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1-&"%!"
^bbJ% Q4 21bb>(4. ]'bb>E . 'bb&\REWbba'~ ,4Sbb_4 +@'bbE

W* NO&* . ,v<6./"&01b% /)#b3FQ4"b-4 WbD "b@M,'b&K
I?4 1@y)* I(B . W=@S0 {SnC % NM ^&XC %)Kondo

and Ishida, 1997, Allen et al., 1998.(N4S&% +&#\E
B/<b% F/4<b#0 21b*'8E ib*4./ ,)b=R%'* ]'>E . '&\RE

I?4 FB<* W_<E.[./ '�D4 ,)=R%Wx4/4 ,)0ib*4./ 2F"3
)bb@ . B<bbR#D WbbD Ibb?4 1bb?)=34<0 ,)bb0'C%4/)Z +&bb*

N)mbbX-[./ +bb@4 Q4 FB);Cbb?4 2N)bb3)bb* 9bb#e /B 4/ )bb0
W*./ I@B."$%1% ./"b=D)Ayenew, 2003(.,<b? Q4

WkX- 2d)eOf4 +@4 2'G@BF)GC b@4 Wb* �<*'% . ,4,)b0
WbXk=% B/.M'b* . I?4 1?)=34<0Q4 FB);Cb?4 )b* NM ,4

[./{"be ^0 NM WD I?4 ,'G@B ,/4<3B ,/)%M ,)0
I&>k(B/4B 4/ B<a W* �<*'% ,)0.2'b&a4 o0B "=~ /B

)bb* ]'bb>E . 'bb&\RE B/.M'bb* Wbb=&%Q /B ,B)bb@Q d)b>6)k%
Q4 FB);C?4Ib?4 WbCV'K d/<b7 /.B Q4 c8=? ,/.)=V

)Anderson et al., Olioso et al., 1999, Mauser and

Schadlich, 1998, Diak et al., 2008, 2007.(/<bf W*
[./ +@4 1nDh"% oC?B .B W* 2)0rbE ,)b01b>R=%1.

1>R=%.B21b% ^& bXE"-<b3.h"b%rbE ,)b021b>R=%
=% N4<=e W* 4/ F)&K . s)a oe<#8%{)b- Wb* "b!4. 1>R

»�/S* �'*«1% 'g- /B"-'&K)Nishida et al., 2003(
h)bXC-4 "b=@4'V /B 1P&%)b=@B.'@M I%.)X% r@ Q4 )J=E .

1b% FB);C?4 )%'K b LM"b==D.h"b% +b@4 /B�'bV )b0
1%Ib*<f/ . )b%B '&��bE Ib$E 25kb? 1%)#E WD B<3

B/4B /4'( N) P@.h"% WD NM h)!+#bp 1>R=%.B ,)0
r&P;Eh"b% "b=@M'V 'b?)E'? /B F)&K . s)ab ,Q)b?

h"b% �Oa'*rbE ,)b01b>R=%Ib%.)X% +@"b=~ Q4 b
1% FB);C?4 F)&K . s)a ,4'* 4S8% 1P&%)=@B.'@M"b==D

)Huntingford et al., 2000.(c3<Z WD 1k@4'3 ,4'*
h"% 2I?4 |6)� WXk=% /B Ia4<=P@ . ^D 10)&K,)b0

rE1% 1>R=%=3)* |?)=% "=-4<E1!4<b- /B )b%4 ")b* ,4
h"b% 2F"b=D4'Z 10)&K c3<ZW&b7<E 1b>R=%.B ,)b0

1bb%"-<bb3)Norman et al., 1995.(|bb&E'E +@"bb*
h"%rE ,)0FB)? )* 1>R=%,Q)?+&b* c=D/"b-4 ,)b0
W@yi*4./ . dyB)>% ^8! 210)&K c3<Z . s)a ,)0

h"%h"b% �<be /B 1b6. "b-/4B ,'bC#D ,Q)b?,)b0
W* W_<E )* 1>R=%.Bh"%cb3<Z . s)a ,4S8% ,Q)?

r@BS- I&>(4. W* 210)&K"-'E.h"% W-<#- Q4j'k% ,)0
rE o=&%Q /B1b% 1b>R=%h"b% Wb* N4<bE,)b0EBAL

)Bastiaanssen et al., 1998, Bastiaanssen, 2000(2
(Allen et al., 2007) METRIC.SEBS)Su, 2002(

h"% W* 1>R=%.B W=&%Q /B .,)0TSEB)Norman et

al., 1995, Kustas and Norman, 1997(.STSEB

)Sánchez et al., 2008(B'D F/)34.|&D'E Q4 1KQ)E W*
h"% .BSEBAL.TSEBWCa)b? 1>R=%.B h"% r@

Ib?4 F"3 WCa4B'Z .)Yao et al., 2010(+b@4 /B WbD
/)mCa4 W* z&X$E3SETEB1% F"&%)-B<b3.French.

