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Abstract 
In this study, an artificial neural networks (ANN) model was used to optimize the results 

obtained from a hydrodynamic model of river flow was evaluated. The study area is 
Reynolds Creek experimental watershed in southwest Idaho, USA. A hydrodynamic model 
was constructed to predict flow at the outlet using time series data from upstream gauging 
sites as boundary conditions. In the second stage, the model was replaced with an ANN 
model bout with the same inputs. Finally a hybrid model was employed in which the error of 
the hydrodynamic model is predicted using an ANN model to optimize the outputs. 
Simulation were carried out for two different conditions (with and without data from a 
recently suspended gauging site) to evaluate the effect of this suspension in hydrodynamic, 
ANN and the combined model. Using ANN in this way the error produced by the 
hydrodynamic model is predicted and thereby, the results of the model are improved. 
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(--) '��� |�o--8	� �G�9�X�� �(--�H !(--9 ���--8
 ��.�--�� �--0
 �� 'T"-� �-�T �-� ���-+ ��"Xo-9 �4o-� /8M�< p � �
"fn

 9 ���8
  () '��� |�o8	� �G�9�X�� �(�H !( W�
 ��� �<��� 
�� b5
 ��L�� �� ���+ ��"Xo9 �4o� /8M�< p � �
"fn �0

 '��� �"4.0 ��� O��P� bH�0  �;��� ��� b�Y @+� �� �H �-X��
 �9 =���� () t�C
� ����9 ��� �� 
()�� .!(9 ����9 ��� �� �lK

�G�9�X�� �(�H
'��� 8M��  � T� ?5� �� �H ��89 �(�H '�f)!�6
 3��0 =":9�<  @�\ (�-� �	 �� �� =�-���  '��0 '��L8<�

 b�Y 'T"� �9 �X�� (X0 .�FK�;9 ��"9 'T�� ������*;59 �;< 
�I5
  �8M-� ����\"-Y"6 �� a"��9 O��U"o	 �0 '() ������
'��X0 �G� W�
  �H '��-X0  Z-0 �� a"��9 ��H ���  ���-� �-H

 � a"��9 O��h#� =��0 !(-9 �-� ���T ���"-9 
���-+ '��L8-<� 
@<� �8��\ .b�-Y =���� �� a"��9 k��\ �(�H �� '(-) �-X��

 k��\ �(-�H �� t �  ! � ����9  � �H �� 'T"� �� �	 J:9
'T�(
� (���\ �M��59 '() ���\)JG) �.(
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%5Bl_X�h ��)�� .� R���� L����	!�- � 	
 �!B �����5����)
�	!�- Y!� G��3 � �& ����$ %H 
� �!�� L����	!�- �� .()�>� 	
 :�
 � Y�� .�&�� �
 �- 	
�!B ���� 

E�� ���
�� �O�� �"C K ���K 

��"Xo-9 �4o-� /8M�< !(9 3� ,�5:6 T� bN� ��� ��
  () �8	�< ����b�Y �-� �	 J-:9 �� �
�	� � =���� �X��

 '��� T� '��L8<� �� 'T"� ���H �G�9�X�� �(-�H !(-9 �� j�5�+� �0
 �"� �8��\ ���+ '��L8<� ��"9
() �8��\ ��0 �� .�-f�� O��4� ��

 '��� ��  ���I9 k(H ���� /8M-�< !(-9 3-� ?-5� ���I9 ��H
(--) �G�9�X�� �(--�H !(--9 ��Wf��--� ��"Xo--9 �4o--� .g"--


 ���-+ '��L8-<� ��"-9 ,�5:6 ��� �� �0 ��"Xo9 �4o� /8M�<
 =�.8	�-< 3-� @-��\ (Multi-layer perceptron) MLP �-< 

�"-� �-�V �< = �8�<�Y ��"
 �f�� O��4� �� �� ��V .�-� tTV
 ���-� ��"Xo-9 �4o-� /8M-�< Z-�8N9 g�"-
� �-0 @-<� �0z

 @��\ ���+ ="9T>  �<��� ��"9 ,�5:6 ��� �� '��L8<�
�-K  
g"-
MLP @-<�� �--u��� ��-:K �--� B�"-� ���--6 �--H
 ���--8S� 

g"
 ���6��\T�< �-�� ���-� ��"Xo-9 �4o� /8M�< =�.8	�<
 () �8	�X) �"qX9 ./8��"-fK� ���-<  �� jV".F9 /8M�< g"
 ���

 E5� �� ��I8
�(Backpropagation) g"
 ��� �(H ��� pT"9> 
E--5� �--�  �� >�--� �� �--� �	 ��--;	 /8��"--fK�)J--	�� �--�

/8M�< (�9 ��I8
� =T  ��<� �����  (H� �� '() B�N8
� ��H

 "6 !(9 �9 �hU� /8M�< ?< ���\ ]$[.�-� a"��9 (X�>�� ���
 =T  �hU� �9 �9��� /8M�< �U�X� �9�.6 �� �H ���-8S� �6 (���

=T  �H
��:U �0 �9 ��C�� /8M�< ���� �� �� �	 ���6 (-XX0

(
") B�N8
�  ���<�X) .
�;	 E6�9 ��:o6 �� 
@K�� ��� ��

=T  �9 @<� �� /8M�< ���� E<�X9 ��H (�>.�0 �8K�� => ��
E<�X9 =T  ���6 '(-�� �� ���-0 pT"-9>  '(-9> @-<� �-� �H

 =T   '() �8��\ �q
 �� 
@<� ���-�  '() @�4w6 a"��9 ��H
'��� '��� EK�+ �� �0 (�(� �� �  ��H b��9T> �� a"��9 ��H

 @<� !(9 �����0
�9 !�.�� ���\.@-K�� �-�� �� 
�M-��59 �-� 
(H�I9 ���8
 �� !(9 ���8
 '() '
O ��+ !(9 �����0 ��"9 �� 

�9 �") .�\�yi(n) �oX� �� �	 I�� /8M-�< n(-�(C6 ��-9� 
)p��\ (()��
�-� (-�(C6 �-�� �� �o-X� ���� �F+�  ��(59  

di(n) �") '��� =�I
 
�q:K ��;	 @-<� ����� @K�� ��� �� ��
 ��:

)7(ei(n)= di(n)-yi(n) 
/-----0 E�-----) ���\��-----� ��"-----}6 T� '��L8-----<� �-----� 

(gradient decent) 
=T  ��:o-6 �-�T �;��� T� '��L8<� �� �H
�9 (
"):

)�(wij(n+1) = wij(n) + ηδi(n) xi(n) 
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=> �� �--0
wij(n+1) 
�o--X� =T  T� @--<� O��--4�i�--� 
�oX�j�� n+1 (�(C6 ��9� 
 wij(n+1) �� =T  �-�� ��(-59 

n@<� (�(C6 ��9� .Si(n) �-0 �-�:9 ��-;	 T� @-<� O��4� 
T� j�.�58M9ei(n) @��P ��(59  @<� '() �4<�:9 nt(-+ 'T�(
� 
�6�4<�:9(step size)@<� ]$[.

�4o-� /8M-�< ���-� �-0 /8X9"9 �� t"<"9 ���\��� p �
MLP @-<� '(-) '��L8<� ,�5:6 ��� �� 
-+�  �� @-K�� 3-� *

(��  3� => �� �0 @<� /0 E�) ���\��� p � �8��� �F<"6
 �-8�� ��-0 �-� O�-4P ��-C��  �-���f.H �� *��M6 ���� �q���

@<� .p � ��� ��
=T  (�(C6 ���\��� /8M-�< �-U�X� ��H
�9 O�"U ��T �;��� T� '��L8<� �� ���\:

)�(wij(n+1) = wij(n) + ηδi(n) xi(n)+α(wij(n)-wij(n-1) 

=> �� �0α(� ����� jV".F9  @<� /8X.9 �"80�� �����9 �
�/��6�/��9 '��� ���+ �") .=T  3-� JU�� �0 ���S
 ��H

 @<� ���\��� E<�X9 (X����
!(-9 pT"-9> �-���9 =���Y �� 

!(9 �����0 b��9T> ����  '() '��	z �� �(�(� �8<� ��"9

'��� T� �9 '��� ��0 �� �� �  ��H �").
,�5:6 ��� ��
g"-
 T� !�-58
� *��6 �� '��.H �LN9 ��V 3� 

'��L8<� !(9 �� 3�K"� ����H @
�R
�6)(.B�-N8
� *��-6 �-84K�
 �� �	 ��V ���� '()
�"� 3�8M�"K g"
 T� .���\"-�� ����

 T� b�-�  Bz�-0 pT"-9> T� (-�(over training) j�-4K�r �-0 
?-<"6 (-X���� /-0  E<�X9�
 ���\��� {��� �-9 !(-9 �"-)


'��� T� �Gn"--0 b--N� �--H)� (--���(--U�� (=�"--X� �--� �� 
cross-validation B�N8
� '��-0 /��"-.
 �-��F9 !(-9 �-�  .


