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Abstract  
River flow forecast has of long been the focus of attention due to its wide applications in water-related sciences. 
Development of new models and advanced techniques will bring about drastic changes in the estimation of this 
dynamic and nonlinear system. In this research, feed-forward Artificial Neural Network (ANN) was used to 
predict monthly flow. Given the numerous flow forecast variables used in the present study, identification of 
variables effective in the network was necessary to help obtain improved results. For this purpose, we modeled 
the flow using the Principal Component Analysis (PCA) technique that reduces the number of input variables to 
include only the ones effective in ANN (PCA-ANN). PCA was first employed to reduce the number of input 
variables whereby 18 original variables were changed to 18 new components and the first 8 in the best model 
were then selected as network inputs. In addition, wavelet transformation was used for preprocessing input 
variables in the network to develop a model for flow forecasting (WNN). Comparison of the results obtained 
from the three models (ANN, PCA-ANN, and WNN) indicated the positive effect of preprocessing by wavelet 
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and PCA on input variables. Another finding of the study was that the proposed model (PCA-ANN) had a 
simpler network architecture, faster training speed, and more satisfactory predicting performance in comparison 
with ANN and WNN models. 
 
Keywords: Artificial Neural Network, Predication of Monthly Flow, Principal Component Analysis, 
 Wavelet Transformation, Sofichay River. 
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1� �	�- V�: � ���2.���� &�2;T�- +���63 B�
�� �	 �������,�� 
>�2-��- c�?73 �5�� �� �	 � ��� �� 2�� .���%73 ��; B�� �5���a

- ���-� ����� &�2����"�  � ��2�	 c�; � �;%� �F; �� �� ���'���
���� ����2�2- 
�� .
!- ���?	 �7  M�6��.- �� �5�� *�����9�� 

-��';.
M��]�� V�� �5��i�; ���� V� ����� R�	 � �;%� �c�; �2��%4


�� ���� �� ���.- M�%��U3 %p ��	 �- ������	 .+>� ��g����:3 
���� ���5�� �	 ���
�� ��� ���� ��"  ��� %;J .

��!>�2- �� $� 0	��'- ��2�- �� ���� V��: � M��,�/- %m;� ���
���q&�<�	��r�
F
��s
�� ����%8 ���95��]gb �ge[0�	�23 �; 
�! ��!F>� �� ��3%3 �	 �\&w�x
�� ��� ���� ��"  .

1 Discrete Wavelet Transform (DWT) 
2 Scales and Positions 
3Approximations 
4 Details 
5 Haar 
6 Daubechies 
7 Symlet 

()*��M��]�� � ��%73 ��2 �K ��2-� �	 ��,�� �2- ���:3 

��7����K 
>�F�3�  �14E� �
PCA �%�U5-�'d ���-� ��!��� ��
��.c�:G ��	 ��� ����2�- ��

 c�5?� �%	�� M��=O� �� ����� ��- ��� *��� �� �2�N'- ��	 ��2�3
 �4 ���� *��'<
� � ��%�U5- +�F.3 �8��< M���=O� %�5!	 %�?�93 

�2
  ���95�� ]gZ[.B�
�� �	 &��� *�� � ���%�U5- ��,� �	 -L�9, ��� 
���� %p���� �� +75?- �)�� %�� ��%�	 %9�( �p5?6
� ��%_ �	

-L�9,(�- +��63 � 2� .-�9,L ��� ���� �� ��/@ ��6��%3 ��� ��:�� 
���%�U5- ��,�� �'5?�]Ye[.&���'�3 *��� �� ���95��� ��	 �3��6��%3 

��P%�U5- &���,�� Xp, …X2,….X1��%�	 &���:�� P+75?�- ��9,L- 
)���95��� ��2�- ���,�� ���%�U5- ����3 �	 B���-(&Zp, …Z2,….Z1&

�- ��:�� �2� .��9,L- *�� *�	 �p5?6
� V�� ���9- ��8{�� ��� ���
 	 �p5?6
� V�� �%�� 
�����9,L- �� 
�� �'�- *�� ��� ��6'� ����

 �� �3��95- ��,�� ���%�U5- �- ����
  �� � ��� ]\h[.&��� *��� ��
 ��
  ��%�1 ���95��� ��2- c�75?- �2O �	 ��,�� ���%�U5- ���F	 �� %�8

 �9,2- �	 ��5	� ��- +��63 ���� ��9,2- *��� �I�� &� 2�� ���� ��	 ���
 �- ���95�� ��,�� ���%�U5- � 2�.- +��"3 �� �2d *�'<
� L��9, ���

�V�
3 ��- ���95�� ��%�U5- �:�5  �� &��%8 M��=O���,�� ���%�U5- 

(e*,�30	���� (e*7��<�	�� 0	�3 (e*O�
F
�� 0	�3 
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l�� m��n�0

f���o

A
��$ m��n�0

f���o



17

M�9F3 *�%5
� �	3A�2 �9,L- ��]��� +(�G ��� ��- �2�� ]\Y[.
�- �F(� �9,L-%� �	 � �23 �� ��,�6 � ��/	�� M�2�( ��	Y}#"�- 

�2� 

)Y(pXipa...XiaXaZ 22i 1i1 +++=

���� �� 
Zi��2- �9,L- &%N  aij ���,�� ����%�U5- ��	 E2	%- ���%_�Xi

���%�U5- �� ��,�� 
�� .
�%_ ���,�� ����%�U5- ��	 E2�	%- �� +�G �� ��/	��g��	 
���

�- ��� ]\g[

)g(0IR =λ−

���� �� 
I& �G�� ��%3�- R%3�-�����,�� ����%�U5- *�	 �p5?6
��λ

 ����7- �%���{-����	.
� ���*��7- �%��&�{ �����%	 ����{�	- 
������'.%5"��	 M���]��

 ��2- ��PCA %p�� 0	�'- ���]���
�� ��� ]\\k\[[.

��O�����!��  �1��
D� 
��� ���95��� B���5- ���-� ����- ��!d &���%@ f��5  �?��7- ��%	

 M��6� �� ��� �  :63 ��%_��*)R2(^�F/- ��/@ *�p ��- &X&�T��
p ��- �/@ M��	%- *�`��6?  ��/@ ^F/-��1 *�p ��-a.*�%�5!	

 ������- W����� %��	 B���- �%��>F
�R2&�%	 � j��� �����7-��� W���� %��
 ������- ���7- %9( ���� ��%
� �	 �� ./�25- *�6- �!C@�� *�� &�-��

�� ��/@ 0���23 ��2- �� �3��=O� � �'5?� B�- �%>F
� �� �/@ ��
 �
  �]��� f��5  �''; .�� �	*��/@ � �5��� +��F.3 ��� �2�N'- i���  


��%8 ��%1 ���95�� ��2- ]gx &g[&\b�\e[.}@���TSx��%�	 
���7-x�(�� ��4 �� �'�	 ��"  &�� %����7- �� ��/@ 0���23 ���'��
��4 B�- %� ��%	 ��� �'�	
�� .��(�� �?�G%	 ��; }@�� *��

 �- ��%�3 �2�&�� �6?�  ���/@ ^F/-��1 �F5#- %���7- ��%	 ��]�
�- �2� .����7-TS ��%�	 x��(�� ���4 �� ��'�	 ��/	�� ^�6O ���\

�	 �- 
�� ��� 

)\(100
n
xY

xTS =

�� �� �; 
n� +� ����3 Yx�	� ����3 ���4 ��� ��'�	 ����)�����3 +�; ��n(

��/@ ^F/- ���7- %� ��%	 �� %5
; �6? x
�� �(��.

1 Mean Absolute Error (MAE) 
2 Root Mean Square Error (RMSE) 
3 Average Absolute Relative Error (AARE) 
4 Threshold Statistics (TS) 

,�pi� 9 c���� 
,�+��3�F� >
���K �4E�  �1 

���7-KMO q%	�%	[Zw/h)	 M��=O� 
!� �� � ��2�- �� %5" �� *
- ���-���2  �	 ��23��%; z2�� ����>
� �]\[[(. ��%��� ����-�
PCA �%�� ����S3 �� ���95�� ��2- ���%�U5- %	 .��%��� ��%�	PCA 

���� �5���� �� ���4 ��%��� &����� �����%�U5- ��%3���- �����75-
 �p5?��6
�R���63%- �� Ye)U5- ������3 ���	 B�����-�����%����� �(
�� +��"3 .+G �	�/	�� g&Ye�	 � �{�� ���7- �{��� ���7- %� ����

Ye &���! � �� ���95���� ���	 ���� ���� +��(�G �{���� ���%��	 Ye-L�� ���9,
 ���,�� ���%�U5-&��'�� ���%�U5- �����3 ��	����� &������%8 ���:� 

