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1-6����   
       B����?� 7�$�+ �
 ��
 �� �%�&)      IG��T ��
�G� � �n��

��
I+ (   �&� C��* "&��� �A���    �G	@? [��^Y� H��F
  '��8� �
 ����0          7G* f��F� �+��� � �+��� C��    ��G	

��  ��� .           ��G/ � 5�^G& 5�AGU� �G&��* �
 N�,���!
5&� ��	 7�S��	 �ES�	 ����0 . ���8� �B�o� ��@�� 7*

  �G� N�,���!        � CI��G&@�, N�dG+��? �� �EGS�	 �G+�@/
      �G	�* ��G�0 �G��@/ 5G��*�T K�G�p�)Filella et al., 

2004.( 7*       L�T
 C����(! 7A&@/ �* ���^�1    �0��/ 7* 7! 
         ����G+� 7G* ��G�+ �7�,�0 ���T 7#@/ 
�@�      NG�,���! C�G�0

7*           q��/�� �Y�S 7* ���� B@Y �
 ����0 C������? ��@��
   5GG&� �
�GG! ��GG�? ���IGG,� �m��GG��+ �GG* �� r�8�dGG�

)Gitelson et al., 2002; Ustin et al., 2004.(  
7GG* �GG�A/ C��GG* B@GGA� �@GGY �� NGG�,���! ���GG8� K

=��   �
�M�GG&� ���(GG����� �
 C���@/@,����bGG&� C�GG�
��  
@	 .          7G* �@G+ _>G# ���8� ���*� =�� K�� �
    7��G&�

  �� K��A/ N�,���!          ��GQ*��� �� �
�M�&� �* ab& � 

�0
   �G� N���/ N�,���! ���8� 7* _># ���8�  
@G	 .  7Gk�0�

        5&� ��	 7�,��>? 
���+��&� �	�� ��@�� 7* =�� K�� �
     7+@+ 7! 5	�
 7#@/ ��d��* ���     ����G+� � C��
�*    C�G�0

7*        G 7T�G& �� O�G* �
�G! ��G# ��A� G ����F/ [�@\
  �+ N��
 K�� 7* � 5&�   �
 �� NG�,���! [����-/ ��@/

               7G* RF(G� �G	@? H�G/ �� � O�* �� �
 ���� B@Y
  
��� 5G&
)Xue and Yang, 2009 .( 7G*   =�� ��^G�
 7��I� �@!>�     7GQ8+ � �*  �  5G&� C .   =�� �NG*�8� �
   C�G�

 5GG��*�T C���
 ��GG���F/��s ��
 �� �%�GG& �GG* �GG����
     7* � ���� B@Y �
 ����/   t��@/ [�@\       �
 ��G�� �
 7�,��

���%�& Nd��? ����+� PQ& f��F� C�� �+�.  
    �
�
 '�&��* N�,���! H��F�&� C��*      �%�G& C�G�

7& ���
 �� 
��
 
@#� =��:  
) 5dGF+ =�� (=�� �
     �G*�%/ C�G� C��G�� G2 �� 

����/     �� �
�M�&� C���� C��        �G�-�� K�* 7Q*�� �/ 
@	
�(*�/ ����� � �W+ 
�@�37*   ��� 5&
)Darvishzadeh 

et al., 2008 ( RS�G	 �    �G���/ � ���G�0 C�G�   C�G�
    =�� K�� �
 �@�&�0� f��F�   ��	 7�S��	 D^��! �� �+� .

 7�&��� 7k�0�      t��& =�� K�� �
 ��      �� �
�M�G&� ��� ��+� 
    K�,��+ �W+ �
 K��p� � ��@E/ C���+�* 
���� 
��A/

 _@�Q��+ [���hu/)   ���%�G& G ��	�@S 7&��� ��Md/�
    v�S � ������ 7* 5�d+ (7*        J�G�� �
 �r�8�dG� [�@\

7* �� fAU q�8+ �� ��	  ����)Dorigo et al., 2007 .(
 =^/ B�$ �� 7* 7����  G�     [^�(G� KG�� tG,� C��G* ���

 7G�,�0 [�@\   G �G+�  RS�G	 �G�+��      [���huG/ 7G! ���G�
        �G� P��EG/ �� v�S �� � �Md/�   �G��! .    �G��
 N�(G�

=��    ���d*�� �C���� C��       � 7GA��Q� 
�@G� ���� 7* �)+�
    5G&� ���%�G& w@G+)Darvishzadeh et al., 2008; 

