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Extended Abstract 
Introduction  

Due to water resources limitations in the country, future decisions will be based on future status. In the present 

study, to investigate the effect of climate change on hydrological components (minimum temperature, maximum 

temperature, precipitation, and sunshine hours), the information of Kamalvand water gauging station from the 

headwaters of Kashkan River located in Khorramabad City and Khorramabad meteorological stations were used. 

For this purpose, taking into account the climate information by LARS-WG software, their values were predicted 

in the future under three scenarios including A1B, A2, and B1 in three time periods of 34 years from 2011 to 

2113. Considering the limited water resources, making management decisions will require knowing the future 

state of water resources. This phenomenon can cause considerable damage in vulnerable areas. Therefore, as 

water and its related issues are among the main concerns of mankind in the coming periods, it is necessary to 

evaluate the occurrence of climate change and the extent of its impact on water resources. According to the 

importance of knowing the amount of river flow in hydrological studies and water resources management, and 

the lack of information about the changes in the amount of river flow in the coming years, this study was 

designed and implemented to predict the daily flow of the Kashkan River in Khorramabad City in the coming 

years. To achieve this purpose, with the application of the atmospheric general circulation model and various 

intelligent neural models, the prediction of river flow with high accuracy under different climate change 

scenarios was examined. 

 

Material and Methods  

This watershed forms an important part of the water-rich tributaries of the Karkhe River and covers about one-

third of the land of Lorestan Province. In this study, the data of the Kamalvand River gauge station from the 

headwaters of the Keshkan River located in Khorram Abad have been used. In this study, relying on the ability 

of the artificial neural network, the application of this method was evaluated along with two hybrid models 

including neuro-fuzzy (CANFIS) and neuro-genetics (ANN-GA). The water crisis can be considered one of the 

challenges facing different regions of the country in the coming years. Managing water resources and dealing 

with the water shortage crisis requires knowing the state of hydrological components in the coming years. For 

this purpose, in this study, the status of meteorological parameters and the amount of river flow in the coming 

years were investigated. To achieve this goal, the capability and application of the LARS-WG model in 

forecasting meteorological parameters and intelligent neural models were used in river flow forecasting. 

 

Results and Discussion  

Based on the obtained results, the trend of increasing minimum and maximum temperature and evaporation and 

transpiration was predicted until 2113. Regarding the parameters of precipitation and solar radiation, a decrease 

in precipitation and an increase in radiation were predicted from 2080 to 2113. Comparing the performance of 

intelligent neural models in predicting river flow showed the superiority of the neural-fuzzy model over artificial 

neural and neuro-genetic models. river flow prediction with the neuro-fuzzy model until 2113 under scenarios 

A1B, A2, and B1 indicated that the lowest amount of river flow will be observed in scenario A1B and the 



  
highest amount will be observed in scenario B1. The temporal changes of the river flow during different seasons 

showed that the river flow will increase in spring, autumn, and winter. In general, according to the changes in 

meteorological parameters and the observed values of the river flow, the description of the changes in the river 

flow in scenario A1B was closer to reality. This makes it necessary to properly manage the river flow, especially 

in the summer season of 2080-2113.  

 

Results  

The results indicated that minimum and maximum temperatures and evapotranspiration during the next years 

will increase. In scenario A2, the precipitation changes trend was decreasing and solar radiation was increasing, 

however in other scenarios trend of increasing and decreasing. Then the discharge amount under different 

scenarios was calculated. The forecasting discharge values by intelligent models showed that the CANFIS model 

had more accuracy than the ANN and ANN-GA. The results of the optimized structure of CANFIS illustrated 

that the minimum discharge value in the future will occur in scenario A1B and the maximum discharge amount 

will be recorded in scenario B1. The evaluation of the seasonal trend showed that the flow rate increased in 

spring, autumn, and winter compared to the base period by 20.60, 17.31, and 9.27%, respectively. The lowest 

river flow in summer will occur under the A1B scenario during 2080-2113. rivers are one of the most important 

effective factors in the geomorphological processes of the earth and the hydrological cycle. Effective factors in 

very diverse hydrological processes and their applications in designed models are very difficult and the existence 

of high uncertainties and strong nonlinearity of the data complicates the issue. Long-term records of hydrological 

data show the temporal changes in discharge caused by climate change and vegetation changes. 
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Figure 1- Location of Keshkan River in Lorestan Province 
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 M*�2 - ����� <1���OI% ��O6�  ����� �P �7���1��Q ����  
Figure 2- Monthly changes in meteorological parameters during the base period 

