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Abstract  
This study aims to develop a seasonal rainfall prediction model for the Aharchay Basin, northwest of Iran. The 
model is based on climate patterns of tele-connection including sea level pressure (SLP) and sea surface 
temperature (SST) over the period from 1965 to 2005. The models cover both wet (from December to May) and 
dry (from June to November) seasons. For this purpose, the climatic patterns affecting the climate of the 
northwest of Iran were initially determined. In the second stage of the study, the correlation coefficient analysis 
and the Gamma Test (GT) technique were used to select the best predictors and to determine the best 
combination of the variables. The results revealed that the gamma test model outperformed the other model in 
determining the required input variables and their best combination. The seasonal rainfall in the basin was also 
predicted using the Support Vector Machines (SVM) and the results thus obtained were compared with those of 
the multivariate linear regression model as a benchmark to show the performance of the SVM model in rainfall 
prediction. 
 
Keywords: Rainfall Prediction, Climate Patterns of Tele-Connection, Support Vector Machines,  

Gamma Test. 
 ��(!"#$� ���$�"�) 9�4>?� ��@�? ������� �9�	�0 ����4� ������� ���������

,,)-��-* )*,- (aahmadi@cc.iut.ac.ir 
�����4� ��I N��	: �DE ����4� ������� ��������� ��4� ������� ��"[��P0 ��4� �

9�	47 ����4� 
,�3��	7 ������� ��@�PQ M���� ������� �����8�Y�E ����4� � ."/0 ��	�
� �"<����

9�	�� ��"� �T��� 
&�C���9�4>?� ��@�? ������� �9�	�0 ����4� ������� ����� �������
 F�G"�E 

1. Assist. Prof., Dept. of Civil Eng., Isfahan University of Tech., Isfahan 
(Corrseponding Author) (+98 31) 33912210 aahmadi@cc.iut.ac.ir 

2. Assist. Prof., Dept. of Water Eng., shahid Abbaspour College of Tech., 
Shahid Beheshti University, Tehran 

3. PhD Student of Watershed Management Eng., Faculty of Natural 
Resources, Tarbiat Modares University, Noor, Iran 

4. Grad. MSc Student, Dept. of Civil Eng., Isfahan University of Tech., 
Isfahan 

www.SID.ir

www.SID.ir


Arc
hive

 of
 S

ID

87 ��������	
���� � 
�
���

M�<���� 
 �@!��
D��! �.3�� �#���
&
HR� "�# -��34�� 
�� 4��	�; �	��!	 


;- 1�	�7 A�G�; �. 
=)���9!��$�� �- �!��� ����4� .4�7�! �	
@�  k4� 4�	�� 9�G> 
��!t�	 �! T4� 4��! 
���� "�# 9: �)	 A�	 �

O�GR; "��I "��).	�- � 3��(r �! 
�
=� "�# �	��- ����� �;���� 
 .�! 4#	�((�! �. B�W'�	 ���P�� � 347 �
��! ��( 1�	�7 �! .��

3�d! �. �
��! .�) M0N 9! 
� �- �!��� �	 "�	.�! .�7 .A��5G# ��!
@�  A�	 �.�! ���� 
��! 
� �# ���� T��� �. �	�;�9�����! "��#

 "�	�W�	"	�! 3��. �. �- A��f; 9��d! ����4� � 
,��0��( "��#
�����) ���! 9���!�Z� "���#
,���G
&	 ��_	 9��N �.	. 9��|	�	 "�� ���! �- T	�

��,�'� �
��G? ���) ��0�� 1��2� � ".��R
J	 � "���P; "�#
.�)	 m�02� e���N 

9#. �. �#"(	���9!��$�� 9')�; k4� �#" �@!��
D���! �.
Z��m�4��! T4� 9��#��)���R�
(�D��; ��#"�0!���"T���� 

9
��I �)	 �9W!	� A�	 �. .k4� �#"��
��
	�!"	�.��P �! 9�W!	��A
	��. 4���  "�#�q, �J	�G�
9�G> �	 �. �W�) �. ���� 1)�
� ���C�

���. �W) �. ��.K )�@!��
34��:(��+
���#�"�2�
 )�@!���

34��7 (4���� ��. �I4���!�
9')�; �9
�� 4�	 .k��) �. A���5G# "��#
 ����(	��0!���"�	D�� ���#"%���W(�
4������ 9E=��7 ���#"=��R?