Colombo et al., 2003.(123  
) e�
 =�� (7+���+�         �� �Gn�� H@� B@Y ����0 C��

   �� _># [�	 7*  ���! .�        [�@G\ 7G* abG& Cm�+� K�
5�&�@n@�,4   N�,���! )Chlf(  �� N�d0��* �  
@	 . N�d0

Chlf   �)�/ 2-3        �
 �� �dG�Y��-������� _�/��* �� �\�
 
      IG��T ��
�G� 7�$�+         �G� �G* �
 �Gn�� � �G�
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�G�0

)Malenovsky et al., 2009 .(   �G�����+ �@G�� =�� K��
     �
 �� �� ��@GG�* D^GG� �GG/ �5GG&� C
�GG�� [�GG8�8�/

x?��� 
�! �
�M�&� ��
 �� �%�& �* ����� C��.  
)e@GG& =�� (=��  ��GG! 7GG��? �GG* ��GG��I�, C�GG�

�@/@, K�* N*�8�� N��(/ C�I#� � ��  ��	@? H�/ ����

        ��G	 
�G� y=�� �
 C��* "&��� ���I���#   �G+� .   KG�� �


    �*�/ B�8�+� [z
�A� �� =��5  7��	 C��*      _�G/��* C��&
    �� �
�M�&� f��F� {���	 �
   @G	
 .      KG�� �G�! [�@G\

 7Q*�� [�@\ 7* [z
�A�15&�  :  
 7Q*��)1(  

e
dL (z, ) L (z, )k dz

J (z, ) dz
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� � � � � �
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1. Precision agriculture 
2. Statistical / Empirical 
3. Radiation field 
4. fluorescence 
5. Radiative transfer equation 
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 7�# �

    7+�0��k �F? � N�d0 5��1 5&� .  
�M�G&� �*    KG�� �� �
B��               ��G	 5G�h _�G/��* ���G8� K�G* P��\ �Y��/�� ��

7*      ���I�,@�* C����-�� � ���%�& 7��&�   �����	@�* � 
     �G� 
�G%�� �W+ 
�@�   
@G	 . 5G��o/   ��G	      �
 =�� K��G/

B��               B�G� "G�!�/ ����G�0 �G	@? �
 _�G/��* C��G&
      �	@? H�/ _�/��* B�� �* O�* ����?�2     _�G/��* B�� � 

   �/��* 7�&��� � v�S          H�G/ Cz�G* PQG& �
 ��G�0 �0��*
�	@?3 5&� )Dorigo et al., 2007.(  

     �� �
�M�GG&� �GG* fGG��F� [�GG8�8�/ �
 NGG�,���!
B��    5G&� ��G	 �
� K�F/ ���I�, C��)Bacour et 

al., 2006; Combal et al., 2003b; Darvishzadeh et 
al., 2008; le Maire et al., 2008; Zarco-Tejada et 
al., 2004; Zarco-Tejada and Ustin 2001; Zhang et 

al., 2005 .(r�8�d� 5��$ �
4 B��    �*�G/ B�G8�+� C��
    �0�GG�*�/��* C
��� C�GG�������? K�,�GG0 �GGW+ �
 �GG*

7��	   �� C��&  
@	 .        �G���-�� H��F�G&� C��G* K���*�G�*
B�� K�� ���* '@�A� ��5�+
�0 .  
'@�A�    B�� �I# C��&       C��A� 7* �*�/ B�8�+� C��

  K�,��   ����������? 7�@%�)  B�� 7* C
��� (    7G! 5G&�
    7��G	 7G* �%��     �G�
I+ C��G&          fG�Y 7G* fG�Y K��G/

7��	 7* ��	 C��& 7�(0 ���%�& 7��&�  �+�) 7Q*��2:(  
 7Q*��)2(  

R f (V, )� 
 	 �  
 �� �
 7GGG!V �C
��� C�GGG�������? 
 7GGG&��� 

  � ���%�GG& � ��G	�@S�  ����G+� C�GG��QS IG�+   C�GG�0
)�@d�&(      5G&� B�G� � =��
�? � .      K�dG+�
 �G* K���*�G�*

     |�GGG� ����%�GGG& � ��GGG	�@S 7GGG&��� {���GGG	
'@�A�  K���)* K�,�� �+�� C��&V5&� .  

