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������ ������ ��  !� "�!# �$���� %���& '���� ����() *+,#�- %��� �.� .  �01!12 �� 3�-�!# ������ 4!56 7!�8	

"��9+ �!:;	 <= >�?8) %�-') 3�<+ �� '��9+ ������ �� %���� (-�. ��� �� '��      �� "��@?0.� A��0���� 7!0�8	 %��0� 7�,+ %�-

B() �.� '���� 3�-�!# ,�+ � ($� %�-. AB�2 �- *� *C�#� ���<!� %�- %���� B() 7�� *D.,	 �� *?��# E�,6 �-  �0.� A  �0)�

F�!1) �� �9+� 'GH.��I?�� � 'GH.��  '���� %�-�� JK�?L) M�K�*+,�+ �$��   �0.� %��0�� '+�(!) E�!��� � 3����� %�- .  *0�

"��,-�) ����N	 �� "��@?.� AO!P� 7!�-  -�Q� *R,	 ��,) �,SH) 7�� %��� ��� ��  GH. %���H� � %�  �0.� *0?��# ���T 3��# .

 B() �� "��@?.� 3��)� '������ A -�Q� 7�� J�G+� �� U(-VSM  "��,-�0) ����N	 �   ��� 7!0�8	 %��0� %�    3�?0.� �� V+�0� ��0�

�,� 3W!# .�) ����N	 �L8+ A�,SH) 7�(�"��,- �.(HP � X��,) %�-8 $ [��8?.�( .��(D	 20 *� *��K)   � \�08?+� *+,�+ 3�,H�

"��(+� � 'DT�� ������ *��R �� ��!+ ��,) E��W]� %�!# *� ^8?H) _��K) �� '+�(!) %�-()� �.�.  X`0.     a�01+ �� "��@?0.� �0�

*+,�+ �����J�+ b�= �� � "($ %  ��K��ArcGIS10.2 3��� ��� �� "��@?.� �� �  (0$ "��� c!�D	 *1dH) _��K) O= *� '��� .  "�0e+�

"��� �� "��@?.� �� "��,-�) %�-  B() � "($ ��� %�VSM ��(1)� ������ (0$ ������ *DP�d) ��,) *1dH) O= %��� V+�� *+� .  %��0�

�56  'DT�� ������ ����1) AB() 'GH. %���� *= ($ *L��1) B() f.,	 "($ ������ ������ ����1) �� V+��d���* �% dg '�� 

e?LI�- 'h��% 80 (6�� � �&�^ I	!!7 ��(2 65 (6�� �,�.  4��?+�* B() �� "()� �.� ��� 3�<+    '��0+�,	 �� B(0) 70�� *=

*!I$ %��� 'I.�H)  �0.� ����,g�� V+�� ������ %��. *0� A  *0= %�,0]   a�0I	�� ,0T% )  ��  !0�80  (06��(  '0HD) � ���%   7!0�

�?)���� �� �,R� V+�� B,N5) ������ � B() �� "($ "��@?.� %�-�$.  A7�����H�') �S+ *�(.� *=   "��,-�0) ����0N	%�A   �0!���T

 B() %���� 3�,H� *� V+�� B,N5) ������ ������ %��� 'I.�H)VSM (+��� .   *0= ��� 3�0<+ k!15	 7�� V��?+   �����0� 3�0�)�

 V+�� B,N5)B�. '] �S+ ��,) *1dH) %���  "(H�� %�-"��� � "($ '),� B() 7�� �� "��@?.� �� "��,-�) %�-    "(0$ 'GH0.�� %�

c-��� �.�  � lh��?2�'�+ ���� *H�K- *��6 � "��?L# '+�(!) E�!��� J�G+� *� %��!+ �e�� ($��.  
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D+*�+  

 V+��)Oryza sativa L. (= �.� 3�9R *�t 7!)�� *

 *� 3�9R J��) �� '�!+ ��  !� '�6� %��t %�-�,<= "Q��

') O!�<	 �� *D.,	 B�2 ��(-� )FAO, 2010(.  AV+�� ��

-�!#3�  '���� '�6�%�!L)�# k]�H) A \,]�) � B(?D)

 � "�,��� u�� '��!���mR %�-53  �	 'P��$ *R��40 

'�,HR *R��  �3�L+� U�N) �,SH) *� l��N5H)  �<=

')�,$. 7��  '+�9R �<=��� 4d. O= J,. b� B,N5)

