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 General Circulation Models 
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=�D4<0�  :�.O �� ..0�#V =���4-� ��&o8� !��1 ��� ���<� � ��p���  �/ � J+6�K� ��&� JF&� ���<� �

=�D4<0� �R&�,���� !�� JF&� %��� H�D/��� x�#�4-� �NO �./�&� ����&�#� J/�$�� ���� $� J" ,� �� �&O&� o*-

@+F .*i %�� J� H<�� !��n#/ $� =���4-� ��.�-� =.R J���� ."&�� �� W�  

  

 K�DO1��5%".� ��[�	� :��+�P� ��N� ���D�� �� jY�� �G�Q �N
 4�
 

�gNe Z��   �gNe kPG

(km2)  
��5%".�  ��5%".� lN�  

�.��-��mO ��[%��  
) l�:0��m(  

 !�0 kPG

 ^ N(km2) KN�  n��  

$�#�  1/4014  

=#"}*-  

�ti �V����  

t"$�#�W  

G�o*�  

,$�  

|�4-��8/  

=.@�  

,�o0�h J*0�  

!e&6&��8�@"  

o*-#��'�  

,����o*-  

,����o*-  

,����o*-  

,����o*-  

!e&6&��8�@"  

!e&6&��8�@"  

52°  22′ 
52°  30′ 
52°  27′ 
52°  15′ 
52°  11′ 
52°  04′ 
51°  48′ 

52°  09′ 

36°  19′ 
36°  11′ 
36°  12′ 
36°  06′ 
36°  12′ 
36°  06′ 
36°  12′ 
35°  52′ 

314  

1501  

933  

1055  

1309  

2156  

2042  

2058  

9/72  

2/118  

2/442  

4/290  

1/295  

2/308  

9/1308  

2/1178  
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 4�G NO ��N�� 7��M KD�CMIP51  

 :�- ��2008 }*��8� =�#V��" -�*R�&� /�NO ,��$�- 8�@A� ��+6�K� J��/#� :.� =.**" =.R ��O !��

� 8�@A�XX� �0&�Q �XH��  "�#+W @@86�X:.� J*��$ �� :� �� �� 8�@A� !$�-�.� JQ&8o� ��o0�:.� $� !� !��

8�@A� ?<�/�S� ���*R !�#�J�'R �� #Z&� !��"�/#�� � H�#" J�#i H�� !����&�$�� \�+F !$�- � �0��$�

���*��:.� 0�/�&� 0�-�*R � 8�@A� !#0b���� �� �� J�� /��$ [��
� �� ?�@A� *��?N� J8� $� �H0� #�  J"

iX �#�X:.!�� Q �S���*0� �S0 �W ��4��- ��X��� $� �@4�� J*��� ,�<S0 J�6�� ]0�#R � !�.*�� J���� �� ��

�0� �.*��Xo" ��X- �� .�#X :�2011 :.� O�#� H�6��!#- !�� CMIP5  n�o/� !�#� �&"b� =�#V��" [#4-� ��

 �.� J- J� M�/ !�#� ��+6�K��W#V ��#A [#4-� �� |&W .��  ��0�N/H�� ���� ?o*� %�� V #� ?�@A� #��B� :�.6�

=��� [�-�:.� JQ&8o� !�� !#- !��CMIP5 .R #�4*�  M��R J"40 :.� J@8O $� 8�@A� :.� !��

CanESM2 �=��� /�S� I�S�� ��.A ..R�� !#- !��CMIP5 !#- J� �'</ $� � J4W�0 �0� W� �&� M'A !��

 ��.�5/2  ��5/2  ��.X� JX� JXO��5/0  ��5/0  �,���S8� � ,&-) �-� J4W�0 ��
��� JO��2017.(  

  

4�
N.��QG ��	%��  D.DO 4�GRCPs2  

!��&0��*- RCPs  :�- ��2010  ��N� �.� �� 8�@A� ��#��B� :�� H�� �;�� #E/ #0$ � 8@Q J4�8" I0 ]-&�

Q&8o� ,�&8/XJ $� J" ��Qt(� $� !�Q ,�&4� ,� 10�4/X0�� �� 8�@A� ��#��B� @d� M��&X�&8/ ��=  ��� �� �N/� 

:.��#" :�8Q� 8�@A� !��J� �./.�� �&O�:.� . ���4/� � �E@r ,��� ,��/ !�#� ��&0��*- H0� 10�4/ $� 8�@A� !��

J/��@V !��$�VV�&6� ,� �� � !�� =���4-� F��� !#���" ��#��B� � ��*- ..**" =��&/�� !&0��RCP  M��R��Ni 

 :$� .*���'Q ��&0��*- H0� J" �-� \@4�� !&0��*-6/2 �5/4 �6 � 5/8  �#� $� Md�� 10�4/ [�-� #� J"!��#4����� 

Q�84O�- J�� !�#� ��$�V �#� �E@r ,� �� � S0e&6&*S� �!��p4A�=.R ��#( =.*0� !��./� ,�)  � ,���

 �,���S8�2011(.   