        
��G��
�� {���G	 7G* 7G#@/ �*6  B�G�       �GU��� C�G�
��GG��?     �GGU��� [�@GG\ 7GG* ���GG��� �GG��I�, C�GG�
'@�A�  �+�	   ! �+� _�@# 7        
@G#� '@G�A� 7�}d� C��

            7G* B�G$ K�G� �
 � ��	�* 7+��� � ��	�* 7�	�
    [�@G\
�
�
 7* 7�&@�?    ��G	�* 7�dG*�� ��)Knyazikhin et al., 

1998 .(  �
 B�� ��(�*           {���G	 KG�� �*�G/ B�G8�+� C��

        =�� �G��
 �� ��d��* K���*��* � ~5d�+ ���T�*      C��G* �G�
'@�A�         
�G! �
�M�G&� �G)+� C��G& . K��G*     IG�+ �@GW�� 

=��         �� 7�# �� 7! ��+��
 
@#� �+@0�+@0 C��    7* ��@/

�! ���	� �)��� :t#�� B���# =��7) LUT) (Combal 

et al., 2003a; Darvishzadeh et al., 2008; 
Knyazikhin et al., 1998; Weiss et al., 2000( �

=��  7G��)* C��    C
�G� C��G&)Jacquemoud et al., 

1995, Vohland et al., 2010 ( 7��G	 �    ��EG� C�G�
 ��@�EG�8) ANN) (Bacour et al., 2006; Fang and 

Liang 2005; Walthall et al., 2004; Weiss and 
Baret 1999(���? J�+��
�*�
 �� �� 7! �  5�o� q�8+ C�
  5&� �M�� � .       ����G+� � B�G� �
 5�AQT e��   C�G�0   �G� 

       �G� _�@G# C
��� 
��A/ 7* Dz@A�     7G! �G��%+�   7�}dG� 
     �� 7#�@� N�(� �* �� '@�A�       N�G	 7G* � 
��&    C�G�0

  ��0��G&�+ 7�}dG�9  �G�   �G��%+�)Koetz et al., 2005; 

Combal et al., 2002; Atzberger, 2004 .(123456789  
            �� �G	� {���G	 7G* 7#@/ �* V+�* B@E��)  
@G#�

        �����, C�*� C����� 
��A/ � 78Q�� �
 
��� 5*@Y� ( 7!
     ���
 �� �%�& �
      �G� �G8�/ "G&����+ {���	     � �
@G	

        ��! �@�!�/ ��� �+���� [���� �
@* ��@	
 K��p�
       5&� 7�,�0 ���T ��
 �� �%�& 7A��Q� 
�@� .   �G,�Y ��

 �@(! ���>s 5���� K��u/ ���� 7* B@E�� K�� 5���
            ��@G�� 7G* V+�G* _�F�+� "#@� ��
@* ��x/���&� I�+ �

   �	 7A��Q� 
�@� B@E�� .    �I� 7G* 7#@/ �*    fG��F� C�G�
=��           ���+�* �� ��	 7�,�0 �W+ �
 ��+�� ���I�, C��

        �Md/� r�8�d� [���hu/ 7* 7#@/ ���������? H��F�&� �

  �
�
 7GG* ��GG�+ � v�GGS �    C��GG* {GG8, �+��GG�� C�GG�

          �*�G/ B�8�+� B�� �� L�8�/ K�� �
 �B�� �%�&������

                                                           
1. Multiple Scattering 
2. Canopy 
3. Top of canopy reflectance 
4. Forward mode 
5. Inversion 
6. Hadmard condition 
7. Lookup table 
8. Artificial neural network 
9. III-posed problem 
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      ����� B�	 �
 N�� 78Q��)  N�	1(      7Gk���
 K�G* 7! �

   �@! 7�	� � �IS         5G,�0 e�G%+� �5&� �@E�� ����� C�� .
    7��# LY��� �
 "��s 5(!    &� V+�* C�      ���IG,� �G* � 5

     �� ���-/ ��* 7* C�*��! �w�M/��  �*�� .   �$�@+ ����� r�@8/
         [��M�� �����
 [����-/ �� 5�A�/ 7* I�+ 78Q�� f��F�

5&� .             [�G��� e�G%+� e�G��� 7G* V+�G* w��I� 7%��+ �

           �G��* 
@S K�� � ��+
@* �	� f��F� N$��� �
 �+����

            +�G* B@EG�� �0�G�*�/��* �
 �,�G! [��G��-/ 7! �	 V

@	 
�%��.  