?��R�
S�7���A�#".�!
�  �	���=V�K<�.�� 
q���0G# A���;

9! ,.�H��	�;
�/�!"��d�- �.=�7�9���)")�O
�0 ��#"%��W(�
�
 �5�349! �@��  k4� �	��? 
���! �!93.��! ���: 34�7 ] 4��	{����[.

k�) �. �	��EG# � ����: @I������ @��  "	��! �	 �D���! 
���!
�#�q,	" �4�� �J	 ��.�G�. ��. � ���� H��7 �
 ���#���. .	�- �W)

 9�! 
?���R� 
=R? 9E=7 D�� �<��
�F O
����q,	 3	��G#Y"	��! �
9! 3.��
�)	 
?��R� 
=R? 9E=7 k4� 9��d! "�#�
�	��  �.��- �).

3.�: ] 4�	�k�) �. "�=I��	 .[��{� @�  9! 
,�G�7 
I4����! 
���!
3.	. m���)	 ���! 9����P�� �����. �W��) "����. "���#[D�� m���)	 ���!

.�  ���)�I�] �)	 9
(	�k�) �. ���-��: .[ "�#���� ����� �
34#���� m��)	 ��! �	� �	���	 ��! �_��� 
�G��J	 ��. 4����  "�#�q,	

3��! T	���+; D�� �	 3.��
)	 � "	 
���? H��2; 9�G> �	 "���- "�#
D�� �	 � 3.�G� 
��)��7 
q
0=G# �3.	. "�# A��	��J 4����� �"��:

9! 
?��R� 
=R? 9E=7 � "��� ?k4� �	�� @��  "��# D���! 
���!
] �)	 3.�: 3.��
)	���.[k��) �. �	���EG# � "��=d�7 ���=E��

��{{ H�0��
 �|F ���;�	 �	�# "��. H��7 
)��7	�# "�#��+
� �	 �

1 Mean Sea Level Pressure (SLP) 
2 Mean Sea Level Temperature (SST) 
3 Artificial Neural Network (ANN) 
4 Support Vector Machine (SVM) 
5 Genetic Algorithm (GA) 
6 Sea Surface Temperature (SST) 

 @��  "	��! �34�7 .�	4��
�)	 D��! 9��G� �
,��0E�( 34��4  
���!
 �: 3.��
)	 ��=�
�  �	.�! A�7�� D�� �	 3.��
)	 �! 
)��7	�#3.� 4��	

]�.[
@�  k4� A��4; �. Od� H&	�� �	 
E� ".��� A��'; �
��! "�#

 
I4��5�  M=�) ".��� "��#��+
� .	4'; .��.�	 .�)	 k4� M)���

��� �- "�	4���� �� � 9E=��7 ��
(���) H��&	�� �. 	� �- ���J. � .���7


� @#�: k4� ����- ] 4#.����$�� A�	 9! .[ �	D�� ��#
�4����� 
H��2; 9�,�� "�# �	�
]�97�( 4�!"���"������- 3.��
�)	 ����I

�
.��7 ]{�a{�[.k��) �. �	���EG# � "������{� ���{{ 9�!
@�  @Z� 
)��! D�� 9! ".��� "�#�
�	��  D�	.�  H���2; "��# 

��9�, "�# ��	
����I ����-^A��7�� k4�� .��E�G? ��! <�>�� �
@�  "	�! ��=�
�  �	.�! 9�
(	.�  9���(.�� �����> 
��! n���
� .4��	

