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Global climate change is among the most important agricultural and food 

security challenges. This study tries to investigate the effect of climate change 

on potential yield and water productivity of forage maize (Zea mays L.) in 

Iran. Two scenarios of RCP4.5 and RCP8.5 are used to predict the future 

climate (2050s) and climate data of 2001-2015 have been used as the base 

period. Potential yield is estimated using SSM-iCrop2 model according to the 

GYGA protocol and the climate changes for both scenarios are applied in the 

model. The results show that the climate change will not have a considerable 

effect on forage maize yield compared to the current conditions (85.6 ton ha-1) 

and will only lead to an increase of 0.9% and 1.6% in on both scenarios, 

respectively. This may be attributed to maize being a C4 plant and thus non-

effectiveness of CO2 increase on its growth. Also, the temperature will remain 

in optimum range for maize in most of the main regions for forage maize 

cultivation areas in Iran. Water productivity in both scenarios will increase by 

0.4% and 1.6%, compared to current conditions (10.4 kg m-3), respectively, 

which may be due to increased CO2 concentration and more closure of 

stomata. Also, improved water productivity in forage maize may be attributed 

to increase yield potential due to the fact that no considerable changes are 

observed in terms of the required water, evapotranspiration and irrigation 

times.    
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��� �� F�8�� B@� ��, �� �G�H >,
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 �� 	)��I �" B��<� ���C8 ��JK8 �:��� L),	�@� 
 "�7�;� $M��� N�O PI ��
  ��)Zea mays L.(  �"

>�. ���� .)9 ��S!� ����� ) 	)��I �" B��<� ���C8 ����2050  ������: 
" �� (�"U��RCP4.5  


RCP8.5  
	"�" �� &�: �" �:��9��, ��,  ��,1394-1380 $� �
" ����� ���� 	 .)9 	"�XY:� 6�(!�Y.

$��9 &)� �� 	"�XY:� �� "�7�;�  �,��� ���:SSM-iCrop2  
Z�:��� 	��9 $��!  
 )9 "�
I�� � ��

$��9 &)� �" �����: �, ���� �;��<� N����C8  &�;�� ���:)9 B��<� ���C8 $� "�" ���! [��Y! .Z�:��� 

�����: 
" �,� 6��< ��JK8 	)9"�� $M��� N�O "�7�;� 6�(!�Y. �� ����Y��  ���M F���9 $� ��(! ��

 F1M 
 �9�)! &"��� ����\M� ]A��9/0  
4/1  ���M F���9 $� ��(! 	)9"�� ������: 
" �" )^�"

)6/85  �� $S�Y! _�� .)9 ),��` (��Y7, �" _8�� $������@? $� ���8  ��JK8 �)� $S�Y! �" 
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 >��\M�CO2  �� 
 �I "�7�;� 
 )9�B, _��? �<��  �" $��@� ��,��" $���" �" ��" �)!��>�� �8  =����

$M��� N�O )�0�8 ��^� �;��<�  ."�" ��(! ����� �" ��	�@� ��\��  ��\�� $� �����: 
" �, �" \�! PI ��


4/0  
6/1 ) ���M F���9 $� ��(! )^�"4/10 �� >��\M� (]�7��Y� �� ������� 0" $� )��� �0�;YH� 6�

 >��\M� �I �a�ECO2 $Y(� 
 $!�
� �)9�8 �� �,  .)9��B, _��? �$� �I 6�0"  $� ��\�� �" �!�)�? ���C8

 PI
 �M�b�  c��8 
 ��d�8�� )�! 	),���  ���8	�@� >��\M� PI ��
 $M��� N�O �"  >��\M� $� �� ��

."�" ��(! "�7�;� 6�(!�Y.  
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1 .�&'(&  

>0�? �� �7� �8�� B@� ��,$� B��<� ���C8 .�:� �!�@A B��<� ���C8 ����DE ����� 
 ���
��� �� F  �� �7� �����

��^� �(�� NU7�� _��8 �(�� ��< �f�i�  ) �:� 	)9 $YM�� �a! �" B7� 
IPCC, 2007(.  "�A
 ���M���.  ��,

6��< @A�8$� � �" $���� &�bi��. ��<�� eU^� 
 )�0�8 ����)� ����:�\�!�7�  ��:� 	)9 ��S!� ��, 
 PIB, ���? 

$�  �����B@� �� �7� _���8 6���� _��8  ����� ��,��� "�7�;� 	)����� P�(i� ) "�9Faraji & Soltani, 2009 .(

�" �a�E  "
)H �� _���)�(��280 �Y��^ PU1!� �� 6�< �" &�� �� &��
�7��  $�379  $YM�� >��\M� &�� �� &��
�7��

:� �	"�XY:� $� �� 	"�Y(� � �`�: 6 �A �f< 
 ���(M ��, B@� �� �, $� >��\M� _�� 6�j" _��8 �� ��;9  )��I

)IPCC, 2007 .(_�;S�.  k��\� NK�,_�� ��;0���<� ���C8 �B1 )IPCC ($� �:� �I � !���  ��,��� ���Y!� >��\M�

$!�d�� �S�� �� $� �\M���,� 0� 
 ��)1� �" ���C8 ��!�@A ���" >�  �f�i� N����d� N)9 
 ���78 �" >��\M� 
 k���

	�
" ��0�(7�` )�!�� ������� ��, >8I 
 6�:  ���:>�� ����;�� �� $f��� _�� �" 
 )9 ),��`  ��8 ����A $�

_�� ���;0� �� ��)�, ) ),"IPCC, 2014(. _�� ����  �� �"�bY<� )�I�" �l��)H �;��<� B�m� �, �i8 ���Y� $� )�0�8

���
��� Nj�bi� $��!�� $!�� �, ��S!� �� 6�< $� �:� ��
�G �"�;! �9�"�� ��  ��\�� ��\�� )�!�� ������ ��JK8

 6���� �`��9 .�M�� �a! �" �� �:��9��, 6���� � �" 
 N���H $A�" N����C8 $���" ���)!��� 
 �f�i� n�Yd�

B@� �� �N
�XY� F���9 ���� ]:��� ��,��� P�dY!� �� ���
��� Nj�bi� )�0�8 �" �Jh� 6���� _��8  )9��

)Koocheki & Nassiri Mahallati, 2008(.  

