M�)ANN-RBF((I,� �  G�%H4  
������, 8���)CART( 
 I,� ��� �

)M5P(  ��M� $A ,���K N���� �)SVM( R�A ,� S$I 
�K �,�� 
6 _�M&,�K S� A��� ��# ��� ,� 
7�� 1347 �4 

1396 �K ���� +7�� +� a�� � N�#���� )� ���O �� S$I (�!f� Y�<�4 {[� � 
%�<T� 8��  8�M� �K ��# ��� N�� 
7��

 LI�� �,���� �� J,�K)SPI( 
�  .���K�K�N 4�4�U o1�4 +!7�2� N�� �x���� 
� ��M�� �, ��)  :���%�1- ),��K�
 

���� � N��4 ��� 8�� ���� ��3 ?�!7�2� ,� 8S$I 7��
i 2- 
�@�� 
�,�K ��� 8�� 8�� ��W� ����, �K �� 8 +&�%X�

� � ;�I �����#���N  i+7�� +� a�� �3- <�4�Y M� �K d�� �
�@�� 8� ��� 
��,�3 
K��),� � ��� 8��  � ��4- Y�<�4 

!f��( S$I 7��
 �M� �K8 9X4 ,�9K� +M!W�+ <�4 ��Y S$I 7��
  �,���� ��)SDAT(.  

  

2. ��� � ��(� ��  

 RQK N�� ,�{A k�!� )�
 4�!7�2� +12�
  �?�HQ$� ���� ��� ��� ��8  ���� [��A +�Z �. 
&�H� 
MH& +'M�

 ,���K N���� � ��� (I,� �
������, G�%H4 (I,� �
&�!� +��A ^K�4 �K 
MH& +'M� ��M� $A+K ?,�"  `��$4 
7�%W�


� ��� 
��,�3 RX� 8��,��!� �{[� .���  ���  
K��),� LI��S$I 7��
� 
k�!� 
 +K 8��K .����  8���,�3

��� ���� 8�� )� 8��3  +K u�K�� ?�&>6� � ,��	I�K
 ��� ��,�A8 <T��%
  J,�K Y���)P( ��� � 8��� �)Tmean( 8��� �

 �g3��=)Tmax( YT��= 8��� �)Tmin( 
M�� (K�6, �)RH( ��K (&�� �)WS(  ��K (�W �)WD( +3 ,� 1��_� +����� ,� 

��6 ��� ��8 1347 �h7�( 1396 ,� ����# � �� A��S ���� 
#%� .����� ���O �� �(�� ��� (Mm _�M&,�K  �K ��

 
7��4 ���)	 J�, )� ���O ��
�,�K�,��  ���!4 ,� J,�K ����1� +K u�K�� ��4 ��# ��� N�� ,� 8,��	 LT��� .(k�� ,��T

��� )� 8����� +K +W�4 �K .�� Y�%'4 ����� (M�� J�, )� ���O �� �K +3 (��� ?������ ���� � ��,�A ,� 
%�<T� 8��


4�!7�2� �,�� ��6 ���#���N a�� � +� ���� +7�� ���� +&�%X� ,�3 ,� ��  9�� ;�I 8��+K ,�3 .�� + k��  
�,�K (�W

 ���,���� �� N� ���)	 )�  8��K +3 ��� ��$� d�� � .�� ���O �� +�Z�� 
7��4 �K ���3���� �� 
7�9� J,�K 
<3 ���, �;�I 8

 ���, N�� a�� � N�#���� )� ���O �� )� {A N'�7 ����KLQ$� �4 
!� `2� �K 8,��	 |��7 +K � ���  8,��dA  �",�

��� J)��	 (�W .(�� 
$��3 ���, 8�,��  )� 
X��� +<=�� ,� ��80 �",� ���� ��  ,�1��_� +�����  �)�K ,�1347  �4

1386 R���)	 8��K � �	 (�" +<=�� ,� ��  )� 
X�20 �",� ���� ��� +K u�K�� ��  8��1387  �41396  .�� ���O ��

 Y'�)1( ����k  N��R��@A 
� ��$� �, .���  

  

2-1. ./2�� .�$�2���(�  

�� ���� ,�K_�M&  � ���K RQK dA Y��� �f�= ��= ,� ���9��� �� �� ,� ^T��47  ���9��� �� �� `2� )� �",�

� Y��� �,
����� RQK ,� _�M&,�K ��� .398 !T�� ,� � �� ����� (27  � +W,�10 T��k��hW }�& +1��
�  �56 

 � +W,�11 T��k��hW ��6 +1��
�  ,�3<I ,��d _,�k � .(�� ��� ^T�� 9��� +#4 +���� ��N �,�� ���8 ���
� �K� ,�

,� `2� )� t�O4,� �K � ���K ;���K �� N+�  �440 � )� � ���@
��8 <T��G ��K8 ,��,�I�K (�� .G� N�. �,��8 

�� �K�4 ��8 ;�� � �Z�6
 � �� ��)��8 ��4�3 � �� !� �
 ���K .��� � �g3��= � YT��= ���8 +�Z�� ��� ,�K_�M& 

+K U�4�4 ���= 33 � 21 +W,�  ���
 ���� �
 ���K .��#���N J,�K )�,�?�� +�Z�� ��� ,�K _�M& ,� ���= 170 ��<
� � 

 Y'� .(��2� !T���( ����# � �� A��S ,�K � ��$� �, _�M&
 ���� .�N ����# �  t�O4,� ,�10 � �8 ,� `2� )���  ,�

 ���1335 �n4�{  ���W .(�� ���)1�( ,��	 ?�HQ$�8 ��� ��,�A8 <T��%
 ���O ���,�� � ,��N ��K �, +!7�2�8 

��� ��8 1347 �h7�( 1396 �%��R �
 ���.  
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Figure 1. Research Process 

  

  
Figure 2. Geographical location of the study area 
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Table 1. Statistical characteristics of climatic parameters 
Parameter Symbol Unit Max Min Mean 

Precipitation P mm 263 0 14.2 

Average Temperature Tmean 
oC 35.8 14.2 27 

Maximum Temperature Tmax 
oC 51 23 36.6 

Minimum Temperature Tmin 
oC 30 2 17.7 

Relative Humidity RH % 83 39 64.5 

Wind Speed WS m/s 70 4 11.2 
Wind Direction WD Degree 360 10 168.1 

  

2-2.  3��'4��� ��(�5� �&5� .�&67�8+. (ANN-MLP)  

 +�� Y���� ,� +�Z�. ��� [��A G �,�#7�1970 8��K,�3 )� 
'� � (k�� +!��4 +'M� t���� N��4  
&�H� 
MH& 8��

��<� 
'�v�7��K G ��� )� +3 (��  S� +�Z�. ��� [��A +'M� .(�� + k�� ;��7� �	 ?Z�H4� � ����� 9h� 8��

��� �	 ,� +3 (�� 
2I��V � ���~�A +����� �	 � ���3 (k��,� �, ���� ����1� �8��,� 8�� ��� N�7�� +K �, ��  +�Z 8��


� Y1 � ���A  �3)Jahani and Mohammadi, 2018(��� ,��1� . K ���A +�Z 8�� +M���� ��) +2K�, )� ���O �� �


� .����  

 +2K�,1(  � = �� ���
�

	
�
��� + �� 

+K ,�68 +3� �	�  �)� ���� + ���A G� +K 8��  8��,� 8��x� ���  � ��,�� 8��K x����� ,��1�n ���� ���!4  8��

 J,�9� 
W��I +�Z ,� ��r�%#�� ��1 �� ^K�4 ���� 
2I��V Y��M4 S� o��6 )� d�� � {[� .(�� 8��,�
� ��� 

 �K��,)2  �3.(  

 +2K�,2(  � = ���� = � ��� ���
�

	
�
��� + ��� 

 +2K�,3(  ���� = 11 + ��� 

+�Z ��� + M7�  ��r�%#�� ��1 �� ^K�4 ����K + ��� 
O� ����1� 
W��I � 8��,� 8��+K ?,�"  +2K�,)4( 
� ���h4  .�K��

�)� G�q4 �K ,�$ �� {A G �,�#7� oM6 ��W�� 8�2I � ��� +���1� 
4����$� ,��1� �K 
W��I ,��1� (���� ,�  � ��


� YT��= +K x����� ����1� .��, 

 +2K�,4(  ��� = 1 − ��"�
1 + ��"� 

+K ,�6<3
 +'M� ��8 MH&
 &�H�
 �K�� ��,�A ,�� .� �� SG�� �4� N��,�%!� ���� ��,�A N8  ���!4 Y��� +'M�

Z�+ ���� � �� ��8 Z ����f ���1 �� ^K�4 t�� �+� .(�� ,��'4 ���!4 � ;� ��� U�� N k����1� N� ;9< �� +<��� �� ,� �

!�
 �2I �8 � �K,�3 �����k
 .���K  

  

2-3.  ����6 .+�� :��� �� ��(�5� �&5� .�&6(ANN-RBF)  


� Y�'$4 
W��I � ���A �8��,� +�Z +� )� +$�%� ��M��14 
&�!� +��A ^K�4 +'M� ��� )� Y��M4 .���  +K 8��,� 8��

���  
&�!� �,�1 � +��A ^K�4 )� � ���K 
2I��V ����A 8��+K ���& ��!k ^K�4 ��� 8)�� 
� ���O �� ���A 8��  ���

)Wu, 2018(��� ����1� .  +2K�, oM6 ���A +�Z 8��)5( 
� +M���� :����  

 +2K�,5(  ℎ� = $�% �− &� − '�&"
(� � 

�	 ,� +3� h*  ��,�� 
W��IX �j  �8��,� ,���Kc* � ��,�� 93�� (�  +��A ^K��4 )� 
'� .(�� 93�� J� �� � ��,�A
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 ;���� 
&�!���� )� Y��M4 .(�� 
��� ��1 �� ^K�4 ��� +K ���A 8��  ;�X�� 
2I ��1 �� ^K�4 )� ���O �� �K 
W��I 8��


� 
� .��� ��,�� ;�%4 ����1� 
�)� ^%W �K��K 
W��I ��� ,��1� +3 (O� 
���� +K ���4  .(�� �	 +K YH � ���A 8��

+��I J�, )� �?,�q� ���K J)��	 +<=�� ,� K 
 M� 8�K��,�� ���!4 ��Q �� 8��K 
���<T� �r�A +<"�k �  � ���A 8��


� ���O �� 
MH& 93��� (��M� +K +W�4 �K 8��,� 8���#7� J�, N�� ,� .��� P$3 8�� 
�@�� N�K ���  8��,� 8��

+��I �K 8�
 ���� .����k +��I +�� �	 ���4 8�K ��� 
���<T� S�� � ^K�4 � 8,����� � ��,�A ;�� +K 8� �,�
 ��� ,� .

+��I �K ��� 8�#7� �8+K ���&  ��Q �� +��I N�7�� 93���
 ��� ��� +��I 93�� 8�#7� �K 8�!K 8�#7� �{[� .


� +���1�  +<"�k ��� .���G3 �4 
� ,��T ��� +��I ,� ����K 8,����� � ��,�A )�  S� 93�� �?,�" N�� ��V ,� .����

7� +%� 8��K ���, N�� .(�� ���W +��I
� ,��'4 ���# ?,�q� +<=�� ,� {[� .��� �)� ���� +�Z N�K 8��  � ���A 8��

 
W��I+K G�1 �� ,�6 +M� S�'4 )� ���O �� �K 
� +M���� _�'!�  ���)Karami, 2010(.  

 +2K�,6(  ,- = � �-�ℎ�
.

�
�
 

2-4.  �<(���=� >�
5�  "��)CART(  

��� ���~�A Yr��� 
� �, 8)��S.�3 Yr�����) +K ���4 (=�, o��6 N�� )� � ���3 U�3�4 �, d�� � � G��14 �4  Y= �4

(I,� +!��4 � ��X�� ���� ��� N�� .��3 G�%H4 8��  G �,�#7� .(�� ���K 8���CART �+K ���& ���� � )� 
'�  N��4

J�, G�%H4 (I,� 8��  ���4 8���Breiman +K  ��	 ��W�)Breiman et al., 2017(. 
���) 
W��I +3  (I,� 8��

+K 
W��I +3 
���) � 
������, (I,� �	 +K ���K 
1�1= ���&� ?,�" +K �(I,� 8��  �	 +K ���K + ��� ?,�"

+ �� (I,� 
� y>6� 8�K  ���)Mitchell, 1997(LI�� .  �� I,� ,� +I�� ��X�� � ��7�4 8��K 
O< Q� 8��

G�%H4 I,� ,� LI�� N�� .�,�� ��W� 8���G�%H4 ��   ?�!K�� x����� YT��= LI�� �
������, 8���)LST(  (��

 +3+K ?,�" 
� P��!4 ��) :���  

 +2K�,7(  //�0� = �12	�0� − 23�0�4"56

	
�
 

SS�t� +K ���&  �
������, G�%H4 (I,� ��7�4 � ��X�� 8��K 
HI��Nt  ��K ��� ,� ���,�3, ���!4t �y��t�  ��h �

 ��K ��� ,� (
W��I ,��1�) x��t  �y3�t� ��� Y3 8��K x�� ��h � ����1� N�#���� 
� �� 8��,� ��h � 
���) .���KS 

U���  ��� ,� +I�� ��X�� 8��K ��h � N��4t 
�  ,��1� +3 ���KQ(S,t) :��� +�$�K 

 +2K�,8(  :�/, 0� = //�0� − //�0<� − //�0=� 
 +3 ��	 ,�SS(tL)  ��9��SS(t)  � �. (%� +I�� ,�SS(tR)  ��9��SS(t)  ��� (��, (%� +I�� ,��
 ���K.  

