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��-���	��6 �4, � ��43��#	 	� �	�� p� ?��(+2"� %+� ��  ?(�@�)�	 �	 

������������������������������������������������������������
1- Atmospheric-Ocean General Circulation Model 

��-4���2� ?+;+����    !�)"#	 �)��$� G�+)/	 
�� 
��- (IPCC)  2  G+)�
����  +2���3)Mitchel, 2003 ; Lane et al., 1999  .( �)�	  j&)7 
?+�B 
�	 %�+# �- G+� ��@�p �3���  !� � 
�	 �- ���	�� HQ�A 
�+�� *��M��� 
�	  <�b 
�	   *)� �),��8   G+)� 
)�	  �)-  M)'# �	 

?(�@��	 �( %�&/�i�  ���)���	  %	�)�	  �)��$�  �!�)"#	   D�)�E�F��3   +34);
)Semenov and Barrow, 1997 .(  G+)))� H)))�EP� 
)))�	 �(

������������������������������������������������������������
2- Intergovernmental Panel on Climate Change 
3- downscale 
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    �?+; �h	�I ��3�����      �4, ��4�B C(�= G+� �	42B *�-  �)�43��#	  

 G+� �LARS-WG5            �),��8 ��)- ?(	( ���)�3 D��E� F�� 
�,
           �)��2;	4- ��-���	��6 *3	��� ��(�E� +�/4� � ��4�B C(�= G+� 
�	

       2�A�= �	�# ?(�@��	 (�4� *&/�i� 
P� ��- ?�a�N�	+.     p)��@� %�+)#
 G+))� �4)),HADCM3  (�))&�	 �))� �	 *�')); �75/2 y�))B *)),�( 
     � ����A	�$,75/3          �)�43��#	 p��@� %�+# � ����A	�$, G4I *,�(  

        (�&�	 �� �	 *�'; ���25/1         � ���)�A	�$, y�)B *),�( 25/1   *),�( 
 +;�� �� ����A	�$, G4I)Hadley center, 2006 .( r�4� ?(	( +�/4�

  G+�LARS-WG5  I  �    *"h�� *�        ���)���	 ��)- ?(	( �(�� ?�'�/��
              (�)�= �� %�4` ��� ?��( �	�� ���2;	4- ��- ?(	( +�/4� � �- ?(	(

)Semenov and Barrow, 2002 .(   
)�	 �	�),	 �	�� D��	 
�	 ��
            */�� 
N�� ?��( 
�A�=�v3 �( �� 	+��	 ��7�h H�EP� �( G+�1389 – 

1370      �*��6 ?��( �	42B *� ?(	(   ��)- �4)�    ��(�)E� M��); G+)� ��)�3 ( 
          ����A� 
B�� � C��� �*2���� ���( �*2��� ���( *3	���10   ?�a�N)�	 

 p��642�))� �))��2;	4-*))&/�i� 
))P� �( ���))�� ?��( 
))�	 �	  F))���
    ���� � %�BoI	    +; d8	 �4�� ���2;	4- ������ .      � C�	(�)6 �	 J)6

             �6 ?��( �	�)� G+� ��(��� ��- M��A *��� � �- ?(	( ���� 9���  *)�
        +�)�� ��)��6 *)� G�	 *)"h�� 9���� 
�+� � ?+; 	�,	 .   +)&� *)"h�� �(

              ?(	( � G+)� r�4� ?+; +�/4� ��- ?(	( *N��E� H��I �	 G+� ������	
   �&#	� ��-) ?+; ?+-��� (             !)�� �	 ?(�@�)�	 �)� *)��6 ?��( �( (4),4�

         *)� 
)A�= %�4)` ����� ��- �4��� <�l3	 � �a�N'�- ��-�	(4�3
   �- �	 ���h \���3             �)&#	� � ?+); ���)� G+)� ��(�)E� �b�� �a�N'

)   �	 .��97 %          ?�a�N)�	 <��� � ?+; ���� *�'; ��-���	��6 *�- �	��
�- (            G���h	 qi� �( �- �� 
�� �	( �2&� �o�8	 <+B �05/0 (4�  . �(

  M�;2        ���� *�'; ��-���	��6 *3�-�� 
�a3��� �a�N'�- ��-�	(4�3 
      ��� ?�a�N�	 *� k4��� �&#	� � ?+;       ?+; ?(	( ���3 *34�3 �	42B *� +


