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1- Global circulation model 
2- Atmosphere General Circulation Model 
3- Ocean General Circulation Model 
4- Atmosphere Ocean General Circulation Model 
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1- Nash Sutcliffe 
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�EH2� R�N,!� ��  ������ I!�� 
*�5�M �� ��4P )K����$ $ �(�O�N �N ��B�� ���T	 
S% ��  �  )IPPC 62001 (

.,+ C�O�(� ��� 0��O5��,� �� f�  �$,% �� )!�4( c��E�B!�  �"1  6)��) 
�� R,+ R��$72010.(   

  

 ��<C1: �,� 0��O5� )4���� 0����1	 )!�4( c��E�B!�  ��� R������ ���� )4����  �"  

�A�NC ���G� �<� S�A  �<� h7	� S�A  
!�D�  �D�E  �A�=� ]=7#  

HADCM3 HADCM3  )���" )��2+��" R���� BP��1 �����K(�  2.5˚ × 3.75˚ 

HADGEM HADGEM  �,� �!���	� )��2+��" ��*�TM 2  �����K(�  1.2˚ × 1.8˚ 

INM-CM3 INCM3  �,' 0��D�!�3  ���$�  1˚ × 5˚  

IPSL-CM4 IPCM4 cJMe ��4�� ��M4  ��(��*  2.5˚ × 3.75˚ 

CCSM3  NCCCSM  �% )�� BP��5 �F!��7  1.4˚ × 1.4˚ 

NCAR  NCPCM  BP��  �% 0�E�E�	 )��6  �F!��7  2.8 ˚ × 2.8˚  

  

���� ���1	 ,2!7�*�� �  @��� $ ��� 0����1	 RL!$�!��4S� )� )H��� j��' $�4�� �� =�� ) ,+�� 6����F4" $ ���Q"Z

1389��" R�K��!� )���*7 0�'�� $ �2�5��  ��� 6�2�4P  ��� 6@��� �(�$� �!��E� p�E�	 �!� �� .( $ R,�� )��2+

 .,+ _#� ��5P )��2+��" ����� 0�'J�� $ ���7 BP�� � �2!�  

�� �%�	 ��  �D�/ 
�� ��!�M $ 
��e�� ��� �T��H� ���� �D�/ �� �F2!�5275  U! 6���� ��%$ A��	�� `J�#� ���

 R�K��!� U! $ 
�� ��!�M �� R�K��!���  �D�/ 
��e���� � ���P c��E�B!� $ )���� ��b2� ��" $ C7 0����1	 ,($

R�K��!� �� R,+ R,"�5� 0����1	 ����	 yk� ,+ C�O�(�  �$,%) ,+ ��4'� �$�o�  �"2(s	�� � yM . R���  ��  �"

&!�* ��o!� $ �,� 6��( ����  �" �" ,+ ��%� �!�M R�$�  ���,(
�. ��/�� . R��� �� s��2�� �,� )o2�   �"20  ����

R�K��!� )	�,"�5� ����  �" I4% � ,T� 6�,� )o2��$ -O� �� .,(,+ ��!�E� �T��H� R���  �$7  ���P R���7 $ �"

�7) �!�M R�$�  ��� �"1990 -2010 �,� p�E�	 �!� �� .,+ ��%� R�$� �!�  ��� �,� 6()4����  ��,T	 ��5  ���F	 ���

 ,+ h!��( $��  R,�7 
����� �� 6�,� )��!�� ��/�� �� .
*�N ���� )���� ����R���7 � R���  �"R2 6NS  $RMSE 

R���   �"R,+ ,���	 )4���� �,� l��	 )	�T��H�  �" R��� $.
*�N ���� )��!�� ���� R,+ R,"�5�  �"  

  

  

  

                                                      
1- Met Office Hadley Centre 
2- Met Office Unified Model TM 
3- Institute for Numerical Mathematics 
4- Institute Pierre Simon Laplace 
5- National Center for atmospheric 
6- National Center for Atmospheric Research 
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 ��<C2: R�K��!� 0��O5� �T��H� ���� )��2+��"  �"  

OC�� ��Z !-� ��Z !-� �JK# +�# F��  �-�,���C �D�  �-�,���C i�T  j�7#��  

  

  

  

�<�"  

(
WDX +�� Q-�6)  

R,��  571735  4005576 1378 

����4\  600387 4037305 150 

JP 
N  634708 4006463 1640 

�!,P  570638 4034101 1250 

u2� R�P  622692 4018087 220 

C�o2M  614362 3995482 860 

�� 606116 4006469 1240 

)��� ��+  640499 3997277 1500 

  


M-�  

X +��a�")(
WD 

�2!�  596259 3943383 2240 

�,(�(  606608 3988294 2400 

��e  608405 3964279 2400 

��$,(�  632080 3992339 2000 

  


��  �<� �" �=-fD)��<� <A�� ���H# F���SWAT 

 ����	 )�������1	  �D�/ )F!i��$�,�" ��!�% �!i�  $� �� �����B�O�7  �,� ��SWAT �$�$ �� ���1	 ��    �"