60   [^? 20�20  7* ���        _�GF�+� �,
�EG/ [�@G\
�+�	 .   �	 �A& �_�/��* �
 ����d� ��hu/ ���! C��*

         ���S�G& �� ��
 ����� �$ �/ 7+@+ q�8+ 7!       ��G� � �G�
  �+@	 _�F�+� w��I� .  [^? �� C
��A/        �
�G�,� 5G�� 7* ��

    ����+� �� � �*� �
   ��	� C��0      �+�G	 |>$ [��&��� �� ��
   
��A/ �43   �+�� �T�* [^?  .          7G* 7G#@/ �G* [^G? �� �


   �� �+@��3   �/ 5    [^?�G�� 1�1     _�GF�+� �GA*����� 
�+�GG	 . ����GG&
 �� �
�M�GG&� �GG* [^?�GG�� �GG� �
502-

SAPD      C��G* N�,���! ���8� 30     5dGT �� O�G*     C�G�
    ����G+� �	@? H�/ f��F�   �G�0        �G)+� K��+�G�� � �G	 C

 ��
�0 7�&��� .  ��
�8�SAPD �*       ��d��* � ���d� �A�*
    N�,���! �$�� 7*)g cm� 2 (  �+@G	 N���/ .Markwell 

)1995 (       
�! 7n��� �*�%/ ��@��, �@W�� K��*)  7Q*��3 (
7+@0 �
 7! �� ��&��� _�@# ����0 f��F� C�� ��
.  
 7Q*��)3(  

Chl / ( / A) / (A )� 	 � 	 � 210 6 7 39 0 114  
 �� �
 7!A ��
�8� SPAD5&� .  
 ����+� C��*           
��GA/ ��G�*� �O�G* PQ& RS�	 C��0

7b!            tG*����� �G� �
 
@G#@� V+�* C��)   ��G�0 r!��G/(1 
 �	 =��	 .   7G%�? 
��A/ ab&       7Gb! fEG+ C�G�    C�G�

            7Gb! �
 7G��? K��+�G�� ���8� � ��
�0 =��	 
@#@�
7*  ��� 5&
 .A/ 7! 7b! �
 �A* e�0 �
7%�? 
�� C��  ��	

  7* K��+��� 7*          ��G���+ ��@�� 7* �
@* ��
I+ ���� 5&

           �
 ���(G����� 7* ���&� �/ � �+�	 _�F�+� [^?��� ��

 7�+ _�   �+��
�0 C��
 .       O�G* PQG& ���8� ���(����� �

        ����G&
 �� �
�M�&� �* 7b! ��300-LI      � �G	 7�G&��� 

   7* 7b! �
 K��+���   ��� 5&
 .     �+�G�� KG�� _�U �* �
 K�
           O�* PQ& RS�	 �t*�� ��� �� �* �� r�d8/ � r!��/

    7G* [^?��� �� C��*     �G�� 5G&
 .    B��G# �
1   7G\^S 
�
�
 C���� 5&� ���
�0 H�
 ��	 5	�
�* C��.  

  
 B��#1 .����+� C��������? C���� 7\^S  C��* �/�A��Q� 78Q�� �
 ��	 C��0437+@+ 1  

����+� C��������? ��	 C��0  NT��$  �$�o!�  K��+���  ���A� |���+�  
SPAD 8/30  50/43  96/37  53/2  

O�* PQ& RS�	2   49/0  71/7  84/3  77/1  
 O�* N�,���!3  50/26  80/45  80/36  86/3  

�	@? H�/ N�,���!4   21/0  80/3  55/1  80/0  
  

                                                           
1. Plant density 
2. Leaf Area Index 
3. Leaf chlorophyll content 
4. Canopy chlorophyll content 
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 N�	1 .7A��Q� 
�@� 78Q��  

  

 B��#2 . ���%�& [�EF(�2-AVNIR ���@��� ALOS  
���+�* 
��A/  4  

H@� B@Y  

 ��������5/0 7* 42/0: 1�+�*   
 ��������60/0 7* 52/0: 2�+�*   
 ��������69/0 7* 61/0: 3�+�*   
 ��������89/0 7* 76/0: 4�+�*   

�+��� ���M/ [��T  )��
�+ (Meter 10 
��@E/ ��@+ ���  )��
�+ (Kilometer  70  
5(0��* ���
  42���  
���	� 7����  0  