M�C#"- *��-L�9, ����B���Y���� ��" 
��.
B��� ��Y�8��'��%4 �(�� � �9,L- %� ���� �	 E2	%- M��=O� 

�- ���� ��"  �9,L- %� A�23 �� ��,�� ���%�U5- �� ���� ��]��� &�2�� 

�� .*�'<
� � �� �- ��NG=- B���� *�����; ��%�8 e-LB�� ��9,

 �	 j��� ZZ�'��%4 +� �(�� �8M��=O� �����%�U5- �� �F�(� 
�- ���	 �''�.�� ���%_ �� �{�� ������%	 %���7- �2�N'- ��	 *����3 

�9,L- �- *���3 �� �� ���95��� ��	 &�''�PCA B���� �� g���� ��"� 
��� 
�� .�- B��� *�� ��L%�� +��"�3 �� ���%�U5- *�%3%K ��9,L-

�	 
�� ��-� �5?�%	 M�2( .���
� �- ����"�- ��� �2�O��� ��%�8
 ���	 ���� B�� ���9,L- +��"��3 �� ����	 �����!'3xeM����=O� ���(�� 
�- +-�� �� ��,�� ���%�U5- ���-� &�2��� ��� �	��3 � +�61 ��- �� 

3 *�%5"�	 +61 ��- ��S�5���� �� %�K ��	 ���23 ��	 f���5  *��� ��� &�� �
l%	 �- ���23 +	�1 ��,�/- ��2- �_2G ��2	 %�8 ��!F�F.3 � ����	�

PCA �		2@�����%; ���	 �� 
�� .


9�'+��- ���	 �9,L-%� A�23 �� ��,�� ���%�U5- �� �3��=O� �(�� �2� 
�C�	n��$ �E�.

�D@N5 
�C�	n��$ �E�. � �1 q!��F!� �3�+R �F�3� 

Y\/xe Y\/xe w[/Yh B�� 
[/eh xh/gg hx/w V�� 

Zb/ex \\/x Z[/h V2� 
eZ/eZ Z\/\ bY/h V��!d 
h\/Z\ Yw/\ xb/h c:'4 
[g/Zx xe/g w[/h c"� 
bh/Zb he/g \b/h c59� 
xY/Ze eg/h Yx/h c5"� 
he/ZZ x[/h Yh/h c!  
w/ZZ \[/h h[/h c�� 

[\/ZZ YZ/h h\/h c����� 
bw/ZZ YY/h hg/h c������ 
eg/ZZ he/h hY/h c����� 
Zh/ZZ hb/h hY/h c����!d 
Z[/ZZ h[/h hY/h c��� �4 
ZZ/ZZ h\/h hhx/h ��c���  

ZZZ/ZZ hY/h hhg/h c��9� 
hhh/Yhh hhhb/h hhhY/h c��:� 

5 Kaiser-Meyer-Olkin 

��������	 �
���
��� � �� 
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9�'���{�� ������%	 %���7- )���%_ �2N'- �	�9,L- *���3 ��(�	�� ��-� 
��PCA 
�
J�� PC1 PC2 PC3 PC4 PC5 PC6 PC7 PC8 PC9 PC10PC11PC12PC13PC14PC15PC16PC17PC18

Rt-2 -0.250.68 -0.200.26 0.52 0.03 0.31 -0.020.03 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 

Rt-1 -0.520.48 0.40 0.27 0.27 -0.02-0.440.01 -0.010.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 

R-0.610.10 0.58 -0.05-0.070.48 0.19 0.01 -0.020.01 0.01 0.00 0.00 0.00 0.00 0.00 0.00 0.00 

Qt-2 0.53 0.52 -0.420.26 -0.200.35 -0.140.06 0.15 0.01 0.01 0.00 0.00 0.00 0.00 0.00 0.00 0.00 

Qt-1 0.24 0.81 -0.070.37 -0.30-0.060.06 -0.02-0.22-0.010.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 

Q-0.110.78 0.39 0.08 -0.24-0.320.15 0.05 0.17 0.01 -0.010.01 0.00 0.00 0.00 0.00 0.00 0.00 

Radt-2 0.94 -0.180.10 0.11 -0.030.04 -0.01-0.200.05 -0.01-0.09-0.020.04 -0.010.03 -0.01-0.010.00 

Radt-1 0.93 0.29 0.07 -0.090.01 0.03 0.01 -0.170.01 -0.020.01 -0.04-0.050.00 -0.05-0.020.00 -0.01

Radt0.67 0.67 0.03 -0.260.04 0.00 -0.05-0.120.00 0.03 0.12 0.01 0.03 0.02 0.03 -0.010.01 0.00 

Tmint-2 0.79 -0.530.10 0.24 0.04 -0.040.05 0.10 -0.010.07 0.05 -0.040.00 0.05 -0.02-0.01-0.020.00 

Tmint-1 0.97 -0.100.09 0.03 0.06 -0.010.01 0.14 0.00 -0.090.02 -0.030.00 -0.020.06 -0.020.00 -0.01