��Q+ &��� �,�  �,� .
��  �� )T!�	)%$�# �� s��2�� �D�/�! �" �� �	 ���� �� )!���P �!� �,�  �"   �"

GCM   ��� 6)N,(��� 0����1	 ��B���2�4P � GH� $ 
���� 6,�+��# -��	 6�2�5��  ��� 6  ��4'� �� ���P ,��P�

,2P ) 6����F4" $ ,��(�72009�� R������ ���� l��$� .( 6�xP�,/ $ &��,/  ��� 6@��� 0����1	 ��,E� ���P ��4'�  �

)� �!  l��$� p��H� ,+�� ))!�D�  6����F4" $ ���1392(:  

����T� )1 (     

 ����T�)2 (     

 ����T�)3 (    

 �P )��� s�/ �� �D�/�! �� )N,(��� ��,E�  6���  6)N,(��� �� 0����1	 ,.��  �xP�,/  ���

 s�/ �� �(�$��%��  6c�����  $ ��� �� ���1	  c����� �%�� s�/ �� �(�$� &��,/  ���

)� �� 0����1	 �!� .,+��  �,� �� �(��"�� ���SWAT .,+ ��4'�  

  

m�" � ^-� A  

 �,�SWAT  R������ ��R��� � 
�. $ )o2��$ c��/  �"������M $ u2� R�P  ���$�,�" R�K��!�  �"  )o2�

 .,+ �$,% ��  �$�$  �"������M �� 
Q�( �,� 
����/ &���	 � &.�/ h!��(3 �� .
�� R,+ R��$7   ��b2�

 �,� )o2��$ ��!��K�� l��	SUFI2  ,+ R������ )	�T��H� �EH2� �� c��/  �"������M � �$,% ��4  �!��E� R��
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�S� �!��E� $ �"������M &F+ .
�� R,+ R��� ��5( 6R,+ aO5� �22 ��Q+  ��� �,�  ��%� � &.�/ h!��(   ��

R�P  ���$�,�" R�K��!� �� 6�(�"�� C�(�$�R�$�  ��� �� u2� 
�. $ )o2��$  �" )� ��5( )o2�  )�� l���� .,"�

��Q+  )(�� R�$�  ��� R,+  ��2000  �	2010  �� �����94/28 ���  )� ��(�� �� sTF�  )�� l���� �� �P ,+��

R�,(� ) R,+  ��N43/27  U!�B( (��(�� �� sTF����)� ,+�� ��Q+ )�� ��,E� $  �� )(�� R�$� �xP�  ��� R,+  ��

j,' R�$,��  
�TH�95 .���� ���� ,.��  

�� �� n$� )�� �!��E� $ n$� )�� A��$ ��� �,� ��234" ��� ��Q+ )Q��2� �� 
�� R��P  ��  ���  ��� �� �P

 ��.�/ h!��( pQ� .���� 
E��H� ,!,+ )N,(��� ��,#��!��5�� ��Q+ n$� )�� ��,E�  �� ����� R,+  ��94/87  ���

 R�� �� sTF���� �t$i 2005 )� R�,(� n$� )�� ��,E� �!��5�� �P ,+��  �� ����� �!��	 �!� �� R,+  ��N80  ���

TF�)N,(��� ��,E� $ ��(�� �� s  �� �����102 )��� )� ���  �,� )!���P .,+��SWAT ��Q+ ��  �� n$� )��  ��

) ����F4" $ �! 0�T��H� 6B!��" $ )Q�!$2006 :86) ����F4" $ U�F��P 6(2015) ����F4" $ �K�� $ (2015 ���� B�( (

 &F+ �� .
�� R,+3 ��Q+ $ )	�,"�5� �!��E� -2P��M   �� l#  $� �� �,�1:1 �!�4( .
�� R,+ R��� ��5(   �"