@-)�� �"-�  �G�9�X�� �(-�H !(-9 ��"9 �� �0 �1
> (X
�.H
 !(9 W�
 �CX�� /8M-�< g"-
 T� '��L8-<� �-� �-���9  � �� �T�-<

 () t�C
� ��"Xo9 �4o� .! � �-���9 ��
'�f8M-�� �-< �-H T� 
@-<�V�� ��89 �(�H)=".K�-<  3-��0 �0�-9 
@-�\ !�-6

 3-��0(
'��� �� �-0 �K�-� �� 
(-) '��� !(-9 �-� �� �  ��-H
 t � ����9
��� '=".K�-<  @-�\ !�-6 '�f8M-��  � T� ?-5� �-H

 '��� ��--H  '�"--� 3--��0 �0�--9 ��89 �(--�H '�f8M--�� T� ��
 (-���f
 ���F9 !(9 �� 3��0 .k(-H
T�� !(-9 �����-0 ���-�

 t(� �0 ���  �"� O �L89 @K��  � �� ��"Xo9 �4o� /8M�<
 '��� �"�  3��0 �0�9 '�f8M�� �� a"��9 ��H
�� ���PQ-6 �n 

���� !(9 T� JU�� ���8
 .'��� J0 ���-� �W-C9 b-N� �< �� �H
'��� =�"X� �� '��L8<� �)T"9> ��H(training data)'��� 
��-H

 �I��9T>(testing data)'���  ���-8
 ����T�� �� a"��9 ��H
 ��0 �
��9(cross-validation data)(���\ /�M56 .T����'��H

 '� � �-� a"-��9�
�--6 �-��"� �����-9 
'��� =�"-X� �-� ��--H
 ��--� E--<�X9 �--;��� ��--C��  !(--9 pT"--9> ���--� �--)T"9>

�� �  �� �	  �H '��� �0 �K�� �� 
() '��L8<� �H a"��9 ��H
 �����6 ���9 ��J�� > 
'��� =�"X� �� ���-� �I-��9T> ��H

 () �8��\ �q
 �� !(9 �����0 b��9T> .�+�-� '��� '(-
�9 �-0 �-H
 �--� a"--��9���--6 ���"--� J--�� > 
'��� =�"--X� �--� ��--H 

cross-validation() �8��\ �q
 �� .'��� /�M56 �� () �F< �H
�
"\ �� �0 �") J.� ��
��� ��-< T� 3-� �-H '3-� ����� �-H

 ()�� ��h�< '� �)'� � �-�� �0 �� '��-8�� ]�-L6� ��V�-� ��-H
@<�.(

%5Bm_�W��i� �jiW .5jB Y!� G��3 � �& ����$ %H� 	
 �!B ���� X�h ��)�� .� R���� L����	!�- 
� �!�� L����	!�- �� .()�>� 	
 :�
 � Y�� .�&�� �
 �- 	
 ���!B ��
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'��� T� �I-N� �0 �
�9T �0 @<� �0z �� tTV =�"-X� �-� �-H
'��� ��Hcross-validation �9 ���F9 !(9 �� ���\
�H T� �Y 

=T  (�(C6 ����9 =T  !(-9 
pT"-9> '� � !"-# �� �-H ��-H
 '��� '��� �� �� (�(� �� a"��9 ��Hcross-validation =�"X� �� 

b-5
 !(9 pT"9> �� �0 �(�(� ��< !�-.�� 
@-<� �8-)�(
 
�9 b��W-�� �� g �) ��"9 ��� �� ���8
 ��;	 �0 �
�9T  (X0
�9 (X0)pT"-9> (-X���� Bz�0  ��"9 �� �9��� '(XH� =�I
 �0

@<�(
�9 Z+"89 �� pT"9> (X���� �-;5
 =�-.H �-��  (X0 ��
=T  �0 @<� (-
��\ @-�4w6 �8M-���  �8-)�� �� �X�S� @K�� �H 

]7�[.'��� ���H '��� =�"X� �� �0 /8M-�< ���-� �I-��9T> ��H
 (-) �8��\ �q
 �� �4o�
'� � =�-.H '(-XH� b-)"Y j�-5�+� ��

@��\ ���+ '��L8<� ��"9 �G�9�X�� �(�H !(9 �� �0 @<� .���
 ��"-9 �� O ��-+  !(-9 g"-
  � ���8
 �M��59 ?���) @K��

 => �����0 =�<> �� �H �9 �6 (��.
 .JG-)��� !(-9 �-�� ���-8
 
�9 =�I
 (H�.
JG) ��H � �!(9 ���8
 �G4-)  �G�9�X�� �(-�H ��-H

 �� t �  ! � J--���9 �� ��"Xo--9 �4o--�
���--� E--�6�6 �--� 
' (:9 �-�� �� �
�9T '� (:9  =���� �V�� ��� �� �
�9T ��H

=���� /0
�9 =�I
 (H�.