Tmint0.90 0.36 0.02 -0.170.07 0.03 -0.020.15 -0.030.04 -0.04-0.030.03 -0.04-0.03-0.020.02 0.00 

Tmaxt-2 0.82 -0.500.13 0.23 0.01 -0.010.03 -0.030.01 0.05 -0.01-0.020.03 0.03 0.01 0.03 0.03 0.00 

Tmaxt-1 0.99 -0.070.10 0.01 0.04 0.01 0.02 0.01 0.00 -0.090.01 -0.02-0.05-0.020.00 0.04 0.00 0.01 

Tmaxt0.89 0.39 0.03 -0.200.06 0.01 -0.030.04 -0.030.06 0.01 0.01 0.03 -0.02-0.010.04 -0.020.00 

Tmeant-2 0.81 -0.500.12 0.23 0.03 -0.010.03 -0.030.01 0.09 0.04 0.08 -0.02-0.060.00 -0.010.00 0.00 

Tmeant-1 0.98 -0.060.10 0.01 0.05 0.01 0.01 0.03 0.00 -0.140.00 0.07 0.03 0.04 -0.04-0.010.00 0.00 

Tmeant0.88 0.40 0.02 -0.190.07 0.03 -0.020.05 -0.030.08 -0.080.04 -0.050.05 0.03 -0.010.00 0.00 


9�',�� ��2-� f��5 
?3B�- �� ��%	 

,���fH�	� ��;k �)�* �^��\ 
�9,L- � ��%�U5- �� V��� %� ��5	� 
�� V�R �>6�� ��	 ���� �� +61 ��

�6C�&��/	�� �� ^��7.3 *��� �� ��; � 2� ���� �5�� w��� ���95��� 
]\Z[.

)7(0.1
)XMINXMAX(

)XMIN-(X
0.8N

ii

ii
+

−
×=

�� �� �; 
Xi�9,L- �� %�U5- i&V�MINXi ��9,L- ��� %��U5- ����7- +1���G &

MAXXi � %�N  ��2�- ��9,L- ��� %�U5- ���7- %m;��G N%����7- ���  
��� ���� �5��
�� .*��	 %��U5- %�� ����.- �/	�� *�� �� ���95�� �	

Y/h�3Z/h�- ��%1 �%�8 .
�� ���95��� ��	 ��23 �	 ��� STA ���-� ���� &���#	 ��� ��	 

��!,�� +-��Y\[g �3 Y\[x �%	 �
.�( 	����&Y\[x ��3 Y\bZ 
�%	���2-� )O &M�- *�� �������� � B��� ��!d %��8�V��: � ���

 �	 �; ��"   R2�O M��- +�,��������	 �� �� ����-� ����� ����%4 

�� (�Y\eh �3 Y\e\�%	 �
�%8 ��%1 ���95�� ��2- 
?3 .

��	 ��%; ���� �5�� ��Ye��,�� %�U5- �� ��4 �����
�- %���U3 
B�- &�>6� ���3��95- ���4 �� '�	��� f���5  ��� �� ��:�� ���%� 

B��� ��\��!F�� �[�b
�� ��-� .��	 ���23 ��	 �FG%- *�� ��
������-�B�- $�#5 � +-��� ���
�- &��Yh���!'4 ���R �� ��%�  

�� ����8%	 .
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 � -�1�/� ��. ANN   �	
� v
$ ��. 8PCs�ANN   �	
� v
$ ��. WNN   �	
� v
$ ��.

 
()*{�5 B�- �� ��%	 �>6� ��2-� �FG%- f��ANN &WNN�

8PCs-ANN 

ANN B�-WNN B�-8PCs-ANN B�- g��* 
q!��K �N	� "iE q!��K �N	� "iE q!��K �N	� "iE 

R20.92 0.81 0.99 0.88 0.96 0.89 
MAE 0.89 1.05 0.22 0.87 0.66 0.89 

RMSE 1.36 1.69 0.28 1.43 0.92 1.33 
AARE (%) 48.752.521.8650.513136

�
��� � ������� ���	 �
��
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()*|�B�- �� ��%	 �>6� 
?3 �FG%- f��5  ANN &WNN �
ANN 8PCs- 

,�,��'�� 9 ��;k �)�* 
�%	���; +G�%- �#	 *�� +�� *�� �	 ���'- j�2- ��5	� �; �2	X

���%8 $�#5 � .�� +��63 B�
�� �	 �I����� ��%_ &���� ��%73 �
���� � ��%#5�� �! � M��]�� � ��� �>�2- �� .B��- ���	 ��FG%- ��

 6C�� �>6� ���'-�*����3 ����%8 �%�	 ��	������ ����!  �|����:- 
���� � �� �>�2-%�� �� .�������- ��	 ���23 ��	 ���  ��FG%- *�� ���

	�����������	 B���- &Yh���	 ����!'4 ����R �� ��%��  ���'�!	 B���- ��2��'�
��4 '�	���%� �� $�#5 � �.���!  f��5 �
?�3 � ��2�-� WNN 

B��� ��\��!F�� �[�b
�� ��-� .