&�: �� �" $� �"�A
 �� >����I ��`� ��, ��S!� ��, F�i� �" 	)9 &�Y�� ��,  "��� �" �� �"��� N��U�� 	)9

 ��JK8\M��" �a�E �� 
 N���H $A�" >��  �� _���)�(��)����M ��:� 	"�� B,��M ��,��� �;! 
 )9� ��,���  o�! _��

 
 	"�� $��\,�. ���(� N��0�f��I ���A�  $� �,_Y9�" ) �:� $Y(��
 =�<" ��,��\��Koocheki & Nassiri Mahallati, 

2008( .k
� $�:�8 &)� ��, ���:� B� 
 ]:��� _�\ ��A ��\,$ �� &�H �" $� �:� N��0�f� o�! _�� ����  �G�H

 $A�8"���>,
-.  �����:� $YM�� ���<. &)�  ���;� k"�� ��,)GCM(2 _�� �" 
 ]:��� ��\��  ���� �1�<" &�H

>�. 	"�" 
 	"�� 	)��I �;��<� F���9 ���� &)� ���A� ���� ��j ��, $��9 ��,  �i8 ����� Nj�bi� �;!
)9� ���:

�� B,��M �� B��<� ���C8 F���9  )!��:)Jones et al., 2003.(  

) N�OZea mayz L.( B@� �� �7�  �:� ����� ����� ��,��� _��8�� ��� $M��� 
 $!�" )�0�8 L), 
" �� $�  ."�9

>�� $� ���� 
 ��" $�DC8 �" 	��� _�� L�b� _��8 �� 	)9���: 
 	��8 $M��� �$!�" N��^ >�� N�O ]�8�8 _�� $� .)9�� $� �8  ���

	"�
I�M )�0�8 =��� �� B�1Y(���E Bd8 ��9��) ���� 
 ��" ��, ��" >1! ��(!� $�DC8 �" (N����0 
 p�� ")Densley et al., 

2006.( $� 	��� _�� ��-�
 �"�����" 6�0" B, ���, $M��� �j�� ��X�� �qf: )H�
 �" $M��� "��� )�0�8 ��?  �	)9 ���: � ��\��

j�� �m�!�  
 (j�� PDA 
 Br, �����<) B� ���M$� $M��� ��,��� _��Y@� �� �7� ����� $� �� �� ��;9  "
�)Densley et al., 

2006.( $M��� N�O "�7�;�  "
)H ����� �" ��45  "
)H �� $!j�: $� �:� ��Y7, �" _84800 _��� �� ��Y7,  ��� ��� ��,

 &�bi� _��216 �� )�0�8 $M��� _8��\,  ����
��� "�@A N���
 $��!���I) "�91396$M��� N�O ��� ��� qf: .(  �" ��

 )�0�8 �� ��Y7, ������ s� ��@A3/8 �� _8 �������� $M� ) )9��FAO, 2019(.  

 
 ���DE �^��� 
 PI ����� ��"
)i� �
)� F���9 �" td�� F�i� s� �" B<� s� �� $� �"�7�;� �l��)H

B, _��? ���;�� �N�MI "�A
 �)� n�� ��, 
 �r� N���H ���, ��, >�8 �
)� F���9) .... $� (	)!���E 
 	)!� ��,  �:"

                                                                                                                                                            
1. Intergovernmental Panel on Climate Change 

2. General Circulation Model 
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��  	)���! 6�(!�Y. "�7�;� )�I��  "�9)Fischer, 2015(.  ����
��� F:�8 o��\� �" $� �:� �"�7�;� ��<�
 "�7�;�

�� )�0�8  ."�9u` �7�;�$� "  �����6�(!�Y. _�� LUY`� "�7�;�  
 "�7�;� ��<�
�� n���8 �9 ")Fischer, 2015(.   

"� B,��M N��^ &)� �N)�)��� �:��9��, ���I �"�� $��9 ��,  ����� ��,��� ���: "�7�;� 6�(!�Y. �� ��Y@� "�
I��

�� ���! �� &)� _�� �" ���� )�," �� 	"� _�;d8 �Y@� ���� �� �" ��)!��� 
 ����8 �����" N�!�:�! �J� �, ) "�9Van 

Ittersum et al., 2013(.  

SSM &)� �� �,
�� $� $��9 ��, �� cU�� �,��� ���: �I �`�: $� "�9  &�: $� �,1986 ���� `�: .""�� _�� ��Y

 �� &)�30  ��,��� $;, ���� v����18 
 $YM�� "��@� &�: &)���� .�:� 	)9 	"�XY:� �����iCrop2  ��^� &)� �� $YM����

SSM ��  )9��)Soltani et al., 2020( . &)�SSM-iCrop2 $��9 ���� �:� 	)9 $�@8 n�Yd� ����� ��,��� )9� ���: 

)Soltani & Sinclair, 2020� .(���S!I�  $� _���� &)� "
�
 ���� 6(�� 	"�Y(� $iX^ 	"�" �, w
�` 
 [��Y! �� 	"�XY:� )��� 

.�:� 	"�: �I �� ��� $��9 ���!��8 &)� _��  �� �7�` >�8 ��JK8 �x�� ���. 
 k�Y(� �s�m�0��M �;!
)9� 6H��� ���:

B, 
 s�` 	"�� ����8 �s�` 	"�� )�0�8 � ��,��") B��Y(�� ��,��" ��JK8 �_��? 
 "�7�;� 6�7�8 �x�� qf: �� (_���. 
 j�

 "��" �� y�` PI $!����)Soltani & Sinclair, 2011; Soltani & Sinclair, 2012( e�� k��\� �" &)� 6��� N��z\A .