C��
�*��@E/ 6���/  07/07/2010  
  

2-2-����  '"��# '�*  
      B�& �
 K?�m ����, �����&1994    ���@��G� ALDS  �� 

   ���%�G& J�+��
�*�
 7!     C�G�2-AVNIR   � PRISM  � 
PLASAR
�GG! _�GG/�? �5GG&�  . ���%�GG&2-AVNIR 

            I��T ��
�� � I��T � I�& � �*� C���+�* �
 �� [��^Y�
 t# ��
I+   �� C���     �G�!)   B��G#2 .(   7G8Q�� ��@EG/ 

            �G	 7G�)/ �+��G�� [�GA��Q� �G* ���I� 7A��Q� 
�@� .
      B�m�� �* I�+ C�Md/� P��E/FLAASH   e�G+ �
     ��IG,�

ENVI  �	 e�%+�  .FLAASH      C�MdG/� B�G� 7G��? �G* 
MODTRAN) Matthew et al., 2000 (5GGG&� . �


  B��#3 C
���    B�� C��FLAASH  �@G�+ K��p� � 
 �� K��A/     5&� ��	 H�
 �� .  �#��SFLAASH �  ��
�8

��*�/��*0          5G&� C�MdG/� [���huG/ �� ��G	 P��E/ � .
     7�#��k L��Y �� I�+ �&��� P��E/  C�     7#�
 C��2 

   �� �
�M�G&� �G* �GPS-Garmin Oregon 5501  7(G8+ � 
1:25000   �����G& �
 ��	 7�)/ G 7A��Q� 
�@� 78Q�� 

7(8+ �	 e�%+� G �@(! C��
�* .  

                                                           
1. Garmin Oregon 550 
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 B��#3 .C
��� � B�� C�FLAASH� C��* C�Md/� [����E/ e�%+  
K��A/ �@�+  w@+ � ���8�  C
��� ������? w@+  

 �� �
�M�&� Gain � Offset��@E/   a+��
��   C
��� ��@E/ 
 ��header* ��@E/ ���� N��,  7��� 5&
    ---------  78Q�� � ���%�& [�EF(�  

 �	 K��A/ ��
 K��+��� � ����,��-# ��� '�&� �*  Mid-Latitude Summer  C�Md/� B��  
    
���+��G&� B��G# �� C�MdG/� B�G� '�&� �* FLAASH  H��F�G&� 

��
�0  
 (g/cm2)92/2   _� �@�&  

 
���+��&� B��# '�&� �*  FLAASH��
�0 _�F�+�   Maritime  �I���@� B��  
�	 7�,�0 78Q�� �&��	�@� ����d�� ��   (km)25   ��
 �����  

[z�8� ����    (ppm)385   q^�S� 5�d+co2 
 C����� '�&� �*MODTRAN Disort  �F? B��  

      
  

2-3-8��   3	�1%)')�,����(  
   �"&��� B�� _�F�+� C�����A�         rG! 
��GA/ �G* N�(� 
 '@GG�A� �C
��� C�GG�������? ��>GG?C  5GG��*�T �B�GG� 

      5G&� B�� �
�& C��#� � �&��&
 .      5G)# K�G� 7G*
    ��	 7�S��	 B��PROSAIL        B�G� �
 "G�!�/ �� 7! 

 �* ����?�  OPROSPECT   H�G/ �      �G	@?SAIL   5G&� 
�	 �
�M�&�.  

  
2-3-1-=
 3���&� ���   

 B�GG�(Jacquemoud, 1990) PROSPECT B@GGY �
 
GG�H@  C�GG�400 �GG/ 2500 7�GG\�, �GG* ���@+�GG+   C�GG�5 

          O�G* PQG& �
 �� �0����d0��/ � C��*�/��* �C���@+�+
7��	   �� C��&  ��! .      N��G	 B�� K�� C
��� C��������?