�	 .      ���3	4� �	 ��2��I	 �	 J6 9���� 
�+�   G+)� LARS-WG5 �( 
             ���)�3 D�)�E�F�� 
)�, G+� 
�	 ����2;	4- ��- ?(	( ���� *�';

 ��))- ?(	(  4)), ��4))�B C(�))= G+))�HADCM3  �  ?(	( +))�/4�
      ��� *-( �( �	�� �B42��)1409- 1390 (    �	 ?(�@��	 ��  �4���2� *�

A1B , A2    �  B1     ?+; +����  IPCC       !�"#	 ���$� ��&� 9���� *� *� 
  *3�2��+�)     ���, ����, � �(���#	 1��� +;�(   r�4�� �)   
)�&�, +;�

         j)"�:� k�E3 �( 
a�-�3 �(���#	 +;� �� ?	��- ���, (   *3�2�');48 �
)   � ���, 
�&�, ��	�a�-     (��)�#	 ���8�� �( ���$�  �� �    (	4)� .-�)�

     1��2� �A�&� � ?+2�b�   ��R� � ��6 ����2A ( ?+; 	�,	     *)3	��� ��(�E� � 
  ���"#	 ��- ?(	(   ���)�A� 
B�)� � *2��)�� ���( �*2��� ���( �C��� 

20    ?+2�� G��   +�/4�+�(�=.    +);� ?��( �( �-���	��6 
�	 
�a3��� JK�
  +2#�+2$0)  ���� �� 
�(���A (  <+2= �)  (	(�)8 �)� ���� (   � ?+); *')��P�
  %	���$�)  .-�� �� .�	FA	 (          �)� *��6 ?��( 
�a3��� �� *N��E� �( �- ��

         +; !���� *I4��� ��-�	(4�3 � *'��P� +`�( 9Nh)    ��)- M�;3 

  ��6 .(           !�)"#	 ���$� ����� ������	 
�, �H�EP� �8� *"h�� �(20   G�)� 
        <+2= � +2#�+2$0 �� ���� �� ?+2��)  � �-4a/	 �+3�� ��N�� y�A ��

  �342� 
�� 
���+� (   ?��( �� *N��E� �(         �	F)A	 <�)3 �	 ?(�@��	 �� �*��6 
OPTIWAT   ��:'� �	F��-    ��:'� � M�N3��6 O�&� -    *� �&#	� O�&� 

 �4��=��- C��-               r�	�); �( 4Q�)A C�� *)� ��R)� �=+)3��� � �3���� 
    ?+; *'��P� (�	+3���	��g)   ��- G�+,2   � 3 (       ?�)�= �( 
�	 ��� ���3 �

   +; 
��&� �+;� ?��( �() M�;7 .(
�	 ��| *� <�b  *)�    ��)�3 (����)�
                *)Q	�	 C�� D�)�	 �)� �	FA	 <�3 
�	 r�4� �g�� � �B	�� ��-��= ���

     ?���; *���3 �( ?+;56          �)'�&� *���3 p� *� 4Q�A ���-� � ������ 
�� %�4` 
�	 �3��, (��=) ��/��� � ?(	F�"B1387.(   

  
LM� � N�	!�

   M�; �(2          ��)-���	��6 *)3�-�� 
�a3�)�� �a�N)'�- ��-�	(4�3 
*�';            *)� *)��6 ?��( �( +��)� ?�a�N)�	 *� k4��� �&#	� � ?+; ���� 

           G+)� ���)���	 *"h�� \���3 �	 �	 *34�3 �	42BLARS-WG5    ���)3
  
�	 ?+; ?(	( .        
�)�&� 9��7 �	+E� (4; �� ?+-��� *0 ��20(R2)1 

                ��(�)E� G4)'# M)��# O�)'i3	 ���4= *� 
�	 b�� ���N� (�	4� *�- �(

�	 �&#	� � ?+; ���� G+� .   �a�N)'�- 
���b�)�)9991/0R2 = (

 �� 
����� � *2��� ���( *� H"&��)9828/0R2 = ( ���	��6 *� k4���
+;�� �� C���.  