 *� b��K+ � *?$���� �� �� EWt35  �	65  %�P�= (6��

 '��N)7/2 ') 7!);	 �� 3�9R �� �@+ ���!�!) (H=

)Kazemi Posht Masari et al., 2007( . l�I��1	75 

') (!P,	 \����� %�-��K!P�$ �� 3�9R V+�� (6�� *= �,$

 ��(250  %�-��K!P�$ O= (6��') O!�<	 �� �!+� (-�

)Carmelita et al., 2011.(  

 3���� �� V+�� �<= K!+"Q�� "�e��R���� %� .7�!P 

�� c= ���� l��!g�' �� 3�9R � 3���� �� �� "�!# 7�� �<= A

�.� "��� ���T �dg u�D) .�� c= _,T� ��'  cG2 �9H	 *+

\� ') c=�,$A  �	�,$ � *?��� �!!m	 K!+ 3� �!@!= *���

') �,$)Du Ning et al., 2007; Saadat and 

Homaee, 2015 .( �� 3���� �� V+�� �<= ��� 4d.

 ��(2580152  �.� "($ "�� 7!�8	 ��?�-)FAO, 

2011 .( "(�� �,] *� 3���� �� V+�� �<= ��� '&���

 3��(+��) 3�?.� VH� *� k�D?))5/38 (6��( 3W!# A

)9/31 (6��( 3�?L�# A)9/9(6��(3�?.�,g A )2/9 

(6�� ( F��� �)9/3 (6�� ( �.�)Izaddoost et al., 

2013 .( 

*� A'���� 3�-�!# ������ ������  �S+ �� c- EWt "Q��

 "�#(�� �� c- � %����<= Eh,N5) (!P,	 ����()

B()  "Q�� '?!�-� �� (!P,	 �� c=�2 %�-(H���� %��.

�.� ����,g�� .��� �� '��  ������ 7!�8	 "(�� %�-

�-�!# �9+� *� l�2Wd6� *= �.� '&��� n��,	 �� "��@?.� A3

(H�,# (!P,	 n��,	 . (!P,	 n��	 b�)Production 

function ("��9+ 7!� �,R,) *d��� �e+�!�  ������ � �-

�.� "�!# .\� (!P,	 n��	  b� ������ *d��� AB,N5)

w!�= �� B,N5) %�-�!m?) �e�� � \� �!@!= � �

B�?H=  �� (!P,	 "(HH=') 3�<+ (-� . �� 'D��,	 7!HC

����() O!�5	 %��� A%����<=  � "�,� %���& '���� %�-

"��9+ ��(1) 7!!D	 ��  ���T "��@?.� ��,) *H!9� %�-

') (+�!# .') 7!Hx�- n��,	 7��  3��)� '������ �� (H+�,	

\� 3,x�- U��D?) �!t n��H) �� "��@?.�  ��,) �,$ %�-

(+�!# ���T "��@?.� .*� ,] ��� �� *� (!P,	 n��,	 A'�= �

') ������ (+,$ .7�� �� '�� ��� B() �� "��@?.� �-  %�-

 *� �N5H) %�-(H���� �� '$�+ *= �.� '��G	 � %�S+

�.� B,N5) � \� ��� . 7�� �� �-�?)���� �w!�= lh,6�

"��(+� �� A��� %�!# *� c!1?L) %�- ') �.� (�� . 7!)��

� A(!P,	 n��,	 ������ ������ �� "��@?.  %��)� %�-

 � ������ E��!!m	 4d. 3,x�- '	�(-�<) �� 'H?I)

�.� '��N) \� �!@!= � �w!�= . �� (!P,	 n��,	 �y=�

') ������ '	�!&�� �� "��@?.�  3� %�HI) �� *= (+,$

"��9+ �����=  � 3�L�� *��K) 4d. �� �S+ ��,) %

'#Q�� ') *?��# �S+ �� ���: p�g %�- �,$ .� B�2 �� *�+

"��9+ �e�� c- � '��N) \� c- A_��K) �?<!�  4d. �� �-

'#Q�� � "�,� �!m?) *��K)   '+��) E��!!m	 �� K!+ p�g %�-

)Spatial variability (*S2W) O��T ����,g�� %� ?L-(H 

)Mohammadi et al., 2015a; Omidi and 

Homaee, 2015.(   

��D	 *= (HC�-!P,	 n��,	 %��� E��@?) '@����� ( "($ *

 A�.��)� *�  %�-(H���� 7!� *d��� (!P,	 n��	 A'�= �,]

