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ÈD» NDVIÉ7ÊI¥Ë+����S�ªW�%¤Ì, « NDVI
^0Í½y\], �¶

Î�, ¬0G'+®LªÏ� ��^0¡¯+Ð7Ñ�H·)8
��@�ÒÓ%ÈAÔ�

¶¬0
Õ¢��.

Ö×~yz��tØ
�¥Ù[, Ú��<Û�	ÜL���@�(TGDVI), XÝÞ�ß

|à��@��á��abLIrls@�
kµ. TGDVI 5qâã»ä, åæG', � SR

I NDVI�ç�¡¢­=
��, XÉ7��
����IèéS�
ªW, ��à��@�

mUÔ� NDVIÊI¥Ë
êë.

1 ��������	
(TGDVI)��
���

�ì1í, ��îït�	7��Ë��ð, îñòÃ�	7��±��ð, îòt�	

?��vwó. ._�tØîïôñòÃ�	ñõö�÷�. ø 1 ? jhu tØùú�û 25 <

_�î 0.56~0.83 µmü 
tØýö. ~àýö,�þ�, îà�{���, �ûy_�tØ

ñõö�÷�. ø 2?��
_�I��tØýö��. ï+ò+ñòÃ�	A�ì�R�È

É7
Û��	 . �	
���I_�
tØ�¥ , Ú�$���Û�	ÜL���@�

(TGDVI):

r gir r

ir r r g

TGDVI ,

TGDVI 0, TGDVI 0,

R RR R

λ λ λ λ
− −

= − − −
 = < �

(1)

�� Rir, Rr� Rg�����	
�
��
����; λ����λ��λ�����
���. ���

��������, ��� !, �"���	��� !
�"���#$, ����� 

%; �&, ���#$. '(��)*, TGDVI+,-.$( 0.

TGDVI /0+1�23456789�:;. <=>�
�
��	�
, ��
45

?@A-��
BC(�<=ADEF, G+HIJ�����+1KLMNOPQ�<=),

RS�����RST���45�?@!U�, VWXYZ[, \]�
�����

Rir = ARvir + (1 − A)Rsir, (2)
Rr = ARvr + (1 − A)Rsr, (3)

Rg = ARvg + (1 − A)Rsg, (4)

� 1 jhu ��� 25 �����(0.56~0.83 µ�� � 2 �	
����
����(0.56~0.83 µ��
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�� Rir, Rr� Rg�����	
�
��
����; Rv� Rs����
��������

�; A��������.

��
�����

vir vr sir srir r

ir r ir r ir r

( ) (1 ( )
,

A R R A R RR R

λ λ λ λ λ λ
− − −−

= +
− − −

�
(5)

r g vr vg sr sg

r g r g r g

( ) (1 ( )
.

R R A R R A R R

λ λ λ λ λ λ
− − − −

= +
− − −

�
(6)

 !"#$�
, ��%&'�()*+,, �-�� K, . sr sgsir sr

ir r r g

,
R RR R

K
λ λ λ λ

−−
= =

− −
/

��
��012�

vr vgvir vr

ir r r g

( )( )
TGDVI .

R RR R
A

λ λ λ λ
 −−

= − 
− −  

(7)

34, "56 !7, TGDVI89��%&:;, 9��<=>;.

1.1 TGDVI ��������	

"?�� !7, 3@AB TGDVICD�����(A)�E��12(LAI).

AB(7)FG:

vr vgvir vr

ir r r g

( )( )
TGDVI ,

R RR R
A

λ λ λ λ
 −−= − − −  

(8)

F�, Rir, Rr, Rg, λ���λ��λ�HIJ��KLMNJOP����Q�%&.3R!����� A.

PST%&3UVWXYSZ[\]G^. _`5, abcd����ef, gYS5h"P

����ST, 3@ijUVklP��%&eCD�����. �mY 2 �n)3@op,

ab��	
�
���
��0ef, �����qr������stuvwx��0y

bst, �z/ybq{, ab|����ef, x��0}{. bv(8)F3~��

maxTGDVI /TGDVI .A = (9)

TGDVImax�}{��
��0:

TGDVImax = MAX(TGDVI). (10)

1.2 TGDVI ��������	

�����9E��12�;�3@�����[2]

LAI1 e ,kA −= − (11)

�� k�9����:;��2,3UV��
`��AB�����\]CDG^.