��Q+  ��� )!e�� 
�� � �,� �P ��� ��5(  ���7 )� �����#�� �EH2� C�(�$�  ��  �$,%) ,+��5 .( 

��<C 3 : ��!��K�� � R������ �� 
����/ &���	  ��� �T��H� ����  �"������MSUFI2 

P-Value t-Stat ���WD#  � ����6 

73/0  

65/0  

51/0  

46/0  

) )�H��! ��!�% ��#�	 ���day(  r__LAT_TTIME.hru 

72/0  

65/0  

68/0  

46/0  

 �� `�� C$Z ��(21 ) �t$imm/day(  v__SMFMX.bsn 

68/0  

65/0  

83/0  

46/0  

�# 
���� 
�*�� ��() �mmH2O/mm Soil(  r__SOL_AWC().sol 

53/0  

65/0  

95/0  

46/0  

 �" �� ��� l���� s�+HRU r__SLOPE 

26/0  08/1  p4' �P R��� � )K2�!�� ��T. s!�D v__GW_REVAP 

23/0  28/1  R��N l��	 C7 C_% ���Q% ���P�*  r__EPCO.hru 

2/0 39/1  p�4' ��� �!_1	 ,.�� )�H� R��� �  v__Rchrg_Dp  

16/0  42/1  ) )2���! C7 ��OQ	  ��� C7 ��,E� &��,/mm(  v__REVAPMN 

14/0 46/1 ��# �!e C�	�� s!�D r__Sol_Alb 

1/0  54/1  �(�#�$� u2�(�� s!�D v__CH_N2 

1/0 67/1 ($�) )�H� C�(�$� ��#�	 s!�D v__SURLAG  

01/0 89/1 ���  ��� ��"  ��� l����) `�� @c·( v__SFTMP  

022/0 65/2 ($�) �!�M ��!�% �� ���7 ������M v__ALPHA_BF  

026/0 37/2 `��  �� R��5*  ��� ��#�	 ���P�*  v__TIMP 

001/0 53/3 ) `�� R��	 C$Z �!�M  ���c·( v__SMTMP  

002/0 23/4 ��# ��OQ	 ���Q% ���P�*  r__ESCO  

0003/0  48/4  ���� )F��$�,�" 
!�,")mm/hr( v__CH_K2  

0  78/4  ) ��(�P ���O	 s!�Dday( v__ALPHA_BNK  

0  34/5  ) ��# R��	 )��K\gr/cm3(  r__SOL_BD 

0  12/6  )2�2� R��4+ r__CN2 

v - ��  $ R,+ R��� ��,E� �� ��%�� �!��E� ���P �!BK!�%  �2T�r �� ) �� ������M ��%�� �!��E� ���P C�D  �2T�1
�� R,+ R��� ��,E� (+. 
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 ��<C4:   �"�����M�7 �2�S� ��,E� $ )o2��$ �"  ��!��K�� � R������ �� ��" B�O�7 �D�/  ���SUFI2 

� ����6  ��<*�


MN"  

cG�<X  �bE�<X  

SMTMP  45/0  0  2 

ESCO  68/0  0  1 

CH_K2  42/48  01/0  300 

ALPHA_BNK  01/0  0  1  

SOL_BD  5/1  9/0  5/2 

CN2  92/3  4/0  8 

  

  
 c=�2: !��(�,�  ��%� � &.�/ h SWAT ��Q+  ��� 
�. (C )o2��$ (}�� :R�$� �� C�(�$�  �� )o2� 

 

}�� 

C 
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 c=�3: ��Q+ $ )	�,"�5� �!��E� ���Q	 s!�D 
�. (C )o2��$ (}�� :R�$�  ��� R,+  �� )o2�  

 
 ��<C5:  �,� )!���P )��!��SWAT ��Q+  ��� ��" �(�#�$� ��!�% )��  ��  


-��A F���L F��  
���� 

RMSE R2  NS  

52/6  76/0  73/0  ��M���  

5/16  82/0 78/0  +�8 ��M�  

  

�H# �JK# ���G� F���H � �" ��G�  

 ��c��� R�K��!�  ��� �(e�� @��� ��K(��� �D�/ -"$LM h!��( ) �!�M R�$�  ��� �2!� $ R,�� )��2+��"  �"1990–

2010�� (  s�	�	394  $547 )��� )� ��� 234" .,+�� ��� �(e�� @��� �2�4P ��  �EH2�342 )���  ��� �� ���

2010 �2�5�� $ �(e�� @��� 695 )���  ��� �� ���1996 )� &F+ .,+��  4 �E�B!� � &.�/ h!��(!�4( c� )

R���  �" �,� � R������ �� @��� $ ���  )	�T��H�  �" R�$�  ��� ��2011-2030 )� ��5(  .,"� 0�T��H� �� �%�	 ��

(�$ ,"�%) R,+ j�o  6����F4"1390 6����F4" $ )4��� Y1392 (R���7 )o2��H#  �" �� f���� �,� )%$�# �"  

R�K��!� � U!�" �� )4���� �� h!��( �P ,+ ���T	 )	�T��H�  �" R,�7 
��  �$,% ��6  .
�� R,+ R��� ��5(

�!�4(   ���7  �")� ��5( �,� �P ,2"�  �T��H� ����  �"� �" �� ���P c��E�B!�  ��� )��# 
����� � R�K��!� $

R��� )� �����#�� ��" B�O�7 �D�/ )4����  �" .,+��  
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 c=�4:  h!��(B!� R��� ���P c��E� �,� �� )��2+��"  �" (R,�� R�K��!� �\ Y�2!� R�K��!� 
��� 
4�) )	�T��H�  �"  
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��<C 6: R���7  )��2+��"  �"��1�� )o2��H#  �"��R��� �   �"��Q+ $ )	�,"�5� ) R,+  ��2030-2011(  

��Z !-� ���G� �<�  
QZA��  
A���� 4��" QZA�� 
A���� cG�<X F��� QZA�� 
A���� �bE�<X F��� 

R2 RMSE NS  R2 RMSE NS R2 RMSE NS 

�<�"  