 :�.O ��2 =��&/�� !&0��*- ��Ni ���d&p� �RCPs  8�@A� ��#��B� ��0$�� !�#� ����� H0� �� .�-� =.R J����

  0#�� JF&� =.*0�$�#� !��&0��*- $� �RCP2.6  � (J/�*�� %&�)RCP8.5 ..R =���4-� (J/�*��.�)  

  

 K�DO2 D.DO 4�G 4�
N.��QG ��[�	� :RCPs  �,���S8� � ,��� ,�)2011(  

N.��QG  �[�	�  

RCP 8.5 �E@r ,� ��  CO2 :�- ��2100 #��#� PPM 1370 �J/��@V !��$�V #Z��R���� #� !����� !��  ��5/8 )�#�#4� #� ���  

RCP 6  �E@r ,� ��  CO2 :�- ��2100 #��#� PPM 850� �J/��@V !��$�V #Z�R���� #� !� �� ����� !��6 )�#�#4� #� ���  

RCP 4.5  �E@r ,� ��  CO2 :�- ��2100 #��#� PPM 650 �J/��@V !��$�V #Z��R���� #� !����� !�� 5/4 )�#�#4� #� ���  

RCP 2.6 �E@r ,� ��  CO2:�- �� 2100  #��#�PPM 490 �J/��@V !��$�V #Z��R���� #� !��� ���� !�� 6/2 )�#�#4� #� ���  

  

                                                      
=���      ..R �W�0�� �0�- H0� $� ��1 climate-scenarios .canada.ca  
=���      ..R �W�0�� �0�- H0� $� ��2 climate-scenarios .canada.ca  
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4���V �.��� \��,�].� KD�1 )SDSM(  

:.� SDSM I0 � )0#- J+-&� ��@��A J" �-� !���� =.**" [��
� 0� :.� ?"=��� J*0 � �� =.R [��
� 0� !��

J� ��D4<0� [��
�� ���� �� J/h�- � @pW �J/���� �J/�$�� ��&d :�- �� :.� H0� J�</ H�6�� ..R��2001  ��

,�&*Q SDSM 2.2  '@0� ]-&�.R J����  �,&*"�� ,��$ ,� $�  H0.*i ���!#D/$�� ��� .�W#V ��#A �td� �  H0�

���) [��
� {� � !����4W� H�� !���� ]���� :.�=.**" *�����) /��.0� �0 @�� � (��=./&R *�� #� �� (��

� ��#A#� J/�V.*i K� ,&�-#V� %�� [�-�=��� $� =���4-� �� ]���� H0� ..*" O�#� � =�D4<0� ��.���� !��

:.� %�#V !���  ��o0� /��.0� J���� =��� �� �&8Q |��d  �/ =.*0� �� ]���� H0� J" �-� H0� #� �#W ../&R

=��� �:.� H0� !���� ..*R�� ��./�#� � /��.0� J���� =��� �� [��
� {� � !��#�B4� �=�D4<0� J/�$�� /��.0� !��

:.� [��
� {� � !�X�#�B4�4/� !�X�&0��*- ��� �&8Q %�#XV !�� =.*0� ��+6�K� =��� !�#X� ,&V�/&V ���

�.R�� �8� !��o- � ���/)1395.( $� =���4-� SDSM  M��RJ@�#� �R =��� M0.'� � ����" :#4*" �� � G��4/�

��� !��#�B4�r =.**" *��X6�Xmo*-�� � .�6&X� �:.X� =��� !�X� �0��X�  ���d:.� o*-� �/X=���  �6���  �

!��&0��*- .�6&� =.*0� 8�@A� �.R��.  

  

�,PQ� �� ���Y� ���m0 ��DR� 4&�G��E V   

��#4�����! @A�8� 
� ��[�� h� J� ,�S� � ,��$M0 $!��0 B�#�� � .**" �� J".0 B� =&�/��#�� ,� �� #� [�-� 

 �� � ��.����=#N� !#�V  $�%�� !�� ����! +�H�� .�&R J� ������ H0� �� H��+� �&E*� :��#/ ,�&� =��� )0$&� !�� 

��.���� ]-&4� ��� ��#V&86&" !#4������/ ,&�$� $� - �&/#�8-� (K-S) -�#� !�#� � ./�� ��#��B� /��$ 

V./��� � 0��� !��#4����� �� [��
� @pW /��$ � !$�-��SR� � J/h�- #��B� ��.�� ?�@A� �� =��.��  ���+6�K�

,&�$� $� H� -J" .R =���4-� :�.*" S0 $� 10�� H0#� ,&�$� !�� !#4������/ M�@�� !#- !�� -�*R�&� � 

S0e&6��.�� J���8R � ���. ,&�$� !���� C��R Jg/�*i H� -  :�.*"(Z) {� �  $� #�96/1Ii&" �0 � +  $� #�

96/1- =��� �.R��  ,�*�8(� wK- �� ��95 {� � Jg/�*i � .d�� $� #�58/2Ii&" �0 +  $� #�58/2- =��� �.R��  �� ��

 ,�*�8(� wK-99 � ./�� !���� .d�� #�r �� ..*R�� H0� =��� ���&d  �����) �-� ./�� ,�.� � W��p� ��1396.(  

� ��0H  ������J� �&E*� $�-��SR�! B� ��.����# @A��? ��+6�K� =��.�� ��=��� $�  !�� ��.���� �#k"�.� !��� 

!��� �MA�.� !���  ]-&4�0#�� JF&� V./��� � $�#�  J�  �.�32 ) :�-2015- 1984 !�t��..R =���4-� (  

  

KD� �#�.&��  

=��� J<0�
� � :.� ��@��A ��0$�� !�#�J�'R � ��.���� %��� � ��� !�� #0$ !���� !�����+� $� J0�� =��� !$�-

 ]����) .R =���4-�1  6�4.(  

                                                      
1 Statistical Downscaling Model 
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 �]���� H0� �� J"RMSE  ��K� ��+�#� H�D/��� J�0�EF  �:.� 0���"VE  �(%) 8o� !�K�R2  �H��'� m0#F

Pi��� #0��
� � �:.� ]-&� =.R *��Oi �(+A��) ��.���� #0��
� �N=��� ��.+� � ���P ���� #0��
� H�D/��� *��

� :.� ]-&� =.RO �H�D/��� � ��.���� #0��
� ��.
� $� J" 6.� #� �H0�#��*� ..R��RMSE  �VE  $� � #48"EF 

� �*� ��#��B� J*���) � (I0 �� �0�N/R2 I0� /:.� #0�- J� �'</ :.� ,� �.R�� ����&�#� I0 J� #� �A� ��

#�h�� �<�") �R�� .��&� !2010.(  

=��� H0� W#+� �� �J���� �� :.� J� ��SDSM �� ��� %��� � ]-&4� �#k"�.� �MA�.� !��� J/�$�� !��#4����� �

 !&0��*-RCP2.6 J�%&� !&0��*- ,�&*Q � J/�*��RCP8.5 J� =��� J- �� J/�*��.� !&0��*- ,�&*Q20  J6�-2039 -

2020 �2059 -2040  �2079-2060 ��� J+6�K� ��&� J
K*� !�#� �� #4����� #� ��#��B� � .0�#V *��

.�W#V ��#A -�#� ��&� J0�� =��� J� �'</ \@4�� !��&0��*-  

  

�%�.b o�# � 

�� ���Y� ���m0 ��DR� 4&�G��E V �,PQ�  

:�.O 3� 10�4/ ,&�$� ��#V&86&"- !�#� �&/#�8-� J/h�- ]-&4� V./��� � ��� !��#4����� )2015-1984�� ( 

� ,��/ �� ��+6�K� JF&�  J� JO&� �� ..��10�4/ =��� �,&�$� �MA�.� !��� �#k"�.� !��� #4����� ��Ni #� !��

�� V./��� � ]-&4� !��� wK- :�84�� 5 *+� .d��J� �0 � =�&'/ ��� =��� �#D0� ���'Q� :��#/ ��..*R��  

  

 K�DO3 $N�&V b.�%� :K-S ��+�P� ��N� �,PQ� �� ��p�G �GN%� �MD���# � ��� 4�
�%���� 4��#  

����V  �f@�De 4���  JY�De 4���  �GN%� 4���  7��#  

Z 396/0  981/0  582/0  703/0  

P �Q��)(4���  998/0  291/0  888/0  706/0  
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10�4/ Md�� $� H� ,&�$� -  � ��� !��#4����� !�#� :�.*"V./��� $�#�  0#�� JF&� ��  :�.O4 J���� =.R  .�-�

 C��R ��.
� �:�.O 	��K�Z {� � J/h�- � @pW /��$ [��
� �� 0��� #4����� J- !�#� $� #�96/1J� + �-�

� �N/� �0� W� ./�� =.*�� ,��/ J" .��J� ..R�� �� ��N� �� ]-&4� !��� � ,�4<��� �� #k"�.� !��� J" !�&(

 ,�*�8(� wK-99  J�
� �� � .d��,��$ wK- �� ��95 *+� .d��� ��� �� MA�.� !��� �H�*g8� ..*R��

 ,�*�8(� wK- �� ,�4<�$95 ,��$ J�
� �� � .d�� ,�*�8(� wK- �� ��99 *+� .d�� V./��� #4����� ��� ..R ���

 ,�*�8(� wK- �� J/h�- V./��� �  �0�� ���N� ��95 *+� ./�� �.d�� .��� ,��/ ���" � ��� ��#��B� H0�#��*�

=���=��� �� J
K*� V./��� � ��� !��*+� ./�� @��&Q #�Zc� ��� � =�&'/ W��p� J4RbV !�� ,��/ �&� $� ���

=���../�  

  

 K�DO4����V :&� J;�e 4�
 $N�&V S�- ��+�P� ��N� �,PQ� �� �MD���# � ��� 4�
�%���� 4��# K�DQ@  

��p�G  $�%"�& ]�.�  $�%"#�0  ���#               �%����         $��&  
*16/2  *56/2  *04/2 **03/3 *98/1 �f@�De 4��� 
*37/2  *42/2  *86/2  *24/3  **63/3  �GN%� 4���  

**52/3  *34/2  **72/2  **60/3  **17/4  JY�De 4���  
*10/2 -  73/0 -  *98/1 -  05/0 -  *15/2 -  �MD���#  

               wK- �� *95  wK- �� **           .d��99 .d��  

  

 &��
 �gNe �� 7��# � ��� �0V !��g�  

 � D4<'8� m0�#XF JX� JXO&� �X�P-value ��� H��*��=.**"��� � ��=./&R *�� H0#�#Z&� �J0�� =��� �� ��

��� !��#�B4�*�� H�� $� =.**"26 ��� #�B4�*�� [��
� {� � =.**"CanESM2  � 0��� #4����� J- !�#�

=��� �10�4/ 	'( #� ..0�#V G��4/� %���=��� �� !#4N� D4<'8� ���#� JO�� !�� �� J<0�
� �� ��.���� !��

=��� !#0b�#��B� V./��X� J� �'</ � =�&� J4-&�� #�B4� I0 �X�� J" �-� �@Q ,�.� H0� ..*4R�� V./��X� !��

?"�� �@4�� M��&Q #�Zc� ��� JF&� I0 �� ,� ��.
� � �-� J4<<V ��8" I0 V./��� ��� .���� !#..R��  

 :.� �� =��� .�6&� .*0�#WSDSM ��d �o*-�� ��� J- M��RJ�'R � o*-� !$�- �� n�o/� !�#� ..R��

=��� $� �:�� J@�#� !���� =��� !��1999- 1986  �.� J�14 J@�#� !�#� :�- =��� $� � :.� o*-�� !���� !��

2005 -2000  �.� J�6 =��� .�6&� !�#� :�-��d J@�#� �0��� !�� ,&�$� $� Md�� 10�4/ ..R =���4-� o*-

��#V&86&"- =�� n�8� �� J" ��� ,��/ �&/#�8-� �� �� wK- :�84�� 5 #0��
� .d�� H�D/��� %��� � ��� J/���� 

=��� !�� ��.���� � J�'R -!$� ]-&� �� :.� ��d � o*-�� M��#�=��� o*- �J0�� *+� J� �0 � =.�/ ���

=��� �#D0� ���'Q� :��#/ ��J� �� H0�#��*� ..*R��,&�$� !#�V��" #�E/ I0#4����� !��t  J<0�
� !�#� M
4<�

H�D/�����d J@�#� �� ]-&4� !��� $� #�r J" .R C��� ��#0�- �� ��-&V� =�� �� o*-  M" �� ��#4�����

=�� �� �� wK- :�84�� 5 *+� �t4�� �.d�� H�� !��� #0��
� H�D/��� =��� J/���� !�� � ��.���� J�'R !$�- 

 :.� ]-&�SDSM �� =��� J0�� .(.R !����&� J(&�#� :��.O #"� $�) �R�./ �&O�  
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=��� !���� !�����+� $� Md�� 10�4/ �H�*g8�J�'R � ��.���� !�� � o*-�� M��#� �� %��� � ��� !$�-

��d o*-=���  :�.O �� J0��5 .�-� =.��  

  

 K�DO5 KD� �#�.&�� 4���V 4�
����� :SDSM ) �.� ���� ��2005- 1986(  

4���V hR�   
��QG�� ��e�� !�; ��e����QG 

RMSE VE  R2  
EF  RMSE VE  R2  

EF  
JY�De 4���  12/0  83/1  990/0  00/1  63/0  08/5  988/0  994/0  

�f@�De 4���  01/0  08/0  992/0  00/1  00/1  47/4  981/0  993/0  

�GN%� 4���  03/0  74/0  993/0  00/1  77/0  86/4  984/0  991/0  

7��#  18/3  69/4  998/0  996/0  32/5  33/7  995/0  990/0  

  