LAI3�(9)�(11)FG^:

max

max

LAI ln(1 TGDVI /TGDVI ) /( ) 1,

LAI LAI 1.

k A

A

= − − <
 = =

(12)

LAImax�x�����}{ LAI�.

1.3 �� k �����

(11)F��2 k3UV7FCD[2]:

,k KΩ= ⋅ (13)
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F�, Ω ���12, '���Ω ���, �/��Ω 
�

�
�

�, ����Ω �
�

�, ��12�R!3

����[3]�\]�AB`�� ¡R!. K�¢%�2[4]1):

( ) / cos( ),K G θ θ= (14)

F� ( )G θ θ� \£�¤¥�2.

Nilson ¦p�§¨�©ª
«¬��­®¯� G °2±F. gE§¨��²³´�2µ

¶����[5], 3@G^ G°2�·m�¸F[6]1):

2 2 2( ) 1 cos( ) cos( ) ,G θ θ θ χ Λ= − + (15)

1

1

/ sin( ) cos ( ) 1,

2 1,

ctg ln(tg ) cos (1/ ) 1,

χ ε ε ε χ χ
Λ χ

χ ε ε χ ε χ χ

−

−

 + = <


= =
 + ⋅ + = >

(16)

¹¬�χ < 1, ¹ª�χ > 1, Hº�χ = 1. χ �»¼�E½�«¬¤¥��9©ª¤¥��z�.

ab'��� G(θ ) = 0.5, "{¾2®¯7, 3@²³x���.

2 TGDVI ��������	
��
�����

�¿fÀ TGDVI �ÁÂ, ²³ SAIL �FÃÄ��¡Å[7]. SAIL ���ÆÇ�2ÈNe

É 2002 Ê 3 ËÌ^ 5 ËÍ"ÎÏÐÑÒÓ�@ÔtÕ�ÈNÖ�a×�{�ØÙÚÛ`¡.

x`¡i8Ö�¿ÔtÕÜ½
���%&���2B, cQÝÞG¿ÔtÕEß�%&��

�
à��2B. `¡#³�%&á�âã GER äå�æ�ç	èéF%&á MARK-V(�

(êë�� 400~2500 nm)@ìâã�m%&íî(ASD)äå� FieldSpec HandHeld�34%


��	%&á(�(êë� 325~1075 nm).

ABxï¡ , SAIL ���ÆÇ�2ð7: E§¨��ñ¹¬� [8], E��12ñ(0.01,

0.25, 0.5, 1.0, 1.5, 2.0, 2.5, 3.0, 3.5, 4.0, 4.5 , 5.0, 5.5, 6.0, 20)15òic��. Eó%ôõ*²³

ÐÑ`¡`��. �����ö÷��)\ø, ��2ABÐÑï¡`��UVùúG^(�

1). ����
�
��	��
�(ñ TM2, 3� 4UO�û�(, ��� 0.56 nm, 0.66 nm

� 0.83 nm.

� 1 �������	


����� ��� 	
��

IR = 0.01492+ 1.22698 × R 20 0.98827

R = R 20 1

R = 0.0035 + 1.27787 × G 20 0.99641

üaic�����, ���%�����" 0.05~0.4zý+,, þ(ñ 0.05. ����

¨ñ 45°, \�¨ 0°, Ö���¨
\�¨ñ 0°.

Y 3�ic��<=��7, AB SAIL�����CD� NDVI, SR, TGDVI� EVI9

E��12zý�;�. ÷Y�3@o^, SR, TGDVI� EVI���	À
�b NDVI. TGDVI,

EVI, NDVI9 LAIzýHh"���12;�, 
 SR9 LAIzý�;�����, ����

1) �
�. ����������������. � !"#$%��&'()
, 1992. 10~12
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53@³)*;�e��, �"E��12���E��12��Q��eWX�0. �È

Nv���<=�¥�@ì�%���%'E��12�+,��iW����.

� 3 ������� LAI 	
�

(a) NDVI; (b) SR; (c) TGDVI; (d) EVI

÷��5o, Y 3(c)�(d)��	�Y 3(a) !", . TGDVI� EVI"¢#��<=¥�

\��$%&':�(pe, ��ÈN�@7�\�)K��: (1) TGDVIv÷)*%&*Û

�F+,pe�, 
 SAIL ��3@o-Wd.)**Û��, K
²³ SAIL �����>

]G^}[/��Â; (2) TGDVI� EVI"CDQ¾0ÇWò�
, 
1Wò�
����2

h"�0, K
Ýqr¿	�!"�; (3) NDVI" LAI{b 2Q��¸^��, K
	�!"