 

2-2- ��� LARS-WG 

�7 �)5�Y 6� �<>�BC� �) D3�) .E0'�	 6��-&� ����< 
��� 

��J'	) 
(��8)/� ��� *�F/= >�@� .�% & �!�)����� �>(

$&)&V�( 
� 
(��8)/� ��� 6� .> �% )�L �U� *	 $*��7 ���

 �/U�	 !�)
x;�0L) V*x	 
<��- HADCM3  V*xxxx	 &

$&)& *xxxx�F/= LARS-WG5 *8 $&�M'().  ���� A���	 
(��

 6� &)&V*	 >�< /�p	 V*	5�Y � ���( 
;�0L) �)���J= 
���

@	 `�)�8 &0'_ � :7 &)& 
a(��	 
���)/= �)��) 
�)/� 

)Bahri and Zahedi, 2017.(  V*	 &LARS-WG ��)�� 

6�a8 ���(��J'	 �) 
(��8)/� ���IG�) :*8 $&�M'() ���  

)1(  EPM = �a��a��h�� i = 1� … �10� 

G�)I  
	)�%/'��� R	�8 t��10  �) e� �� 6� >() 6Wa�

0Z�  & ��Wa�I ]i,a1-i[a  _��B=
	6� .&/8�/� 6�i<a1-ia  �

ih $*�*Y 
�)�)� Wa� & $*8 $*���	 ���I i *�F/= �)�� .>() .)

$& ��Wa� �) 
+� )*'�) �
(��8)/� 
 &��= �����J'	 ��&�W	 6��%

6�
	 :�@'�) 
 &��= �/Z$&)& >�Ba= ��  �� �]^( .&/8 ��

Wa� & >-)/�+� A��/= �)I   �7 & )*W	 e� ��U� &/	 60Z�


	 :�@'�) ��J'	 �)��$&)& *�F/= *��7�  .&/8 
1/��	 ���

0��	 6( & V*	 !�) `(/=I 
9�()�$&)& *�F/= � 
����) � ���

 
1/��	.�9�) 
	&/8 )Bahri and Zahedi, 2017.(  

/���(��� �x��J= *��v= &/	 ��0L) IPCC� /���( ���

A1B �A2 � B1 *�'�� 6x� A1B ��(�=*���2  *8 �� 
���<

A��( �����*� � �&��'L)I >() 
'�B;<. 6��/�6� �����I *8 

;�� & >�B;<I 5�)E ) *�� �7 �) ]Y � $&)& � ��L >�B;< 

�/���( .&/� *�)/- 
���� A2  ��B	>�B;< A��( *8 

_0'@	 q���	 & !4;��� �&��'L) *8 �� $)�;� ���<  � $&/�

 �)�� 
G(/'	 ��0L) ���J=�&$��� 
	 ��(�= ) ����Y*��.  ��

 �/���( qa�B1  E���'-�( & A��( ���J= �� 
���< ���

!���Y � E�;= �"/F/�+= &�9�) ��&��'L) 
%&/F7 *8 ��� !��=

/�= *�)/- *8 )IPCC, 2007.(  V*	 &���� & 60��	 !�F�)

