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(Baret et al., 1989) 

  
                                                           
1. Ratio water index 
2. Normalized difference water index 
3. Transformed soil adjusted vegetation index 
4. Second-soil adjusted vegetation index 
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1. Root Mean Square Error 



���� ����	
  ��
�
�� ���)�����  �	�� (�� �� �����
� ��� �
���! "
#�$ �
�� %&
'� 12
�$ 3-���! 4�
�� "���� ��	 ... 

 � ��� �� ��	
GIS� ���
  
��
 ��
 �  �������� �  ����1390  

61 

  � T��EE��v- (EE�� (�+�EE� �EE^" �� ���EE& 
�� (EE�� ��
/"�H" 
K#
�� BC
� X
J�"�    /E� E ������� $�s /& 
F

   Q< R
C ���� \�
�        /E"�H" � (��� � ���- /����    �
EF
      c�AE5- E *E#� �E�- � c���E�� ���< S
- �� \�!��

$"$� . BC
� ��
H-    ���E� � /��H�� \� ���& 
F   �
EF
��<       G �� 
�� �$"$� ��D� /�>�  ���� /� 
�"     �E>�?��+ �
F

   �� �������YEE#� �
'�EE#� �� ��
>�EE#� 
EE& /EE� 
��EED��
    /& ��� �� ���# �
'!�
��G        |$E"����&�� 
$E"$�G *E#�

���$P�              KE�r� � $��AEF IE�" �>AEH-� �
J& X;D �
F
�$���#     ���$P� (�� �� 
F          T���UVE- ��ED� \E�0� /& 

F

 ���$EEEP� ��>AEEEH-�   �EEE>�? �
EEEF1450-1350 
 
1950-1850 �  2150-2150       � $"$E� N;EO 
����"
" 

 BC
E�    X
E-�
& (EE�� �� ��
>�E#� 
EE& 
EF   ���EE� ���E& 
EEF
����  �F \�
� �
F95$"$�G�� ��D� /& /"�H" .  

  
3-2- - ��
�
�� ���&! ����	�� %F�
� VWC  

          ���E& ��
E-�� �>�? T
����- (���%& /�#
P� �� ��<
    BC
E� �� �� �F      (�EHJ- � 
EF  VWC      �� ��
>�E#� 
E& 

��#���  BC
� � 	          	�IE�� 
\5�AE� ��v�� 	���� /& 
F
 X
-�
& �'�A�HF     �� 
F584      ��$5� � 
�>�? ���
& $"
& 

VWC /&            ��$E5� 
E& /E"
��$D ��E?VWC     $E� �E#��& 
) \��4.(  

  

  
 \��4 . �'�A�HF K���)2R (/& �- 	
�� �$�G *#�  �
F$"
&

 � �>�?VWC/"�H" ��
H- �� ��
>�#� 
& 
 
F  

  

     E�& 
\�� /& /D�- 
&      �� �'�AE�HF ���
E5� (���!
    I���� 
& ��
F$"
&750  
1440   � 1950     �$E� �$F
!E� 

             	
!E" �� ��h
E& ���
E5� �'�AE�HF (E�� 	�I�� /s���
�H"    $F�)3/0<2R .(   �O��E"1440   � 1950   (���!E�& 


 /& X;D             �
F$E"
& tE_���� � $E"��� �� 	
F
�� XG /��#�
/& XG ��_ �&;D �� �
H� $��G . S�� j�?750��"
"  
��

             ���� 	
!E" 	
EF
�� XG 	�IE�� 
E& �� ��h
& �'�A�HF
���� ���_ \�+���� X;D /5M�� �� 
*#�.  

      �E- ��
EH- (�E& �'�A�HF      � 
F$E"
&VWC  ���E& 
����     QE< R
C �
F            (�E�WHF � (E��� � ��E�- /E����
����                 /E& IE�" �E�- � c���E�� �E��< S
E- \�
� �
F

  /& /"
��$D T��[   $"$�G *#� .    �AE�HF (E�� ���
5� �'
   \�� ��5) b :  c����� /   � ��-a :  ���- /(��� ( ��
H"

 *#� �$� ���� . /"�H" �� ���& �'�A�HF 	�I�� /A�
5�
            \�E� �� �E�- � c���E�� �E��< S
- 
&5) b(  	
!E" 


��           �� 
F$"
& ��
H- �� w
���5- �'�A�HF 	�I�� /� $F�
/EE"�H"  �� ��!EE�& �
�AEE& c���EE�� �EE��< S
EE- 
EE& �
EEF

  "�H" �� �'�A�HF/      *E#� �E�- ���< S
- ����� �
F .
    (�& �>�? ���$P�725   � 1140   /"�H" �� ����"
"    �
F

     h
& �'�A�HF ����� c�����)7/0>2R (    �� /E� $��AF
            $E"��� ��-h
E& �'�AE�HF �E�- ���< S
- 
& /A�
5�

)          �� �E�H� ��- ���< S
- �� �'�A�HF ��$5�1/0  �� 
    *E#� /E�O
" (�� .(          (�E& �� 
Ny�EC� (E�� V!E��  (�E+�

  Q< R
C T���UV-         /� *#� c����� ���< S
- �� /����
   �- �'�A�HF ���I+� ��
&        �E>�? /�O
" (�� �� 
F$"
&

     *#� �$� c����� ���< S
- �� . /"�H" ��     iE�L�� �
F
       \�� �� /� 
���- R
C /&5) a (    
*#� �$� ���� 	
!"