9 
5; �
 YA�� �
�Z"K� 

,--�5:6 T� @.M--+ �--�� ��
(--9 ���--8
 �"--4S� ���--� !
�-8��\ ��-0 �-� ��"Xo9 �4o� /8M�< p � 
�G�9�X�� �(�H

() .b-N� �-�� �� ��"Xo-9 �4o� /8M�< b5

b�-Y �-X��
 ��4) ���� �G�9�X�� �(�H !(9 ��;	 =�W�9 �T�< �-���9 ��H

 �"� t �  ! � .'(-) '��L8<� ��"Xo9 �4o� /8M�< =�.8	�<
 /8M�< 3� W�
 ����9 ��� ��MLP��V �< �"� ��.

��--;	 �--�T !"--9�� T� '��L8--<� �--� �G�9�X�� �(--�H !(--9 
(���\ �4<�:9:

)�(Ep=Xobs-Xest 
=> �� �0Epb�Y J9�� ��;	 =�W�9 T� @<� O��4� �-X��

 
'()Xobs 'T�(
� ��(59  '(-) '(H�I9 �� '() ���\Xest ��(-59 
�� '() �� >��b�Y '() �X�� .��"Xo9 �4o� /8M�< !(9
�-� 
'��� T� '��L8<� �-� �	 W�
  @�\ !�6 '�f8M�� ��H !(-9 ��-H

 �G�9�X�� �(�H(MIKE11)
=�-��� ��;	 �6 () '��� pT"9> 
�G�9�X�� �(--�H !(--9 ?--<"6 '(--) �� >�--�(MIKE11)�� 
�--� 

b�Y !(9 �� �	 =�"X� (��.
 �X��.

%uBv_X�h ��)�� .� R���� L����	!�- � �& ����$ %H� 	
 �!B ����w�3 Y!� G��3�xj
:�
 � Y�� y�&�� �
 �- 	
�>� 	
).(� �!�� L����	!�- �� �!B ���� 
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Y�!�t_�)�	�, N)�p �)
�>� (R2)��j�B� ��F��� ��
���� .*)	 �(RMSE)Y!� #)��� ���� �W��i� �jiW e�(�� K�5����)
�	!�- ��-
�j�,�3 Y!� �:�
 � Y�� .�&�� 	


Y�� .�&��)�
�
 �� k)�, g,�� ��-(:�
 .�&��)�
�
 ��!� k)�, g,�� ��-(
����	�h 

Y!�MIKE Y!�ANN �j�,�3 Y!� Y!�MIKE Y!�ANN �j�,�3 Y!� 
R2����/�����/�����/�����/�����/�����/�

RMSE ����/�����/�����/�����/�����/�����/�

��� '=���� ��H
'T�(
� JU�"� �� ���\�'� � ���-� �8��< 
�6 ���"� ! � �
�9T��J�� > ����
��4-) �-�� ���-� �T�-<

 @---��\ ���---+ '��L8---<� ��"---9 .b�---Y !(---9 ��---;	 �---X��
 @-��\ t�-C
� �-
�\�(� t �  ! � ����9 ���� �G�9�X�� �(�H

)'��� �--� '��� = (--�  3--��0 �0�--9 '�f8M--�� ��--H �--�� ��--H
M��'�f8(.'��� W-�
  b��-9T> 
pT"-9> ���-� @.M+ �< �� �H

 () /�M56 ���2�  Bz�0 pT"9> T� ���\"��)(-X
�.H j�-5�+�
 !(-9 ��"-9 �� J-4+ @.M+ �� �1
> �4o-� /8M-�< �-� �T�-<

 @��\ t�C
� ���SX6 �� ��"Xo9 .�� !(-9 �-�� T� JU�� ���8

 JG)�@<� '() '��� =�I
 .

[��": �K$�� � \'� 

E--�0�6 �4o--� /8M--�< !(--9  �G�9�X�� �(--�H !(--9 
b�Y �"qX9 �� 
��"Xo9 ���M-� �"-# �-� 
�
�	� � =���� �X��

 b�Y ���8
 �"4S� {��� �:2�  (���\ �X�� .�9 �q
 �� �-0 (<�
�9 {��� 
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