 @��  �_�� @Z� 34�#. ���� ".��� "��#��+
� A���'; �. D�	.�� 
 ] ���)	 3.���!{��{�k���) �. �	����EG# � 
�	��
��). .[��{{ 

9! k4� ��$�� D��! "��)a.�� 34���	� 4�) ���!- 9��& �. ���	��
9E=7 �	 3.��
)	 �! 
=�R? ��
�
�)	 O
�0�) � 
?��R� 
=R? "�#a

O
���q,	 �	 �
Z�=W; "��� A���
d! A��'; "	�! ���I ����- � <�
�F
3.�: 3.��
)	 �#�
�	��  �	 ".��� M�:�; ] 4�	{�.[

D�� 
��(�! �	 @#�h��  A���	 �. m���)	 ���! "����: 3.	. "���#
�#�q,	" �4�� �J	 ��.�G9! 
@�  ��$�� ����!- 9���& D���! 
���!

 	4�
!	 �
�)	� A��	 �. .47 3.��
)	 
J�7 ��P��!�r- ��
)	 �. "�\�#	
+
� A���� D�� � 
q
�0=G# D�� �	 3.��
�)	 ��! �	*�I��_f; "�#��

k4� �"4'! U�I �. .47 ���� ���I ����- @��  "��# D���! 
���!
 ��! � H�=J 3��� @7 
G��J	 ��. 4���  T�?�L	 m�)	 �! 9#�� @7

k4� �	 3.��
)	 � 4�7 A��4�; ��=�
�  �	.�! A�7�� � ���)�I� "�#
@�  �. k4� �. n��
� � D��! 
��!.47 90��Z 

N��.� . 
�%� �F
N�M�:
�
 . 3F.,/ 
�%� <�w+� �F

k�G7 @�! �. 9�! "��\�#	 ���!- 9��& ����: ��% @�7�  H��,.
 H��!�J ����G#	 �	 �m�	 �����!- 9����& �	 
d>���; H��!�J @���! �.	.

 9���& D���! ��:	4& � HJ	4& �	��� .�)	 �	.��(�! 
d>�;��� 
���� 
������ �- 1���)�
� � ����
���� 
������ ����
�] ����)	{�.[

T��0( 
,��0��( �	 
7�� "�# �.
��? �9���& A��	 �	���� O�%�
 �M)��� e�
=0� D��!.�)	 m�02� ���0! �. ".���� T����; 9\�I

k�) �. D��! ��)	 9
7	4� .�>� "�\�#	 ���!- 9��& �. ��(	 "�#
3��. ���!- 9��& ����	 ���)	 3.��: 9�!�P; 	� 9!���� D��! �! 
��#

 
7 Principal Component Analysis (PCA) 
8 Gamma Test (GT) 

www.SID.ir

www.SID.ir


Arc
hive

 of
 S

ID

88 
���� � 
� ����� ���	
��� 

9! ".��� ����> ����� � 9�
��� @#��: ".���� .�4& �; 4) ����
 O�d� .��)	 
,�( e�
=0� k�) T�J�	 �
��! �. 4) 3���(r ��=�� A���;

 �	����� � ���)	 ��(��
��) 4��) 9����& �. �.���>�� 
2W��) �-
M�)- O: 9! �=0� 9��& "��*   	4�&	 .��>� ��! .��)	 /��! 
�!-
9E=7 - "�#A���  �. "���! .9�=7 k4� A��4; �4) �) ���! "���) D

3��. 
��)��7 � ���!- 9��& A��4�; "	��! 
�;- ��; � <��( "��#
�)��) HE�7 �. .�)	 "���� 4) ���� "�#{9���& ���'J��

.�)	 347 3.	. ���� ��(��
) 4) � @#�h  .��� 9��(.�� ���!- 
@#�h  �#�.9#. "�# ��(	 ���� 
�� 4�#. 9�: T	����+; � �-
��d> 
�	�# �A��5G# 9(�\ ���> 
���G? ��2; �;��_� ��#�q,	"