LARS-WG 6�a8���( ��J'	��� �& & 
(��8)/�2  6��Y

.>()  !' �% �U� & ����J'	���  ��Q�)*� ��	& �RL)*� ��	&

�)�� 
��' 7 >1�( � P��I $�4'��)  ��'(��8 
(��8)/�

.�-&��7  V�( �)1991  �=2010 6��)/�1  6� .)*L) �V*	 �&��

*�F/= ��J'	���  .�t .*8 ����'	6���?  V*	 >()6��/Z 

/- 5��= 6� R�*a= ) 
��' 7 ��1�( ��&/- �*�8
	 .*��;�

6�!�;�  ���-
9�()�  ��s fF�L & V*	��J'	  �RL)*� ��	&

 .> �% �/Z �*�8/- 5��= � P�� ��Q�)*� ��	&

>�Z$&)& 
9�( & V*	 $*8 *�F/= ����&2  ~-�8 �� 6��Y

0

5

10

15

20

25

30

 R
��

��
�S

 �
+

T�
��

�1

�1
��

�

 �
�I

�1
��

�

 �
��

�T
�

 �
T�

 �
�
-  �
U-

  
�

 R
�T




��
F7

1

 �

�6

S-
 <

��
�7

 R
�V

���
�

)
7

 �
��

@�
� 

��
(

 .��

0

20

40

60

80

100

 R
��

��
�S

 �
+

T�
��

�1

�1
��

�

 �
�I

�1
��

�

 �
��

�T
�

 �
T�

 �
�
-  �
U-

  
�

 R
�T




��
F7

1

 L
��


 3
��

W
�

)
�6

� �
2��

(

 .��

0

10

20

30

40

50

 R
��

��
�S

 �
+

T�
��

�1

�1
��

�

 �
�I

�1
��

�

 �
��

�T
�

 �
T�

 �
�
-  �
U-

  
�

 R
�T




��
F7

1

 �
X

1�
' 

 
��

� 
R

�V
���

�
)

 %
��

�

�1
�Y

 �
6��

7
(

.��
-5

0

5

10

15

20

25

 R
��

��
�S

 �
+

T�
��

�1

�1
��

�

 �
�I

�1
��

�

 �
��

�T
�

 �
T�

 �
�
-  �
U-

  
�

 R
�T




��
F7

1

 M
N1�

' 
 

��
� 

R
�V

���
�

)
Y �

6��
7

 %
��

�
�1

�
(

$�	



 
������ �	
�� �
 ������� ����� ���
 ��                         ...                                                                                          231  

p< V�	�� ��G- ��B��	 !�4���	 )NRMSE(1 �  f��C


4'�a;� )r (*8 .�9�).  

)2(  NRMSE = �∑ (P� − O�n )����� O�  

)3(  r = � ∑ (O� − O�) ∗ (P� − P�)����∑ ∗ (O� − O�)�(O� − P�)�����  

`�)� & �t�� iO
 

W	$*8 $*���	 ��&�� Ō  !�4���	 ��&�W	

*���	$*8 $� Pi &�W	�� 5�Y�$*8 
��� P!&�W	 !�4���	 ��

5�Y$*8 
��� � n  &)*B=$&)&�� >()X�x�W	E� .��x	7 
��x;� 

$&)&��� /x< 
	/x;1 P&�x% V*x	 HADCM3 � &)& *�F/=2 

�& 6( �)�� 
1/��	2 34  V�( �) 6F�(2011  �=2113  >�=

���/���x( A1B� A2 � B1 `x(/= $*x8 *x��v= IPCC  )�x<)

x�)�� ��&�xW	 �I ��J'	��	& ��� �Q�)*� � RL)*� � 5��=

��@a= � P�� ��*�8/- -� d�B=�& �)�2 .*x8 *x�F/= 
=7 

�&2  V�( �) V�)2011  �=2045�& �2  V�( �) .�&2046  �=

2079 �& �2  V�( �) ./(2080  �=2113 *8 6' �% �U� &. 