HADCM3 91/0  

89/0  

92/0  

85/0  

88/0  

78/0  

1/3  

6/2  

9/3  

4/3  

6/2  

8/4  

92/0  

91/0  

82/0  

92/0  

88/0  

79/0  

85/0  

78/0  

75/0  

92/0  

95/0  

86/0  

2/0  

3/0  

25/0  

25/0  

4/0  

36/0  

94/0  

85/0  

87/0  

79/0  

78/0  

89/0  

92/0  

86/0  

78/0  

96/0  

86/0  

85/0  

3/0  

29/0  

34/0  

25/0  

3/0  

37/0  

88/0  

92/0  

75/0  

86/0  

96/0  

84/0  

HADGEM 

INCM3 

IPCM4 

NCCCSM 

NCPCM 


M-�  

HADCM3 84/0  

86/0  

94/0  

88/0  

78/0  

82/0  

99/6  

8/3  

5/4  

8/2  

6/5  

3/3  

96/0  

88/0  

79/0  

93/0  

85/0  

77/0  

88/0  

84/0  

94/0  

85/0  

85/0  

78/0  

33/0  

37/0  

2/0  

32/0  

4/0  

31/0  

94/0  

95/0  

78/0  

83/0  

85/0  

86/0  

84/0  

93/0  

76/0  

82/0  

75/0  

92/0  

32/0  

4/0  

3/0  

24/0  

6/5  

3/5  

89/0  

92/0  

88/0  

94/0  

82/0  

77/0  

HADGEM 

INCM3 

IPCM4 

NCCCSM 

NCPCM 

  

?�A��� � 4��" ���� ���H# ����"  

 �%�	 �� ����� �� )4����  �"��1�� �K!� �� 
Q�( )N,(��� $ ��� )4����  �"��1�� �	��� ����	 �� " 6C7 I��2�  �

 ��1�� $� �!�  $� �� r�	,4' 6����� ���1	 R,!,M ����	 �2�� �� ���$� 0�T��H� 6R��� $ 
�! l��� 6 �$�5P

)� ) ,+�� 6��,��(1394&F+ �� �%�	 �� .(  4  R�$� �� �EH2� &��,/ $ �xP�,/  ��� �(�"�� 0,� ��� l����

��Q+ R�K��!�  ��� R,+  ��  ��e�� )��2+��"��!�M $ (�2!�) 
  �� �� )S%�	 &���  ��� -!�B*� (R,��) 
��

&�* )� ��5( ������	 $ ��S�  �" .,"� �,� ��� �� )	�T��H�  �"  �,�NCCCSM   ��� ��� -!�B*� �!��5��

)� ��5( �� �(e�� �xP�,/ $ &��,/  ��� �(e�� l����  .,"�R�� �� ��" B�O�7 �D�/ ��  $ 
��N7 6 e�%  �"

�k��xP�,/  ��� -!�B*� �Q�� �� s�	�	 85/0 665/0  $04/1 )�(�� �%��  $ ���N -!�B*� &��,/  ���9/0 660/0  $

65/0 )�(�� �%�� -�M ���N R�� �� ��� -!�B*� .,+ )2��  $ u($� 0�T��H� �� ����� ���1	 ��� �� ��� j�N  �"

) ����F4"2014) ����F4" $ ��	 6(2015�F4" $ ��� )!�D� $ (��� )1392 .
�� R,+ ���2' B�( ( �,�IPCM4  ��

�,� �� 
Q�( )	�T��H� R�K��!� $� �" -�M �!��4P �K!�  �"  �,� $ ���� �� )N,(��� )2��INCM3  �!��5�� B�(

-�M  .���� �� )N,(��� )2����Q+ R�$� �� �EH2� �(�"�� )N,(��� l���� R�K��!�  ��� R,+  ��  R�� �� 6R,��  �" 

 �Q���(�,� �4" � R������ �� c��� $ )� ��5( �� )N,(��� -!�B*� )	�T��H�  �" R�� �!�� �� $ ,"�  -"�P r��xP� �"

 �,� � R������ �� �2!� R�K��!�  ��� $ 
�� R��� �� )N,(���INCM3  �,� �� $ �Q���( R�� ��HadCM3  R�� ��
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�� R��� �� )N,(��� -!�B*� c����� 6 )� )�P��� ��� ���	R�� �� ��" �D�/ )N,(��� l���� �P ��P �  $ B�!�M  �"

 
*�! ,"��# -!�B*� �����) ��,��( 0�T��H� h!��( �� �P1394 .���� 
E��H� ��" B�O�7 �D�/ �� (  

 6C�(�$� 0����1	 )���� 
S% ��  R�$� �� �(�"�� @��� $ &��,/ 6�xP�,/  ��� R,+ c��E�B!� )(��  �"2011 

 �	2030 ,� �� )F!i��$�,�" �SWAT  R�$� �� ��" �D�/ C�(�$� )(��  �� $ ��4'�2030 – 2011  .,+ ,���	

 &F+5  0����1	 ��,E�)(e�� R�$� �� �� �(�#�$� ��!�% )�� �(�"�� 0,� ) )	7  2011  �	2030R�$� �� 
Q�( (   

)� ��5( )	�,"�5�  .,"�-�M n$� )�� $ )�� l���� ��,E�  �(�#�$� R,+ )2���� )	7 )(�� R�$�  ��� ��"  s�	�	