  U ������? ��    O�G* 5��F)N(    NG�,���! �a   � b) Cab( �
   �(S �
��(Cm)    O�* _� � (Cw)5&�  .  ��@G� N�	

7* B��  7Q*�� [�@\)4 (5&�:   
 7Q*��)4(  

[refl, tran]=PROSPECT (N, Cab, Cm, and Cw)  
  
2-3-2-$%�& ��# 3���&� ���   

    �G	@? H�G/ B�G�(Verhoef, 1984, 1985) SAIL �� 
���T   B�� K��/    ��	 C��* ��7        �
 _�G/��* ���G8� yC��G&

     ��G�0 Cz�* PQ&(Ptoc)  5G&�  .      �G� �� B�G� KG��    ��@G/

7A&@/  B�� 7�,��(1972) SUITS
�	�*  .C
���   C�G�
  [���� B�� K��           �� 7G! O�G* �G���?� [��\@EGS �� �+�

  B��PROSPECT 7��	    �� C��&    ����&
 �* �� � �+
�0
 ����+� �������b&�    �G� C��0   �+@G	 .C
���     C�G�SAIL 

[����    �� �G+� :       O�G* PQG& RS�G	)LAI(1   K��+�G�� �
 O�* C�����  ��2) ALA(     '�dG$ 7GQ8+ ����+� �3) HOT (

     �� 5&� �A*�/ 7!LAI          H�G/ 7G* C
��� �*�G/ 5�d+ � �
�	@?4) SKYL .(       7G* B�G� KG�� �"�/�/ K��*    [�@G\
 7Q*��)5 (�� 7�	@+ 
@	 :  

 7Q*��)5(  
ptoc= SAIL (refl, tran, LAI, ALA, HOT, SKYL, 
Rs, �s, �v, �) 

    �� �
 7!s�  �V�          ���%�G& � ��G	�@S 5G�+� 7G���� 
 � �5GG&����GG	�@S � ���%�GG& K�GG* [@GG��� 7GG����  .

           B�G� �����G? ��G� q�	 7���� 5(? v�S �0��*�/��*
SAIL     �* 7! �5&� Rs   �� �
�
 ��(+   
@	 .   v�GS _�/��*

  * 7���� 5(?        �C��
�*��@EG/ 7G&��� {���G	 7* ���d
    �+�G! [���!�/ �PQ& C�*�           � �G����s 
�@G� ���G8� ��G�

  
��
 v�S 5*@Y� .     �G� �'�G&� K�� �*       � 5G*@Y� ��@G/
     7* �� �&��� {���	 � C�*�       �� N8�dG� C������? [�@\

                                                           
1. Leaf area index 
2. Average leaf angle 
3. Hos spot 
4. Fraction of sky light 
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�! ���* H@� B@Y)Baret et al., 2005; Weiss et al., 

2002 .(      e@)M� K�� �� �
�M�&� �*   7G* v�S _�/��*    [�@G\
 7Q*��)6 (�� �
�
 ���+ 
@	:  
 7Q*��)6(  s i i j kR ( , ,H , Z )� � 
  

 ��� �
sR  �v�GGS _�GG/��* i�  �H@GG� B@GGY i
 
   �C��
�*��@E/ 7&���iH    � 5*@Y� kZ     v�GS C�G*� 

   � ~5&�sR            B@GY ��G� �
 v�GS _�G/��* �* "&���� 
                ��G, [��GM�� C�G*� � 7G&��� � 5G*@Y� �G* ��� H@�

��  
@	) 7Q*��7:(  
 7Q*��)7(  

s i i j k s i l m nR ( , ,H ,Z ) B .( ,H , Z )� � 
 � � 
  
 �� �
Bs�5GG&� ����GG	�� ������GG?   �� N8�dGG� 7GG! 

   �� � H@� B@Y   5&��������? ���
 7* 7�d* .    ������G? KG��
     5G&� �G8+ 
�@G� rG! �	@? �* LY��� �
)Verhoef, 

2007 .( ���%�& �
       �G� �G�
 7G! ���G�    ��
�G+ � 7G�)#
  ��+��
Bs       7* PQ& 5*@Y� � C�*� C��* {8,    �� ��!   
��

)Darvishzadeh, 2008; Lauvernet et al., 2008 

Atzberger, 2003 .(   7G* NG! �
12 �����G?    ��@G�� 7G* �
     5&� ���+ B�� C��#� C��* C
��� .    I���+� ��)��� �* ��I,�

         IG�+ B�� C��������? [����-/ 7* 5�d+ B�� 5�&�d$
 5,�0 [�@\ .     
@* N�	 K��* I���+� K�� e�%+� .  7! I���+�

              �G���-�� �G��
 � �G	 �
�
 �G��-/ _���/ 7* ��-�� ��
    �+�	 7�,�0 �W+ �
 5*�h .     �G�
�0 �G&��* �@W�� K��* 

              H�G/ _�G/��* �G* 7+@�k B�� �
 ��-�� �� �
 ���-/ 7!
H@GG� B@GGY 7GG���
 �
 �GG	@?  C�GG�2-AVNIR ��huGG/ 

��  �)+ .         �5�&�d$ I���+� �� ���� 5&
 7* V���+ ���� ��
             5G��)+ �
 � �+�G	 K�G�A/ 5*�h � ��-�� C��������?5 

  ������?)         �[@G��� 7G���� ���G	�@S 5�+� 7����SKYL �
      � ���%�G& ��
 7����Cw (         7G�8* � �G�
�0 ��G, 5G*�h

 �+�	 7�,�0 �W+ �
 ��-��) B��#4.(  
  

2-4-���!�   '��	  
  '@�A� �
 5�8,@�   B�� C��&       K�� 7* ��*�/ B�8�+� C��

�� ���d* ���I0 �� r�E/ 7& �*�� :  
    7��	 C��* "&��� �*�/ B�� _�F�+�    _�G/��* C��G&

~���0 
 '@�A� "&��� =�� _�F�+�  � ~C��& 
 �F�+� � f��A/ ���)+ _�@# _)7��)*.( 

7GG��)* ���
 C��GG& ���GG�/1=�� ��    ���GGT C�GG�
7*   '@�A� �@W��   B�� C��&      5G&� �*�/ B�8�+� C�� . �


         f�Y K�* L��Q/ K���)* K�,�� �+�� �@W�� �=�� K��
7��	       ����G+� f�Y � ��	 C��&          C��G#� �G* ��G	 C�G�0

    "G�!�/ �* B�� ����         C
��� C�G�������? fG��F� C�G�
5&� .�A�   r� �������/ fT@/ ��      5G&� 7G��I� t*�/ ����0 .

           t*�G/ �LG�8�/ K�� �
 ��	 �
�M�&� 7��I� t*�/RMSE 
) 7Q*��8 (5&�.  

 7Q*��)8(  
n

2

i 1
m e a s u re d s im u la te d( R R )

R M S E
n

�
�

�
�  

  

 B��#4 . B�� 7* C
��� C��������? 7���
PROSAIL1  
������?  �$��  NT��$  �o!��$  

 O�* PQ& RS�	)LAI(  m2 m-2 2  10  
��+���O�* C����� K ��)ALA (  Deg  50  80  

 O�* N�,���! ���8�)Cab (  μg cm-2  20  50  
 O�* C���S�& ������?)N(  �A* �*  1  2  

 �(S �
��)Cm(  g cm-2 001/0  02/0  
 7Q8+'�d$)  HOT SPOT(  m m-1 01/0  1/0  

 "��U�0��(S�
 v�S )Bs(  �A* �*  1/0  2/1  
                                                           
1. Iterative optimization 
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    �� �
 7!Rmeasured    7G* �0�G�*�/��*   
  G&    �� ��G�� 5
  ���@E/Rsimulated  7��	 �0��*�/��*      7G* ��	 C��&    7��G&�
 � �B��n5&� ���%�& C���+�* 
��A/ .  

   [�GGA��Q� 7GG* 7GG#@/ �G* ������GG? �GG� C��GG* ��G�*� �

           �G� _�GF�+� �o!��G$ �G/ NT��$ J��* �� ��+����    
@G	

)   B��# '�&��*3(    ���* K�� ab& � ~       7G* �G�5   5dGT 
 �� r�d8/  

�0 .   �GW+ �
 �*         KG�� 7G+��� ��
�G8� K�,�G0 

���*    "�!�/ e�/ ��          fG��F� C�G�������? �� 
@G#@� C��
�GG� B�GG� 
���  "GG�!�/ �GG� 7GG* q@GG*�� fGG�Y � �+@GG	

7��GG	 �GG� C��GG& 

�GG0 . fGG�Y KGG�� �dGG��8� �� aGG?
7��	          7G* fG�Y �G* ��G	 C��&         ���@EG/ �� ��G�� 5G&


   7��	 7* 7! ����������?          �G* 7G! �G���%��* �M�Y C��&
 7* f�Y    5&
    ��@E/ �� ����  K���!RMSE    7�G	�
 �� 

  �� _�F�+� ��	�*  
@	 .     ���G* �GA* ����/ �
       �
 7G! ���G�
            7G* � _�GF�+� ����	�
 �� _�@# K���)* 5dF+ ����/5 

  r�dG8/ 5dGT  �G� C�GG�*    ���GG�/ z�G* NGG$��� � �+@G	
��  

�0 .     �� a? �5��)+ �
5    r� � ����/ ��*       ��G	 ��G0

  ��
�8�RMSE   �* N�,���! ��
�8� �      PQG& RS�G	 � O
    7��	 7* �%�� 7! O�*  ��
I+ C��&  f�Y 7* f�Y K��/

 ��	 ��@E/   7* ��+�       �� �W+ ��� ���)+ _�@# ��@��   �G+��0 .
 N�	 �
 r���@��� K��25&� ��	 �
�
 .  