�.� 3� 'R��g %�-(H���� � (!P,	 %���� . A�e�� 3�!� *�

d. �� 7��) 'R��g �y=�(2 (!P,	 n��	 b� >�?8) z,

%���� �����= ���� �� �-') * (-� . *x+�HCy  � 'R��gXi 

 n��	 A(H$�� (!P,	 %�-(H���� %���� ����1) �� (!P,	

') �$,+ ��� E�,6 *� 3�,	:   

)1                    (            )x,...,x,f(xy n21=  

 (!P,	 (H���� %��� %���� %���� ��(D	 *= �.� '9�(�

') ���# �S+ �� 3�,	 .�)� f1� *� �9+� �� 'g�� 3�,H�

') ���T O!�5	 � *�KG	 ��,) ^P�t %�-�!m?) (+�!# . ��

� AE�,6 7�� *d��)1 (') �� *� 3�,	 �$,+ ��� E�,6:   

)2   (                        )...xx...f(xy 1mm1 nx+=  

 7!P�� 3� �� *=m %���� ��  7!)�� � (!P,	 �!m?) %�-

m %���� �� �.� (!P,	 ���: %�- .  

*�  \� � �,= ��(1) A'����  ��)�� b� �� B�y) �,]

 A(H= �!!m	 �.� 7��)�)� H�K- A�#��=* "�<2 A�-  =  � �-

7!$�) (H$�� ���: Eh� . (!P,	 n��	)2 ( '?P�2 *� a,��)

($�� *?$�� �,R� %���� (HC � 'R��g b� *= �.� .

B�2���� �,R� 'R��g b� ��  !� l�IP�t *�+� . 7!HC ��

 �#� '?P�2yi )i=1,2,…,ny ( ��(1)i >��D	 'R��g J�

*� (!P,	 n��	 A�,$ ') *?$,+ ��� E�,6 �,$:   
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)3      (                  )...xx...(xfy 1mm1ii nx+=  

 3� �� *=f i  (!P,	 n��	 "(H-� ^!=�	 {�KR� n��,	f 

�.�.  

') K!+ "��. %�IR n��,	 E�,6 *� �� (!P,	 n��,	  3�,	

�$,+:   

)4                 (                     2
210y xaxaa ++=  

3� �� *=A a0 Aa1  �a2  ���: %����1)(H?L-.  

') 7!Hx�- B,N5) (!P,	 n��	 b� *� (+�,	  E�,6

*P��D)  %�e�� Eh��D) O2 JK�?L) 3� O2 *= ($�� %�

�.� .') (!P,	 n��,	 *� (H+�,	  ��� E�,6 K!+(H$��:   

)5    (                    );...xx...f(xy 1mm1 θnx+=  

3� �� *= θ �.� '���N	 �!m?) b�. y  �!m?) b� K!+

 '���N	�.� ����1) *� *?L��� 3� B��?2� n��,	 *= x 

�.� . f���$ A�,- � \� '���N	 E��!!m	 A'���N	 �!m?)

 J,�D)�+ %�-�?)���� ��(1) � ($� ON� '] �� 'd!5)

') 3�<+ �� (!P,	 n��,	 (-�.  

� �� %��!L�"��= �W	 3��e<-�Q  (!P,	 n��,	 %��� (+�

 �9+� �� 3�,?� O�� �� �	 (HH= *|��� "��. '	h��D) B,N5)

��= "��@?.� '+�.� *� . *R�� _,+ �� '	h��D) 7!HC �y=�

') J�� *R�� �� � B�� (H$�� . �.� "��� 3�<+ *��G	

�!8I	 �� B,N5) *d��� *x+�HC- A�,$ *?��# �S+ �� }�D	

'dg 'D��	 *� ') �.� (�� .�)�  %�����= \� ��(1) �#�

 J�� *R�� _,+ �� � 'dg �!t (!P,	 n��	 A��!# ���T pW)

�,� (-�,g . (��� (!P,	 n��,	 �� "��@?.� J�eH-

����(5) ���# �S+ �� K!+ �� �9+� %�-A  7�� �T� ����

*H)�� �� �9H	 An��,	  � "�,� }��6 n��	 O= �� ~�g %�

'�+ � 'H5H) 3�,	* *+��= *� �� "()� �.�   ��)�� *= %�

��� c!�D	 "(<+ .3�K��  f���$ b� �� B,N5) �- A7�� ��

 �.� J�h � *?$�� �� �,g ~�g n��	 A'��,- � \� ~�g

*� '�!�T� *��<) f���$ �� f1� �� V��?+  ���# ��=

)Karimi et al., 2005; Karimi et al., 2007a,b .(

 (!P,	 n��,	 7!?L8+ �� '�� ���� *� a,��) "($ *|���

)De wit (�.� .*��� �� ����  *= ������ 3����� E�(-�<)

*d��� ������ 'H5H) 7!� 'dg %� y �IL+ � 
0E

T  �,R�

����� 3� ^!$ *= ���� m �.�:   

)6                 (                                  
0E

T
my =  

3� �� *= y  ������ ��(1))b<g "��)(A T  '] }�D	

A($� ON� E0 � p�g 4d. �� O!L+�?� �!8I	 m  ^!$

�.� *P��D) .^��& m  *� �� ������ ��(1) �1!12 ��

�IL+ 
0E

T ') fI	�) ���..  