��@a= )*W	 >() ��? 6� .�t - !�) & $*8 6a(��	 d�B= V*	

6� e� /0�= 
0'(�Y P� .>() /0�= 
0'(�Y P�IG�) 

 !�;@= �)�� /0�= � 
0'(�Y 6� >() 5��= �� 
�'a	 
a���=

��@a= - d�B=r)) R����'Y �) ����� �3-�� P� !�) .*�&/;� 6

P� �� 
�'a	 6� 5��= �� 
�'a	 ���`�)�  �*�'�� 
��9=

��YI 6� ~F�- 5��= �) � &)& 
+�E�  �*�8/- 5��= ��<

 !�;@= �)����@a=- d�B=
	 $&�M'()*�� (Moqbeli 

Damaneh and Sanainejad, 2016). $&)& *�F/= �) ]Y ���

V�( 
� 
(��8)/� V*	 
<��- �$*��7 ���LARS-WG 

6�V*	 �&�� �)/�15�Y & 
a�1 *�;8/� ��� ����< 
���

 .> �% )�L $&�M'() &/	 6��-&� 

  

2 -3 - ������� ������  ��  

+a8 
���)/= �� 6�+= �� 6BF�G	 !�) &I  &���� �
1/��	 
a�1


a�1 
a���= V*	 �& ��� & P� !�)-��� 2 )CANFIS(  �


a�1 -e�'�"3 )GA-ANN(  �)�<) .> �% )�L 59�( &/	

V*	 
	�;=.�� & ��)E ) NeuroSolution5  .> �% �/Z

!�*� 5��= ��Q�)*� ��	& �RL)*� ��	& ��13�) T��F �� /U�	

��@a= � P�� ��*�8/- -d�B= 6� ����< )*W	 �&�� �)/�1

5�Y 6��-&�+a8 �'-�( �)�<) >�< .*8 
���I  
a�1

                      
                                                
1 Normal root mean square error 
2 Co-active neuro fuzzy inference system 
3 Genetic algorithm-artificial neural network 

>�)}��= >�F�B  A�)/= �) 
1/��	4*�r/;4�( �5  ���%&�� �/��L �

��a�/F - �)/��	6 .*8 $&�M'() �t ��/� &)*B=I  
���	

6�6� �G- � 
B( �/Z T��F �� ���  qG�	 �'-�( .*	7 >(&

!�(/% >�/�1 A�)/=7 6F/4�� ��)8  ���  6'(& �& fF�L &

 .*8 59�(
9�()�  �) $&�M'() �� 
a�1 *�;8/� V*	 6( ��

�)�� ��13�)I V�( 
� 6��-&� ����< ���2008  �2009 

+a8 6� &�� �) RaLI  �/Z 
1/��	 
a�1 �) �*� .> �%

���� �'-�( � 
a�1 *�;8/� V*	 !��'�� 
��(��8 ��� !�) I

5�Y & �7I�)�� ����< 
��� $�	7 .>() 6��-&� ���

 ~-�8 �& R	�8 $&�M'() &/	 
9�(�G-NRMSE  �r  .>()

���� �'-�( 
 �B	 �) ]YI 5�Y & 
a�1 *�;8/� V*	 
���

$�& �)�� �6��-&� ����<�) 
=7 ���  V*	 
<��-LARS-

WG 6�5�Y & 
a�1 *�;8/� V*	 �&�� �)/�1 ����< 
���

�& 6( 
� 6��-&�2 34 /���( >�= 6F�( $&�M'() _0'@	 ���

 �!���Y ��BF�G	 q��G	 .*830 *Z& $&)& �)�� ���/	�7  V*	

 �70 *Z& .> �% )�L R�0�= &/	 V*	 P�/	7 �)��  

  

3-  ZE
 � [��6�  

 V*	 b��'�LARS-WG 6�a8 & ���(��J'	 & 
(��8)/� ���

�&2 ) 6��Y1991- 2010 R+8 & (3  & .>() $*8 $&)& ����

 
��	� �)���J= )&/;� �R+8 !�)��J'	 ��	& �RL)*� ��	& ���

5�Y �*�8/- 5��= � P�� ��Q�)*��& 6� >a�� $*8 
���2 

$�	7 ��&�W	 .>() $*8 $&)& ���� 6��Y ���NRMSE � R  &

���� )&/;� ��5�Y & V*	 >L& �% �� 
�����J'	  .�t .>()