 

2-5.  �'"�� ��(M5P)  

 ��� I,�
 M5P  ���4Quinlan R�A (�W���� 
�K �� +r�,� + ���A 8��)Quinlan, 1992( ��� N�� ,�3 _��� .

S.�3 8����k��) +K +<��� 8��k G �,�#7� N�� ,� .(�� ?�&>6� 8,��4 ����T  )� ;��3 �� 8��K � ��� G��14 8�4

 N�� 
2I ������, ��� S� ����k��)���h ��. 
� ���� ��H I�  8��k ,� G �,�#7� N�� .������h ��.  S� ���4

G��14 �
O�3 
<3 LI��8�K ��� � ���� ;�X�� �, N'%� 8�� ����k N�� 8��K �, 
���+K ?,�" ,�3��I 
� ,� � �)��

+M4�� (I,� S� (����G��14 N����T �K 8�8�K �� ,� ������K ,� 
W��I � 
<I�� 8��
� +r�,� ����� .��� 8��


W��I �
 I,� �, ��+K ?,�" ��,
� +X� � + ��� 8������ +K ,�68  ��� S� +3���h ��.  ���� �� 8��K �, 
2I
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���� )�
� +r�,� ��� �� ,� �� ��� N�� ,� I�� .��� � ��X�� +<=�� �� Y��� ��_�� ���3  (�� (I,�)Quinlan, 

1992(. 
� ���O �� ��!$�� ,��!� �� 
���1 �� G �,�#7� S� )� G�%H4 (I,� (I�� 8��K ��� +<=�� ,� ,��!� .���

 G �,�#7� ,� ��!$��M5P ���Is ����1� 8�2I �,���� �� ,��!� x����� 
K��),� 8�M� �K  .(�� ��� �� ,� ���G� N�. 

 �, �2I N�� ,� ,�q ���,�� R��3 ,��1�
� +M���� ��� ,� (O" �� ���)	 +X� � ���& (�4  x����� R��3 .�3


� +M���� ��) +2K�, )� �,���� �� :���  

 +2K�,9(  />? = @A�B� − C |B	||B| ∗ @A�B	�
	

 

T +&�%X� 8�(�� 
� ��� S� +K +3���, sd ��$�  � �,���� �� x����� ����Ti ��) +&�%X�  +3 � �� 
���

 Y"�= (�� N'%�.���K ��� (�'� )� +K Y�7� ���� �,���� �� x����� �?�K�!$����� ,� +3 
���
� ,��T ��)�k 8��

���� +K (M�� ����� ,��� ��� 8��G3 �4 ���K ���� N�� N���K�K �L7�I ��.� �� �4  

 �
 I,� ��� (I�� ;�� +<=��_�� ���3 N�9#��W � + k�� +!��4 (I,� W +K 
&�k �� I,� ���3 (I,� 8�


� 
������, ^K��4 �K �
<"�+�$�K )� {A .���K  �N'%� ?�K�!$�� Y3 ���3M5P  �, ,�q ���,�� R��3 +3 
 O"


� ��Q �� ��3 �g3��=+M� ,� I�� ��X�� �&�K G��14 N�� .�3 
� 
�,9K 
 I,� R�K +3 ���  .�,�� 
A ,� �, ��� J)��K

 ;�� +<=�� )� +<��� N�� �K +M<V 8��K��_ ���3  +3+K ?,�" N�9#��W  ��K S� 8�W +K 
&�k (I,� S� ���3


� ���O �� �(��.��� 

�� �G�%H4 �� I,� ��HI ,� ?��O4 LI��  ���CART  
 I,� ��� �M5P !� ,��,� +I�� ��) ���� � 

+M���� W��I
 ,� ��� 8�� ��K �
 ���K .,� ��K 
W��I ,�#7��G  CART��1� 
K��= N�#���� ��� ���� ��8  ����,

(�� ��K �	 +K� ��� ,�  
 I,� ���M5P 
W��I �_����K  
2I ���h ��. +2K�, S� +!��4+K ���&  )� 
!K�4

��� ��,�A
� +3 )� ,�+$ (I,� �4 ��K �	 ���G ���K ��� �
� +M���� .��� 

 

2-6.  3�&�'!� ����� A�6��(SVM)  

N������� ,� ��M� $A ,���K 8�� 8��1992 �1995  �1998  ���4Vapnik  N�� .�� ���� +!��4 � Y�%'4 � + I��


� G �,�#7� _>3 � 
2I��V J)��K 8��K ����4 ���#7� 8�K���O ���,��  ��� ^T��)Hykin, 2004(.  ,���K N����

YT��= +K � 8,��	 8������ 8,��4 )� +3 (�� ��� ?,�q� 8������ J�, S� ��M� $A  o $� 8,� I�� S��, �����,


�  ���)Boser et al., 1992; Vapnik, 2000( _>3 8)����W 8��K G�%H4 `2� S� )� �  +K o��6 )� x�� 8��

�	 N�K +���= �����,�g3��= 
� ���O �� �� N�� �K .�3 ��=� N���� U<V� +��%� ��M� $A ,���K 8�� G �,�#7� )� 8�  �� 8��

� +3 � �� 
2I +�>3(�� _>3 �� N�K +���= �����, �g3��= +K ��$k�� 
� �j7 +1M6 8��K �	 )� ���4  S� 8�K


� 
!� +3 
��W ���3 ���O �� _>3  ���� �, +�1K � ��� 
����� _>3 S� ���)Roodposhti et al., 2017(. 