 E��,?.�)Stewart ( A���� *d��� �� 7?��# J�9P� �� K!+

*d��� ������ 7!� %� ���� ��� E�,6 *� }�D	 � �!8I	 �* 

�=�:   

)7   (                         )
ET

ET
(1k)

y

y
-(1

max

0
y

max

0 −=  

3� �� *= y0 A'DT�� ������ ymax <!� ������A*H! 

ET0 A'DT�� }�D	 � �!8I	 ETmax  *H!<!� }�D	 � �!8I	

� ky  B,N5)  -�= �,?=���.� .  

 �� ^.�H?) ������ 'IL+  -�= AB() 7�� *��� ��

�.� }�D	 � �!8I	 'IL+  -�= . f.,	 K!+ %�e�� n��,	

�e�� ���� >�?8) f���$ %��� 3��e<-�Q�� "($ * A�.�)� 

 *P��D) �9+� *�- %�HI))6 (') ($�� . "��@?.� *= (HC �-

 (!@) '���� 3�-�!# ������ 7!�8	 %��� n��,	 7�� ��

 A�.�'P�  ��)�� J�G+� JK�?L) �9+� }�1?$�  %�(D?) %�-

�.� *��K) O= *� �9+� c!�D	 X`. � E�= 4d. �� .

*� A7�� �� 3�K�� '#Q�� '+��) %�����!!m	 O!P�  %�- p�g

T V��?+ A�9+� 'He�-�+ �*��K) F�!1) �� 'P,IT O�� ���� %� *

'�+ (H= .��  7�� ��� �� "��@?.� A��  �� (H+�,?� *= '��-

F�!1)  O��T '?T� �� �� '���� 3�-�!# ������ M�K� %�-

\�H?R� A(HH= ������ B,IT�.� �����+ .��� 7�� �� '�� �-A 

 ��� ��  GH. %���H� �� "��@?.��.� .  

B�. ��  �� "��@?.� A�!g� %�- �� E��W]� %���H�

*� A3� �� %��(��� U(- �� %����<=  8�  "($ *?��# ��=

�.� .*� *= J,9@) 7��$ '��D) k!T� %����<= J�+"( 

A�.�  E�S2W) c- � %��N?T� U�(-� "(+�!# �� �� c-

�L�� 'd!5) )  -�=��:� 3���  �����= �� '$�+ ���

"��9+ �-!�!$ %'�� (�.� )Bannayan et al., 2005 .(

 !� 'H!� ������ ��  !� "�!# �$���� �� "��@?.� �� 

 %���H�  GH. �� ��� �� c!�N	 �� %��!L� %�!# %�- 

 %����<=')  ($�� (H)�,. ��!L� (+�,	)Noureldin et 

al., 2013 (*� �   H=�� >!6,	 %��� 'Ng�$ 3�,H�

�g � \� n��H) ����() *� %����<= %���� �!�-� �� Ap

 �.� ����,g��)Bastiaanssen and Ali, 2003.( 

B()  ��!L� %�-��K�� �� '���� 3�-�!# ,�+ � ($� %�-

c?L!. '.��� � *DP�d) �� c9)  %����<= %�-(H?L-  �
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') �9+� ��  !� �� 3�,	  f���$ �� 3�-�!# ������ 'H!�

��= "��@?.� >�?8)�)� A *���� 7�� %�!#��= !+ �- (H)��

 ��)�� J�G+�  ��!L� lh,�D) � "�,� '+����� '+�(!) %�-

 *H�K-��(H?L- .*�B() AO!P� 7!�- *!I$ %�-  *= ��.