Soltani et al. )2020 &)� �j�� ���!��8 .�:� 	)9 ���� (SSM-iCrop2 $��9 �"  ���:  �)�� )�!�� �!�,���)Soltani et 

al., 2013; Soltani & Sinclair, 2015; Lollato et al., 2017; zahed et al., 2018( ���: �)Sinclair et al., 2005; 

Nehbandani et al., 2017() �����: �Sinclair et al., 2005 B�" �A �()Alasti et al., 2020(]�: �  �����)(Dadrasi 

et al., 2019 )�<�)�C? �)Mohammadzadeh et al., 2019( .�:� 	)9 k��\� ... 
 

	��9 ) � �� $��!GYGA(1 k
� �� �7� �� P�(i� "�7�;� $�:�i� ��,  F:�8 $� "�9Van Ittersum et al. 

)2013( �" � �� L), .�:� 	)9 $�@8  �"�7�;� 6�(!�Y. N��U�� 6��9 $� �:� ���U!I {��� �"�"���< Z�Y:"

�� ����� ��,��� "�7�;� u` 
 ��<�
 "�7�;� $�@. 
 ��� qf: �" �,"�7�;� .)9�� �� 	"�" >��;! �;��<� ��, .)!�9   

 k��\� �"IPCC )2014(>�. ���� �  ������: ��@? �	)��I �" B��<� ���C8 ����RCP
2 �9 n�Yd� 6�RCP2.6 �

RCP4.5 �RCP6.0  
RCP8.5 �����: .�:� 	)9 �H���� RCP4.5 $� k�` $� 6��;Y� $!��� �0�H �����  �����: 
 $!����

RCP8.5 $� $!����)� ����� �� $Y`��9 B��<� ���C8 ������: _��8  &)� 
 �Y0" k
� �� 	"�XY:� �� ��,
-. �" ."�9SSM-

iCrop2  "�7�;� �� B��<� ���C8 �J�]�:  ����� �" ����� &�: ����2050 $� [��Y! .)9 �:��� �:"  
" �i8 >,
-. _�� �� 	)�I

�����:��, RCP4.5  
RCP8.5  .�9�" "�7�;� 6�(!�Y. ��\�� �" ���C8 �)� �� ���! &�H F���9 �" "�7�;� 6�(!�Y. ��)1�

 �!��� 	�
")2006  �82015 ����� (4/67 ��Y7, �" _8  )9 k��\�)Dadrasi et al., 2019($� [��Y! . �:"  >��\M� �J� �� 	)�I

�" �a�E  �����: ��@? �" _���)�(��A1B �A2 �B1  
B2 $� N�O 
 �A ��)�� "�7�;� �� $1f�� ��^� NUE �����  �

 	�
" �" N�O "�7�;� $� "�" ���! _�
\< �9"26  $0�:2035 -2010  	�
" $� ��(!26 ) ���� $0�:2009 -1984$� (  ���

��� _�� _� !11/5  �814/4 $� >��\M� _�� N�O 
 �A "��� �" .�M�� ),��` >��\M� )^�"  ]�8�811/3  �88/5  
4/3  �83/7 

 )9 k��\� )^�")Ramazani Etedali et al., 2018( ��I 
 B�" �)�� "�7�;� �� B��<� ���C8 ��JK8 �:��� ���� ��,
-. �" .

$��9 &)� �� ����� �"  ���:HadGEM  �i8 �����: 
"RCP4.5  
RCP8.5  ��\�� "�" ���! $�0�f� _�� [��Y! .)9 	"�XY:�

) $!��� 	�
" ���� B�" �)�� �" "�7�;�2055  �82069 �� (4/2  $� ���M F���9 �" ��Y7, �" _88/3 ���� ��Y7, �" _8 RCP4.5 

 
6/4  ���� ��Y7, �" _8RCP8.5 
" 	)��I 	�
" ���� ��\�� _�� $� )�:� ),��`) �2085  �82099$� (  ]�8�81/4  
3/5  _8

                                                                                                                                                            
1. Global Yield Gap Atlas 

2. Representative Concentration Pathways 
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 )�! 	),��� ����C8 	�
" 
" �, �" ��I �)�� "�7�;� ��\�� �" $� �:� �0�H �" _�� .)9 k��\� ��Y7, �")Zahed et al., 

2018(>�. . ��S!� ���� �J� �� 	)9 ���C8 B��<� �� t`�9 ��, PI 
 "�7�;� N�O B�" 
 ��I $G�H �" ���� |��0��" P��A) 

�<�9 Y:����� (��0�� 	)��� >��\M� ���" ��, �" $;, &�: �, ) �:���"��� �2020 �2050  
2080
 ( ��)!��� >��\M� �8 &�: 

2020 
 {}: >,�� �I �8 &�:  ��,2050 
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� $YM��
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 )9 	),��� \�! &�bi� >,�� �)��8��, �H��! �� �`��)Johnsto et al., 2015( .Tubiello et al. )2002(  �:��� $� ��JK8

 .)�Y �̀"�. ��"� ��YMI 
 ���: ��A ��)�� �N�O "�7�;� �� B��<� ���C8�I  &)� 
" �� �,GISS 
 GFDL $� �����  ���;� &)�

B��<� ���C8  �� 
 &)�CropSyst ��>�. �� ��,��� "�7�;� 
 )9� ����  .)!"�;! 	"�XY:� �� ���H [��Y!�I  
" �, =�X�8 $� "��

�" ��� ��)1� >��\M� 
 B��<� ���C8 F���9  �X(;8� �" _���)�(��)ppm700 ]A�� ( B, .)9 ),��` "�7�;� >,�� _��?�  $�

)!)�:� $S�Y! _�� �8��^ �" B��<� ���C8 F���9 �" $�  $�>�� ��)1� )9�� "�A�� �����I ���� PI ��8 �� 	��� "�7�;�  )!��8 $�

)1� 	��)!�)!�;� �<�� ���M ��.   