 )*W	 >() ��? 6�r  � e� 6� e�&E�NRMSE  
+�&E� &

5�Y *��7�  & V*	 f(��	 &�+0;1 *�N	 ��MZ.>() 
���  

 R+8 6� 6</= ��35�� �5�Y >L& !��= 
�����J'	 ���

 V*	 `(/= 
(��8)/�LARS-WG  &)& q0B= �Q�)*� ��	& 6�

�� �))& 6� �G- !��=)011/0NRMSE=( 5�� � f��C !��=


4'�a;� )999/0r=( 5�� .>()5�Y ��G- !��= ��&�W	 �� 
���

NRMSE=0.296  �956/0r=  .>() 6����	 P�� 6� {/��	

 6���	 b��'� ��BF�G	 
-�� &���� 6� >() �7 �% >L&5�Y 
���

 V*	LARS-WG  &5�Y 
��� ���( �) 5�� )/� ��	&

��J'	��� >() 
(��8)/� )Ansari et al., 2014�� .( 
�/(

�7 X/+B	 {�a=) � 
��' 7 ��1�( ��	& �)���J= �� E�� P�� �� ��

 !�) >���	 6� 6</=��J'	*���	 �� .>() 
WG�	 ��2  R+83 �

                      
                                                
4 Tangent 
5 Sigmoid 
6 Levenberg-marquardt 
7 Gaussian 
8 Bell 



  232             <��
��� ���+� /�1��*�� � �+�� .��� />�� � ?- ������ �  @�74 .���� B3 ��7 B1403 <�EFG B225  �I238  

$�	 & P�� RL)*�*�8/- 5��= � )/� ��	& �Q�)*� 6� 
��� �

 >() ��? 6� .�t .>() $&)& �� �$*�( >aK 6� & 
	�;=

V*	��� /< 
	/;1 P&�% � b��'� & >�BGL .*1$&)& ���

 $*8 X��W	E�
	 $*���	.&/8 ��'() !�) & Ansari et al. 

(2014)  &/<� 6� b��'� & >�BGL .*1$&)&���  $*8 X��W	E�

$&�� $�8)BF�G	 b��'� �� 6� *�)I �� �C�� �) ]Y .&)& 
�)/-


9�()�  V*	LARS-WG  & V*	 f(��	 >L& �) ����;�) �

5�Y 
�����J'	 V*	 
<��- �
(��8)/� ���LARS-WG  &

5�Y 
�����J'	�& 
� 
(��8)/� ���2 V�() 
=7 �)��2011  �=

2113/���( >�= �( *	 _0'@	 ��� V�*< & .> �% )�L �U�1 

 ��&�W	 !�4���	��J'	$�& 
(��8)/� ��� >�= 
=7 � 6��Y ���

/���( .>() $*8 6r)) _0'@	 ���  
  

  

 
 

 M*�3 - 	��4�%  ��� �����LARS-WG �� .���+� ����4� �
Q ?- .�V6	�1���"�� �W�7 ��� ��Q ) ����1991 - 2010(  
Figure 3- Comparing the output of the LARS-WG model with the observed values of the Kamalvand hygrometer station in the base 

period (1991-2010) 
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Table 1- The average meteorological parameters of the future period under different scenarios 
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Table 2- Summary of the error measurement statistics of the implementation of different structures of intelligent neural 

models in forecasting the flow of the Keshkan River at the Kamalvand water measuring station   

r (-) NRMSE (-) >�F�B  A��= >�/�1 A��= ���%&�� �/��L 6+a8 5�)7 _�& 

0.755 0.755 TanhAxon -- Levenberg Marquat 1-4-5 
ANN 

0.702 0.922 SigmoidAxon --  Levenberg Marquat 1-4-5 
0.790 0.666 TanhAxon Bell Levenberg Marquat )2,2,2,2,2( 

CANFIS 
0.821 0.593 SigmoidAxon Bell Levenberg Marquat )2,2,2,2,2( 
0.856 0.554 Tangant Gaussian Levenberg Marquat )2,2,2,2,2( 
0.790 0.590 SigmoidAxon Gaussian Levenberg Marquat )2,2,2,2,2( 
0.687 0.983 TanhAxon -- Levenberg Marquat 1-4-5 ANN-

GA  0786 1.199 SigmoidAxon -- Levenberg Marquat 1-4-5 

6� 6+a8 5�)7 &)*B= ��B	 ��s 6� >() �) f�=�=&�� ������ &)*B= 	 ���� �
���t�I  � ����Y&)*B= t & �����I ���>() 
�.  