S��9� � +��K +�O"�K� �Z�%!� �, G�%H4 `2� �, +�O"�K� N�� +K ���� u�1� N��4 
� ��M� $A 8��,���K  ,� .����


4,�" S�'O4 _>3 �� +3 
� J>4 ��� ����K ��jA�� +�O"�K� +3 �3  N�#���� 8�2I ��% =� � +�$�K +���= +3 8�

_>3 8�K  �� 3 �(�� LQ$� YMT )� +3 (K�m � (Mg� ,��1� S� ���4 ��Q �� N�� .�K��K ��,�� �, +�%3 ���


� ���
� J�, N�� . �4 .��� ���� G�%!4 � ���O �� 9�� 
2I��V 5�2� 8��K ���Vapnik )1995 ( ,���K S� P��!4 �K

 ��'�� �= ,� +3 �,�� �, 
!K�4 ���3���A ���$�A ,���K N�� .��3 ���$�A �, 
������, ��M� $A ,���K �_��=��V x>4�

���� +%� 8��K �
!T�� x�� ,���K )� �����k x����� 8�,�� � `2�� ������ 
���K +K .���K 
�)��	 8  ���� �� 8��K �4
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 )� ���K �2I 
�)��	F G3 �4  
�)��	 ���� +&�%X� 8��K .���K���, 2��, … , ��H, 2H�+K 
2I ^K�4 S� �  ��) ?,�"

:(��� G����I  

 +2K�,10(  I��� =  〈�, �〉 + A 

�	 ,� +3� (w,x) +21� ��f 8��k ,� 8�RN �w  ��&RN �d  ��&R  �N 
� 8��,� 8��k �!K ,�1. �� .���K

 ,��1�w S.�3 `2�� ,�3j� +2K�, ����K �4+�%3 �K ,�3 N�� .(�� �4 �
���<T� +<"�k ���3‖w‖"��'�� � 
� ��jA���K 

 +3+K ?,�"  P��!4 YK�T ��) (��)Smola, 1996(.  

 +2K�,11(  N�O�P�Q� 12 ‖�‖"
 

@. 0. T,� − 〈�, ��〉 − U ≤ F〈�, ��〉 + U − ,� ≤ F 

+��K +<��� Z�K 8)��_����K  
��2I +3 
!K�4 ��W�G3 �4  )�F w�) Y3 �K �,
� LQ$� 
�)��	 8��  ,�� �� ��3

(��.  P��!4 �K N���K�KW  ����� )� ���� +21� S� x����� ��9�� 8��K 
HI�� +3 �2I 
'%3 ��h � S� ���& (�4

���� �#7� 8)����W �	
� ���K �+K ?,�" 
� P��!4 ��) :���  

 +2K�,12(  X�O�P�Q� 12 ‖�‖" + ∁ ��W� + W	Z�
[

�
�
 

@. 0. T,� − 〈�, ��〉 − U ≤ F + W�〈�, ��〉 + U − ,� ≤ F + W	Z W	  , W	Z  ≥  0       I^_     `aa    b = 1,2, … . , c   
N�K ��Q �� `2��  8�2I )� )�X� x����� ��9�� � ���KF  � ��,�A ���4c 
� �� 3+��K +<��� Y'� .��� 8)��

8������ 8,�j#��W �K � 
��4�� 8��k +K +<��� ��1 �� J�, �K Z�K���� ;�k S� �K �� 8@����Z U���f �K � �4 d	, d	Z , e	, é	 
� Y= � P��!4 YK�T ���K)Luenberger and Ye, 1984(.  

 +2K�,13(  g��, h� = ��d	Z − d��〈��, �〉[
�
�

+ U 


� �, J�, N�� ^K�4 P��!4 �K ���4Kernel  ��%&� �K ,�3 N�� .��� G�%!4 
2I��V ��M� $A ������, ,���K +K

��'�� �+HQ$� 8��k ,� �4Z�K ��!K� �K 
���k +K (��#� � 
2I ������, ,� ������, ^K�4 (���� ,� .(�� ��jA

8,�j#��W �K +HQ$� 8��k �	, ��  �Ki��	�, i1��4  +3 �	 ,�j1�	, ��4 =  i��	� × i1��4 
� Y"�= �(��

 ���)Vapnik, 2000(.  

 +2K�,14(  g��, h� = �1d� − Wlm 4n
�
�

j1��, ��4 + U 

  

2-7. C"�6 �� ���	
� ���+D�� ��� ��  

�+!7�2� N�� ,� �,�3
� ��� ��8 P< Q� )� �6�o +M���� ��� ��,�A8 ,��	8  �2I ?�!K�� N�#���� ,�jX�)RMSE( �

 o<2� 8�2I N�#����)MAE(R� 
��,�3 U��f �-  P�<'4��)NSE( x����� U��f �)Bias(  
# �M%� U��f �

)CC( �,�� ),��K�
 ,��T (k��.  

 +2K�,15(  ?o/$ = p∑ �%	 − r	�"�	
� s  
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 +2K�,16( ot$ = ∑ |r	 − %	|�	
� s  

 +2K�,17(  u/$ = 1 − ∑ �r	 − %	�"�	
�∑ �r	 − r3�"�	
�  

 +2K�,18(  vb`@ = %3 − r3 

 +2K�,19(  ww = p1 − ∑ �r	 − %	��	
�x �r	�	
� − r3� 
Z�K �K��, ,�� P ��1��� +�M� 8)��  ����O ����$� ����1�  ����Pz +�M� ����1� N�#���� 8)��  ����Oz  ����1� N�#����

����$�  � ���n ���� ���!4 .(�� ��  

  

2-7.   ���� ��	��#!" $���  

S$I 7��
 �,�� +K �8 V J,�K ��M%3 �K8��&��  ,�+���1� � �KN�#���  ?���<K,� S�  +12�y>6� �
 ��� LI�� .

SPI x����� ����$� Y3 J,�K ��K ���8 !� ��'� ��N�  �,�� �
���) LQ$� �, � ��$�
 ����,9K .
  )� x�����

��N�#��� S� �)���� �8�� 7�% =�
 �, ?������  ��6���� �X�	)� .(�� S$I
�  +3SPI � �,
 ���4 �,�� ,�  P< Q� 8��

���,�K ^%X4
 K �Z�%!�)N� S�  �448 LI�� ���3 +M���� (��� ��8  P< Q�SPI +K +M �� (�� ���	�  �,�	�K ��'��,�m	 

S$I P< Q� 7��
 � G���k �,
3���) .�
  +3SPI ��K8 �,�� ��8 !%X4
 ��4�3 � +M���� �4
 ���  �>g�)S�  �4+� 

� �(���
 4���  �	 )�+K ���& HI��
 ��K8 ),�
K�� ,�k ?��m�8  �a�I (K�6, R��3 �������Is �W � x�K���  ,�

8����, S.�3   ���O ����3. 
��#� +3 SPI ��K8 �,�� ��8 
!%X4  �>g�) ��� �+�  �412 � +M���� (���
 ���� 

�
 ����4 +K ���& HI��
 ��K8 ),�
K�� 
K� �W��� � ���9� Is��� 8)�� �	 
�2� ,� ��'�A 8�� 
K	 ���K ���) �
  +3

SPI ��K8 �,�� �Z�6 8��
 �>g�) �412  �448 � +M���� (���
 ���� �
 ����4 (�W 
�,�K jh4+� ���QK	 ��  ��	 �)�Q� 

 ���O ����� . ,� +7�1� N�� )�S$I Y�<�4 � +�9X4 ,�9K� +M!W 7��
 ) �,���� ��SDAT ��.,�. S� +3 (G�%!4  + k��

LI�� w��Q �� 8��K ��8 S4 �,���� ��  � ���h ����h ��.  S�� ��,�A�� �� ���O �� �(��)Farahmand and 