     �>�? ���$P� �� ��$5� (���!�&740 � 1950 ����"
" 
 �� �$F
!�   ��E� .   ��$E5�2R         ��$EO /E�O
" �� (E�� �� 

53/0 *#�  .       �� �'�A�HF �h
& ���
5� (��� R
C ��
 �EEE>�? �O��EEE"490 
680 
1420 � 1950 ����"
EEE" 

/&  $�G *#� .  �
F$E"
&490 
680 � 740   ��EF ����"
E" 
     �� 
F$E"
& �'�� 
�� 
$"��$" ���_ XG �&;D �O��" �� ��

t_�� XG �&;D /�O
" $"� .  
  



�
��6#� - ��
5�
! ���:! 

 � ��� �� ��	
GIS� ���
  
��
 ��
 � ��� ����� �  ����1390  

62 

  
 \��5 .5� �'�A�HF K��� /A�
)2R (�- (�&  � 
F$"
&VWC/"�H" ��  Q< R
C 
& �
F  (��� � ���- /����)a (  

 ��- � c����� �F
�� ���< S
- �)b(  

  
3-3- ����    ����� ���         �J� �J'	� K�JL$�
 - �	��

 �
�=!VWC  
���
& BC
� �
%s  XG ����P� 
& 
%"G �'�A�HF � $"
&

�� �� ��
>�#� 
& �
�� ���< S
-���� ( $"$� /�#
P� 
F :  
1 .����   ��
EEH- �
EEF95 /EE"�H" )  ��
EEH- ���EE&

X
-�
&     X
E-�
& � 
F       j�E? 	�$E& �
EF   S�E�    �
EF
�>AH-� XG �
J& X;D( �  

2 .����   /"�H" �
F          ����� R
EC �� /E�+�����_ �
EF
Q<     ���- /����)48 /"�H"  (   (��� �)47 /"�H"  (

 � �/"
��$D ��? /& 
3 ./"�H"    �F
�� ���< S
- ����� �
F c����� )37 

/"�H" (      ��- �F
�� ���< S
- �)58 /"�H"  ( /&
/"
��$D ��?. 

      �F ���& /��%& �$"
& T
����-4     �� �F �� BC
� 
 ���� ��    /& ���;� �
F   $"$�G *#� .   (���%& X
J�"� ���&

        �E�} BC
E� �
%s �F ���& �$"
& K���-     �$E�&� 
�$E�
   �'�A�HF K���)2R ( BC
� 	
��     �
E��� �
EF   �$E�

) F ���&      $E"
& �� �� \�!E�� ��
E-�� T
E����- �� �E� �
  T�
E>�� �>�? (     ���$E"� XG ��$E5� �        �
E�� �$E� ��E��

)VWC( $EE� /�EE#
P� 
 .   Q��-
EE� /�EE#
P� �� QEE<
 �h
EE& ���
EE5� �'�AEE�HF2R $"$EE� X
EEJ�"� )80/0 


75/0>2R .(BC
�           \��!E- 
F$E"
& (E�� /& x�&�� �
F
          $E� ���� ���_ 	��#��� �� �I�� ��? /& � $"$����  � $"

  ���
5�2R   � RMSE        BC
E� (E�� ��
EH- ���E&       
E& 
EF
  /& T�
>�� �
F$"
&   $�G *#� .       ���
E5� /E� 
�"G ��2R  � 

RMSE           ��� �E& 
$E"��& cF /& ���I" �
�A& RMSE  � 
2R   *A- ANOVA           *AE- (E�� 	�Es � �*E+�� )
�"� 

  /& ���
5� ���&  *#�     ���" ���
�L� �$�G)05/0P>(   ���E& 

   BC
� �� �� �F   "
&�� 

F         �� 
E%"G �� ��
>�E#� 
& /� �$

    ��$5� (��-h
& 	��#���2R (��
< �   ��$5� (��-RMSE 
/EE&  $"$EE� X
EEJ�"� 
$EE�G *EE#� . \�EE� ��6 ���
EE5� 

  BC
� (�& �'�A�HF          �>�? $"
& �� �� �� �F ���& 
F
   � ��D��VWC           ���� 	
!E" �$EL&�� TyE< T��E[ /& 
 *#� �$� .�&    ���
5� g
#�2R       	
!E" Ty< (�� �� /� 


           �� �� �F ���& �� /��%& �$"
& T
����- 
*#� �$� ����
BC
�             
E& �� �'�AE�HF ��$E5� (���!�& /� 
FVWC 

 �� 
$"���       ��E� ��
E#
�� 	��E- .       �O��E" \�E� (E�� ��
  �>�?     
& h
& �'�A�HF �����VWC     ��E�- �E"� 
& 
    �E-

 BJ!� wy�
�   $E"� .          B�J!E- �E& ��yE� 
KE�-�- (�$E&
    �>�? ���
& �
F$"
&)i� (      
E& h
& �'�A�HF ����� /�

VWC  �� 
$��AF    ���$P� 	��-       �E>�? �
EF)�� ( ��
        BC
E� �� �E� �EF ���& I�"       ��E� ��
E#
�� 
EF .  (E��

���$P�        �E� h
E& �'�A�HF 
& 
F        ���
nE- ���E& $E�"��-
/&  *#�   �$���# �� �$�G         ��
F$E"
& /E� 
�>�?$E�s �
F
%<(    ���� �� �-           ���E_ ��
>�E#� ���E� 
$"��� �>�?��+ �
F

 �EE� �EE�O � �$EE"��'&    �
F$EE"
& �EEO��? ���EE& 	��EE-



���� ����	
  ��
�
�� ���)�����  �	�� (�� �� �����
� ��� �
���! "
#�$ �
�� %&
'� 12
�$ 3-���! 4�
�� "���� ��	 ... 