 ��))- M�));3 �))� 6 %	�))��$� +))`�( ?+))2-( ���))3 9))���� *))� 
 ���))�A� 
B�))� � C��))� �*2��))�� ��))�( �*))2��� ��))�( ��))-���	��6

?�a�N�	            *)� 
'N3 ��� *-( �( �( *&/�i� 
P� ��-     �	�)� *)��6 ?��(
            �4���2)� *)� p��@� *� <+2= � +2#�+2$0 +;� M�AA1B , A2   �  

B1 +2;�� ��.  
     M�; �( *0 ��203   (4; �� ?+-���     ?��( G4I �( *2��� ���( �

                ?��( *)� 
'N)3 *)&/�i� (�4� ��-��; <��� �( G4�P� �( �- +;�
   
�	 *�A�� .�	FA	 *��6 .        +)2$0 ?��=+);� ?��( �( .�	FA	 
'N3 *�'/	 �

                  *)� *3��N)�� ?�)�= p)� *)� <+2= �	 .�� 
�	 *3��N��� ?��= p� *�
 +;�� �� �+�� �� ���; .    +);� ?��( �( *)2��� ��)�( .�	FA	 
������

      �4���2� *� �- H'I <+2=A1B , A2    �  B1      �)�	�� 9���� *�9/30 �
77/45   � 13/29   +`�(    �k4���      +);�� �� �	�F'� ��; *�  .   �/�)h �(

   FA	 +`�( 
����� *�     �)�	�� 9)���� *)� �4�d� �4���2� *� H'I .�	
02/1     �<�, 
��� �( 23/4 � +��� �( 27/2 (4); �� ?+�( ��04# �(  .

               *)� *)2��� ��)�( .�	F)A	 
������ �+2#�+2$0 +;� ?��( G4I �( ��	
         �� ����"= ?�a�N�	 *� 
�	 k4��� b�� 9����23/5     �)� �4����3 �62/6 

     �� �4����3 �	(+l� �77/4   � � +`�(        ���	��)6 
)�	 .�	FA	 +`�( 
����
      ��	�� 9���� *� 4���2� *� �- H'I3/1 �55/2 � 06/1  ��); *� H"&�� 

+;�� �� J8��.   
������������������������������������������������������������
1- Coefficient of Determination 
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 '��2- �C!"O�
 �	
��%&�� )PQ� ( ��.��� �	�%)R ( ��.���� �	�%)S ( � $�	�)% ( <�� T)&# ��� ��	) ��O� ��%	�� ��	!F� /I	)LARS-

WG5 ��� ��
	�� ��%	�� � ��	U ���% �% )1409- 1390 (�X�� �	C!"�� �� Y&���  
  

  �(  M�;4             �)�� *)-( �( *2��)�� ���( %	���$� ?+2-( ���3 *� 
             +;� ��- ?��( G4I �( *��6 ?��( *� 
'N3 *&/�i� (�4� ��- ?�a�N�	
                 (4��)� ��4)8 *)� �)�( ��)�	FA	 +3�� F�3 +;�� �� <+2= � +2#�+2$0


�	 .        )�� �(4); �)� ?+-��� *0 ��20       ��)�( .�	F)A	 +)`�( 
����
                  �*)3�2��+� �4���2)� *)� �)- H)'I <+)2= +);� ?��( G4I �( *2����

        �)�	�� 9���� *� *3�2�';48 � r�4��98/1  �36/3    �  85/1     *)� H)"&�� 
              ��-4���2)� H)'I ���	��)6 
)�	 .�	FA	 +`�( 
����� � ��04# ��;

      �)�	�� 9���� *� �4�d�15/0     ��	�F')� �( 45/0     � J8�)��( 06/0  �( 
  +;�� �� (���2= .           .�	F)A	 �	F)�� 
����)�� F�3 +2#�+2$0 +;� ?��( �(

           ��	�� 9���� *� b�� �4���2� *� �- H'I *2���� ���(74/1  �19/2  � 
77/1            9���� *� F�3 .�	FA	 +`�( 
����� � ����"= *� k4��� +`�( 

 ��	��08/0 �42/0 � 09/0+;�� �� J8�� ��; *� H"&�� � .  
   M�; �(5   ( ���3 *�         *)Ei2� ��)- ?�a�N�	 C��� %	���$� ?+2-

    �( *&/�i� (�4�20            ?+-��)� +);�� �� *��6 ?��( *� 
'N3 ?+2�� G�� 
                *)� �-��; *�- �( C��� .�	FA	 �?��= �( �- �� *i�	� �( *� (4; ��

     (	( +-	48 e� <�, 
��� F, .     9)���� *� <�, 
��� C��� .-�� +`�(
 �))�	��87/2 �24/4 � 23/24= +));� ?��( �(  � <+))284/10 �83/14 � 

55/18          ��-4���2)� H)'I +2#�+2$0 +;� M�A �( A1B , A2    �  B1 
 +;�� ��.                 ���)� �?�a�N)�	 
)�	 �	 �)v3 ��)` �+; *�@= *0 ��20 ��	 

             
������ *� +; +2-	48 *,	4� C��� .�	FA	 �� ��� *-( �( �( �-��;
                �)�	�� 9)���� *)� <+)2= +);� ?��( �( C��)� .�	F)A	 �	F��24/35 �

56/35   � 49/42      
�	 (���2= *� k4��� � +`�(  .     
��)��� *� �/�h �(
         �� *)� F)�3 C��)� .�	F)A	 +`�(     �)�	�� 9)��85/10  �36/5   � 05/6 � 

    +;�� �� ��;�� *� H"&�� .        +)`�( 
����)�� �+)2#�+2$0 +);� ?��( �(
        �4�d)� ��-4���2)� H'I C��� .�	FA	21/69  �95/80   � 19/70   *)� 

         +;�� �� J8�� � (���2= ��	�F'� ��-��; *� k4��� 9���� .  M�;6 
        �47� ���	�8 ����	 ����A� 
B�� %	���$� ?+2-( ���3 *�   ?��( �( 

               *)�- �( *� 
�	 9"i� 
�	 
�'� +;�� �� *&/�i� (�4� ?��= �( +;�
        �( <�, 
��� F, *� �- ?�a�N�	20        ���)�A� %�B�� .-�� �� ��� G�� 

  +; !�-	48 *,	4� .                M�); �( ?+); *)Q	�	 \��)�3 +)�R� 9)"i� 
)�	5 
) C��� %	���$� (       %�B�)� .-�)� �)� *)� 
)�	 
)E�Eh 
�	 ���4= �

   ���3��	 �����A�         (�4)� C��)� .�	FA	 �*l��3 �( � *�A�� .�	FA	 �����
  (4� +-	48 ��v�3	 .     M�; �( *0 ��206          G4)I �( (4); �)� *)vho� 

      ��-4���2� H'I <+2= +;� M�AA1B , A2    �  B1    +)`�( 
������ 
     ��	�� 9���� *� .-��98/4  �02/4   � 25/3         � (�)��2= ��); *)� H"&�� 

      9���� *� ����A� 
B�� .-�� +`�( 
�����     ��	�� ?+; ��| 72/0  �( 
  ���04#09/0     � ����"= �( 6/0    (4� +-	48 ��04# �(  .     +);� M�)A �(

             9)���� *)� ?+); *�@= ��-4���2� ��	�� .-�� 
������ F�3 +2#�+2$0
  ��	��34/1     ��	�F')� �( 47/1      � (�)��2= �( 06/1       � J8�)� �( +)`�( 

       ��	�� 9���� *� .-�� +`�( 
�����21/0    ��4����3 �( 08/0 �  04/0 
(4; �� ?+�( +��� �(.  
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 ��:'� ��(�E�-    �)�:'� �M�N3��6 O�&� -        �=+)3��� � �)&#	� O�)&� 

              ��)- 
);( ��&� ��- ?�a�N�	 �( <+2= � +2#�+2$0 +;� ?��( ��R�
   7� ���	�8 ����	 9:�2�         ?��( � *)��6 ?��( �	�)� �41409- 1390 
      ��- G�+, �( 9���� *�2   � 3    
�	 ?+; ?(	( ���3 .     ��)v�3	 *� ��20

        *� (4; �� ?+-��� G�	+, 
�	 �( � !��	(    �"� �4I     �=+)3��� �	+)E�
�     +2#�+2$0 ?��= �( ��R) *3��N��� 
�� (      <+2= ?��= �� *N��E� �() 
��

*3��N�� (    
�	 ���� ��4NP� �4I *� .-    �)�:'� �)� *i�	� �( 
�2f�- 

�	 O(�` �474� 
�	 J�B �O�&�.  