AghaKouchak, 2015( .R�K �4 LI�� S$I 8�� 7��
 _����K ���� �K +3 8� ��,�A ��% =� ^�)�4 ^K�4 S�  ��

 ��,�� (1K�2�
� +M���� �����N�� �K . 4 ^K�4 S� ���=���� �K (�� N'%� S�� ��,�A ^�)�  �� y�M2�� U��� + ���� �,

.���K SDAT _����K  ��.,�. S� ��V� S�� ��,�A
 ����4  8����h � 8��K�	 ���� (K�6, �J,�K +<%W )� P< Q� 
�

 .��� ��%&� ����%� 8� ��,�A ^�)�4 }�k +K )��� ���K 
M�� (K�6, � a�I  

) �,���� �� J,�K LI��SPI( �K J,�K 
�����k ^�)�4 8�M� � �K ���O �� )� ^K�4 
7�#. ��% =� �� 8� ��,�A ���� 

+M���� 
� ��� .
� ���4 +K 8�W ���O �� )� ^K�4 ���� )� ��% =� 
K�X4 (�W +M���� LI�� ��V S�� ��,�A �,���� �� 

���O �� ��%� .+2K�, )20( �^K�4 ��% =� 
K�X4 N4,�#��� �, R��%� 
�  ���)Gringorten, 1963(.  

 +2K�,20( |��	� = b − 0.44s + 0.12 

+3 �	 ,�� n +��%� ���!4  � ��i �W �,�%���#� J,�K  ,��1� +M���� �K .(�� �,9K +K S.�3 )� ��p �
 ���4  ,��1�

) �,���� �� LI��SPI (�, +M����  ��%�)Farahmand and AghaKouchak, 2015(.  

 +2K�,21( /%~ = i���|� 

�	 ,� +3� i +�� �	 .(�� ����� �,���� �� ^�)�4 ^K�4 +1M6 8��  8�KS$I 7�� 
_����K  ���W ,� LI�� N��)2( 

.(�� ��� ���� R��%� 
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Table 2. Drought classification thresholds based on standard precipitation index 
Index Value Qualitative Description Index Value Qualitative Description /%~ ≤ −2 Extreme Drought 0 < /%~ ≤ 1 Mildly Wet −2 < /%~ ≤ −1.5 Severe Drought 1 < /%~ ≤ 1.5 Moderately Wet −1.5 < /%~ ≤ −1 Moderate Drought 1.5 < /%~ ≤ 2 Severely Wet −1 < /%~ ≤ 0 Mild Drought 2 < /%~ Extremely Wet 

  

3. E�� � F+�'<  

� ,��� +K +W�4 �K +7�1� N�N MH& +'M� �� +3
 &�H�
 Z +���14 +K ,��T +�V ^K�4 t�� �� U�2I�
  +'M� )� �(��

Z +� ��� [��A����� ���!4 .�� ���O �� + ��8 Z� ���$�A oM6 9�� ���A +Deo et al. )2017(  �K��K �� �4 �g3��=

��,� ���!48 +K �� �K .�� |��7 S� ��>&�4 N4��,�%!� U8 !� �K +'M�
 �2I �8 G3 8�4 +��K ���+��I ���!4 .  ,� ��

MH& +'M�
 &�H�
 �A ^K�4 �K�&�!� +
 !� �K 9��
  .�� LQ$� �2I �G�� �4 ,���K N���� J�, 8��� ��,�A N�

+ �� ^K��4 t�� �9�� ��M� $A U��f � 
&�!� +��A ^K��4 )� +7�1� N�� ,� +3 (�� 
���~�A U��f � 8�  �K��K 
���~�A

10  J�, 8�M� �KCross Validation ��� 8��K .�� + k�� ���K 8)��  

��� J)��	 )� {A �	 
��,� 8��� ��,�A � U���f 
X��� � �� (�" ��� ��� 
X�  ���W .�� ;�X�� ��3 ��1�� �

+M���� ��� ��,�A ���8 ,��	8 �2I (�" +<=�� ,� �, ��� 
X� ���� 8�� )� ���O �� ����� ,� P< Q� 8��  ;�I 8��

���� 8�� � 
� ��$� +7�� +� a�� � N�#���� 8��  .�����%� ,�6
� ����$� +3 ���K ���  a�� � N�#���� )� 8���

���� +7�� +�  8�14,� �&�K ��G$. ��� ��� ��'<%& (�� ��� ��� +��� +K  +3 8�+K ,�6  ���= 
# �M%� U��f ��� �

78  ���= �2I ?�!K�� N�#���� ,�jX� � R��9k� �",�63 ��� ��'<%& +���1� ,� .(�� + k�� R��3 �",�  8��

���O �� ���� +7�� +� a�� � N�#���� �K ��� ��� ;�%4 8��K x����� U��f ,��1� ��� +K ��  ��� )� ��VSVM  (�� (Mg�

R�K 8�!� +K +3 
� J,�K ����1� �,�	�K f N�� ,��1� .���K ��� 8��K U��SVM  �	 o<2� ,�T � 
O�G3 �4  U��f )�

��� ���� x�����  ��� ��#�� x�6 )� .(�� ��CART  8�,��R�K �4R�K N� ��� 
W��I .(�� 8�,�	�K  8��ANN-

MLP �M5P  �SVM  8Z�K 
# �M%�8/0 ���� �K  ��� � + ��� 
4����$� 8��CART  8�,��G3 �4 U��f ,��1� N�

K .(�� 
# �M%� 8��� ��,�A 
�,�RMSE  �MAE 
� ��$�  ��� +3 ���SVM G3 �4 ��� � �2I N�CART 

R�K �4+�M� ,� �, �2I N�  LI�� oM6 
k�6 )� .(�� + ��� J,�K 8)��NSE��� � 8��  SVM �M5P  �ANN-

MLP  )� �4Z�K 
��,�36/0 + ��� �, 
K�<2� �  ��� + M7� .���ANN-RBF +K 
'��9� ,���K 
��,�3 9��  .�,�� ������ N��

 �� +K��=� +q=>� YK�T ?��O4 +3 (�� �	 )� 
3�= P< Q� 8,��	 8��� ��,�A 
�,�K ��� ��'<%& ,� 8�  8��SVM �

M5P  �ANN-MLP  ,� k, +� �� � ��$� ����YK�T 7�MT.��,�� 
  

 +2K�, N�%� ,�Zainudin et al. )2016(  ,���K N���� �G�%H4 (I,� �N�9�K ��� dA ��'<%& 
�,�K )� {A 9��

R�A ,� 
k��H4 Y#W � 
MH& +'M� ���M� $A  x> I� �g3��= +3 ����3 ;>&� 897�� ,� ��# ��� �. ,� J,�K 
�K

��� (T�  ���= ��+� 
� �",�  .���K�N%f ,� 
�@�� �K ��� ��I 8�� 
k��H4 Y#W � G�%H4 (I,� 8�� 3n4�� 

 .����3G� N�. Murad and Salih )2020(  ��M� $A ,���K N���� �
&�H� 
MH& +'M� ��� +� ��'<%& 
�,�K �K

R�A ,� N�9�K �  �g3��= (T� x> I�) ��� +� �� (T� 
'��9� �K �y��& +���%�<� ��# ��� J,�K 
�K��  +�" (�",�

 .� ��j�Anwar et al. )2020( � ,��. ��'<%& 9�� �, +�Z�. ��� [��A � N�9�K �
k��H4 Y#W �G�%H4 (I,� ��

R�A ,� ��� (T� x> I� +3 ����� ��$� � ���3 
K��),� 89����� ,� 
��# ��� J,�K 
�K  P< Q� ����� ,� ��

���  ������ ,� �g3��= 8)��+� 
�@�� ���� +K +W�4 _��� N�� �K .�,�� ,��T �",� J�, 8��  ��9�� ,�3 ,� �� (T�

�	 
� �� .���K �4�K ��� ��Q �� 8�M� ����4  
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Table 3. Errors of statistical parameters in validation of different models with raw and three-year moving average 

datasets at a monthly time step 

Model 
Three-year Moving Average Datasets Raw Dataset 

Bias CC NSE RMSE MAE CC RMSE 

ANN-MLP 1.42 0.813 0.649 8.39 5.27 0.460 24.42 

ANN-RBF 1.46 0.794 0.595 9.00 5.33 0.459 25.10 

CART 2.90 0.764 0.314 11.71 5.92 0.403 26.17 
M5P 1.24 0.828 0.655 8.31 4.39 0.467 23.89 

SVM -0.34 0.833 0.686 7.93 3.66 0.481 22.22 

  

 Y'�)3(� ��� ��'<%& +�M� ,� �� ���� +7�� +� a�� � N�#���� 8�M� �K +����� J,�K 8)��  �I +K (M�� �, ��


� ��$� o�T�  .�����%� ,�6
� ����$� +3  ���R�K �4 ,� 
4����$� ����1� � ��� d�� � ���� y�M2�� N�SVM  �

+K J,�K ,� �@��  8��G3 �4  )�20 
<�� 
� ���� � �  .���  

  

     

   

Figure 3. Performance of different models in monthly one year ahead rainfall simulation based on three-year moving 

average dataset 

  

 Y'�)4(����1� 
���) 8�� � 4����$�
 +�M� � ��� ,� 8)�� ���O �� P< Q� 8��  a�� � N�#���� 8�M� �K ���

���� +7�� +� 
� ��$� �, ��  .�����W� �K N�� ��� +�<3 +3  �, J,�K ?����h4 ���, ��+K ?,�" YK�T 7�MT+�M� 
  8)��

���3 
� ����$� ����  ��� +3 ���ANN-MLP YK�T 8�2I +�M� ,� 
�W�4 J,�K 8)��  8��G3 �4  )�dA 
<��  ,� � �

 .�,�� ���
7�=,� +3  ��� ��'<%&M5P  �SVM  ��� 
k�6 )� .(�� ��<2� ,���K ������ N�� ,�SVM  
�����4

J,�K ,� k, �K y�M2�� ,� 
�Z�K .�,�� 9�� S�A ����1� ,� ��  

 Y'�)5�( ��� ��'<%& +K u�K�� 
��7��� 8��,���%� R�A ,� �� �1� ,� J,�K 
�K 8�M� �K 
4����$� ����1� �K +��

���� +7�� +� a�� � N�#���� 
� ��$� �, ��  ,� ����1� +�$�K �_��� N�� �K .���M5P G3 �4 ���= ,�) x> I� N�dA 

 ,� � (�",�ANN-RBF R�K �4 ���= ,�) x> I� N�18  ,� ����1� +�%3 .�,�� 
4����$� ����1� +�$�K �K �, (�",�

M5P  �SVM !�(�� ��� �,�	�K 
4����$� ����1� +�%3 ����  ,� ���ANN-MLP  �CART J,�K +�<3  �O" ��V ��
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 ,� �ANN-RBF J,�K ��� ��) N�%Q4 9�� 
O� 8�� +�M� 8�� .��� 8)��  ��� ���4 ���SVM S��9�  � +���� N��4

 t�%X� ,� .�,�� 
4����$� 8�� +K (M�� �, N�#����R�K �4���� ^�)�4 ,� (��M� N�  ��� ,� ��SVM  �M5P  �

G3 �4 ��� ,� (��M� N�CART 
� ���� .���  

  

   

  

 
Figure 4. Observed and simulated monthly precipitation time series in validation of different models with three-year 

moving average dataset 

  

 
Figure 5. Violin diagram of observed and simulated values of monthly precipitation in validation of different models 

with three-year moving average dataset 
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 Y'�)6(� ��1� ,�<�4 ;��������� ��'<%& +�  x����� � �2I ?�!K�� N�#���� ,�jX� �
# �M%� ��9�� 8�M� �K ��

���� ,��!� 
� ��$� �, ��  .���R�K �4 � 
# �M%� N�G3 �4 ��� +K u�K�� �2I N�SVM  ��� .(��M5P  9��

�9��S �4�N ���� +K �, ,��!� x�����  �j7 .�,�� 
4����$� 8��_����K 
�,�K  u�M �� +��� N�� �P< Q� 8���q� )� ��


�  ��� +K u�K�� ��'<%& N�� �K +3 ����SVM  �	 )� {A �M5P YK�T + '� .(��  +K (��& �K +3 (�� N�� +W�4

 ��� �� N�� ��'<%& ,� 9�.�� ,���K x> I�+K �q� 
�  ��� d�� � 8��jA���O4 ��9�� 8�M� �K ���K �4�K ��� ��Q �� ��,

 ��� 
W��I .���jA ?,�"SVM �,��� ���O4 (�<K�T� 
7�=,� +3  Y'� ,�7  ��� 
W��I N����TM5P R�A 8��K  
�K

 J,�K12 .(�� ��� +r�,� �!K ���  

  

  
Figure 6. Taylor diagram comparing the performance of different models developed based on the three-year moving 

average of the data 

  

 
 

Figure 7. M5P model tree output rules in monthly one year ahead rainfall simulation based on three-year moving 

average dataset 
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+r�,� N����T  ��� ���4 ���M5P 
� ��$�  8��� ��,�A +3 ����ml�  ����� ,� �!K ��� S� J,�K ,��1� �K