$� P��f� )�0�8 $� ����Y:" ��a��  ���)��. �XH 
 )�0�8j�bi� �8 �:� ��
�G NF���9  $��A �� �f�i������<  �,

��"
)i� 
 �, �:���"��� $� 
 $YM�� ���<  ���! �8����$�@. $1�� �� �)�� �)��  ."�9 ��S!� �� 	)��I �;��<� F���9 �:���

 ���(� ��i0 _�����"� �:� ��;,�  $��� $� )!��8  $��\� �Y���)� F���9 �� �:�(i� vU��� N��^ ��JK8 
 $Y9�D� �"

���@!  Nj�bi� "�7�;�.)," ���< ��JK8 �i8 ��  
 "�7�;� 6�(!�Y. �� �;��<� ��,��CY� ��JK8 L), �� �G�H >,
-.

$M��� N�O PI L�b�  ��)Zea mays L.( �;��<� F���9 �" .)9 ��S!� ����� �" 	)��I 

  

2 .*�� � ��!& �+ 

 &�: �" �:���"��� >,
-.97 -1395 ) "�7�;� u` �!�@A {��� $� ��:�� �!�@A 678
�. s� Z�:���GYGA �" (

 �� 	"�XY:� �� 6�(!�Y. "�7�;� >,
-. _�� �" .)9 ��S!� ����� ����� ����� 
 ���
��� ���� 	� �!�" �,��� )�0�8 	)7�!�"

 &)�$��9  �,��� ���:SSM-iCrop2  ����&�: �,� 1380  �81394  B@: �)Y�� �� �� 678
�. ���A� ���� .)9 $�:�i�

��Y:� $M��� N�O )�0�8 �" ���� n�Yd� ��,  ��I �� 6<�)H $�85 )^�" )�0�8 �� �� �" �� ���� !���&�: ���I Z�:��� )  ��,

1393  �81395  )9 _���8)Ministry of Agricultural Jihad Statistic, 2017( N�O ��� ��� qf: >����. $�1! .

$M���  &�: ��) �!�Y:�@9 ��� ��� qf: N��U�� �� 	"�XY:� �� ��1393  �81395_��� >����. $�1! �(  
 ��I ����� ��,

B, 	��9 ���A� �)�� $�H�� .)9 $�@8 ����� �!�Y:�@9 ��� $�1! �_��? 	"
)i�) �M�� _���8 � �� $��!  o��9 $� ��100 

$� )��� 	� Y(�� �, 	"
)i� ."�� (�:��9��, 	� Y(�� ��\��� $� �Y����� $!�� �� $YM�� �a! �" ��  ����" _7;� )H �8 $� )9

 )9�� �@���� B��<�)Van Bussel et al., 2015(	� Y(�� �������< 6i� ����M��CA N�bd�� $� ���! ��a�� _�� ���� .  ��,

 ���� �" �:��9��,	"�" $� ����� N��U�� ."��  �:��9��, ��,)$��;�  
$����� ��"� 8 �$!��
�>�� (��)!��� 
 �)�9��`  


	� Y(�� _�� �!�7� ���<�� 	� Y(�� .)9 $�@8 ���� 6� �:��9��, �����: �� ���� �" �,  s� �� >�� $� �:��9��, ��,

�� >9�. �� �M�� 6 �̀" �" ��� ��� qf: )^�" $� )!"�" 	� Y(�� �����  �A�� �:��9��, ��,)RWS(1  .)!)9 P�dY!�

	��9 Z�:���  ��� � �� $��! �1���� �"_��� $� ,��  ����� �a!"��� &�bi�)9�� "�A��� ��� 	� Y(��  )9��! �S!I �" �:��9��,

��J N��U�� �
�H �,� Y(�� �� 
 6��< ��E �� 
 	)�!  �0��< $1f�� �I �" $Y9�" "�A
 )9��_�� �" �� �N��^  	� Y(�� �� ���8

                                                                                                                                                            
1. Reference weather stations 
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 6<�)H) N)����" N��U�� �
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 �:� ]:��� ��X�� �� 
 (&�: �I �
�") 	� Y(�� �I �7�"\! �"  �� $�@.

$� �� �I 
 "�� 	"�XY:� �"��" ���< (��(7� �;��<� )�  �" �G�M �A�� �:��9��, 	� Y(�� ����� �M�� �a!)Van Wart et al., 

2013 .(�� _�� 	��9 F���9 ����� �� �>,
-. _�� �" 
� $M��� N�O ���� � �� $��! ��@�@� �:��9��, 	� Y(�� ��� $�  �����

M�� �a! �" �G�M 	� Y(��$� 	� Y(�� _�� �:��9��, N��U�� �� 
 )9 $Y  )�) ����," ���dY!� 	� Y(�� ��A23 
 	"�XY:� (

$�  .)9 	"�" >��;! �G�M 	� Y(�� N��^  

$�@. _���8 ���� 	��9 Z�:��� ��� ��^� ��,  ���@! �" 
 	)9 ���:��9 B@� �;��<� =���� �)Y�� �� �� $��!�I _�� ��  �,

 [�. �� >�� $� �;��<� =����$M��� N�O ��� ��� qf: )^�" ���� �" �� ��  ��) ���D ��! ���� .)!)9 P�dY!� �)!���

$�@. �� s� �, .)9 	"�XY:� �;<� ��@? ")� s� �� �;��<� $�@. �, (���D�)�  B, �� ��CY� $: N��U�� Z�:��� �;��<� ��,

H�
 ��CY� (n0� �)!)9 s�7X8 ����" ))GDD(1 $!��0�: �7�` t`�9 ��CY� (P �)AI(2��bM N�!�:�! ��CY� (w �3 ���� .