25  $14/78 ��� ��(�� �� sTF� )�  ����� &�*  ��� )T4o	 )�� .,+��3   ��� $ ,.�� B�!�M &�*6 ,.��  -!�B*�

�� )�� -"�P ��,E� ������	 $ ��S� &�*  ��� �P )��/�� 
�� ��*�!  s�	�	12  $7 )� ,.��  �� �%�	 �� �P ,+��

�7 �D�/ ��*�N ����R�P ����� �� ��" B�O  A��	�� �� ,($��� ��� ��%$ $ �Q��  �"5600  6)	�T��H� �EH2� �� ���

� ��.�/ h!��() ����F4" $ )4��� 0�T��H� �1392.���� 
E��H� )(���"�P p��2� �� )�� -"�P �� f�2� (  A$�+

)�� R�$�  ��� n$�  �" )� ��S� &!�$� � )	7   �M R�$� � �	�$ �P ,+��)� �! �� $ ,+��  ����	 
�	 ��E��� ���

)� 
��e�� p��2�  ��� -!�B*� ����F4" $ )4��� ,�� 0�T��H� �� �P ,+�� )1385( ��� $) ����F4" $  2013 (

.���� 
E��H�  

  
 c=�5: ��Q+  R�$�  ��� �(�"�� C�(�$�  ��2030-2011 ��" B�O�7 �D�/ �� 

  


� AF�_  

	 )����  ��� �D�/ p�E�	 �� )4���� 0����1	 ������!�% ��!�+ � �P ��" �(�#�$� )F!i��$�,�"  ��4+ )	��/  �"

)� ��5P � ��b2� �!,� .
�� R,+ j�o(� ,+�� 6 )4���� �,�  HadCM3 6HadGEM 6INCM3 6IPCM4 6



  

  

  

  

102   ----------------- ------------------  6  7	����  .�2 �8 ���!")�#� 9�- ����:- 9;
�	�
 �<�/'�= 1396  

 

NCCCSM  $NCPCM �,� � �P  �" AOGCM )� +��2R������ ,  0����1	 ��,E� $ ,+ )(�� R�$�  ���2030 -

2011  ��5�(�  �!��2� 
�	A2 ,+ n��O����,� � &.�/ h!��( )��!�� . �,� �P ��� ��5( )4����  �"  ����  �"

)� �����#�� )Q��2� )!���P � )4���� 0����1	 )��!��  ��� R������ ,2+�� �,� .NCCCSM  $ &��,/  ���  ���

 �,� $ -!�B*� �!��5�� �xP�,/  ���IPCM4 !�B*� �!��4P)� ��5( �"������M �!�  ��� �� ��� -  ��234" .,"�

 �,� �EH2� )N,(���  ���INCM3  �,� $ �!��5��IPCM4 -�M �!��4P ��+�� �� )2�� .,(� �!����2�  ��%$ ��

�,� h!��( ��� `J�#� j,' -"�P 
S% �" -�M 
�T� )2�� �,� �4" h!��( � 6��*�N 0��. )4����  �"  )4����  �"

���T	  ���  .,+ R������ )N,(��� $ &��,/  ��� 6�xP�,/  ��� )4����  �"������M �� 0����1	 ��,E� �,�

 )F!i��$�,�"SWAT 
�E*�� $ I��$ �����P �� �%�	 �� �� 6��S% $ ���!� �� �7 B��7 ��Q+ ��b2�   i��$�,�"  ��

.,+ C�O�(� �D�/  0�TQ	 )��!�� 
S%����� ���1	  �(�#�$� ��!�% )�� �� )F!i��$�,�" �,� 6��"SWAT  ��

 � R������ �� �,�  �"������M 
����/ B���(7 .,+ )o2��$ u2� R�P  ���$�,�" R�K��!� )	�,"�5� )�� � R������

 ��!��K��SUFI2  ������M �EH2� 0��.��# �� �%�	 �� �P ��� ��5() )2�2� R��4+CN ( � �"������M �!�� �� 
Q�(

�#�� 
����/ �!��5��)� ����  �� �,(� 0����1	 ��4'� �� .,+�� ��,E���Q+ h!��( ������M �!� �� �,�  ��  &��� ���

)� ���1	 )S%�	 ���(�� $ 
!�!,� 
S% �!����2� .,2P )� 
�4"� Bt�/ ������M �!� �EH2� ��  B!�  �� �%�	 �� .,+��

 ���7 s!��D �� 
��  �,� 6R,�7SWAT ��Q+  ��� �$�,�" ��!�%  �� �����#�� )Q��2� )!���P � �EH2� )F!i�

)� ��Q+ n$� )�� A��$ ��� $ ��,E� .,2+�� )� )	�,"�5� n$� )�� �� s��2�� R,+  ��   ��T. ,($� ��234" ,+��

��Q+ &�� `��N$�,�" )�$B( $  c��E�B!� )4���� 0����1	 �!����2� .,(��� 
E��H� �K!,F! �� )	�,"�5� $ R,+  ��

�$�$ �� R,+   )�� ��B�� �P ��� ��5( h!��( .,+ )��!�� �EH2� )%$�# �� ��.�/ 0����1	 $ ,+ ��4'� �,�  �"

 )(�� R�$�  ��� ��" �(�#�$� ��!�%2011  �	2030  ��� 6
+�� ,"��# �� )�� -!�B*� �!��5�� B�!�M &�* ��

��  ��,E� �� ��" �(�#�$� l���� )�� ��,E� )�P���14  ,"��# -"�P ,.��
*�!�� h!��( .  � �b( `�. R,�7 
��

����� � U! �" 0����1	 
S%  ��  ���� -E( �P ���� ��� ��� �� 0����1	 )(��  �K�� 
�4"� �� 
�e� 6�"

)� ���� �D�/ C7 I��2� 
!�!,�  .,+�� h!��( 
�TD$ �� ����� ���1	 R�E��� 0���� 
�4"� ���� �4D �D�/ -"$LM

�	 j$B� �D�/  i��$�,�" ��" �(�#�$� B�O�7 �D�/ C7 I��2� 
!�!,� �� �� �7  �",���M $ ����� ���1	 =�� �� �%

)� �P_�� .���N  

  

O"�M�  

�Z7  ��4��6 ����  4/��D�,6 �E���� j��S�6 ����*  2��R� )1392(6 ��!��) " 0�����i��$�,!F) 1	��� ����� O�7 �D�/ ���B  6�$�(�N�N

��o�  6��# $ C7 j��'�� R�$�a. 6j�� R��4+ 6���" $ 
� 537-547.  

���� `�+�6 ,4�� )K!��  ����6 )�T�J� )��4P6 ) �����P  �$��1390(6 -�M  R�$� �� �,21\ )�7 ��( )2��2011-2030  � R������ ��

R��� ��Q+ )4����  �"  R,22P c��E� B!� �,� l��	 R,+  ��LARS-WG R�$� 6��# $ C7 ��o� 625. 6�o2M R��4+ 6a1196-

1184. 



  

  

  

  

103   --------------------------------------  ��'?& � ;�@�?��&%A" B= 7	�C	��� �D	�:" 7���#�� � .....  

 

$�S� �(�$�M6 ���K2" ,($���+6 ) �4��* ���"�N��1394(6 -�M  R�$� )� ������ ����� )���F5# 
�TD$ )2��2030-2011  R������ ��

 )%$�# )!�4( c��E�B!� �4  R�$� 6����� )!��*��1% ��o� 6�% )��4' @��N �,�12 6�o2M $ &S\ R��4+ 613 -1.  

)(��  ��" )(�#6 �!�  R$LMC�ET!6 ,�T� }��!��M6 �!$�� �,!�� R��B(��6 ) R��S� )���.1392(6  C�(�$� �� ����� ���1	 0���� )����

�D�/  R��4+ 6���" $ 
��� R�$� 6��# $ C7 ��o� 6()��+ ��o!���Z7 ����� ��  �\ )%7 B!��7 �D�/ : ���� �T��H� ) B!��7  �"

 6�5+1234-1225. 

�D� ,"�%6 �J%,!�( ��4P6 ���) ���/ R���1390(6 
�. ��Q+ ��F�4' )o2� ) �% )��4' @��N  �"AOGCM��Q+ �� (   ��

R��� �EH2� �� ���  �"  a. 6j��S\ R��4+ 6C7 I��2� )�,2S� ��o� 6����P  64-51. 

��!,�4/ ���� ��M6 ,4�� R,�E'��6 c�Q' ) ���� ��(1395(6 C�2% @��� $ ��� 0����1	 )��!�� �� �� ���!� [�+ c��E�B!� � R����

�,� )%$�# )!�4(  R�$� �� �% )��4' @��N }��O�  �"2099-2011-"$LM ��o� 6  6
5" $ &S\ R�$� 6)T�Q�  ��*��1%  �"

 a. 6�$� R��4+123-107.  

)E	,4�� )(������6 ����T�  ���6 ) ��S� )"�2M1391(6 #�$� )�� �� �7 ����	 $ )4����  �"������M 0����1	 ,($� )���� 6�$�%�% �(�

.������ R�K5(�� 6 ���B�O�7 )�,2S� -!�4" ��4�5" 0e�E� �'�4o� 

���� ���Q"Z6 �D�,4��  ���N6 q��� ) �D���' )(���1389(6  �,� �����PSWAT R�$� �� �D�/ C�(�$� ��4O	 ��  ����	 
�	 )	7  �"

-"$LM 6����� ���1	  a. 6j�� R��4+ 6�$� R�$� 6)��2+ �����  �"16 -1.  