 � ��� �� ��	
GIS� ���
  
��
 ��
 �  �������� �  ����1390  

63 

�$���#   /& 
F      �
C N�$F� ��^��)    $"
& �� �O��? wy��
 	
F
�� �&G g��#� B�J!- ���& (��� ��
>�#� 
%"G �� .

	
HF     /� ��?Colombo    	��
�HF � )2008 (  i�5P- ��
  ���� ��
�� ��C    $"�    \�� �� �6) RWI   � 2SAVI ( I�"

          ���$EP� �� XG �&;ED �
F$E"
& 
*E#� BJ!�    �
EF
SWIR 
& /A�
5� �� �
�� �&G ����P� ��'J#
< ��!�& 

    ���$EP� �� tE_�� �
F$E"
&NIR    c�AE5- 
E& � $��AEF 
    ���$P� (�� �
F$"
&)SWIR (     �O��E" X
-�
& ���
5� /&

NIR   �E� (�& �� �
�� c�O � �
�C
# T���UV- 
 � ���  /E& 

  
	
EEF
�� �EE&G ���EE�P� �&
EE���� ���EE& �?
EEC (�EEHF
K#
��  $"�)Maki et al., 2004 .(  

  �
F$EE"
& (��EE�%& *EE�L_�� � �'�AEE�HF K���EE�
\��!-  �$�F�  BC
�        /E"�H" ��
H- ���& �>�? �
F    
EF

)   X
E-�
& ��
H- \�
�      X
E-�
& � 
EF        �O��E" 	�$E& �
EF
N;O (   /E"�H" (��WHF �          R
EC d�E" �$E"����&�� �
EF
Q<  �             j�$ED �� �E��< S
E- cE�O )
�"��# � /���3 

*#� �$� ���� 	
!" .  

  

wavelength nm

w
av

el
en

gt
h 

nm

NDWI

500 1000 1500 2000

600

800

1000

1200

1400

1600

1800

2000

2200

2400

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

  wavelength nm

w
av

el
en

gt
h 

nm

Simple Ratio Index

500 1000 1500 2000

600

800

1000

1200

1400

1600

1800

2000

2200

2400

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

 

wavelength nm

w
av

el
en

gt
h 

nm

TSAVI

500 1000 1500 2000

600

800

1000

1200

1400

1600

1800

2000

2200

2400

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

  wavelength nm

w
av

el
en

gt
h 

nm

SAVI2

500 1000 1500 2000

600

800

1000

1200

1400

1600

1800

2000

2200

2400

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

  
 \��6 . �'�A�HF 	�I�� �$L&�� ��
H")2R ( (�&VWCBC
� �  ���
& �
F /& $"
& *#� /"�H" ��
H- ���& /� 
�$�G  
F  

)95/"�H"  (*#� �$� /�#
P�.  



�
��6#� - ��
5�
! ���:! 

 � ��� �� ��	
GIS� ���
  
��
 ��
 � ��� ����� �  ����1390  

64 

/& /��%& �
F$"
& *#�  BC
� �� ���& �$�GRWI � 
NDWIEE�_  �� tEE_�� �EE>�? �O��EE" N;EEO �� $EEL& � \

        /&
!E� w
E���5- �>AEH-� X;ED ���$P�         �� (E�� �� � $E"�
��    /& `�
�" 	��-  *#�        ���& �� BC
� �� (�� ���& �$�G

 ����F
� ���
n-         ���$EP� �� KE�r� /E� 
��      X;ED �
EF
  �H" �����&���n- �>AH-�        )
E'�F ���� ���� c�HL- 
$���

     �EE��v- �>AEEH-� X;EED �O��EE" N;EEO �� �"�$EE�s
���$P�       $!" �
��� �>�? �
F)   ����"
" $�s $O ��(  
�� 


 /& �
F$"
&  *#�      BC
� �� �� �$�G2SAVI   � TSAVI 
 wy�
EE� 
�>AEEH-� X;EED �
F$EE"
& N;EEO �� $EEL& � \EE�_

 $"��& T�
>�� . 
t_�� ��            �E^" �� 
E& /E� ���
�" /A�
5�
  (�+�����$"�  ����         X;ED �
F$"
& \�
� /� �>�? �
F