 �4�� �J	 ��.��G
��)	 9�: �. �W�) �- "��# ���d> .	�- p���;	 


� .4
�	�#�q,	" �4��� �J	 ��.��G
����!�� e/��G'� ��! 3.��
�)	 �	
�(�7 
��# 9: �! ���� m�)	 	�# �"��. m�����J	 �- �W) ��# 

9=)�2� 
� 
�� 
�¢G: �4��7 3.	. A��	 �	 .4���7 9�! ��# A���'; ���$��
! �! X�=;�	@�  k4� A��4; � 9ZW�� D�� 34�7 3.��
�)	 D���! 
��!

. .�)	3.	 "�# �- �W) "��.3.	. �	 �#"��9�0) NCAR C�	 9�:
@�!��� "�# NOAAK��)	 347 �	��
)	 A��	 
��E� �J. .�)	

 
1 National Center for Atmoshperic Research (NCAR) 
2 Natioanl Ocenaic and Atmoshperic Administration (NOAA) 

T�?�L	�/�
����	�+> ~�? � k�L 9>�.�)	.
�@#�h  A�	 �.3.	. D��! "�# 3�q
�0�	 9) "	�! �!�	�� �)P�


A��)�: � ���J��� �t��0: 
�)��7	�# ������) 
;��?�L	 <���! �	
4��7 �	��
��)	 ������ T�	�� � �����: 9����& D����! A�q������ �"	

9! 4�- �). .k��) �	 "���- 3��. k�L{��� ��;���� �. "	��! �
3��� �. ��; HR� H�R� � (
�� ��; �=���).) ���d=�.�	 ��; �r- "��#

3�� �. <�( A|�F) ��!- �; .	.�( "�#.47 9
��I �$� �. (�=�	�� �; 
k4� .�E�G? @�  "�# "����- "��#���'� �	 3.��
�)	 ��! 
���!

1)�
� B	�2�	 "�W(S�T��'!�� 1�)�
� 9���� "��W(V�"��W(
A�q���� t�W� �4JY�@��  ��.��Z� A��! 
q
0=G# 
�'J	� � 
���![

(R2)] ���I �	�J 
)��! .���{�.[

N�N�P�� ��F3�/ �
 :
�7��� 
�%� ����� �+� 
"�R
�� o�7 �@�! A�	 �.
(�! �	 k4� "	��! 34�7 3.��
�)	 "�#

k4� "��)9|	�	 347 .�)	 HE�7 �. ���: U��P�	 H�&	�� A���5G#�
.�)	 347 3.	. ���� 

3 Mean Bias Error (MBE) 
4 Root Mean Square Error (RSME) 
5 Mean Absolute Error (MAE) 
6 R Squared 

 

STCi�
J�7 ��P��!�r- ��
)	 �. ��(��
) 4) � "�\�#	 9��(.�� ���!- 9��& ��'J�� 

www.SID.ir

www.SID.ir


Arc
hive

 of
 S

ID

89 ��������	
���� � 
�
���

STCj����@#�h  U�P�	 H&	�� T��\ 

N�N�M����( �%�)� 
����- k4� �. 9: 
��W( ��*P� 1)�
� HJ	4& ���I 
�W(��% "�#

3.	. �! 9
)��  34#��� "�# 
� A�G�; 	� �)	 k�R& H!�J 34�� 4�� 
]{�[.����- 1)�; ��! A�,�	 ���I k��) �. �	���EG# � ��0���
)	

{��� 3.	. 9')�; 47��0! 1)�; �#4'! �3.��
�)	 �	4�G��	. �	 "�
47 Q2! �]��a{��I	 .[ 9! 
;	4#��� 3.	. "�) <�T��� ����

 .�>�47�! 9
7	. 

){()y,X()y),mx,...,1x(( =

�- �. 9:( )mx,...,1xX =3.�4�2� �. ".��� �	.�!mRC∈

�y�! .��)	 
�>��( �	. 9�5���\ 9�'��> "��8?	 A��! ���� 9�W!	�
47�! �	�J�! 