>�� N��U��  ���: $� �8)www.yieldgap.org/web/guest/cz-ted( $� $�0�f� _�� �" ."�9 $�A���  $�1! $�@8 ��a��

 N��U�� �� �y�`HC-27  y�` �!�@A N��U�� B@� 	� ��. 
" 6^�H)HWSD  
WISE .)9 	"�XY:� ���� qf: �" (

	��;9 $1f�� �, �" y�` (�0I _��� )^�") �\�d�^�H 
 =;� ��M�� ����� $: Z�:��� y�` o�! 	)9 ���D�  )!�)Van 

Bussel et al., 2015(!��� 	� Y(�� �, ���� �!�
 _� !��� k
� �� 	"�XY:� �� . "�7�;� _� 15 $��9 $0�:  {}: .)9 ���:

_�� Z�:��� 
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� _�;, �� 	"�XY:� �� .)9 	"�" B�;�8 B��<� $� �:��9��, 	� Y(�� 	"
)i� "�7�;�  N�O �� �YH�(� $? $�

$M���  &)� $� �:� ��O $� ��j .)9 $�:�i� ���� 6� ���� "�7�;� "�� "�A�� B��<� �, �" ��SSM-iCrop2  ��\��

"�7�;� $��9 s�` ��
 ](H�� �� �� ���: �;A ��<�
 ��,"�7�;� �6�0" _�;, $� .)�� ��
I $0�1� �� 	)9 ��? ��,  �" 	)9

_�� $� $A�8 �� .)!)9 6�)�8 s�` ��
 $� 	)9 k��\� ����� )^�" �� ��\�� �, �� ���� qf: ��J ����� ��\�� $�  	)9

	��9 Z�:��� $M��� N�O ���� � �� $��!  ��70 )^�" �� $M�G� �@A _������� �)9��  �� $M��� "�7�;� ������ ��\�� _�� �"�;!

3/0  .)9 B�(18 

 >,
-. _�� �"	"�" )�0�8 ����  &�:) ����� 	)��I F���9 ���� �:��9��, ��,2050 ( _�� �" .)9 	"�XY:� �Y0" k
� ��

 �� k
� _� !���49  �A ���;� k"�� &)�)GCM( &)� ��  �;��<� ��,CMIP5
4 

)http://regclim.coas.oregonstate.edu/ ( �A
�` &)�� �� �<�
 �" .)9 	"�XY:�23  ���� ���;� k"�� &)�
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26  ���� ���;� k"�� &)�RCP8.5  )9 	"�XY:� 	)��I �;��<� F���9 �" 	"�" )�0�8 ����

)Alder & Hostetler, 2013(_�� $� $A�8 �� . 	"�" �� �Y0" k
� �" $�  �!��� 	��� ��,2001  �82015  �`�: ����

	"�"  &�: �" ��" N����C8 ��)1� ��M�� ���< 	"�XY:�"��� 	)��I B��<� ��,2050  &�: $� ��(!2007 )$� &�: _��  �����

$��9 $� �!��� B��<� �!��� 	�
" $!���  �I ���� ���:)9 ��S!�(  �a�E .)9 $�:�i�CO2  ��!��� �;��<� F���9 ����

385 �. �.  )9 $YM�� �a! �" ��)https://www.esrl.noaa.gov/gmd/ccgg/trends/( Z�:��� 	)��I �;��<� F���9 .
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 �Y�487 �. �. ) ��21  F���9 $� ��(! >��\M� )^�"

�I ��"�1� >��\M� 
 (���M ������: ���� �, RCP8.5 $�  ]�8�8052/2 �Y!�: $A�"  �"���997/0 ����  
 �Y�541 �. �.  ��

)29  &
)A) "�� (���M F���9 $� ��(! >��\M� )^�"1 ��" 	)9��O ������: 
" �i8 	)��I �;��<� F���9 �" _������� .(

                                                                                                                                                            
1. Growing degree days (GDD) 

2. Annual aridity index (AI) 

3. Temperature seasonality 

4. Coupled Model Intercomparison Project Phase 5  
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 �M�� >��\M�

)SSM-iCrop2(  ��! $�Location$: �  
 	)9 )�0�8 k��� ��\�� ���" 6���CO2 ���� P �����: �,   $!���)A ���
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 )9 n���8 &)� 	)��I F���9 �" "�7�;� 6�(!�Y. ���� .)9 ��A�  
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)H o�;S�84  )�0�8 )^�"���� �" �� ��Y:� ���: 
 )!���  ���� ��,16 �<�� )^�"  	)!�� 6��9 ����  679) )!�91 .(  
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\�: �w��)�bY`� "�` $� ��� �:� 	"�" B� 
  �H�(� $� ��� ��� qf: _��82839  $� ����� ��Y7,
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)A) )�I �:"2>�� .(  N�O ��� ��� qf: _��8

$M��� $� �� y�` $� ����� ]�8�8  y�` =;� 
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 E7%F2$�04��� . >�N4�� ����L�*� /��   �!"#� 7 $%L
���-+*� A? ��*�!  +@ /��� �� A���� +- /�  
	��;9  
	� Y(�� 

B��<� ��,  
��^�  

��!  
	� Y(�� 

&��  
����M��CA  

���  
����M��CA 

o�X8��  
)m( 

y�` )�  
��� ��� qf: )^�") (�M�� �,�" y�` )� 

��� ��� qf: �M�� �, �"   
(���� 6� �� )^�") 

1 4003 _�
\<  06/50 26/36 1279  
5 )15(  
12 )38(  
17 )42( 

5100 )2/2( 

2 4003 ��?�<  45/58 12/37 1287  5 )65( 2094 )9/0( 

3 4003 ��S�;�  31/49 71/34 1741  
5 )38(  
14 )29(  
17 )32( 

2242 )0/1( 
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12 )32(  
14 )36(  
17 )33( 
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6 4102 )!
�@!  41/48 14/34 1678  
5 )23(  
12 )33(  
17 )43( 

2228 )0/1( 

7 5002 ��S�:��  28/53 93/29 1676  14 )69( 6236 )7/2( 

8 5002 ��"
�"  42/52 21/30 1642  
5 )36(  
14 )49(  
17 )15( 

4324 )9/1( 

9 5002 ��A ���8  56/60 29/35 950  17 )90( 3010 )3/1( 
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17 6002 )���  21/55 27/37 37  5 )62( 2676 )2/1( 
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6� �;A            153555 )5/67( 
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$M��� N�O "�7�;� 6�(!�Y. $� "�" ���! $�0�f� _�� [��Y!  _�� 	� Y(�� qf: �" ���M F���9 �" ��9/63  ��Y7, �" _8