�3t, TGDVI� EVI/i�.

3 TGDVI ��������	
�

Y(3)� TGDVI���	�b NDVI. UVCD TGDVI� NDVIa LAI�W45,2, 3

@ÃWþ÷[65ÅÀ�W	.

AB(12)FG TGDVI9 LAI�;�F� TGDVI = TGDVImax(1−e−kLAI). ��²³ TGDVI =

a(1−e−kLAI), NDVI = (1−e−kLAI)aY 3(c)�(a)ÃÄ�Û, �Û�Â4� 2.

3@op, �ÛÁÂH�7, 9[68�W�. 9��G1p�v, ab TGDVIef, �

Ûp� k�� 0.471, 9 !E§¨'���
��12� 1QCDG^� k = 0.5��W�[9];
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a �� 3.357, 9@ LAI ­b 20 QAB SAIL ����G^� TGDVImax�W�. �fÀ?�

� í�+,��Û[.

� 2 ����� TGDVI, NDVI � LAI �	
�

���� ���	 
��� 
��

TGDVI TGDVI = 3.357(1 − e−0.471LAI) 0.94787 112

NDVI NDVI = 1 − e−0.820LAI 0.92301 112

��CD TGDVI� NDVIa LAI�W45,2:

0.471*LAITGDVI
1.581 e ,

LAI
−∂ = ×

∂
0.820*LAINDVI

0.820 e ,
LAI

−∂ = ×
∂

�Â4Y 4. ÷Y�3@op, TGDVI ���	�b NDVI. Y 4 � NDVI ���	�À
�

:¿. W;<=>�, abtÕ­-?ef, NDVI����{@" 2~3zý[1]. �ÈNvK�

²³ 1−e−kLAI±F�°2��Q, A�B�¿ NDVI���	, �W	÷Y 3(a)3@�Cpe.

ABY 3(a)DE, NDVI�`F��	{G" 2~3zý, 9W;<=�6&iHI.

TGDVI ����	3@÷�m�%���	%aE��12+,���G^·J. KE

��qr^W!2L, ¸^|���QM, E��Nqr, 34%����+,3t, �OP

�Q2. ab��	ef, "E��÷ 0ÒRS 2�4
, ��	���'E��qrT�q

{, .w��¸^|��, �b��	��"��, ����U'E���q{
q{, iV

��VW. KL, ��	�
����a��%&12X¿ÈY-³, 
34%�
����

��5X^Wd�a�Z)�-³[10]. �ÝfÀ�[\����12���	���, 
]

9 LAIzý�v�
)*;�. abNDVI ef, K����¸^W!ø�, E��12Nq

r, ���ó5��	9�%����0�U"qr, �q^À
st, 
LQ�_5`a�

�Ý"Wbq{, �cd�e¢¿�óæ��qL, ÷
,� NDVI��	f�. ab TGDVI

ef, ��_P�Q2, �ó'��	����qr
qr, ÁÂ9����12��, K


��	� NDVI�.

÷ NDVI� TGDVIa��	�W45,2�`45,2+,3@ ghiajkÃÄ�

�l í����¸^W!ø�, E��12Nqr, �%��� Rri+�+,3tlNDVI

a��	�
�W4�`45,2���

r
2

ir ir r

2NDVI
,

( )

R

R R R

∂ =
∂ +

2
r

2 3
ir ir r

4NDVI
.

( )

R

R R R

−∂ =
∂ +

NDVI ' Rir�q{
q{, �q{^�T�st. AB SAIL ������, �%���

���ñ 0.01926, / NDVIa��	�W4,2ðY 5.

3@op, NDVI ' Rir�+,T�yb��. ab TGDVI ef, �W4,23����

�
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ir ir r

TGDVI 1
.

R λ λ
∂ =

∂ −
9 SR��, TGDVI'��	����q{
q{, q{^���i+.