,�7��4E� �3�F� >
���K 9 ��;k �)�* 
�%	���9,L- ��%�� ���� �5��� �� ���	 &��  �#	 *�� ���)B����g(&

6C� �>6���9,2- ����3 %��U3 �	 ���'- ������� �	����� ��; �� 
B��� �� f��5 w��� ���	 
�� .��
� �- ��NG=- �; � 28���%�8&

1 Symlet 

B����- |���5��! \�[���	 ����; ���9,2- +-����� �����3%3 ������Y����3 x
)5PC-ANN ( �Y�3e)8PC-ANN ( ����2�@%	 *
�_ &�'5?���

���� ��5@�� ��&$2F/- f��5  %3��	 �� �5��� ��%
� � � .��FG%- �' �-
 ��� �� ���  ��#	 *�� �� +61STA ����%8 ���95��� .+>��e��� 

- ��"  �� B�- �� *�� �?��7-����.
c�� &��'��8 �� *��� �� ��>� $�#5 � � %5!	 M���1 ��%	 *��'d
 +>� �� � �6��.- 
?3 �FG%- �� �/@ � �5�� +�F.3 ���2
 Z�]��� 


�� ���.
��!F>��� ���	 ����23 ���	e�Z���- ����"��- B���- ���; �2��� 

8PCs-ANN B�- �	 
6?  �%5!	 f��5  &5PCs-ANN � �5��� 
�.
+>���e����28 �B���- %��5!	 �%��>F
� 8PCs-ANN��	 ��� y2C��@

���� ���	�%4�%5
; M����"- |R2
�- �; &
�� ��%�	 ��2��� �� 
���� .+>���� *����'<
�ZB����- ��%���	 �6?���  �����/@ ^F/-�����1 

8PCs-ANN �� �� %5"�	 B��- �� %�5
; ���2- 5PCs-ANN ��"�  
-����.

,�O�
�� ����!��  �1 ANN }WNN 98PCs-ANN 
�	 �2N'-	������O2	%- f��5  &o2� B�- ��;%3 �� ��B���� �\�

�!F>����[�b
���� ����-�.����
� &
���� ����"��- +��	�1 ���; �2��O
B���- �����WNN �8PCs-ANN ���	 
6?��  �%��5!	 f����5  ����� &

ANN �- ��	 ��'���	 ��2�O %����7- ����-� ��!C�@�� �-��
3 ��;
$2F/- ���� B�- �� *�� �� �� �%3�'5?� .���  B��- �� *��� *�	 ��
 B����-8PCs-ANN� ����� ����!C���@�R2&RMSE�AARE  

5!	�B��- ��	 
6?  �%WNN &
��� }@��� ��� ��'d %�� MAE 
���_ B�- �� �%3WNN ���� .��%	 ��%	�&f���5  %5!	 �?��7- �


 ��3 ���2�B�- ��/@ 0��2 �/@ � �5�� +�F.3 ��� �� ���95�� �	 �� 


9�'~-- f��5  �9,L- ����3 ��%	 �6C� �>6� 
?3 � ��2-� �FG% �F5#- ��� 
�)�* q!��K �4^�� "iE �4^�� �)�* ���� 


�� .��D5
<9�� 

�3�F� .��D5 
R2MAE RMSE AARE(%) R2MAE RMSE AARE(%) 

11030.81 1.35 2.13 51.78 0.82 1.05 1.74 42.08 
2940.86 1.23 1.88 49.3 0.83 1.05 1.81 46.01 
31050.89 1.11 1.71 46.34 0.91 0.94 1.48 41.85 
4860.92 0.92 1.39 44.32 0.86 0.94 1.52 36.5 
5870.89 1.14 1.61 53.33 0.87 0.93 1.46 42.39 
6780.97 0.68 0.88 42.94 0.86 0.91 1.5 44.62 
710100.91 1.06 1.51 48.4 0.86 1.07 1.51 52.47 
812120.94 0.86 1.22 52.77 0.88 0.89 1.36 53.81 
914140.93 0.85 1.26 40.27 0.83 0.91 1.64 39.44 
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