 EEH-� �
EEJ& $EE"��& �>A) �
'�EE#� �� ��
>�EE#� 
EE&  �
EEF
   (��� ��� �& �������Y#� (      �
J& N;O �� \[
O `�
�" 
&

              ��� �E& ��>AEH-� e���E� /E� ��� 	
!E" 
�>AH-� XG
               	����E+ ��UVE- 
BC
E� �� (E�� �� /E��%& $E"
& X
J�"�

��  $%") j�$D2.(  
      Q< R
C 
& ���� ���� �� ��        
(E��� � ��E�- /����

   /& BC
� �
%s �F  �*#      �'�AE�HF K��� ����� �$�G
     ��$E5� 
& ��h
&VWC    $E"��& )   j�$ED3 .(    K��E� 
E��

  ���� �� �'�A�HF     Q< R
C ����� �
F      
(E��� fE����
    QE< R
C �� �-h
&       ��E& ��E�- /E���� .    �� ��ED�� `�
E�"

  j�$D3  �� 	
!"        Q< T���UV- ���v- 
& /� $F�    
/E����
    BC
� ���& /��%& �
F$"
& cF    �� ���v- 
F   $E��    cEF � 

  � BC
EE� (�EE& �'�AEE�HF 	�IEE��VWC �EE^" �� � �
     $"
& ��
#
�� �� T���UV- (�� (�+��     ����� /��%& �
F

*#�.  

  

 j�$D2 . ��$5� � 
F$"
& *�L_��2R/&   (�& �$�G *#�VWC���
& BC
� (���%& �  /"�H" ��
H- �� ��
>�#� 
& 
$"
&  
F  

/"�H" \� /��H�� 
F
X
-�
& \�
�  �>�? �
F  
$_
+���$P�  �>AH-� X;D �>�? �
F  

  /"�H" \� /��H�� 
F
 ��
H- \�
�   
$"
& �>�? �
F  

VI 

2� 1� R2
  2�  1�  R2    

1464  723  84/0    1418  720  85/0  RWI  
1965  697  81/0    1965  679  81/0  NDWI  

2030  739  85/0    1443  825  86/0  SAVI2  

1132  1338  77/0    2237  2135  80/0  TSAVI  
  

 j�$D3 .L_�� ��$5� � 
F$"
& *�2R/&  *#�  (�& �$�GVWC���
& BC
� (���%& �  ���� �� ��
>�#� 
& 
$"
&  ��- � c����� ���< S
- 
& 
F 
Q< R
C � ���- � (��� /����  

����  R
C 
& 
F
Q< ���- /����  

  ����  R
C 
& 
F
Q< (��� /����  

  ����    ���< S
- 
& 
F
c�����  

  ����  ���< S
- 
& 
F
����c�  

VI 

2�  1�  R2  
 2�  1�  R2  

 2�  1�  R2   2�  1�  R2    
1965  716  86/0    1441  1858  91/0    1321  1211  78/0    2125  2273  84/0 RWI  
2165  2195  85/0    598  1943  91/0    1321  1211  77/0    2125  2273  83/0  NDWI  
1965  529  85/0    1441  1456  88/0    1352  1096  78/0    1441  733  91/0  SAVI2  
2145  2225  82/0    1441  1456  88/0    1229  1321  78/0    713  2009  85/0  TSAVI  

  



���� ����	
  ��
�
�� ���)�����  �	�� (�� �� �����
� ��� �
���! "
#�$ �
�� %&
'� 12
�$ 3-���! 4�
�� "���� ��	 ... 

 � ��� �� ��	
GIS� ���
  
��
 ��
 �  �������� �  ����1390  

65 

Sim � Gamon/EEL0
M� ��    j
EE# �� 	
EE�2002 

�EE��< S
EE- �� /EE� $��C
EE# BJ!EE�  c���EE�� �
EEF

j�?  S��      X;ED /E� ��
F     /E& 	
E�        �
E�� �� XG /��E#�
         X;ED /E� ��
F$E"
& 
E& /AE�
5� �� 
*#� o�L�   	
E�

     �
�� XG 
*#� �
�� 
- e#���    �� 	
!" ��%& ��   $�F� . /&
      	�IE�� /& ���!�& *�#
AO 
%��� t_�� �� 
�'�� T�
��

             X;ED /E� ��
F$E"
& /E� ��Es 
$"��� �
�� �� XG    	
E�
/&                 �
E�� �E��< S
E- kME# �� 
*E#� ��E_ XG /��#�

 �� X;D                 }�E>" �
E�� �E��< S
E- \EC�� /E& � $"�E�
�H"  $��� .             X;ED 
E& ��
F$E"
& /E� *E#� �0
O �� (��

   � e#���              }�E>" �
E�� �E��< S
E- \EC�� /E& o�LE�
��             �E��< S
E- \E� �E&G ����P� �$��
H" � $���   $E"� .

   /"�H" �� \[
O `�
�"          �E�- � c����� ���< S
- 
& �
F
)  j�$D3 (          IE��� /E& I��_ 	��
� |��$P� /� ��� 	
!"