4 TGDVI ��������	
��
���

²³ÐÑï¡ÞG�¾	
¾Q��ÔtÕÜ½%&����E��12mn2Ba

TGDVI�oE��12�ÁÂÃÄ¡Å. ï¡p÷ 2001Ê 3Ë 26q^ 2001Ê 5Ë 19q. `

¡\]�"ï¡pr$st�aiciu�Ü½%&�E��12ÃÄÖ�. Ü½%&�Ö

�áv�âã�m%&íî(ASD)äå� FieldSpec HandHeld�34%
��	%&á. xá

v�(êë� 325~1075 nm, Ö�Q²³ 25�wx¨, ávyi�� 1.5 m. @%&áz7\

��û, ²�{ë|}4\r�tÕEßÃÄE��12Ö�.

~³`�Ü½%&2BCD TGDVI, ���
�
��	�(a� TM2, 3� 4UO�û

�(. ��AB(12)FCD LAI. �èb��, ²³}Q³��´���12(SR)-a�. �

´���12(SR)��2UV?�� SAIL����G^, �¼CDäF4� 3.

� 3 �������	
����

���� ���� 	
�� �
�� ���

TGDVI LAI = (ln(1−TGDVI/3.357))/(−0.471) 0.92599 0.34269 20

SR LAI = (SR−0.625)/4.560 0.45973 1.04788 20

ic��12 LAICD�9`���a�4Y 6. 3@op, TGDVI��oÁÂÀ
$b

SR. �G1p�v, x�Âv"���i���`¡��7ÞG�. ab��
��ØÙef,

�b{��z
mZ��
ST��� LAI Ö�2B�bÞñ­)K, TGDVI ��o�Â�

!¸i^56��, ���Â$b SR�dy%vi�~+�.

5 �����

��÷������%&õ	p�, Bp��
��0��12(TGDVI), &+,pj9


 4 TGDVI � NDVI � LAI ������ 
 5 NDVI � Rir ������
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 6 ��������������


(a) TGDVI����. (b) SR����

�����
E��12�;�. UV[6+,�����<=�À, �����12��,

TGDVI �:���	�W!�<=¢#��, 9�����
E��12zýh"�aÀR

�°2;�.

NDVI� TGDVIa LAI���	0�3@÷�!Ñ±FG^·J. �%���%'E�

�12qr�+,��iW�, KE��12q{^W!ø�, �%����+,3t, 
�

�	�
����U:�{+,. K
, ��	�
����a��%&12X¿ÈY-³,


�%�
������5vX^Wd�a�Z)�-³[10]. �m NDVI� TGDVI'��	

����+,®¯3@op, TGDVI ���	À
�b NDVI. UV SAIL ����� NDVI

� TGDVI' LAI�+,®¯Ý�C¿�W	.

ab LAI �oef, SR 3@fv"�¾��12��³G}��
}���Wò[11]. �

���Ýv3À
�. W\� SR ':����<=¥�; �W\�, ��	9�%'E��

12�+,&.�|cþ, KL SR 9E��12zý&.�|)*;�. ðÂ³cW)*;

���, "E��12�t��{Q�æ�3{�0. L	, SR 9E��12� ¡;�'

Ö�Qý
i	
�����+,
+,, �:3{�iR!*, �c¦{êë�E��12

�o�e��. 
"��W!� í��7, TGDVI9�����
E��12zý3@� 

��ÀR�°2;�. �#¡��2ÝvØÙ3�o�, �3@AB ¡R!�. KL, 9 SR

��, TGDVI�$%Ý��À
. ¢£�%&" TGDVI#³��
êër�(p)*+,õ

¤, ÷
w TGDVI�:W!�¢#¢£¥����. Íþ<=�Â�À, �ÁÂN$b NDVI

� SR.

��"±F5 TGDVI9,2%&��12��, �v TGDVI¥¦¿,2%&�§û, 3

@o-v,2%&��12":¨�
�©Ó����³.

TGDVI  !":¨�
êër�����'�()*+,, "CD�����QÝ':

����
�����'�(�+,®¯, 9`F®¯h"0�, 3��¥� TGDVI ���

�w³ÁÂ . �}�������ï¡¡Å�Â�7 , fÀ�d�,ªv3Ä� . L	 ,

TGDVI ³^�ò�
�«¬, 
]': V��Z[, �
­®�¥���{, KL�¯w
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³?a2BÃÄf­Z[[12], @ÞG[/ÁÂ.

�� ���������	
��
�������������������. �

��� 
!�������	
��
"�����#$%&'��
�()*+,��

�-./01�2���34, �56789��.
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