��� )!�D�6 )�H��6 ,!��6 ,�T�6 �$e�6 ) ,�o�1392(6 » �2�4�� �D�/  i���	�4��P$�,�"  �"��1�� �� ����� ���1	 0���� )��!��

�$�«6 ��# $ C7 ��o�6 27)6 :(1259-1247.  

) )�' )t�D�1385(6  B�O�7 R�/ : ���� �T��H�) �$� �B� B�O�7 R�/ 0,+ �� �!� )D��� @���N ��� )���� )2* R�N��P 6(�$� �B�

.CJ�� �� )��!B4" 

�(�4� )4��� ,��6 ,4/� )\ �5!���6 ) ��T�� )5!�o	1385(6  ���$� 6����� ���1	 ��� �� �$� R,2!� �(�#�$� ��!�% 0����1	 0����

.C7 I��2� 
!�!,� y(���2P  

) ���/ R�P��'1383(6 .��o( R�K5(�� 0���5�(� 6�$� ��\ 6����� ���1	 

��!$�P ���H'6 ,4�� �5�N6 ,��/ )(�/$�6 ) �Z���  ��' )�T4��1394(6 ��Q+  �,� �� ��" B�O�7 �D�/ �� C��� $ C�(�$�  ��

SWAT-"$LM ��o� 6 a. 6���" $ &S\ R��4+ 6���S	 )T�Q�  ��*��1%  �"211-197.  

�S�� )4���6 ��"���� )/��*6 j� )t���� ) ��4���1392(6 � �� ����� ���1	 ����	j,' ��F!$� �� C�(�$ �,� 
�TH� �% )��4' @��N  �"«6 

 6�"�B�� R��4+ 6j��S\ R�$� 6U5# p��2� )!��*��1% 0�T��H�53-37.  

) c�Q' ��!,4��1394(6 ��!�M 6,S5� [�� ,� B�O�7 R�/ C��� $ )�� �� ����� ���1	 ����	 )����  R,F5(�� 6,+�� )��2+��P ���(

�!�P $ )T�Q� I��2� �� )��2+.�B! R�K5( 

)*�T� �4��* R,�� )(,�6 ,4�� )K!��  ����6 ) ���/ �!��(�1391(6 -�M R�$� )�  �D� �����# ����� )���F5# 
�TD$ )2��

2011-2030  �,� )%$�# ���7 )!�4( c��E� B!� � R������ ��LARS-WG a. 6j�� R�$� 6)T�Q� 0����O�$ ��*��1% ��o� 637-21.  

) �!�� ��,��(1393(6 �M- ��!�M 6��" B�O�7 R�/ )4���� 0����1	 �!�M �� )�H� C�(�$� )2�� ���(  6 ���B�O�7 R$�N 6,+�� )��2+��P  

 ��� )T�Q� I��2� $  �$�5P j��' R�K5(��. 


OQF�( �D���'  �QS+6 yN�( )���S�6 ) 
o/ ����	1395(6 j,' )��!�� �,� 
�TH� �(�$� $ @��� ��4O	 �� �% )�P @��N  �" C

.��5�(� R���7 0e�E� 6��* $ ��� U!B�* ��o� 6����� ���1	 ����	 
�	 ���' � �D�/ 



  

  

  

  

104   ----------------- ------------------  6  7	����  .�2 �8 ���!")�#� 9�- ����:- 9;
�	�
 �<�/'�= 1396  

 
Abbaspour K.C. (2007), “SWAT-CUP, SWAT Calibration and Uncertainty Programs”, Swiss Federal Institute of Aquatic 
Science and Technology, Eawag: Duebendorf, Switzerland; 95. 

Andreadis K.M., Lettenmaier D.P. (2006), “Trends in 20th century drought over the continental United States”, Geophysical 
Research Letters, 33: L10403. 

Arnold JG., Srinivasan P., Muttiah R.S., Williams J.R. (2009), “Swat User Manual, Large area hydrologic modeling and 
assessment”, Water Resources Association, volume 34, number 1, pp 73–89. 

Azli Wan. (2010), “Modeling climate change in Malaysia”, Malaysian Meteorological Department, Ministry of Science, 
Technology and Innovation, Climate Change and Biodiversity Workshop. 

Barrow E., Yu G. (2005), “Climate Scenario for Alberta”, A report prepared for the priarie Adaptation Research. 

Bavay M., Grünewald T., Lehning M. (2013), “Response of snow cover and runoff to climate change in high Alpine 
catchments of Eastern Switzerland”, Advances in Water Resources, volume 55, pp 4-16. 

Bieger K., Hormann G., Fohrer N. (2015), “Detailed spatial analysis of SWAT-simulated surface runoff and sediment yield 
in a mountainous watershed in China”, Hydrological Sciences, volume 60, number 5, pp 784-800. 

Dong W., Cui B., Liu Z., Zhang K. (2014), “Relative effects of human activities and climate change on the river runoff in an 
arid basin in northwest China”, Hydrological processes, volume 28, pp 4854-4864. 