    XG �&;D $"
&2250          S
E- �� �E&G ���E�P� /& ����"
" 
���<   c����� �
F  g
AO 
�- �'�� �� �-  X;ED �
F$"
& 
 ��& XG .j�?    S��2250  /& o�L� �&;D $"
&   XG /��#�
 *#�)Sims et al., 2002 (	
HF �   j�$ED �� /� ��?3 

       /E& /��%& �
F$"
& 
*#� �$� ���� 	
!"   *E#�    �� �$E�G
       BC
� �� ���& c����� ���< S
-RWI   � NDWI  �� 

    �$� t_�� $"
& (�� ���$P�           
�E�- �E��< S
E- �� � $"�
 "
& K�r�          �&;ED $E"
& ���$EP� �� �&
J�"� �
F$1250  

 $"��� ���_ E *#� ��_ �&;D $"
& /� E  .   `�
E�" �E'�� ��
      �� 
���< S
- c�O T����v- �� \[
O      K��E� /& 	��-

   BC
� (�& �-h
& �'�A�HF     � 
FVWC    ���< S
- �� 
            (E�� /� ��� ��
�� ��- ���< S
- 
& g
�_ �� c�����

     & �� \�0� /& �'�A�HF ���I+�     R
EC T���UV- (�+� (�
Q<     ���< S
- �� /����        /���� �'�� � *#� c����� �
F

  BC
�2SAVI       ��$5� 
& �� �'�A�HF (���!�& VWC 
              �E�- �E��< S
E- �� /s��� ���� 	
!" ���� �� �F ��

     BC
E� ��
H- �� �'�A�HF ��$5�        	
AE�� w
E���5- 
EF
$"��&.  
  

3-4- "
JJ#�$ Cross validate .�JJ� VWC �JJ� �
.����E
  ���� 5
    %� ���  ME�    ��
E��� �� .�!�

�F�  
 8�� *_�     /� ��
FVWC /&          ��� (�EHJ- 
E%"G /��E#�

 8�� 
& 
$�cross validation*+�� ���_ �&
���� ����  .
  �&
���� (�� `�
�"           /E"�H" �� ���E� /E# �F ���& 
F     �� 
EF

  j��$D4   � 5    *#� �$� ���� 	
!"  .    ���E& (�HJ- *_�
����     ��
EH- \�
� 
F95    BC
E� �� �� /E"�H"RWI � 

2SAVI      Ny�C� 
& �'�� BC
� �� �� 
       ��E& �-h
& /� $"�
) j�$D4.(  

  
 j�$D4 . ���
5�2R � RMSE/&  *#�  8�� 
& �$�GCross validation (�HJ- ���& VWC/"�H" ��
H- �� ��
>�#� 
&   
F  

/"�H" \� /��H�� 
F
X
-�
& \�
�   �>�? �
F  
���$P� $_
+ D �>�? �
F�>AH-� X;  

  /"�H" \� /��H�� 
F
 \�
�   
$"
& ��
H- �>�? �
F 

VI 
  

RMSECV  R2
CV  /�A&�� ��v�� RMSECV  R2

CV  /�A&�� ��v��  

37/0  83/0  RWI*  36/0  84/0  RWI*  

41/0  79/0  NDWI*  41/0  79/0  NDWI*  

34/0  85/0  SAVI2*  35/0  85/0  SAVI2*  

45/0  75/0  TSAVI*  42/0  78/0  TSAVI*  

  001/0P< *  
  



�
��6#� - ��
5�
! ���:! 

 � ��� �� ��	
GIS� ���
  
��
 ��
 � ��� ����� �  ����1390  

66 

  j�$D5         (�EHJ- �� \E[
O `�
�" I�" VWC    
E& �� 
  ���� �� ��
>�#�      QE< R
C ����� �
F       � T�
E>�� /E����

  S
- c���- (��WHF     �� 	
!" 
o��J� ���<   $EF� .  �EF
   �E��
& BC
� �
%s        /E"�H" �� /E��%& $E"
&      R
EC �
EF

  (�EEHJ- 
(EE���    BC
EE� �� ��EE�%& �
EEF��   �
EEF
/&  *#�       ��& ��E�- R
EC �� ��
>�E#� 
E& �$�G $E" .  ���
E5�

RMSECV/"�H" ���&  Q< R
C 
& �
F  (�& (��� /����
29/0   
- 34/0 �� ���v-      R
EC ���E& /E� �0
O �� �$��

 (�EE& ��$EE5� (EE�� ��EE�-35/0 
EE- 40/0*EE#�  . (��EE�%&
        BC
� 
���- � (��� R
C �� BC
�RWI    ��$E5� 
& 

CVR2    K�-�- /& 89/0   � 85/0   ��& )  j�$D5.( �  \�7 
 �$EE����G�& ���
EE5� (�EE& /EEM&��VWC �� ��
>�EE#� 
EE& 

   BC
� � 
�MC 	��#���     ���$"� ��$5� � 
F     �$E� ����
   �� 	
!" �� 
%"G  $F� .     �E� IE�" \�� ��        /E� $E�� 	��E-