 ($� '&��� Eh��D) %�HI) �� �� *+�� (!P,	 (H���� (+���T

 !� ������ �� �:�) %�-�!m?) 7?��# �S+ �� �� �  'H!�

 �.� *?��� [��� A(HH=)Amiri Larijani et al., 2011.(  

%���H� �� �e�� '��  3� �� �?.�� 7�� �� *= 'H�,+ %�-

') "��@?.�  "��@?.� �� 3� �� *= �.� ��� ��  GH. A�,$

*�h ��  � p�g *� a,��) E��W]� A'���� >�?8) %�-

') ��= *� � [��8?.� B,N5) f���$  ���)Adamchuk 

et al., 2003 .( -�Q�  3�-�!# %�� "($ J�G+� %�-

��� '�'�,g 'e?LI�- *= "��� 3�<+   $,� �g�$ 7!�

'-�!#NDVI   � �g�$ 4d. M�� �� ������ 3�-�!# 

J(H# *��R �� >�?8) )Ren et al., 2008; 

Mohammadi et al., 2015b(A A,R �K�= )Behrens et 

al., 2006 (� V+�� )Shen et al., 2009; Shi and Mo, 

2011( ���� �,R� .�� 'g�� AE�DP�d) � 3�)�,	 �����= �

B() � ��� ��  GH. ������ A%�(� %�- "�!# *� '�,g

 �.� "($ ������)Leon et al., 2003.( ��  *���

 -�Q� %�- J�G+� "($  �� "��@?.� A�!+�`.� \,HR ��

�g�$NDVI    �� �?9�VI� LAI ')  '-�!# ������ (+�,	
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Table 1. The characteristics of Landsat-8 bands wave length 
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 b!�@	 E�(T)�?)(  

Resolution (m) 
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0.85 

-0.68 
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-0.60 
0.52 

-0.52 
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-0.45 
0.43 
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Bandwidth (µm) 
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Table 2. The characteristics of Modis bands wave length 
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0.54 
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Figure 1. The local map of the study area and sampling point positions in this research 
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*+����  -�= M�� 4d. �g�$ )d-1(  �Th   �� ��� ��(0D	

*+�,R  '0+�     �0$���� 3�0)� �0	 �0.� .    b0<g "��0) n0�G	

(!$�,g  ��	 ��,g�� �� ^.�H?)  3� �� *= �.�dW/dt 

*+���� b<g "��) n�G	 )g.m-2.d-1( Aε   �� "��@?0.� "����

�,+ )g.MJ
-1( As  B,] n<D<	    "�0	,= [,0)  "(0$ �0����� 

)MJ.m-2.d-1(  �K �,+ '$,)�g ^��& ') ($��.  

 O06�2 �� ������     O0= b0<g "��0) \�0&)  3�0)� ��

�$���� (') �8<) �$���� �g�$ �  �,$3� �� *= Y 

*+�� ������ )g.m-2( AWh    3�0)� �� b0<g "��) O= 3��

�$���� )g.m-2 (� HI  �� *= �.� �$���� �g�$ �IL+

    �0L�� ��0���� O0= *0� �$���� O��T ������  %�� "�,0	

7!)� 4d. *�') �.� (��.   

 %��� '������ !�  'H!�"��)� �� AB()  *<�� %�-

 �dg E�D��) 7!e+�!))RMSE ( �dg U��5+� 7!e+�!) �
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)MBE (($ "��@?.� . ����1)RMSE  ��(1) �e+�<+

 ������ �� B() %�dg"��� �.� �-  �g�$ �MBE  O!)

*� B() c=%������ )Underestimate( ��  !� %������ 

)Overestimate( ') 3�<+ �� (-� .*d��� '&��� 7�� 

"��)� *� �-�.� ��� E�,6 )Zarei et al., 2010; Nouri 

et al., 2014:(   

)12   (                       
N

)Y(Y
RMSE

2
po∑ −

=  

)13   (                                
N

YY
MBE po∑ −

=  

 �9+� �� *=Yp  ����1)"($ ������A Yo ����1) 

 %�!#��(+� "($ � N "��� ��(D	 ') �-($��.  ��(1) 7��?�=

RMSE "��(+� � ������ ����1) *= 'd���$ ��  "($ %�!#

�.��@6 A(H$�� ����� . "��)�MBE  *L��1) %��� 'Ng�$

 !� 'H!� �.� *��� ����1) �� �- . *� "��)� 7�� ��(1) *C �-

b��K+ �@6  ����1) 7!e+�!) 7!� %�?<!� *��<	 A($�� �	

"��(+� � "($ ������ ���� �,R� "($ %�!# . �Iy) �)W�

 !� �e+����+  �e+�!� '@H) �)W� � B() %������

c= �.� B() %������ . ������ 3�K!)  -�Q� 7�� ��

��@?.� �� B,N5) B,N5) 3�K!) �� "($ ������ B() �� "

 *� *= _��K) 3��- �� 3�����<= f.,	 "($ �$����

"�#��=  "($ "��� '�,�!P�$ %�-) 3�(� � p,?�$ �� 3��

 p,?�$ (���# ���T '������ � *L��1) ��,).  