 :�.O J� JO&� �X�5#0��
� �  J� I0� / �J@�#� �� �� #4����� ��Ni #� �� :.� 0���"� I0 �.Q ,��/ J" .R��

�H�� .��  #0��
�H�D/��� J�'R � =.R =.���� J/���� %��� � ��� � ��#A#� �&� �
��K� =.R !$�-  �b6 �.R��

����&�#� '-�*� �#S@8Q $� :.� �� .�-� JO&� J�  �=.R J'-��� !���� !�����+�#F0�m D4<'8�  wK- ��5 

 .d��*+� ��� @��A $� ,��/ � =�&���  �� :.�J�'R !$�- B4����#! @A��8 �.�� . �!���� !�����+� J�@" #E/ $�

 :.� �A�!�#� ������ MA�.� !��� *����� �A� � ��#�B4� #0�- $� #�?" %��� *��=��� .�&� J�
� $� #�  !��

��� V.*"�#� %���=��� J� �'</ !#� =��� ��� �./��� ��� !�� ?" ��#��B� $� ��� !����� ?E/ � #� ../����&�#� !#�

 MSR ��2=��� J/���� %��� � ��� H�D/��� #0��
� J<0�
� � J�'R � ��.���� !�� ��d J@�#� �� !$�- :.� o*-

..R =��� �0�8/  

 MSR ��2 J�=��� J/���� H�D/��� J" �-� C��� �&F� �&(J�'R !�� �&� 	��K� %��� � ��� !��#4����� !$�-

H�D/��� �� =��� J/������d J@�#� �� ��.���� !��=�� $� �#� �� .*i#� ../��� :.� o*- H�� �t4�� ��

H�D/���� =.���� �� ,&�$� J� JO&� �� ��� ��&Rt J� �M
4<� H0� ���&� J�
� �� ��-&V� =�� �� ]-&4� !��� $� #�r

�t4�� wK- �� ��5 *+� .d��8/ ���..*R��  
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 JE 2���� ���
�� 7��# � ��� �.��,� �".�,� : ���  � �D  �D
�	� 4�
 KD� ��QG���%�� ��e�� �� �D  4&�G  

  

J� #0��X
� ,�&� G&@K� �@" �&(!�����+� *+� �t4�� n.XQ � :.X� ��0$��=.���� #0��X
� H�� !��� � !�

J�'R :.� m-�*� 0���" .0&X� �!$�-SDSM J�'R !�#�- J+6�XK� ��&X� J
K*� �� =.*0� 8�@A� ��+F� !$�

�..R��  

:.� $� q� !&0��*- �� ��� %��� � ]-&4� �#k"�.� �MA�.� !��� J/�$�� !��#4����� �!$�-RCP2.6  �RCP8.5 

 =��� J- ��20  J6�-2039- 2020 �2059 - 2040  �2079 - 2060 ��� J+6�K� ��&� J
K*� !�#� ..0�#V *��  

 MSR3� ���� J/���� !��� MA�.� ]-&4� #0��
 J0�� =��� �� J<0�
� �� &0��*- �� !�#� �� =.*0� =��� J- =.R *��

� ,��/=�� �� J0�� =��� J� �'</ =��� J- #� �� J/���� MA�.� !��� �&0��*- �� #� ��� ..�� � J0�&W �J0&/�e !��

=�� #0�- �� � ���" #'��-��" ,� �� .�W�0 �0� W� ����� J0�&W � J0&/�e =�� �� �� MA�.� !��� �� =�� $� #�

) /�0�� =��� �� �N*� .�&� #'��-�2079- 2060 !&0��*- ��� � (RCP8.5 J0�&W =�X� �� MA�.� !��� ���" �

���=�� �� MA�.� !�X�� �0� W� ,� �� �H�*g8� .�-� =�&� #'��-� $� #� =��� �� �� #'��&/ � #'��4~- �!h&O !��

��� /��� � 0�.4��=�� #0�- $� #�� JW�F� �N/� J�  �/ �-&V� =�� 0�N4/� =��� �� J" �&� �� =.*0� �� �H0�#��*� .�&R

=�� �MA�.� !��� #E/ $�J� :�- n#V !��n#V �,�4<��� MpW L&p� .*��&� #��#- ,�4<�$ MX0��� �  �0�� #X���� � #�

� ,��/ &0��*- �� J<0�X
� ..R.�� ?" JX"��� � H0#�J� MA�.� !��� �0� W� � ���" ,� �� H0#� �� m��#�

 !&0��*-RCP2.6  � 0�.4�� =��� ��RCP8.5 ?" ��0�N/ �� .�-� =��� P� /�0�� =��� ����� � H0#� ��.
� H0#�

 #��#� J/���� MA�.� !��� H�D/��� �0� W�04/0  �1/4 4/�- JO��J� J" �&� ��#V- �� m��#� !��&0��*RCP2.6  ��

 � 0�.4�� =��� $� #'4"� =��RCP8.5 ..R =.���� 0�N4/� =��� $� #'��4~- =�� ��  
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 JE 3�DQ.V ���� �� ���
�� JY�De 4��� ����& 4�G �".�,� :  

  

 MSR4��� J/���� !��� #k"�.� H�D/��� �� ,��/ J0�� =��� �X� J<0�
� �� �� =.*0� =��� J- =.R *��..��  J�

=�� �#� !�*k4-� J� �&0��*- �� #� ��� @" �&( H0#4��� .�R�� �0� W� ./�� J/���� #k"�.� !��� H�D/��� ���

 !&0��*- J� �&�#� �� =��� J- #� �� #k"�.� !��� ���" � �0� W� ,� ��RCP8.5  #k"�.� !��� H�D/��� .�&�

=�� ��J� � #'��-� �J0&/�e !���M0��� �� � O �&( =�� #0�- �� � ���" #k"�.� !��� ���" ,� �� .�W�0 �0� W� ��

��� #'��-� =�� ��JX� ��&� #D0� =�� �� $� #���� J" !�&( !&0��*- ��� ,� ��.
� H0#�RCP8.5  /�0�� =��� �� �

=�� $� #k"�.� !��� �0� W� ,� �� .��4W� |������� #'4"� �� H��e !��=�� #0�- $� #� ��&� ��J� $� ,� ��.
� J" !�&(

=�� #k"�.� !��� J� =.*0� �� �Jo�4/ �� .�W�0 �0� W� 0�N4/� J� 0�.4�� =���J� :�- n#V !�� ,�4<��� MpW L&p�

� ,��/ &X0��*- �� J<0�
� .�W�0 .��&� ���" ,� ��.
� ,�4<�$ :�� �  �0�� #�� ��� �.R .��&� =�� W� J" .��

?"�� �0� W� ��.
� H0#� #��#� � � =�� �� #k"�.� !�03/0 4/�- JO�� !&0��*- ��� J" �&� ��#VRCP2.6  ��

��� ..R =.���� 0�.4�� =��� #��#� � #'��4~- =�� �� #k"�.� !��� �0� W� ,� �� H0#�2/3 4/�- JO�� J" �&� ��#V

 !&0��*- ��� � 0�N4/� =��� ��RCP8.5 J�.�-&�� v&A�  

  

  

 JE 4G �".�,� :�DQ.V ���� �� ���
�� �f@�De 4��� ����& 4�  

  

 MSR5��� J/���� ]-&4� !��� H�D/��� �� ,��/ J0�� =��� �� J<0�
� �� �� =.R *�� =�� �� !�*k4-� J� ..��

J� J/���� ]-&4� !��� H�D/��� �#'��-� � J0&/�e��� .�R�� �0� W� ./�� n&8Q �&( ���" � �0� W� ,� �� H0#�

4� !��� !&0��*- ��� ]-&RCP8.5 =�� �� ]-&4� !��� H�D/��� .��4W� |���� �� � ���" �#'��-� � J0&/�e !��

=�� #0�-=��� M" �� #'��-� =�� �� ]-&4� !��� ���" ,� �� .�W�0 �0� W� ����� ��&0��*- � �� ��&� J0&/�e $� #�

J���� J" !�&( ��� ,� ��.
� H0#�!&0��*- RCP8.5 �� �� � $� ]-&4� !��� �0� W� ,� �� .��� P� /�0�� =�
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��� #'��&/ �� H��e !�N���=�� #0�- $� #�J� ��&� �� �0� W� .X/�� 0�N4/� JX� 0�.4�� =��� $� ,� ��.
� J" !�&(

��� �H�*g8� .�R��J� ]-&4� !�X�� �0� W� H0#�=�� �� m��#�J� #'��&/ � #'��4~- !��#��*� .�-&�� v&A� �� �H0�

=�X� ]-&4� !��� JX� =.*0�J� :�- n#V !�X� :�� �  �0�� #�� ��� �.R .��&� =�� W� ,�4<��� MpW !�N4/� L&p�

� ���" ,�4<�$?" �&0��*- �� J<0�
� �� ..��0 #��#� � [��� =�� �� ]-&4� !��� �0� W� ��.
� H0#�01/0  JO��

4/�- !&0��*- ��� J" �&� ��#VRCP2.6 � ����� �H�*g8� ..R =.���� 0�.4�� =�� !��� �0� W� ,� �� H0#�

 #��#� � #'��4~- =�� �� ]-&4�4/3 4/�- JO�� !&0��*- ��� � 0�N4/� =��� �� J" �&� ��#VRCP8.5  v&A� J�

.�-&��  

  

  

 JE 5�DQ.V ���� �� ���
�� �GN%� 4��� ����& 4�G �".�,� :  

  

 MSR6 %��� H�D/��� #0��
� �� ,��/ =.*0� =��� J- !�#� �� J+6�K� ��&� J
K*� �� J/���� �� #� ��� ..��

=��� �� J/���� %��� H�D/��� �&0��*-J� J0�� =��� J� �'</ �� !�� ,� �� .�R�� ���" ./�� �J0�&W =�� $� #�r

=�� #k"� �� %��� H�D/��� ���" !&0��*- ��� ��RCP8.5 ��� !&0��*- $� #�RCP2.6 ?" .�&� ���" ��.
� H0#�

 #��#� %��� H�D/���1/0 @�� !&0��*- ��� H��e =�� �� #4�RCP2.6 ��� � 0�.4�� =��� �� #��#� ,� ��.
� H0#�

6/14 @�� !&0��*- ��� � #'��&/ =�� �� #4�RCP8.5 J� ..R =.���� 0�N4/� =��� �� %��� ���" ,� �� �@" �&(

=�� ���M0��� �[��� !�� ��� ���" ./�� #'��&/ � #'4"� �#'��4~- ��-&V� �!h&O �� #�� H0� .�-� J4R�� !#�

� ,��/=��� �� J" .��  �/ I�� MpW �� ,� ��.
� $� �,����#� :&pW �� V./��� ���" #� =�tQ ��� !��

I�� �I�� :&pW � =.R J4-�X"..R .*��&� #�  

  

  

 JE 6�
�� 7��# ����& 4�G �".�,� :�DQ.V ���� �� ��  
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 :�.O ��6 !&0��*- �� ��� �� =��� J- ( %��� � ��� #4����� ��Ni !������#� J/���� H�D/��� $� Md�� 10�4/ �

%&� H�D/��� =�#8� J� J/�*��.� � J/�*��,���  .�-� =.�� =.*0� =��� M" � J0�� =��� ��  

  

 K�DO6KD� &� J;�e b.�%� : SDSM %�� 4�
N.��QG !�0�DQ.V ���� �� q�  

�%����  
���
�� �f@�De 4���  ���
�� JY�De 4���  ���
�� �GN%� 4���  ���
�� 7��#  

RCP 2.6  RCP 8.5  RCP 2.6  RCP 8.5  RCP 2.6  RCP 8.5  RCP 2.6  RCP 8.5  

�.� ���� S�5����  85/15  85/15  61/3  61/3  73/9  73/9  02/49  02/49  

2039- 2020  19/16  44/16  10/4  27/4  13/10  36/10  78/46  64/45  

2059- 2040  30/16  61/16  22/4  41/4  31/10  50/10  08/45  70/43  

2079- 2060  92/16  76/16  34/4  74/4  40/10  69/10  68/43  60/41  

�DQ.V ���� S�5����  47/16  60/16  22/4  47/4  28/10  52/10  18/45  65/43  

  

 :�.O 10�4/6J/���� !��� H�D/��� �0� W� $� "�� �  !��� !��#4����� !�#� �0� W� H0� .�-� JF&� wK- ��

J� ]-&4� � MA�.� �#k"�.� m��#�62/0 �61/0  �55/0 4/�- JO�� !&0��*- !�#� ��#VRCP2.6  �75/0 �86/0  �

79/0 4/�- JO�� !�#� ��#V!&0��*- RCP8.5 J�=��� �� ]-&4� �&( #� ��#��B� ./�� J" H0� H8F .�-� �� !��

 J-� �0� W� J0�� =��� J� �'</ 0�N4/� J� 0�.4�� =��� $� &0��*- �� #� ��� 0��� #4����� 10�4/ �� J" .��0

n.A� @�@� ��
�
�� ,���S8� � )1391) ,���S8� � !$��&V �(1394) ,���S8� � &6� � (1998 .���� �
��K� (

 !&0��*- �� �� =��� J- ( ��� �0� W� ��#��B� =��.��RCP2.6 J� ]-&4� !��� � MA�.� �#k"�.� !��� !�#� 

 #��#� m��#�57/0-34/0 �73/0-49/0  �67/0 -40/0 4/�- JO�� !&0��*- �� � ��#VRCP8.5 JX� #X��#X� m��#�

91/0- 59/0 �13/1 -66/0  �96/0 -63/0 4/�- JO��� ��#V !&0��*- ��� 0��� ��#��B� H0#48" ..R��RCP2.6 

0�.4�� =��� ����� �  !&0��*- ��� 0��� ��#��B� H0#�RCP8.5 � P� 0�N4/� =��� �� ..��  

 �JF&� J/���� %��� H�D/��� #4����� ��&� ��JE�t� � 0�.4�� =��� ( ���" ./�� �&0��*- �� #� ��� J" �&R

) /�K@- � �&'d 10�4/ �� J" ���� �&O� 0�N4/� ��1388) ,���S8� � !$��&V � (1394 H�D/��� .���� �
��K� (

=��� �� %��� ���" #��#� �� !��8/3 @��) #4�83/7  !&0��*- !�#� (.d��RCP2.6  �4/5 @��) #4�95/10 

 !&0��*- !�#� (.d��RCP8.5 � !&0��*- �� �� =��� J- ( %��� ���" ��#��B� =��.�� ..R��RCP2.6 

 #��#�4/5 -3/2 @��) #4�9/10 -6/4 � (.d��  !&0��*- !�#�RCP8.5  #��#�4/7 -4/3 @��) #4�1/15 -9/6  (.d��

.�&� .��&�  

 !&0��*- ��� ��0�N/ ��RCP8.5 ��� =��� !�N4/� ��) *��2079  � MA�.� �#k"�.� J/���� !��� �(!�t��

J� JF&� ]-&4� m��#�91/0 �13/1  �96/0 � %��X� � �0� W� J0�� =��� JX� �'</ ��#V 4/�- JO�� J/���4/7 

@��) #4�1/15  .�W�0 .��&� ���" (.d��  
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���%�4��M  

 =��� ��#��B� J" ��� ,��/ ����� H0� 10�4/=��� �� J
K*� V./��� � ��� !��  =�&'/ W��p� �J4RbV J+6�K� ��&�

�@��&Q #�Zc� ��� �  ./��*+�=��� ../��� ,��/ �&� $� ���=��� �� !#4N� D4<'8� ��� !�� �� ��.���� !��

=��� �� J<0�
� V./��X� J� �'</ � =�&� J4-&�� #�B4� I0 �X�� J" �-� �@Q ,�.� H0� ..*4R�� J0�� =��� %��� !��

?" !#0b�#��B� ��� .���� !#�V./���  �@4�� M��&Q #�Zc� ��� JF&� I0 �� ,� ��.
� � �-� J4<<V ��8" I0

��� V./��� � ��� ��#��B� ..R�� =�� ,�*�8(� wK- �� &0��*- �� #� �� :�- \@4�� !��95 *+� .d�� .�&� ���

 !&0��*-RCP8.5 ��� �� %��� ���" � ��� �0� W� ,� �� !&0��*- $� #�RCP2.6 ��� ,��/  ���4/� ,� M�6� J"

J/��@V !��$�V/�#�� !&0��*- ��� ��0�N/ �� .�-� &0��*- H0� ��� #4��� !� *+0 #�RCP8.5 =��� !�N4/� �� �

���) *��2079 J� JF&� ]-&4� � MA�.� �#k"�.� !��� �(!�t�� m��#�91/0 �13/1  �96/0 4/�- JO�� ��#V

 %��� � �0� W� J0�� =��� J� �'</4/7 @��) #4�1/15 �� JX� =.*0� �� .�W�0 .��&� ���" (.d��X ]-&4� !�

=�X�J� :�- n#V !�X�pW !�N4/� L&p�� ���" ,�4<�$ :�� �  �0�� #�� ��� �.R .��&� =�� W� ,�4<��� M � .��0

 :&pW � =.R J4-�X" I�� MpW �� ,� ,� �� $� �,����#� :&pW �� ,� ��.
� ���" #� =�tQ  �/ V./��� !�#�

I�� �I��*��&� #�J��/#� �� �-� n$h J" .R .Y�d&p� �&�" .R�� ,�#0.� � ,� 0� ��� ��� !��c � G� H��

� � =��� ��#A #E/ .� �� ,� !$����"c..*0�8/ l��6 ��� =e�#� ���- � ��#( #� �� !&O !��#4����� H0� ��#��B� #�Z  

J�*+� �t4�� n.XQ � :.X� ��0$�� !�����+� #0��X
� ,�&� G&@K� �@" �&(=.���� #0��X
� H�� !��� � !�

J�'R :.� m-�*� 0���" .0&X� �!$�-SDSM J�'R !�#� J+6�XK� ��&X� J
K*� �� =.*0� 8�@A� ��+F� !$�-

�..R��  

  

 j#�Q�  

H<� �H�<�#��� ���W� /���A��6�<� �\-&0 =��$@Q �&�) H<�� !.*@�� �F��&� �#Bd�1395J�6&� J/��6�- ��0$�� �( JF&� 8�@A� !��

\�"  ����=��� �� ����� ?o*� %�� V $� =���4-� �� �� !��H�� �c����� J0#�/ �?�@A� #��B� :�.6� .@O ���� � G� ����� !��23 �

 =��8R6 Cd �233 -217. 
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Abstract  
Due to the low spatial resolution and simplification of atmosphere general circulation models compared to 
regional and short-term models, the outputs of these models cannot represent an accurate approximation of 
climatic conditions of the study area. Due to the time-consuming and lack of economic efficiency in the use of 
dynamic models, there has been increased public attention to the use of statistical downscaling methods. One of 
the most useful and common methods in statistical downscaling is SDSM. For this purpose, the first, the 
atmospheric parameters in the region over the past 32 years (1984-2015) was investigated by the Mann-Kendall 
test. The results showed that changes in temperature and rainfall data have a significant trend. Then, by down-
scaling, the data using SDSM software, the daily parameters of maximum, minimum, average temperature, and 
rainfall of Haraz river basin in Mazandaran province were simulated according to RCP2.6 (optimistic) and 
RCP8.5 (pessimistic) scenarios and CanESM2 Climatic Model from the new CMIP5 series in three periods of 
twenty years from 2020 to 2079. Finally, under the RCP8.5 critical scenario, until the end of the prediction 
period, the maximum, minimum, and average temperature of the basin will be increased 0.91, 1.13, and 0.96o C, 
respectively, and precipitation decreased 15.1% (7.4 mm) compared to the base period.  

 
Keywords: Rainfall, Haraz River Basin, Downscaling, Temperature, SDSM model. 
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