 )� �� $�)��� 	� Y(��)27 
 (3/104 _8  ��Y7, �" Y(��) )� �� "��I�8��� 	�20 F:�Y� �� (6/84  )9 "�
I�� ��Y7, �" _8

 &
)A)3  679 
2 .(>�� �8"�7�;� 6�(!�Y. _�  $M��� N�O �" �� ��Y:� �" �<�
 =����  
 ��);, �Z��M ���@X^� ��,

��:��` ��Y:� c�9  
 )9 	),��� ��G�B� �8$M��� N�O "�7�;� 6�(!�Y. _� �� ��Y:� &�;9 $� ����� �� �9") 6��"

 679) "�� ��Y:��` ��Y:� 
 (��C�2 .(  

Z�:��� $YM��  _�� ��,>,
-.  _�� ���� �" ���M F���9 ���� "�7�;� 6�(!�Y.4/67  B��<�)5202 
 (7/103  B��<�)

4102 _� !��� �� (6/85  �" _8 &
)A) )9 "�
I�� ��Y7,3 ���� "�7�;� 6�(!�Y. ��)1� B��<� ���C8 ��JK8 �i8 .(

 ��,�����:RCP4.5  �����4/86  �����: ���� 
 ��Y7, �" _8RCP8.5  �����8/86  ��JK8 $� "�� ),��` ��Y7, �" _8

6��< $M��� N�O "�7�;� 6�(!�Y. �� ����Y�� ) ���M F���9 $� ��(! ��6/85 �Y7, �" _8 ����\M� ]A�� F1M 
 "��)! (�

 &"���9/0  
4/1  &
)A) )9 ),��` ���M F���9 $� ��(! 	)9"�� ������: 
" �" )^�"3 �" "�7�;� 6�(!�Y. ��\�� .(

 &�:) 	)��I �;��<� F���92050$M��� N�O ���� (  �����: �" ��RCP4.5  _��1-  B��<�)4102  
6003 
 (1/9 B��<�) +

5102 ���� 
 )^�" ( �����:RCP8.5  _��6/0-  B��<�)4102 
 (5/11 B��<�) +5102."�� ),��` ��CY� )^�" (  

Z�:��� $� [��Y! �:" B��<� �" )9� 	�
" &�� 	)�I  ��,5102 �5202  
7003  �!�)�? ���C8 B��<� ���C8 ��JK8 �i8

B��<� ���: �" ��� "�� ),��d!  679) �M�� ),��` >,�� �,3- .(PB, _��?��\�� �  	�
" &�� �" �YM���" ��;S8 >��8

B��<� �l�� �" $!�" �)9�. o
�9 �8 �9�� $� $� �9�" ),��` ��,�� )!
� �, �� �a!  �� �9�! >,�� _�� ):�

	�8��  .)9�� )9� 6bM &�� �)9�8>�� �8 �8 $!�" �)9 �. o
�9) $!�" �)9 �. 	�
" &�� �" �YM���" >��8 ��\�� _�

 B��<� �" (���;` $�H��5102  
5202 B��<� ���: �" 
 )9 	),���  679) "�" ���! �� ��,�� )!
� ��\�� _�� �,3- .(w

$� [��Y! �:"  �����: 
" �, �" ��" ���C8 ��JK8 �� 	)�I�:���"��� B��<� �" $� �:� �I � !���  N�O ��� ��^� ��,

$M��� $� ��  B��<� 
" ���lY:�7003  
8003 I �" \�! �!��� F���9 �" $��  $A��� P��f� )H �� �8j�� ��,��" �� 	��� �,

�� B��<� ���: �" �"�9 ���" B, ��� B��<� ���C8 �� �9�! ���" >��\M� �� {. �YH �,   $���" �" )9� 6bM &�� �" F�i�

 679) )!�� ),��` �<�� $��@�3-.(n0�  

  

 
 ;&L2�04��� +- ��[� S���L +- (+�4&� +- ��) -�&�<! ;����42 ���� .$ ��*�!  +@ .�5 \F�� ����L�*� /��  �5 +*�5 /�

H����� 70 .�� $%L ]�^_� .�*#+ %U+-. �� A��� �+ ����L�*� $�04��� $+�<L ���� ;P�- -�%!�)  +- A? ]��*� �5 %��-

 E7%F)2( .(.�� $%L $-+7? 
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 E7%F3���:� +- $%��? 7 ��[� S���L +- -�&�<! ;����42 . ��*�!  +@ .�5 ��U� /��  +*�5 +- /�H�����  +��4�� /��*�+���

RCP4.5  7RCP8.5  E�� ��2050 . E%� S�*� -�&�<! ;����42SSM E�� /���  /��1380  ��1394 H�����  .�*#+70 

��IL %U+- ..�� $%L /
��  

B��<� )�  
	� Y(�� ��!  ��,  
 ���dY!��"  

�;��<� =����  

 qf:  
��� ���  

)1000 ha(  

 qf: ��(!  
���  	)9  

 ���� 6� $�)%(  

   "�7�;� 6�(!�Y.)1-ton ha(  

  
 F���9  
���M  

 

RCP4.5  
 ��(! N����C8 )^�")  

(���M F���9 $�  
 

RCP8.5  
 ��(! N����C8 )^�")  

(���M F���9 $�  

4003   �|!�,�� ���S�;� ���?�< �_�
\<c�E "��I  48  7/10   2/82    )7/1 (+6/83    )8/1 (+7/83  
4102  )!
�@!  70  2/1   7/103    )0/1 - (7/102    )6/0 - (1/103  
5002  ���8 ���"
�" ���S�:�� ��A  81  0/9   5/97    )6/0 - (9/96    )2/0 - (3/97  
5003  "���@9 �	
�: ���
\�: �w��  96  5/20   4/90    )9/0 (+2/91    )9/0 (+2/91  
5102  Z��. "��I  132  9/1   3/68    )1/9 (+4/74    )5/11 (+1/76  
5202  ���: $���  136  8/3   4/67    )1/8 (+8/72    )1/10 (+2/74  
6002  _(H �B� ��:
�� ���<�� �����9 P���""���  168  9/5   6/94    )3/0 - (3/94    )1/0 (+7/94  
6003  �"��I�8��� �B< ��b;<  161  6/17   7/90    )1/0 - (6/90    )3/0 (+0/91  
6102  B9�, "���  147  0/2   2/73    )7/1 (+5/74    )0/3 (+4/75  
7003  6��� �(�G�M 	� Y(��) ����," ����@�  129  5/4   9/75    )0/1 (+7/76    )9/1 (+3/77  
8003  �X^) &�M�" ����,� (	� ��.) $�)��� �("���  145  9/10   8/706    )3/1 (+7/71    )1/2 (+3/72  