J,�K  8��G3 �4  )�815/12 
<��  8��� YT��= � � �G3 �4  )�8/19 
 ��� +W,�  ����+K U�4�4  ���� �g3��= ���� � 8���

J,�K ����� ,� � ��� YT��= � J,�K �
M�� (K�6, ���K (&��  8��G3 �4  )�815/12 
<��  8��� YT��= � � �R�K �4  )�

8/19 
 ��� +W,�  ����+K U�4�4 (K�6, ���� � 8��� �J,�K J,�K ,� .� �� ��� YT��= � ��K (&�� �
M��  8��

�,9K �4  )�815/12  �4415/49 
<��  � �+K U�4�4  ��� J,�K ,��1� �K ��� YT��= � J,�K �
M�� (K�6, ���� � 8���

 .� �� �ml� �!K
7�=,� +3 J,�K ,�  8���,9K �4  )�415/49 
<��  �ml� 8��� ��,�A �� �+K U�4�4 = ���� � 8��� YT��

 N����T .� �� ��K (&�� � J,�K �
M�� (K�6, ����S�  �4+� 
� ��$� J,�K ,� +3 ���  8��G3 �4  )�415/49 


<��  R��3 �!K ��� J,�K ,��1� ���� R��9k� �K 
!� i�,�� {'& +2K�, ��� � 8��� �K �!K ��� S� J,�K ,��1� �� �


� ,�K ����� ,� ��4 ��� �g3��= 
k�6 )� .�K��J  8��G3 �4  )�815/12 
<��  8��� YT��= � � �G3 �4  )�8/19  +W,�


 ��� p�� ,� 9�� ��K (�W .(�� ,�j��m� �!K ��� J,�K ,��1� �K ���� +r�,� N����T )� S� .�,��� ��� 
W��I �K 8�m� ���  

 �� +K��=�  ��� �P< Q� 8,��	 8��� ��,�A ����1� +K +W�4 �KSVM R�K �4 ,� �, (T� N�R�A  ��� S� J,�K 
�K

(�� + ��� �!K� o�T� 8��K N���K�K R�A ,��1� ���3�4  +����� ������M�7�3 U���f N��!4 +K (M�� �
�K_����K  d�� �

U�4�4 N�� +K .�� ;��T� ��� N�� 3+ �� K� ��K8 �� ��� )� ��� (M�� ���Q%���
 )Dr(12 oM6 ) +2K�,22( +M���� .�� 

{[� �f�U 7�3������M� ��K8 �� ��� )� ��#���N (M�� ��8 ���Q%���
 ��� ��8 +K�$� ,� ��6 �,�� ,��	8 +K (�� 

��	.  

 +2K�,22(  >_	 =  r	%	  

�	 ,� +3� Pi R�A ����1� 
�K  � ���Oi 
� 
!T�� ����1� ($�M��,� )� _��� N�� �K .���K ��� ����� �4���  �G� N�. 

������ 
� ��%&� �O" ���!� ������M�7�3 U��f  ������M�7�3 U��f .������  8�� S� +K S��9� ,���K 9�� 8� � ,s	

 ���W) (��4.( 

  
Table 4. Calibration coefficients of SVM model results by different months 

Month 
Calibration 

Coefficient 
Month 

Calibration 

Coefficient 
Month 

Calibration 

Coefficient 
Month 

Calibration 

Coefficient 

January 0.98 April 0.86 July 0 October 0 

February 1.2 May 0 August 0 November 0.58 
March 1.15 June 0 September 0.2 December 1.03 

 

��� J,�K �+���� ,�  ��� P< Q� 8��1397  ��� )� ���O �� �KSVM R�A ������M�7�3 U���f �  �K {[� .�� 
�K

 �,���� �� J,�K LI�� +M����)SPI( �,�� ,�  �R� �+� �S� 8��12 �18 �24 �36  �48 S$I (�!f� �+���  
7��

 8,��	 �,�� Y3 ,�1347  �41397 
�,�K�,��  Y'�) (k�� ,��T8.(  

oK�2� Y'� ����$� 
� ��� +3 LI�� SPI ��K8 �,�� ��8 ��4�3 �4 )S� � +� ��� (?����h4 8���) �, ,� J,�K 

($� ��� 
��� K� ��� (M�� +K N�#���� ?���<K ��$� 
%� ��� .N��K �U�4�4 ����$� 
� ���� +3 ��� 1397 ,� 

(�!f� ����� �K ?����h4 P�OI J,�K ,��T �,�� .�K R��9k� ��6 �,�� 
�,�K LI�� )R� � 12 ��� (����$� 
� ��� 

+3 (�!f� ��� 1397 ,� ������ �S$I 
'$I P�OI � 
'$I ���� ,��T 
� ���� .G� N�.� LI�� 12 +��� 

R�K �4N� ?�� ��M%3 J,�K �, ,� N�K 
��%4 �,�� 8�� 
�,�K�,�� 8��K ��� 1397 ��$� 
� ��� .+ '� �K,�� 

YK�T +W�4 N�� (�� +3 8��K �,�� 8�� 
�Z�6) �418 �24 �36 � 48 � ����$� (���
 ���� ��� +3 ��8 ,��T + k�� ,� 

������ 8�� S$I � ��6�� YK�T L�Q$4 � S�'O4 � ��� +K 8��� +3 ��� ��8 1347 �4 1354 )�,�� (O� +7�� (� 
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��� ��8 1381 �4 1393 )12 ��� (,� (�!f� G3 �,�K
 ,��T �,�� .)� x�6 �#�� )� ��� 1354 �4 1380 J,�K ,� 

(�!f� 8� �K ,��T �,�� .���W 5� ?�&>6� u�K�� +K 
�,�K LI��  �,���� �� J,�K �K ��6 �,�� 8�� P< Q� �, 

_����K +1M6 �K8 '$I
 8��K 612 ��� +r�,� 
� ���.  

  

 
Figure 8. Standard precipitation index chart for 1, 3, 6, 12, 18, 24 and 36 months from 1347 to 1397 

  
Table 5. Standard precipitation index based on drought classification for 612 months (51 years) 

SPI Normal 
Moderately 

Wet 

Extremely 

Wet 

Severely 

Wet 

Moderate 

Drought 

Extreme 

Drought 

Severe 

Drought 

SPI-1 447 105 24 12 24 0 0 
SPI-3 468 60 24 12 33 12 3 

SPI-6 436 60 24 12 56 17 7 

SPI-12 420 60 24 12 60 24 12 
SPI-18 420 60 24 12 61 23 12 

SPI-24 420 60 24 12 60 24 12 

SPI-36 420 60 24 12 60 24 12 
SPI-48 442 49 24 12 49 24 12 

  

_����K LI�� SPI S� �+��� ���!4 447 ��� ,� (�!f� ����� � {A )� �	 105 ��� ,� (�!f� ��6�� ,��T 

��,�� .G� N�.� �p� ;��3 )� ��� �� ,� (�!f� 
'$I ���� �� ,���K ���� ,��T + k�#� (�� .,� LI�� +� +���� ���!4 

Month

Standardized Precipitation Index-1 Month
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Standardized Precipitation Index-12 Month
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Standardized Precipitation Index-18 Month
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Standardized Precipitation Index-24 Month
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Standardized Precipitation Index-36 Month
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Standardized Precipitation Index-48 Month
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��� ��8 S$I �14��M� 100 �",� R��9k� + k�� (�� .�K R��9k� �,�� �LI�� ���� R��9k� ���!4 ��� ��8 ,��T + k�� ,� 

����� S$I G� ��� +K 8��� +3 ,� LI�� 12 �+��� t�%X� ���!4 ��� ��8 ?�1M6 ��6�� � S$I �K��K 
� ���K .