 BC
� ��
H-   ���
& �
F     (�EHJ- �� ��
�� ��
"��- $"
&  
VWC         ���;� BC
� �
%s *_� w
���5- � $"��� 	
F
�� 

  
�� �*#� 	
A��    BC
� �� 2SAVI   � WI    �E+y�C� 
& 
 ��$5� 
�'�� BC
� �� 
& g
�_ �� R$"�VWC ��%& �� 

��� (�EEHJ- $EE"� .  BC
EE� /EE# ��RWI � NDWI � 
TSAVI    �E� �$�� ��
��G       /E"�H" �� ��E�       ����� /E� ��

     /"�H" �'�� �� ���!�& �&G ����P�         �
EMC 
$��AEF 
F
    /"�H" �'�� �� cF ���!�&  �&G ����P� 
& 
F  @ 
$"��� ��H�

  �� ��C (��   	
!" $"��-         �� BC
E� 	$E� d
��� �$�F�

�� ���I+� XG ���
5� /� $�
& ��
'�F  
%�- /s��� �$&
�
     /E���" ���& ��
%�- /& /"�H" ��     d
�E�� ���E� �� ��E��

            (E�� �� c�HnE- ���& � *A�" �+
� BC
� �� 	$�
  /"�H" /& 
��
&     *#� �
�" ���!�& �
F .   BC
E�2SAVI 

  � (�� ��   $!" d
��� /"�H" � .    (�HJ- *_� d
��� \�!�
   �E� �F
� ��           BC
E� �� \�!E� (E�� � $EF�     �� �
EF

      /& wh�HL� �F
�� �
F�����
< �&��& �� �$"
&   �� ��D�   $�G
)Thenkabail et al., 2000 .(   T��E[ (�$E& \�!� (��

         l�E& �E��< ��$5� c����� 	
F
�� �� /� *#�      /E& 
EF
100  �� $[��       �
F�����
< � $#�    $E�"
� �F
��LAI  � 

VWC            �E"�I+ 
�E��< S
E- c���E- ���I+� 
& 	
�WHF 
��  $"��� .            /E& �E��< S
E- c���E- /� ��
'�F 
��100 

 �� $[��              �F
E� �&;ED $E"
& �� X
E-�
& ��$E5� 
$#�
  *��� $F��C ��n�J� .       �� X
E-�
& 	�I�� 
\&
5� �� 
��

        �E� ���IE+� 	
E�WHF �#
�L"� S�� j�?   $E&
� .  (�$E&
 ��I+� 
K�-�-   BC
� �� ��$"� �          /E& /E� ���AE" �
EF

    \�0� /& 
$��AF �A� T��[        S�EJ� �� R$E"� �F
E�
 E �A�  �&;D $"
& ��L�    �
E��� EE  �E�  ��E� .  /E���" ��

    ��$5� �� ���I+�VWC)          S
E- c���E- ���IE+� \E�0� /&
���<(       �� BC
� �� R$"� ���I+� /& ���� 
  ��� .  /E&

  BC
� \�0� (�HF     ���< S
- �� 
F     E- c����� �
F 	��
��<   $E"��$" �� �����
< *#�� ���&)Trombetti et al., 

2006 .(
  

 j�$D5 . ���
5�2R � RMSE& / *#�  8�� 
& �$�GCross validation (�HJ- ���& VWC/"�H" �� ��
>�#� 
& 
  �F
�� ���< S
- ����� �
F
/"�H" (��WHF � 
��- � c����� Q< R
C ����� �
F ���- � (��� f����  

  ����  R
C 
& 
F  
Q< ���- /����  

  ����  R
C 
& 
F  
Q< (��� /����  

  ����  S
- 
& 
F  
��- ���<  

  ����  S
- 
& 
F  
c����� ���< 

VI  

p-value
 nR

M
SE

C
V

  

R
2C

V
  p-value

 nR
M

SE
C

V
  

R
2C

V
  p-value

 nR
M

SE
C

V
  

R
2C

V
  p-value

 nR
M

SE
C

V
  

R
2C

V
  /�A&����v��  

05/0<  35/0  85/0  0  29/0  89/0  001/0<  36/0  78/0  0  28/0  81/0  RWI  
0  37/0  82/0  0  30/0  88/0  001/0<  36/0  77/0  0  28/0  81/0  NDWI  
0  39/0  81/0  0  33/0  85/0  0  35/0  78/0  001/0<  20/0  90/0  SAVI2  
001/0<  41/0  79/0  001/0<  34/0  85/0  001/0<  36/0  76/0  0  32/0  78/0  TSAVI  

  



���� ����	
  ��
�
�� ���)�����  �	�� (�� �� �����
� ��� �
���! "
#�$ �
�� %&
'� 12
�$ 3-���! 4�
�� "���� ��	 ... 

 � ��� �� ��	
GIS� ���
  
��
 ��
 �  �������� �  ����1390  

67 

  
 \��7 . 	�I�� (�HJ-VWC 8�� �� ��
>�#� 
& 
Cross-validation/& 
 BC
� (���%& /��#� ���
& �
F /& $"
&  �$�G *#�  

)95�>�? �
F$"
& ��
H- � /"�H" (  

  
4-N#O  %P
�	 - ��&� ��
�  

���� �� ��
>�EE#� 
EE&  iEE�5P- (EE�� �� �F
'!EE�
��G �
EEF
 �� �
EE�� �EE&G ���EE�P� (�EEHJ- ���EE& /EE��%& �
F$EE"
&

/& T�
>�� e���� $"$�G *#�.	G �� 	
!" `�
�"  $����� 
        �E� /E� $"��� ��D� ��
�A& \���� /�       ��� �E& $E�"��-

             	G �� � �F
E�� �����
E< (�EHJ- ���& BC
� �F *_�
   ��UV- �&G ����P� 	
��   $��
& ��;� .     \E���� (�� f�HD ��

��           QE< R
EC 
�
�� ���< S
- c�O /& 	��-     � /E����
     ��� ��
�� �
�� *�y# e���� ��O .     X
EJ�"� 
�� (�� ��

 #
�� BC
�       �
�AE& �F
�� �
F�����
< (�HJ- ���& K
              ��UVE- 
E%"G X
EJ�"� �E& ��$EL�� \���� � *#� *J#

�EE� $EE�%" .  R
EEC �� �EE��v- 
EE& /EE��%& $EE"
& (�EE�WHF

QEE<     ���EE& (�EE�WHF � �EE��< S
EE- d�EE" � /EE����
BC
�     o��J� �
F  �E� ���v-   $E�� .    �&
EJ�"� �
F$E"
&

          S�E� j�E? ���$EP� �� KE�r� XG X;D     �
EF1250 

1950  
1450   � 2250 $"��&  .   �&;D $"
&970    �� /E� 


           XG 	�IE�� /& g
AO $"
& 	���� /& T
L0
M� �� ��
�A&
       BC
� �� �� ��F �� 
��& �$� X
J�"�       e���E� �� 
EF

            $!E" X
EJ�"� /E��%& $E"
& 	��E�� /E& o��J� .   S
E- ��
���<           ���$EP� �� ��!E�& /��%& �
F$"
& 
c����� �
F

    o�L� �&;D $"
&2250   �< S
- ���& � ��    �E�- �
EF
   ���$P� ��1250   $"$� �$�� ����"
"  .    (�E�WHF `�
E�"

	
!"         BC
E� ��
EH- �'�AE�HF ���I+� �$�F�     �� 
EF
/"�H"      QE< R
C ����� �
F       $E"��& (E��� /E���� .  (E��



�
��6#� - ��
5�
! ���:! 

 � ��� �� ��	
GIS� ���
  
��
 ��
 � ��� ����� �  ����1390  

68 

            
�
E�� ���E� �� ��"
ED T
�y?� �*�HF� �� 	
!" 
`�
�"
  Q< R
C e����         �E��< S
- �
�C
# (��WHF � /����
  
J�"� ���& 
�
��   $����� K#
�� BC
� X .   ��� ��? /&

   BC
� �� \[
O `�
�"     �E��
& �
EF           �� ��
>�E#� 
E& $E"
&
����              	��E�& /E� ���G cF��E+ �� 	
��� (�� 
�>�?��+ �
F

  �� ���v- �U� �& /� E �� /��%& �
F$"
& �� �{ID T����v-
   Q< �R
C $�"
� ������        ���< S
- c�O c���- � /����

   �E� �$F
!E� E $"$� �
���� .     )
E'�F /E& T��E��v- (E��
   (%< �
F$"
& �� ��
>�#�     �$���E# $E"
&     �>�?$E�s �
EF

 �$F
!� K�r�           �� T��E��v- (E�� /E� ��Es 
$��AE�" ��;<
�EE� �� $EE"
& �EE� ���$EEP�  �?
EEC (�EEHF /EE& � $EE�F�

$��A�" ��;<I�
H- .  
  

5-N��&!   
Baret, F., Guyot, G., & Major, D., 1989, TSAV: 

A Vegetation Index which Minimizes Soil 

Brightness Effect on LAI and APAR 
Estimation, 12th Canadian Symposion on 

Remote Sensing.  

Ceccato, P., Flasse, S., & Gre´goire, J., 2002, 

Designing a Spectral Index to Estimate 

Vegetation Water Content from Remote 
Sensing Data :part 2, 82, 198-207. 

Ceccato, P., Flasse, S., Tarantola, S., 

Jacquemoud, S., & Gregoire, J.M., 2000, 

Detecting Vegetation Leaf Water Content 

Using Reflectance in the Optical Domain, 
Remote Sensing of Environment 77, (2001), 

22– 33. 

Ceccato, P., Gobron, N., Flasse, S., Pinty, B. & 

Tarantola, S., 2002, Designing a Spectral 

Index to Estimate Vegetation Water 

Content from Remote Sensing Data: Part 
1 Theoretical approach, Remote Sensing of 

Environment 82, 188–197. 

Chen, D., Huang, J., & Jackso, T.J., 2005, 

Vegetation Water Content Estimation for 

Corn and Soybeans Using Spectral 

Indices Derived from MODIS Near- and 

Short-wave Infrared Bands. 

Clevers, J., Kooistra, L., & Schaepma, M., 2010, 

Estimating Canopy Water Content Using 

Hyperspectral Remote Sensing Data, 

International Journal of Applied Earth 

Observation and Geoinformation 12,  

119–125. 

Colombo, R., Meroni, M., Busetto, L., Rossini, 

M., Giardino, C., & Panigada, C., 2008, 

Estimation of Leaf and Canopy Water 

Content in Poplar Plantations by Means 

of Hyperspectral Indices and Inverse 

Modeling, 112, 1820–1834. 

Darvishzadeh, R., Skidmore, A., Atzberger, C. & 

Wieren, S.V., 2008, Estimation of 

Vegetation LAI from Hyperspectral 

Reflectance Data: Effects of Soil Type and 

Plant Architecture, 10, 358-373. 

Darvishzadeh, R., Skidmore, A., Schlerf, M., 

Atzberger, C., Corsi, F. & Cho, M., 2008, 

LAI and Chlorophyll Estimation for a 

Heterogeneous Grassland Using 

Hyperspectral Measurements, 63. 

Dawson, T., Curran, P., North, P., & Plummer, 

S., 1999, The Propagation of Foliar 

Biochemical Absorption Features in 

Forest Canopy Reflectance: A Theoretical 

Analysis, 67, 147-159. 