��� qf: �" "�
I��    149  88   6/85    )9/0 (+4/86    )4/1 (+8/86  

  

 	��� s� N�O $��S!I��C4 $� 
 	"��  ���C8 BY(�: _Y9�" 6�0"CO2  ��,��� LU`�� (\!��� ���8�!I)C3  {X�8 )<�M

�� ���!  "��;� �� �!��� F���9 �" _������� )9��CO2 �� 
 	"��! $A��� _���. qf: �" )!��8  �� ��8CO2  6;� �X(;8�

$� �� \Y�:�YM  ��� �a�E >��\M� $S�Y! �" )," ��S!� ���`CO2 6��< ��JK8 $aHU�  �J� 
 $Y9�)! N�O "�7�;� ��\�� �� ��

�� ��" >��\M� =��� �� �I B�1Y(���E 	�8�� ]�: )!��8  679) "�9 	��� )9� 	�
" &�� �)9�83 - "�A
 �� �_������� .(P

	�8�� )9� 	�
" &�� �)9�8  ��\�� >��\M� B�1Y(���E ��JK8 
 ��" >��\M� $S�Y! �"CO2  ��;S8 >��8 ��\�� �" >,�� 


$� �YM���" �� �a! $� �):� $������@? 6�0" B, 
 N�O 	��� �"�� �<�� _��? >�� �" $��@� $���" �" F�i� ���" �)!��  =���� �8

$M��� N�O )�0�8 ��^� �;��<� P��f� ]A�� B��<� ���C8 ��� 8 F���9 �" $M��� "�7�;� 6�(!�Y. >��\M� 
 )9� F���9 �)9�

 679) )9 ),��` 	)��I �;��<�3 ->�� .("  B��<� 
" �" "�7�;� >��\M� LUY �̀ _��85102  
5202  �� ��� _�� $� )9 	),���

�� P��f� $� ���8 8 ��\�� �" >��\M� 
 ��)�:� ���� �
� "�)�8 �" ���C8 �)� �)9� ���� ��" �)9�8 &�� �" �YM���" ����

B��<� ���: $� ��(! (���;` $�H�� �8 $!�" �)9�. o
�9) $!�" �)9�. 	�
"   679) "�" ��(! �,3 -.("  

 _�� �" �Y:��Rahimi Jahangirlou et al. )2016N�O "�7�;� �� ��" ���C8 ��JK8 �:��� �� (  ��Y:� �"  Z��M ��,

��Y:�@9 $;, �" ��" $� )!"�" k��\� 	)��I �;��<� F���9 �" ��Y:��` 
  _�� ��� �$YM�� >��\M� ��Y:� 
" _�� ��,

6��< 	"
)i� �" Z��M ��Y:� �" >��\M� >,
-. _������� .�:� 	"�� N�O ���� ��;i8 8j�� 6�0" ���� "�7�;� �"���

��Y:�@9 �" N�O P��f� ���" "�A
 �� ��Y:� _�� ��, ��Y:�@9 � �" $� ��(! N�O )9� 6bM &�� �" �8  ��Y:� ��,

N��^ $�0�f� .)�Y(!�" ��Y:��`  �� N�O ��� ��� qf: $� "�" ���! �.
�� �" N�O �
� �� $YM��11  �" ��Y7, ��\,

 &�:1993  $�120  &�: �" ��Y7, ��\,2005  
 	��� )9� 	�
" �� �" ��" >��\M� �� �9�! $� �M�� >��\M� y��;!�" �"

]:��� $S�Y! �"  "
)H _�8j ��7���I 
 �1��MI �" N�O "�7�;� $� �:� �0�H �" _�� "�� )�0�8 F���9 �)910  )^�"

 �M�� ),��` >,��)Kjellstrom et al., 2005( Nj�bi� "�7�;� �� B��<� ���C8 N��J� �:��� . �9" �" ��I �����

$A�" s� ������: &�;�� �� $� "�" ���! _�
\<  
 ��" >��\M�10 ����  
 )�<�)�C? �N�O ��A "�7�;� �k��� >,�� �Y�

 $S!��$� ]�8�8 15 �24 �13  
17  ��)�� "�7�;� 
 >��\M� )^�"$A�� � !�M  �\�� 
$� ]�8�8 29 �20  
23  )^�"

 >,�� �M��)Mahmoodi & Parhizkari, 2015(.  



�8� 9���� �:��� �� ���42�; -�&�<! 7 $�=� +7/ >?  +@ ��*�! �/ +- ��A��    1257 

3  .2� .0�1� � �
23� "�4
& 56�� 7�
  � ���
�� ��1 � ��'1��!89 :;< ��  

��d�8 ��\�� �c��8 
 �M�b� PI ��)1�  
N��M" "�)�8  �����I$M��� N�O ����� �"  ����� �!��� F���9 �" ��8647  
7948 

 
 ��Y7, �" ]�7��Y�14  &
)A) )9 "�
I�� �����I ���4.(  

>�� �\�� _��8$� c��8 
 ��d�8 
 ���!"��� PI �  _� !��� �� ]�8�810244  
10876  B��<� �� ��Y7, �" ]�7��Y�

4102 B� 
  _� !��� �� c��8 
 ��d�8 
 ���!"��� PI ��\�� _��83671  
4853  B��<� �� ��Y7, �" ]�7��Y�6102 

$�  &
)A) )�I �:"4>�� .(  _� !��� �� �����I "�)�8 _��821 ���� ��� B��<� $� �4102  
8003 B� 
  �����I "�)�8 _��8

 B��<� $� =��Y� ��� �X, _� !��� ��5202  
6102  &
)A) "��4.(  ��� qf: �"��d�8 ��\�� 
 c��8 
 �M�b� PI ��)1� 