  

6xxU�3	 R��L ���M= &)& ���� b��'� �)�xx<) b��xx'� !�xx� �)

V*	 _0'@	 ����'-�( & �xx� .&)& &/xx<� 
a�1 *�;8/� ���

�xx	7 RL)*xx� !' �% �U�2 NRMSE  )*xxW	 �Q�)*xx� �r b��xx'� �


a�1 V*	 �)�<)-6� �� ���  ��a�/xxF P�/xx	7 �/��L ���%��

+a8 �'-�( & >�)}��= >�F�B  A��= ��)/��	I  
1/�xx�	 
a�1

6� ���  �'-�( & !�(/% >�/�1 A��= �& � 6���� �'-�( �)/�1

	7 :/xx0G	 ��&�xxW	 6xx� 6xx</= �xx� .*xx8 
xx �B	$��xxG- ��xx� 

)554/0NRMSE= � 856/0r=( � 6xx� >axx�� $*xx8 &�xx� �'-�xx(

 &���� 6� >(��B	 �)*� !�) .&)& ��'�� &�+0;1 ���'-�( ���(

+axx8 b��xx'� &/xxa�� 6xx� �9�	 ���  qG�	I  � 
1/�xx�	 
axx�1

 5��}xxY b��xx'� .*8 �7 b��'� &/a�� .*1 f</	 e�'�" �'�/4F)

��BF�G	 b��'� �� Nabizadeh et al. (2012) �� �xx� .&)& 
�)/-

!�) 6� 6</=xxC/� ��xx�@�	 6�I  5xx8/Y �f�xx8 �xx�U� Exx���7

!�	� �
���%����< *�F/= & R	)/1 ���( � 
(��8 
�Gxx( ���

�KN	 *�'��. )pF  ��Kv= �*� �� 6BF�G	 !�)��J'	 
xx(��8)/� ��xx�

�7 !;xxC .>xx() $*xx8 )�xx<) � 
xx�)�� 6xx��-&� ��xx��< �� 6xx�

5�Y ���@�	 
���J'	���xx( 
xx� 
xx(��8)/���u ��xx�V ���

��+	) $*��7 ��pY���� �'-�( 
 �B	 �) ]Y .>()I 
a�1 V*	-

6� ��� 5�Y 6� �f(��	 P� �)/�1 
xx� 6xx��-&� ����< 
���

V�(5�Y b��'� .>() $*8 6'-)&�Y $*��7 ��� 6xx��-&� 
�& 
���

 V�( �)2011  �=2113 6��& 6xx( �/Z2 34  6xx( >xx�= 6F�xx(

/���(� A1B �A2  �B1 � V�*< &3 .>() $*8 $&�7  



  234             <��
��� ���+� /�1��*�� � �+�� .��� />�� � ?- ������ �  @�74 .���� B3 ��7 B1403 <�EFG B225  �I238  

  

  

  

 ����3- �1@�� �
�% �����7 �P .�� ���
 \26]�  �������7 �EI .���-  ��)����` �
 a!*��6�(   
/s)3Predicted daily discharge in the coming years under different scenarios (m -Table 3  

 ���2 
��	� /���( ��� ��'���= E���Y ��'�	� 

�&2 6��Y   --  0.164  0.011  0.337  0.513  

2045-2011 
A1B  0.364 0.188 0.156 0.410 
A2 0.442 0.210 0.177 0.446 
B1 0.443 0.212 0.178 0.448 

2079-2046 
A1B 0.437 0.203 0.179 0.445 
A2 0.439 0.205 0.181 0.447 
B1 0.434 0.201 0.179 0.446 

2080-2113 
A1B 0.439 0.198 0.183 0.448 
A2 0.424 0.192 0.184 0.443 
B1 0.437 0.205 0.180 0.450 
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Figure 4- The average monthly discharge predicted from 2011-2013 under scenarios A1B, A2, and B1 compared to the base period 
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