IPPC. (2001), “Climate Change 2001: The Scientific Basis. Contribution of Working Group I to the Third Assessment Report 
of the Intergovernmental Panel on Climate Change”, editors: J. T. Hhoughton, Y. Ding, D. J. Griggs, M. Noguer, P. J. Van 
der Linden, X. Dai, K. Maskell and C. A. Johnson. Cambrige. U. K, Cambridge University Press. 

Jung I.W., Chang H. (2011), “Assessment of future runoff trends under multiple climate change scenarios in the Willamette 
River Basin, Oregon, USA”, Hydrological Processes, volume 25, pp 258-277. 

Kalcic M., Chaubey I., Frankenberger J. (2015), “Defining Soil and Water Assessment Tool (SWAT) hydrologic response 
units (HRUs) by field boundaries”, Agricultural and Biological Engineering, volume 8, pp 1 -12. 

Khanmohammadi S., Coulibaly P., Dibike Y. (2006), “Uncertainty analysis of statistical downscaling methods”, Hydrology, 
volume 319, pp 357–382. 

King L.M., McLeod A. I., Simonovic S. P. (2015), “Improved weather generator algorithm for multisite simulation of 
precipitation and temperature”, The American Water Resources Association, volume 51, number 5, pp 1305-1320. 

Lane M., Kirshen P., and Vagel R. (1999), “Indicators of impact of global climate change on U.S. water resources. ASCE”, 
Water resource planning management, volume 125, pp 194-204. 

Molina E., Trolle D., Martinez S., Sastre A, (2014), “Hydrological and Water quality impact assessment of a Mediterranean 
Limon-reservoir under climate change and land use management Scenarios”, Hydrology, 509: 354-366. 

Neitsch S.L., Arnold J.G., Kiniry J.R., Williams J.R, (2005), Soil and water assessment tool theoretical documentation, 
Version 2005. 647 pages. 

Nobrega, M. T., Collischonn, W., Tucci, C. E. M., Paz, A. R, (2011), “Uncertainty in climate change impacts on water 
resources in the Rio Grande Basin, Brazil”, Hydrology and Earth System Sciences, volume 15, number 2, pp 585-595. 

Piras M., Mascaro G., Deidda R., Vivonia E. (2016), “Impacts of climate change on precipitation and discharge extremes 
through the use of statistical downscaling approaches in a Mediterranean basin”, Total Environment, volume 543, pp 965–
980. 

Semenov M.A., Barrow E.M. (2002), “LARS-WG: A Stochastic Weather Generator for Use in Climate Impact Studies, 
Version 3.0, User’s Manual. 

Tan M., Ibrahim A., Yusop Z., Duan Z., Ling L. (2015), “Impacts of landuse and climate variability on hydrological 
components in the Johor River basin”, Malaysia. Hydrological Sciences, volume 60, pp 1-17. 

Wilby R., Haris I. (2006), “A frame work for assessing uncertainties in Climate change impacts: low flow scenarios for the 
River Thames”, U.K.water resources research. 

 

  



 

 

 
  ------------ ---------------------- - - -------------------  Journal of Natural Environmental Hazards, Vol. 6, Issue 12, Summer 2017 

 

 

Hydrological modeling of Climate Changes Impact on flow 
discharge in Haraz River Basin 

 

Ataollah Kavian*1, Maryam Namdar2, Mohamad Golshan3, Masomeh Bahri4 

1- Associate Professor, Sari Agricultural Sciences and Natural Resources University, Iran 

Email: a.kavian@sanru.ac.ir 

2- MSc in Watershed Management, Sari Agricultural Sciences and Natural Resources University, Iran 

3- PhD Student of Watershed Management, Sari Agricultural Sciences and Natural Resources 
University, Iran 

4- MSc in Watershed Management, Yazd University, Iran 

 

Received: 2016-09-17     Accepted: 2017-04-15 

 
 

Abstract  
In this research was assessed the climate change in 2011-2030 periods with A2 emission scenario by using of 
AOMCM models and uncertainty related that for this purpose were utilized of 6 models in Rineh and Baladeh 
stations. Climate change is effective on, river flow shortages, floods, and the declining water system that with 
predicting the climate change can perform fair management of water resources. The Haraz Watershed with 4012 
square kilometer area is located in Mazandaran Province. To assess the impact of these changes on the watershed 
outlet, SWAT hydrological model was used. This model is sensitive to changes in terrain and weather. The time 
horizon 2000-2014 was used in order for calibration and validation the model. Then, after ensuring the 
performance of the SWAT model, the downscaled climate change data were determined by the study models for 
each climate factors input to SWAT model runoff change in future periods were assessed. The climate model 
results showed that the annual minimum and maximum temperature will be increased 0.7 ° C and 0.62 
respectively. The average annual rainfall for the study area will be decreased at a rate of 18 percent. Compare 
current flow simulation showed that the peak flow for the future period will increase nevertheless the average 
flow discharge will decrease in the amount of 12 percent. Therefore the climate change should be considered in 
order to tackle with environmental hazards and Long-term planning.  
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