             +��� *l��3 
�	 *� b�� G�+, �( *N��E� �	 �	4� �� 9���� 
�+�

                 ��)�	�8 ���)�	 ��)- 
);( �)� !��h ���"#	 r�	�; *� *,4� �� *�
              CF�� !� �	F�� *� 
��2B �� � +2;�� �� p�8 *��3 ��'/�g *� �47�

     b4I � HI�2� 
�	 �4, ��-       �)�:'� *)� <�= M�A �(4� �3-  O�)&� 
                    
)�	 �( �)��� ��)- G�)� �)�� !)� �	�)P� �(�	( ?	��- *� 	� ��b��


;(                ��)-��= 
�� �	 
�	 ���� *� +�� �� �v3 *� � ?(4� ��P� �-
      (4�3 ��2�,	 ����	 +h �� *3��N��� �B	�� . M�; �(7  ?�)�= �( ��� ���3 

          ��� *-( �( �	�� +;� ?��( �( *&/�i� (�4�)I     �)��$� �4���2� *� H'
!�"#	 (
�	 ?+; ?(	( ���3 *��6 ?��( �� *N��E� �(.  
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96  589  589  26  1153  1485 ��04# 
47  612  612  7 1041 1060 ��;�� 
39  535  535  15 985 987  ����"= 
18  637  637  4 1055 1065 (���2= 
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65 871 872 12 1346 1395 �4����3 
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24 678 679 4 1062 1081 B1

  
<�, 
���  

107 588 588 23 978 984 A1B
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64 700 701 8 1000 1012 A1B
62 703 704 8 992 1004 A2
62 703 704 10 999 1010 B1
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55 691 691 14 1196 1220 A1B
60 689 689 13 1197 1221 A2
58 686 687 13 1198 1219 B1

  
J8�� 

197 602 603 44 1169 1184 A1B
134 604 605 45 1168 1182 A2
135 605 606 55 1174 1185 B1
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140 618 618 11 1011 1019 A1B
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(���2= 

89 603 603 28 1045 1050  A1B
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84 601 602 28 1057 1059 B1
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85 878 879 21 1320 1356 A1B
73 889 890 12 1320 1367 A2
73 888 889 12 1324 1370 B1
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Evaluation of wheat and Sugar beet water use Variation due to Climate Change 

Effects in two Coming Decades in the Selected plains of Khorasan Razavi 
Province

 
B.Ashraf 1*, M.Mousavi-Baygi 2, G. A. Kamali 3, K. Davari 4

 
Abstract 

One of the main consequences of climate change is its impact on agricultural water use that could face the 
water resources management with serious challenges. In this research, to examine climate change influence on 
sugar beet and wheat water use in selected plains of Khorasan Razavi province, minimum temperature, 
maximum temperature, precipitation and sunshine hours for 2 coming decades were simulated using LARS-
WG5 model according A1B, A2 and B1 scenarios confirmed by IPCC. Then potential and actual 
evapotranspiration and effective rainfall calculated using Hargreaves-Samani and FAO methods respectively and 
were determinate water requirements of these plants on the next 20 years compared with the base period (1991-
2010). The results showed that the minimum and maximum temperatures will increase at all selected plains and 
the highest increase in minimum temperature in wheat growing period under all three scenarios A1B, A2 and B1 
respectively equal 30.9, 45.77 and 29.13 percent will be seen in Sabzevar and during growth period of sugar beet 
respectively above scenarios will be seen in Golmakan with 5.23, Neyshabur with 6.62 and Neyshabur with 4.77. 
Also precipitation will increase in all stations except Torbat jam and the highest rate of increase in wheat 
growing period under these scenarios, respectively 35.24, 35.56 and 42.49 percent will be seen in Gonabad and 
in sugar beet growing period, respectively 69.21, 80.95 and 70.19 will occur in Sabzevar, Gonabad and Sarakhs. 
The results also showed that the water requirement of these plants in most plains of province will not noticeably 
change except of Torbat jam-Fariman that will increase equal 17, 14 and 18 percent in the growth period of 
wheat and 19, 18 and 18 percent in growth period of sugar beet and Sarakhs that will faced with reducing equal 
14, 15 and 15 percent in the growth period of wheat and 6 percent in the growth period of sugar beet according 
the above scenarios.  

 
Keywords: Effective rainfall, Evapotranspiration, Confirmed scenarios of IPCC, Downscalar model 
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