  
G�( � 0��/1  

 B() �� "��@?.� ��VSM *� � ��� b�=IDW 

*<1+  f!5) �� *],��) %�-ArcGIS ,	$ (!P(+( .

O�$  %�-2  �3  3�)� �� X� �  !� �,+ �� "��@?.� "����

') 3�<+ �� '-(�# (H-� .O�$  %�-4  �5  7!e+�!)

 �	 � '-(�# �	 �$�= 3�)� �� *+���� %���� n<D<	

') 3�<+ �� �$���� (H-� .3��- O�$ �� *= *+,# %�- 2  �

3 "($ "��� 3�<+ �.� X� �  !� �,+ �� "��@?.� "���� A ��

*� '-(�# 3�)�  E�+�.,+ � "�,� 3�L�� l�I��1	 '	�,6

�.� *?$�(+ �,R� ($� "��� 7�� �� %(�($ .�)�  n<D<	

*� %����  ������ ������ �� c9) %�-�?)���� �� '�� 3�,H�

 '-(�# �	 �$�= 3�)� ��) O�$4 ( �	 '-(�# 3�)� �� �

 �$����) O�$5 (*� }�$ �	 'T�$ \,HR '2�,+ ��  ��.

2�,+�.� *?$�� %(�($  -�= 'T�$ B��$ ' . 7��

')  -�= � ���#�!:�	 ������ 3�K!) �� (+�,	($� *� �  �,]

(-� 3�<+ �� �,g M�� 4d. �g�$ ������ �� c!1?L) .

 O�$6  �� ��� ��(D	 K!+ O�$ � �$���� �	 '-(�# *�2�)

7 ') 3�<+ �� �$���� �g�$ (H-�.  

 

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

$ �� *= �,d+��- O�6  �.� �8<) �� ��� ��(D	

 *1dH) �� (�($ E�+�.,+ (T�� �$���� �	 '-(�# *�2�)

"�,� �.� . � ������ �� 'D��	 *= K!+ �$���� �g�$

�L�� ') 7!)� 4d. "�,	 ($��A  �IL+ '�,HR '2�,+ ��

 %�?�= ����1) %���� B��$ *��.� ) O�$7.(  

 O�$2- "���� "��@?.� �� �,+   !��� '-(�#  
Figure 2. The light use efficiency before flowering 

 O�$3- "���� "��@?.� �� �,+  X��� '-(�#  
Figure 3.The light use efficiency after flowering 
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O�$  %�-8  �9 ,��) K!+ M�� 4d. �g�$ *� a

)LAI (') (H$�� . ������ � "($ ������ ������ *L��1)

 O�$ �� *DP�d) ��,) *1dH) �� V+�� 'DT��11  "��� 3�<+

�.� "($ ."��,-�) ����N	 *�h � %�  �� '	��W]� %�-

 f!5)GIS  A������ O��T '�h�� ���. � �T� ��

"��(+� (H?L- %��LP() � %�!#.  �� O6�2 V��?+ %��R�

 %���� %�-�?)���� �� b� �- %��� *<1+ ^P�T �� *= B()

 f!5) �� B()GIS  %���� '+��) n��,	 �S+ �� ($ (!P,	

 *= (+�,� *DP�d) ��,) "��(5) 4d. �� '	�+�.,+ � E($

*� *+,# ') ���# �!:�	 %�  B,N5) ������ ������ �� (H+�,	

(+�!# ���T *R,	 ��,) .  

  

  

  

  

  

  

  

  

  

  

 

 

 

                                                     

       

Legend Legend 

 
 

 O�$4 - '-(�# �	 �$�= �� *+���� %���� n<D<	 7!e+�!)  
Figure 4. Mean daily shortwave radiation from planting 

to flowering  
 

 O�$5 - �$���� �	 '-(�# �� *+���� %���� n<D<	 7!e+�!)  
Figure 5. Mean daily shortwave radiation from flowering 

to harvest 
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Legend Legend 

 O�$6- �$���� *�2�) �	 '-(�# *�2�) �� ��� ��(D	   

Figure 6. The days from emergence to harvest  

 O�$7 - �g�$ *<1+ �$����   

Figure 7. The harvest index map 

   

Legend Legend 
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 M�� 4d. �g�$)LAI) (O�$ %�- 8  �9 ( ��(1) �

*H!<!� *� � 'P��$ '2�,+ �� 3�  *= '��t B��$ "Q��

 �?�= �9+� �� n<D<	 E�+�.,+A�.�  �,g �y=�(2 3�K!) *�

� �� K!+ V+�� ������ *G!?+ �� � (!.� *� �IL+ '2�,+ 7�

 %�?<!� ����1) %���� k]�H) ���.�.� ) O�$11 .(  

*� ������ *L��1) F�.� ��  � B() k��] �� "()� �.�

 �8<) A"($ �g� '�,�!P�$ K=��) �� *= 'DT�� ����1)

 �� _��K) ������ *= ($3   �	5/4  "�,� �!m?) ��?�- �� 7	

*d��� � %�  %h�� 'e?LI�- �� 'dg80  � (6�� ^��&

 ��(2 7!!I	65 %���� �,R� . �� V+�� ������ ��(1)

"��� �� "��@?.� "��,-�) %�-  � "($ ������ B() � %�

"��(+� ������ 7!Hx�-  A*DP�d) ��,) _��K) �� "($ %�!#

O�$ ��11 �.� "($ *|��� .') 3�<+ O�$ 7��  *= (-�

 �� B() �� "��@?.� �� "($ ������ ������ OT�(2 � �y=�(2

)�.� '=(+� UW?g� %���� *DP�d) ��,) *1dH . 7�!P

 *��K) �� "($ "(-�<) ������ *H!�= � *H!<!� ��(1)

 b��K+ � "��R *� '���K+ *= �.� %�?<!� UW?g� %����

�.� "($ V+�� ������ �� �!:;	 ^I. �9$ *� 3�,� .

"(�� �� '�� 7!Hx�- ') 3� O�h� 7��	  �!:;	 (+�,	

K) �� '���� ����()($�� *DP�d) ��,) *1dH) _�� . V��?+

 3�����- � �+� k!15	)2010 ( %�� �������� V+�� �� 

"��@?.� �� N	����  "��,-�)  ������ 7!� *= "��� 3�<+ %�

 !� ������ � "($ "(-�<) 'HD) E��@	 "($ 'H!�  %���

 ���(+ �,R�)Wang et al., 2010 .( K!+ �&�2  -�Q� ��

*� ������ *� *R,	 ��  *<�� ����1) � B() �� "()� �.�

 �dg E�D��) 7!e+�!))RMSE ( �dg U��5+� 7!e+�!) �

)ME ( �� ����� ^!	�	 *� *=0027203/0  �002720/0 

*� �.�  �.� "()�') �8<)  � %,T ']�I	�� *= �,$

'HD) �?)���� 7!� ���  ������ � B() �� "($ "��@?.� %�-

���� �,R� V+�� .') ^!	�	 7�(� �,	 7�� *= ���# *G!?+ 3

*!I$ %��� 'I.�H) '��+�,	 �� B()  V+�� ������ %��.

�.� ����,g��.  

 '�� � 7L+�!?.��  -�Q� *��� ��)2003 (B() 

X!?+�)  !� %��� �� 'H?I) B,N5) ������ 'H!� 

"��� �-% "��,-�) Eh,N5) %�  �� A��<!+ � V+�� AJ(H#

(H. *&,2 �&���  8� 7�!P A"�,� IH� %��� >!D& *

�.� "($ ���K#)Bastiaanssen and Ali, 2003 .( ��

"��� �� "��@?.� �� V+�� ������ 3�K!)  -�Q� 7��  %�-

"��,-�)  B() � %�VSM��  f!5)ArcGIS  ($ ������

 �� *DP�d) ��,) *1dH) �� ������ '#(H=��� *<1+ *=

 O�$12 �.� "($ "��� 3�<+ . ��(1) AO�$ 7�� *��� ��

 �� ������ �� �?<!� *DP�d) ��,) *1dH) 'P��$ k]�H)

') *= �.� '�,HR k]�H)  �� ����  -�= O!P� *� (+�,	

 �� %���� n<D<	 %���� 7!Hx�- � *1dH) '�,HR '2�,+

 7�� �� M�� 4d. �g�$ c= 3�K!) � '�,HR k]�H)

($�� k]�H).  