 ������: ���� �!��� F���9 $� ��(! B��<� ���C8 ��JK8 �i8RCP4.5 )8659  
8018 $� (��Y7, �" ]�7��Y�  $� ]�8�8

 ��\��1/0 
 +9/0 ������: ���� 
 >��\M� )^�" +RCP8.5 )8647  
7922  ��\�� $� (��Y7, �" ]�7��Y�7/0-  


3/0-  &
)A) "�� ),��d! "��� ��)�? N����C8 _�� ��\�� $� �M�� ),��` >,�� )^�"4 
" �, �" �����I N��M" "�)�8 .(

�����: )14  &
)A) "�" ���! �� �Y��J )!
� \�! (�����I ���4 .(  

 

M��)  

>)  
  

 ;&L3M�� .( %L+ $+7- E*# +- ������ 7 ���<5 /��- ��0����V >(  +�%�� `��� %L+ M�4N� ;	��� +- �[<a� �4���+-  

(/��<P ��	�� �� ���- A%L�2 )7�L 7 ���- A%L �2 �� .L�5 
�)V b( E*_^� �c%��+ �� 
7+  

y = 0.8111x + 14.007

R² = 0.809

y = 0.7501x + 16.139

R² = 0.792

y = 0.717x + 16.981

R² = 0.7801

y = 0.7501x + 29.793

R² = 0.4723

y = 0.6786x + 32.008

R² = 0.4067

y = 0.639x + 32.889

R² = 0.3819
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���M RCP 4.5 RCP 8.5

���" $��;�

���" $�����

y = -1.616x + 118.59

R² = 0.4002

y = -0.516x + 105.55

R² = 0.2609
y = -0.0006x + 100.44

R² = 5E-07
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b)  

 -)  

 ���-� ;&L3- .( ���:� +- -�&�<! ;����42 ��*�!  +@ %��*� ��U� /��  ./�  

 
 E7%F4��IL . d�[� 7 ��NI� A�T�� R/+���?  �[�- -�%[� R(+�4&� �� e[&��4�) ��? 
��� +�%�� /
��  (+�4&� +- e[&��4�)$�=� 7  >? /+7

��*�! �� A
7 H����� )70  E%� S�*� (%U+-SSM ) ��[� S���L /���94 -1380 E��) $%��? 7 (2050 /��*�+��� H����� (

RCP4.5  7RCP8.5 ���:� +- ��*�!  +@ .�5 ��U� /�� A��� T4���2 ;P�- -�%!� .+*�5 +- /�  ����9� %U+- $%��- �� .%�L��  

 =����  
��^� �;��<�  

��I ���! ��)1� )m3/ha(  �����I N��M" "�)�8  c��8 
 ��d�8 ��\�� )m3/ha(  	�@� $M��� �8 ��
 Z�:��� PI ��
 )m3/ha(  

�
��M

 F
���

9
 

 �
���

�:
5/4  

 �
���

�:
5/8

 �
��M

 F
���

9
  

 �
���

�:
5/4

 

 �
���

�:
5/8

 �
��M

 F
���

9
  

 �
���

�:
5/4

 

 �
���

�:
5/8

 �
��M

 F
���

9
 

 �
���

�:
5/4  

 �
���

�:
5/8

 

4003  6625  6667  6612  14  14  13  7162  7230  7161  6/11  )7/0 (+7/11  )9/1 (+8/11  
4102  10244  10047  10005  21  21  20  10876  10684  10557  6/9  )7/0 (+6/9  )3/2 (+8/9  
5002  8597  8598  8478  17  17  17  9209  9143  9068  7/10  )2/0 (+7/10  )4/1 (+8/10  
5003  7009  7278  7245  11  11  11  7743  7866  7826  8/11  )0/1- (7/11  )5/0- (7/11  
5102  4574  4887  4886  8  8  8  5312  5661  5740  0/13  )8/1 (+2/13  )6/2 (+3/13  
5202  4004  4478  4382  7  7  7  5102  5422  5475  4/13  )3/1 (+6/13  )2/2 (+7/13  
6002  9241  9170  8966  14  14  13  10076  9973  9878  8/9  )1/1 (+9/9  )7/2 (+1/10  
6003  8999  9085  8956  14  14  14  9711  9715  9638  5/9  )2/0- (5/9  )0/1 (+6/9  
6102  3671  3659  3480  7  7  6  4853  4775  4736  2/15  )9/2 (+7/15  )0/5 (+16  
7003  8964  8882  8721  15  15  16  9630  9548  9448  0/8  )8/1 (+1/8  )7/3 (+3/8  
8003  10157  9913  9812  21  21  23  10709  10512  10344  6/6  )3/3 (+8/6  )0/6 (+0/7  

��� qf: �" "�
I�� 7948  8018  7922  14  14  14  8647  8659  8647  4/10  )4/0 (+4/10  )6/1 (+5/10  

y = -1.9467x + 94.829

R² = 0.2535

y = -1.8864x + 96.433

R² = 0.3383

y = -1.8864x + 96.433

R² = 0.3383
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��^� �;��<� =����

���M RCP 4.5 RCP 8.5

y = -48.907x + 2173.8

R² = 0.4392 y = -28.372x + 1949.3

R² = 0.2164

y = -19.97x + 1868.9

R² = 0.1149

y = -15.536x + 653.25

R² = 0.0953

y = -15.734x + 630

R² = 0.2543

y = -15.017x + 615.19

R² = 0.34880
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�" 
" ��" 
 _���)�(��  
 B@� 6�����JK8�� c��8 
 ��d�8 ��\�� �� ��D� _�� $� )9�� �����  >��\M� �@�8 ��� $�

�"  �a!)� _���)�(��)YX�� c�X8�>,�� B��<� ���C8 �J� �" c��8 �  �M�� ),��` $� ��?���), $!�
�  
 ��B, _��?  "�)�8

$!�
�  �i8 qf: )H�
 �" �, >��\M� ��JK8�" �a�E  _���)�(�� �M�� ),��` >,��)Xu et al., 2006( � �" L�� �� .
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