N�� (�!f� �14��M� ,� ;�%4 ��� ��8 �!K (K�m ���K � ,� �(���� �K ��W� R��9k� ���!4 ��� ��8 8�,�� (�!f� ����� ,� 

�,�� 48 �+��� (M�� ��� 8�� S$I +K ��6�� G� ��. ���'� ����� (��.   

 ���W)6( ���!4 ���� �)�K ,� S$I 8�� 
� R��%� �, +7�� �� 8��  ��� �_��� N�� �K .���1380  ��� �41390 

S$I (�� ���K +�� N��4� +K 8���  LI�� _��1� R��9k� �K +3SPI ��� ;�%4  ,��T S$I (�!f� ,� +�� N�� 8��

 .��,��G� N�.��� ���!4 +3 (�� �	 )� 
3�= d�� � �  ��� )� S$I 8��91  �497 � +�� .(�� + k�� R��9k1369  �4

1379  LI�� |��7 )� (�!f� N�� �KSPI  R��@A ,� t�f�� N�� .(�� + ��� �,Abadeh and Khosroshahi 

)2021( 
K��),� 
�,�K +K +3 � R��A ����A S$I 7��
 _����K �� LI�� SPI � SPEI ,� �� �� dA 8��K ���9��� 

��# ��� S� A��� �_�M&,�K ,�K �+#7 
W�= ���K	 ���� � ,�K  �(�� + I���A S��Wn4��� 
� ��� N�� d�� � .R��@A 


� ��$�  +3 ���_����K �� �� �LI�� �K R��9k� �)�K 8�� �
���) 
�����k �,�� 8�� S$I R��3 �,�� ��� + k��  ��

8�,�� ;���4 R�K �4
� 8 �����.  

  
Table 6. Number of dry months over periods of 10 years 

SPI 1347-1357 1358-1368 1369-1379 1380-1390 1391-1397 

SPI-1 21 25 23 37 19 
SPI-3 43 50 38 61 31 

SPI-6 47 62 47 95 47 
SPI-12 42 61 49 107 41 

SPI-18 57 48 52 110 26 

SPI-24 58 40 46 115 27 
SPI-36 57 44 5 120 50 

SPI-48 47 46 0 120 59 

  

4. .G�'< ���=  

�,�K +K +7�1� N�� ,�
 �,�3
� )� 
I�K ��� ��8 ���� ��38 Y��� ANN-MLP �ANN-RBF �CART �M5P  �

SVM ,� A�R K�
 ���� +7�� +� a�� � N�#���� )� ���O �� �K �!K ��� S� J,�K  (�!f� 
�,�K x�� �K 
%�<T� 8��

S$I 7��
 .�� + I���A �,���� �� J,�K LI�� 8�M� �K ,� ��N � ��,  )�50 � ,��	 ������# � �� A��S  _�M&,�K

 .�� + k�� ���K  

+K +3 ��� ��$� +!7�2� N�� d�� �  ��� 9WCART��� ���� � ���� 8�� R�A ,� 
K�<2� 
��,�3 8��3  N�� ,� J,�K 
�K

+ ��� +12� ���� ���� ?������ Y��!4 
k�6 )� .��� ���� )� ���O �� o��6 )� 8��,� 8���	 +7�� +� a�� � N�#  ����%� �K ���

��� � �K 
X��� � J)��	 ��'�� �
���) 8�� ���, ���%� R�A ,� (T� R��9k� �K U�4�4 N�� +K .(�� ���3 G���k �, ��  
�K

o�T� +!7�2� �J,�K S$I (�!f� �4 (�" +<=�� ,� P< Q� 8,��	 8��� ��,�A 
�,�K .(�� ��� ���� 
7�� ��� 
X�  ��

��$�  ��� 8Z�K 8�%���4 )�SVM R�A ,� +K ��,�� �, �!K ��� J,�K 
�K 8,�6  ��� �K +���1� ,� ��� N�� )� ���O �� +3

ANN-MLP  �M5P +K  ��M�K �&�K U�4�44/5  �5/4  LI�� ,� 8�",�NSE �8/5  �8/4  LI�� ,� 8�",�RMSE 

 �4/2  �6/0  LI�� ,� 8�",�CC  ��� ��'<%& x> I� .(�� ���SVM  ��� �� �KANN-RBF  �CART R�K  � �4

+K _��� N�� �K .(�� +W�4 YK�T 
� �q�  ��� +� ���� )� �4�K ��� ��Q �� ,� ��,SVM �M5P  �ANN-MLP  +K ���K


�@�� ���� �	 8�� .(��� +W�4 9�� �� +X� � +3 ��. J)��	 +'M� 8�� 
MH& ��X�� 
&�H� 8�� S� �)� 8�� 
<I�� 

(�� +3 ,� +'M� ^�)�4 
� ���� .N�� �)� �� ��'�� 
M��� )� 
#��#. Y�<�4 � R�A 
�K ��X�� 
%� �3 � ���� N�� (�� 
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�����k ,� +3 � �� 
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� ��� .J�, ,� YK�1� ,� N���� 8�� ,���K 
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&�H� �j7 +K 
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 =�, YK�T `�f�4 � ���O4 
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  ,� ���h4 +3
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1347  �41397  )� ���O �� �KS$I Y�<�4 � +�9X4 ,�9K� +M!W 7��
 �,���� �� 

YK�T ?��O4 +3 ��� ��$� �,�� 8��K d�� � ,� 
�W�4  ��X�� LI�� ,� J,�K LQ$� 
���) 8��
� ��� ��6 R��9k� �K .

 �,��SPI��� S�'O4 ��9�� � LQ$� S$I � ��6�� 8�� 
� (���� ,� � ��� �4 ���4 N��  ,� +3 ��%� ���K +���
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7. Artificial Neural Network 

8. Adaptive Neuro Fuzzy Inference System 

9. Autoregressive Integrated Moving Average 
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