���� ����	
  ��
�
�� ���)�����  �	�� (�� �� �����
� ��� �
���! "
#�$ �
�� %&
'� 12
�$ 3-���! 4�
�� "���� ��	 ... 

 � ��� �� ��	
GIS� ���
  
��
 ��
 �  �������� �  ����1390  

69 

Gamon, J., Qiu, H., Roberts, D., Ustin, S., 
Fuentes, D., Rahman, A. et al., 1999, Water 
Expressions from Hyperspectral 
Reflectance: Implications for Ecosystem 
Flux Modeling.  

Gao, B. C., & Goetz, 1995, Retrieval of 
Equivalent Water Thickness and 
Information Related to Biochemical 
Components of Vegetation Canopies from 
AVIRIS Data, 52, 155-162. 

Gao, B.C., 1996, NDWI—A Normalized 
Difference Water Index for Remote 
Sensing of Vegetation Liquid Water from 
Space, Remote Sensing of Enviroment, 58, 
257– 266.  

Jackson, T.J., Chen, D., Cosh, M., Li, F., 
Anderson, M., Walthall, C. et al., 2003, 
Vegetation Water Content Mapping using 
Landsat Data Derived Normalized 
Difference Water Index for Corn and 
Soybeans, Remote Sensing of Environment,
92, 475–482. 

Li, L., Cheng, Y.B., Ustin, S., Hu, X.T., & 
Riano, D., 2006, Retrieval of Vegetation 
Equivalent Water Thickness from 
Reflectance Using Genetic Algorithm 
(GA)-Partial Least Squares (PLS) 
Regression. 

Major, D., Baret, F., & Guyot, G., 1990, A Ratio 
Vegetation Index Adjusted for Soil 
Brightness, 11 (5), 727-740. 

Maki, M., Ishihara, M., & Tamura, M., 2004, 
Estimation of Water Status to Monitor 
the Risk of Forest Fires by Using 
Remotely Sensed Data, 90, 441-450. 

Pearson, R., & Miller, L., 1972, Remote 
Mpping of Standing Crop Biomass for 
Estimation of Productivity of the Short-
grass Prairie, Pawnee national Grassland , 
colorado. 8th International Symposion of 
Remote Sensing of Enviroment 14, 1-3.  

Pen˜uelas, J., Filella, I., Serrano, L., & Save., 
1996, Cell Wall Elasticity and Water 
Index (R970 nm/R900 nm) in Wheat 
under Different Nitrogen Availabilities, 
17, 373-382. 

Peñuelas, J.J., 1994, Reflectance Indices 
Associated with Physiological Changes in 
Nitrogen- and Water-limited, Remote 
Sensing of Environ.  

Penuelas, J., Filella, I., Biel, C. & Serrano, L., 
1993, The Reflectance at the 950– 970 mm 
Region as an Indicator of Plant Water 
Status, 14, 1887–1905. 

Riggs, G.A., & Running, S.W., 1991, Detection 
of Canopy Water Stress in Conifers Using 
the Airborne Imaging Spectrometer,  
35, 51– 68. 

Schlerf, M., Atzberger, C., & Hill, J., 2005, 
Remote Sensing of Forest Biophysical 
Variables Using HyMap Imaging 
Spectrometer Data. 

Sims, D.A., & Gamon, J.A., 2002, Estimation of 
Vegetation Water Content and 
Photosynthetic Tissue Area from Spectral 
Reflectance: A Comparison of Indices 
based on Liquid Water and Chlorophyll 
Absorption Features, Remote Sensing of 
Environment 84 (2003), 526–537. 



�
��6#� - ��
5�
! ���:! 

 � ��� �� ��	
GIS� ���
  
��
 ��
 � ��� ����� �  ����1390  

70 

Suárez, L., Zarco-Tejada, P., & Berni, J., 2008, 
Modelling PRI for Water Stress Detection 
Using Radiative Transfer Models, Remote 
Sensing of Environment 113 (2009),  
730–744. 

Thenkabail, P., Smith, R., & De Pauw, E., 2000, 
Hyperspectral Vegetation and Their 
Relationships with Agricultural crop 
Characterstics, 71 (2), 158-182. 

Trombetti, M., Riaño, D., Rubio, M., Cheng, Y., 
& Ustin, S., 2006, Multi-temporal 
Vegetation Canopy Water Content 
Retrieval and Interpretation Using 
Artificial Neural Networks for the 
Continental USA. 

Trombetti, M., Riaño, D., Rubio, M., Cheng, Y., 
& Ustin, S., 2006, Multi-temporal 
Vegetation Canopy Water Content 
Retrieval and Interpretation Using 
Artificial Neural Networks for the 
Continental USA. 

Tucker, C. J., 1979, Monitoring VegetationRed 
and Photographic Infrared Linear 
Combinations for Monitoring Vegetation, 
Remote Sensing of Environment, 8,  
127– 150. 

Zacro-Tejada, P., Millerb, J., Moralesc, A., 
Berjo´na, A., & Agu¨era, J., 2004, 
Hyperspectral Indices and Model 
Simulation for Chlorophyll Estimation in 
Open-canopy Tree Crops, Remote Sensing 
of Environment 90, 463-476. 

 

 
 
 
 
 
 
 
 
 

  
  

 
 

  

 