)�(( ) rx,...,xfy m1 +=

�- �. 9:r.�)	 
�.�R; ��+
� ����- w�����	� "	�! 
��G�; ���I
.�)	 �	�G#��% 
,4� 
>��( ����- A�	 m��)	 ��! ����I[ ]k,iN

�	 

0�, H��7 9:)pk1(k ≤≤�	.��! ��# "	��! 
q���0G# A��	
)Mi1(iX ≤≤
� ��)	 9����� ��*�P� A�q����� �
,. �!�; .47�!
k
� 9=)�2� 	� 
q��0G# A��	 4�: ]�[

)�([ ]

2M

1i
ik,iNM XX

M
1)k( ∑

=
−=δ

. 9: �- �|.| ���� 
)4��J	 9���� 34�#.C�)	 ��- ����
� ���I �!�; 

)�([ ]
2

M

1i
ik,iNM )yy(

M2
1)k( ∑

=
−=γ

�- �. 9��:[ ]k,iNy�	4��Z�y���! ������
�k
q����0G# A����	iX�.
9! .�)	 9=)�2� ��$��Γ	 
�W( ���)�I� 1( <� ��p��! 9�WZ�

��.�Z� )k(Mδ�)k(Mγ
� 3.	. D�	�! .�7 

1 Euclidean distance 

!�����F@V�X� ��"� ����2� 	� F�V�� ��� ������� 	\]� ��Z
5�0HQ�)SLP�SST(^�6�

k��q�) .	4'; A
��I �$� �.� "	�!k4"��)

k��q�) A��';
q
0=G# D�� �! �_�� "�#k��q�) A��';���I �0; D�� �! �_�� "�#

@�  A��
d! ���
�	 � �#�W( 
!����	 �! n��
� 90��Z�34��N 
��!�#

���I ����- D�� �	 3.��
)	 �! M�N�; A��
d! A��';

@�  A��
d! ���
�	 � �#�W( 
!����	 �! n��
� 90��Z�
��!34��N
��d� "�#
9!@�  k4� ".��� �	��?
��!

@�  k4� A��4;9! 
��!��=�
�  �	.�! A�7�� D��@�  k4� A��4;9! 
��!3��+
� 4�\ ���)�I� D��

@�  k4� ���
�	 � n��
� 90��Z�
��!

@� 9#�� @7 D��! 
���� "�) 
��!

k�
�q

�)
A�

�';
�_�

�"
�#

M
�N�

;A
��


d!
A�

�';
$67_�	7 � S�G `aI �� F� 5�0HQ�

www.SID.ir

www.SID.ir


Arc
hive

 of
 S

ID

90 
���� � 
� ����� ���	
��� 

∑

S5Cs�k4� ��
(�) SVM 

)�(Γ+δ=γ A

1( A�	 	4=� �	 ~�?0=δ�	4Z� �Γ
� ���� 	� � 4#.)k(Mγ

�#�W( w����	� �! �!	�!�)	.

N�N�N���#���/ ��
�� -�C�� 
A�7�� 9
). ���=�
�  �	.�! "�# D�� �	 "	 ����� ��! "��I.��� "�#C

9Z=L H|�0� "	�! 9: 4�
0# 9! 
���)�I� � "4�! 
�� ��: A��	 .4����
 k�) �. D��{��� ��! � 34�7 
���'� �	���EG# � <�� 	� 1)�;

] �)	 9
��� 9')�; 
;�=)�2� "��I.�� 9��$� 9�� ��.[k�) �. "�#
k4��� �	����	 �	 ".����� .	4��'; ����(	 �. ��=�
���  �	.���! A���7�� "���#

9
). 3.	. 9'�)�; ����)�I� � "4�! 9�! 9�: ��)	 34�7 k4�� �	���?
90��Z� =� "	9E=7 "	�! �� �! 
?���R� 
=R? "�#9���: 9�
�� .��)	

 k4�� A�	 
!�P; .�:��: 9: �)	 3.	. ���� n��
� e����G? ��# �	 ��
d! 