  
  

  
  

 N�	2 .V+�* C��������? H��F�&� r���@���  
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3-�"��� � ?�
   
         B�G� 5�&�dG$ I���+� 7* q@*�� V���+PROSAIL 

 	 �
  N�3      5G&� ��G	 �
�
 ��(+  .       �G�k �� I���G+� KG��
   5&� 5��� C���
 7��#) :r�� (   C��hu/ 7! ����������?

      �G� RF(� ��+��
 �#��S �* 7*�(�   �+@G	 .  H��F�G&�
   5GGG&� ��@GGG	
 Dz@GGGA� �B�GGG� �� �GGG�������? KGGG��

)Jacquemoud et al., 2009 .(  N�G	 �
 �B�o� ��@�� 7*
3  C�GG�������? [��GG��-/ ��huGG/ N � LAI _�GG/��* C�� 

7��	    7* ��	 C��&    7��&�PROSAIL   H@� B@Y �
    C��
  ���%�&2-AVNIR    5&� ��	 �
�
 ��(+  . ��G�    �@GY

        ������G? �
 KG�� ��
�G8� ���IG,� �G* �5G&� RF(� 7!
    �� ���? ���I,� I�+ _�/��*   �G�!) .e�
 (  ��� �� �G��   C�G�

r!    _�@# 
��A/ �
�!     7*�(� C��)  ��0��G&�+ 7�}d� (  7G*
 NT��GG$ 
��� C�GG�������? ��+�GG&�) B��GG#3 ( 5GG*�h �

 5&�)+� �
�! .      ������-�� 5�&�d$ I���+� �� �
�M�&� �*
     7��	 �
 C��hu/ �)+� [����-/ 7!       B@GY �
 _�/��* C��&

H@�   �� K��A/ �
���+ ��@F�
 C�� �+@	 .7*    �B�Go� ��@G��
     H@G� B@GY �
 _� ���G8� [���hu/    �� ��G* C�G�1300 

   H��S 7! �5&� ���@+�+         ���%�G& �
 �GW+ 
�@� 7���
 �� 
2-AVNIR5&�  .  

  �+���+ �� ���          [��GM/ V+�G* ���0 ���*�
 
@#@� C��
    �� 5(! ��d*) �
@* �*�T�s (    7*�(� [z@E�� ���
 �*

)    �� I# � e��0 ��+�� (5&� .     7! 5&� RF(� N�	 �

 ������?scale    �G� _�GU v�GS _�/��* �
 7! G     G 
@G	

 GG+ ���GG+�* NGG! �
 �+��GG�k ��huGG/
���) .e@GG& ( K�GG�A/
          [��G��-/ 7G* 5�d+ f��F� C���+�* �
 B�� 5�&�d$

  �� ���* ����-��         '@G�A� �
 ��@G�* 7G! 
@	     �� C��G&
       "&��� C�+�* [���!�/ �� � ���+�*)  RS�G	 ��+��    C�G�

����0 (
�! �
�M�&� .  
       ������G? �7G+@+ ��@�� 7*Cm     �G+�* �
 4   K���(G�* 

     N�,���! �� � 
��
 �� ��hu/    C���
  / K���(�*u    �G+�* �
 ��h
5GG&� I�GG& .�GG� [�GG�^Y� 7GG+@0 KGG�� �GG! �GG*  ��@GG/

RS�GG	    �GG� � 
�GG! 7GGA��Q� �� ���GG�0 fGG��F� C�GG�
RS�GG	  
��� 
@GG#� 7GG* � 
�
 N�GG	 �� C�GG��# C�GG�

)Broge and Leblanc, 2001 ( �G� K��p� �   �
 ��@G/

 =�� "�!�/         RS�G	 �� �G��I�, � C���� C��    "G&��� 
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