O�$ 8 - ��(D	 ��� �� ��t� �K���  dg' �g�$ 4d. M�� �	 

*�2�) -(�#'  
Figure 8. The period from emergence to a linear 

increase of LAI in day 

O�$9- �g�$ 4d. M�� *H!<!� 

Figure 9. The maximum LAI around time of 
flowering 

Legend Legend 
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O�$ 10 - %���� '),�� %��+ B() 'R��g � �-VSM  
Figure 10. Schematic representation of VSM model 

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

DH�/1 6#�5 7%@  

A -�Q� 7�� ��  %���H� �� "��@?.� �� V+�� ������

 B() � ��� ��  GH.VSM $ ������( . ������ *L��1)

"��(+� ������ � "($ ������  *= ��� 3�<+ "($ %�!#

'HD) � %,T ']�I	��  ���) ��  !�80 %( �?)���� 7!�  %�-

 � ���� �,R� V+�� B,N5) ������ � B() �� "($ "��@?.�

*!I$ %��� 'I.�H) '��+�,	 �� B() 7�� 7�����H�  %��.

����,g�� *DP�d) ��,) *1dH) �� V+�� ������ �.� .

O�$ 11 - ��� *L��1) O= %��� "($ ������ ������ �� V+�� 'DT�� ���

*DP�d) ��,) *1dH)  
Figure 11. Comparison of the actual and predicted yield for 

the entire study area 

O�$ 12 - *DP�d) ��,) *1dH) �� V+�� ������ '#(H=��� *<1+  
Figure 12. Rice yield distribution map in the study 

area 
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 V��?+ 7!Hx�-O6�2  O2��) *= ��� 3�<+  -�Q� 7�� ��

 %�!:;	 ������ �� V+�� "�!# ($� >�?8)%���� (+��� . ��

 n<D<	 A�,+ �� "��@?.� "���� A%���� %�-�?)���� 3�!)

"��� �� %����  �� M�� 4d. �g�$ � ($� >�?8) %�-

�,� ����,g�� B() �� %�?<!� �!.�L2(+  7�� 3,C �

"��,-�) ����N	 �� �-�?)���� ') [��8?.� %� (+,$A ')  (H+�,	

 � ����  1+ ������ ��(1) k!T� ������ �� *?$�� ���#�:�

(H$�� .*?���   GH. %���H� *= ��� 3�<+  -�Q� 7�� %�-

 �� V+�� ������ ������ %��� 'I.�H) '��+�,	 �� ��� ��

*H9� �.� ����,g�� n!.� %�-A �*�7�  �� �� *= ^!	�	

��!?g� "��,-�) ����N	 7?$�� %�  O2��) �� b� �- ��

 *-�) b� "��� b� O)�$ *= �$���� � '-(�#')  A($��

')  ������ 3�,	�= ������ 'I.�H) �T� �� �� V+��� . 7��

') 3� %�����= V��?+ *� *R,	 ��  -�Q� B�. �� (+�,	  %�-

 �S+ ��,) *1dH) �� '	���!# ���T "��@?.� ��,)  ������ �

 J�G+� 3� *��� �� B,N5)�,$ *G!?+ �� �  ��  -�= �S+

*��6 � '+�(!) E�!��� cG2�� '�,R �K-*H  ��!L� �-

 �!�-� K��2�.�.  
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Abstract 
Estimating crop yield before harvesting is necessary for any agricultural management scheme. 

Accurate prediction of crop yield, indeed, reveals the impact of different agricultural inputs on the 
final yield. One of the new methods for such prediction is the use of so-called growth models. In spite 
of considerable progresses made for developing these models, their calibration and validation in large 
scales needs plenty of direct field inspections and sampling. For this reason, the use of satellite images 
and remote sensing tool is recently considered by different investigators. The objective of this study 
was to evaluate the possibility of using VSM model and satellite images for prediction of rice yield in 
Guilan province. Consequently, the MODIS and Landsat-8 satellite images were first obtained. A 
number of 20 rice farms were selected and the required samples and information including the grain 
yield were collected from these fields. By using the information of sampling points, the data were then 
extended to the entire study area by means of interpolation, using ArcGIS10.2 software. The grain rice 
yield was estimated using the satellite images and VSM model. To evaluate the performance of model, 
the actual crop yield was compared with those estimated by VSM model that has linear relation with 
high correlation (>80%) and coefficient of determination of 65%. The obtained results indicated a 
reasonable prediction of rice yield by VSM model. Furthermore, a strong (>80%) and significant 
relationship was obtained between the incorporated input parameters and the actual crop yield and 
satellite imagery has the suitable potential to estimate rice yield as input of VSM model. Considering 
the obtained results, it is possible to predict rice yield with this model and by calibratinge the satellite 
data in the studied area the yield for next years can be easily estimated. Consequently, there is no need 
for large field inspections as well as for spending the related extra costs.  
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