=R? 9E=7 k4��)	
� n��
� �. .�=d! A�	 . 9�! 4��	�; .	4�'; H��,.

 9���d! "	��! ��
G: 3.��
)	 .��� "�#�
�	��  A��7�� .��E��� "���)
��E�	 @#�: ���=�
�  �	.�! �*  �. 9E=�7 3�	4�	 �	 @�! D���- "�

47�! �- 
'J	� .�:��: @�	��	 � 9E=7 "��I.�� 9�&��.
3.	. 
����G; ���=�
���  �	.���! A���7�� k4��� �. 9��! ".��� "���#

 
��� 
#4������) �	.���! T����� �� �. ���d�- �	 
��(�! � 4����7	4����
k4� 
� 3.��
)	 "��) .4��7 �k4�� A��	3.	. "	��! 	� 
�7���- "��#

 3�=�,�:�G� �. 
�� 3.��
�)	 �- "��#�
�	��  A�G�; � k4� 
�,� 4��:
Od� 3.	. �G0J A��; 
� 9q� k4� �. 	� ".��� �	.�! "�# A��	 ..�	.

 
�� 34���� ��=�
�  "�#�	.�! ��#�	.�! �	 
E\��: @��! ��d�;) .��7
 
1 Supervised Learning 

3.	. 
� ���
�	 
7���- "�# 9�
��� @#�: ��=�
�  "�#�	.�! .(.�7
 @�	��	 	� k4� O�G'; ���!�J
�@#��: 	� �- 
;�=)�2� ��! � 4�#.


� .4�#. k4�� A��	 
���G? ��
(�) HE�7 �. ��#�34�7 3.	. �����
.�)	 A�7�� 9: �P�- �	 A�GP�	 1�)�; 	4�
!	 �. ��=�
��  �	.�! "�#

 k4�� �	 ��� A�	 �47 4�,�; 
��7�� "��I.�� A��7�� ���# �	.��! "��#

� 34���� ��=�
�  4��7 ]��[.

�!�; 3h�� ��
(�)
W(��% H�4=; "	�! H��:��4�7 �#� 9! �.�J
 ��)	 
7���- "�#�	.�! A��
��! �	.�	 3.��
�)	 ���E�	 H���: �!��;
".��� "�8� �. 
W(��% �!�; <� 
�W( �!��; 9! H�4=; "	�! 	� �#


Ih�� "�8� �. 
� O#	�� �# 4�: � 
'���4�\ �
�W( H���: ��!	�; .

?�'7 9��  �!K��; .��)	 H���: �!	�; �	��	 �	 ��! 
?�'�7 9��� �! �!

 �. 34��5�  
�W(��% 9�W!	� 9�: 
'J	�� �. �
W( H��: �!�; B�(
 9���  �! H��: �!�; A��5G# .�)	 M)��� �.�	. .�>� ".��� "�8�
 H���: ��!	�; 9�! �=�0� "��
G: 
G�$�; "�#�
�	��  "	�	. �
?�'7

 k4�� �. "��
G: 
I4��5�  � �)	 
'��4�\ ����
�	 ..�	. "���)
k4� "�#�
�	��  m��)	 ��! � ��W( � 
'�) 4���	�� �. �H��: �!�; �

.47 U�P�	 ����- 9�&�� �. HJ	4& "�W( �	��� 

R�_&� . `���0 
R�M������+C�F%Q=��/���0% >A� �.
��	<��w+� ��� �8u�� �

3F.,/ 
�%� 
�W�) "���. 1�)�
� T��?�L	 �	 3.��
)	 �! �
�#�h  �. ���-��:

 B�
�(	 � ���. �W) �. 	�# ���� ����. s��
�� X��Z� A��! �����
 
2 Radial Basis Function(RBF)
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