N4/)bbP#0)2005(bb?4 )bb*'@.)mbbE Q4 FB);CASTER.
h"b% Q4 9b7)! w@)C- )* 1E4"0)A% '@B)X% o @)X%,)b0

SEBAL.TSEB.B 'b0 WbD "-"&b?/ Wb8&C- +b@4 W*
,<b( ,v'b-4 /)b3 ,4Sb_4 '@B)X% B/.M'* W=&%Q /B h"%

1bb% . "=C bb0/B )bbJ-M r&E)#C bb&? ,)bbka Q4 N4<bbE
h"%�'7 ,Q)?B'D 'g-.W*N4'GAb0.qZ +b@4 1nD /<f
4/4 /Bh"b% 210)b&K c3<Z 1K"=D4'Z )* 1pTSEB4/

"-B'D B)J=A&Z.r&P;E d/"( . '@.)mE �<-4Sb&- )bJ-M
[./ +@4 /B ]'>E . '&\RE B/.M'* /B/4'( W_<E B/<% )0

I?4 WCV'K.1234

h"% o @)X% /<g=% W* B/<% +@4 /BrE ,)01b>R=%
1?/'* /B 21>R=%.B .'@.)mE Q4 FB);C?4 )* ,45TIMS.

6TMS1-)P% r&P;E d/"( )*12�)bR@'XE w@)bC- 2'bC%
h"bb% .B /B 1-) bbP@TSEB.SEBAL"bb3 F"0)Abb%

)Timmermans et al., 2007.(zb&X$E /B WbP-M h)b!
'@.)mE )* /<DY% h"% .B ,4'* 'G@BASTERB'bPn#e 2

h"% 'CJ*SEBAL"b@B'K [/4SK)Wang and Sun,

2005.(h"% o @)X% /B'D� ,)0h"b% )* F"31C*<bf/
SWAP1J*)A% B'Pn#e S&-"b@B'K [/4SbK )J-M N)&%

1. Single-Source
2. Two-Source
3. SEBAL_TSEB
4. Resolution
5. Thermal Infrared Multi-spectral Scanner
6. Thematic Mapper Simulator
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)Minacapilli et al., 2009.(2F"b3 {)b8-4 c0.qbZ /B
'@.)mE1ATM1-)bP% rb&P;E d/"b( )*3.15'bC%

IV'K /4'( FB);C?4 B/<%.ChoiN4/)P#0 .)2009(S&-
W* )*h"b% ,'&K/)bD,)b0METRIC2TSEB.2TIM

2I?"=6 '@.)mE ,4'*h"% ,'E'*TSEBW b@)X% /B 4/
"=CV'K W8&C- 'G@B h"% .B )*.

N)#0h"b% W b@)X% 2"b3 Wbg!O% WbD W-<K/B )b0
,4'b* . B."b$% 2WbCV'K d/<b7 N<=D)bE WD 1E)X&X$E

Ib?4 FB<b* y)b* 1-)P% r&P;E d/"( )* '@.)mE./B )b%4
+b@4 Q4 ,'CAb&* �b&f I?4 F"3 [OE 'p)! c0.qZ

h"%9%)3 )0SEBAL.METRIC2TSEB.STSEB

1bR&D'E h"% .)rbE1b>R=%.B b 1b>R=%(SETEB)b*
/4'b( 1*)@Q/4 B/<% +&@)Z 1-)P% r&P;E d/"( )* '@.)mE

"bb-'&K.F"=8=bb? Wbb* �<bb*'% 2FB);Cbb?4 B/<bb% '@.)mbbE
MODIS1-)P% r&P;E d/"( )*250)E1000. 'bC%

Wb&%./4 Wbp<! Q4 1P~<bD I# ( S&- 1E)>6)k% W&!)-
% W* {<?<%I>na WXk=Ib?4 Sb@'RE N)Cb?'J3 N)3<Z.

W*h"b% w@)C- o @)X% /<g=%B/.M'b* /B 2'G@"bP@ )b* )b0
'@B)bX% Q4 )bJ-M Ib(B 1b?/'* . 1b>(4. ]'b>E . '&\RE

FQ4"-4F)GAb-4B ,Q/.)AbD F"PAb-4B ,'C#& b@y ,'&K
1% FB);C?4 S@'REB<3.

2-N-, - .0O" (
2-1-D.0. - 7+ 5P Q" &!Q3" (

I>na WXk=%Sb@'RE F)GAb-4B 1E)bX&X$E Wbe/S% N)3<Z
F)GC?B . 'C#& @y W* SJ8% WD I?4FQ4"b-4 ,)0,'b&K

Ibb?4 1bb?)=34<0 ,)bb0'C%4/)Z.I# bb( /B Wbb&!)- +bb@4
1@)bbb&V4'�_ d)mbbbC\% /B Wbbb&%./4 Wbbbp<! 1('bbb3

   46 2 26 . 1('3   38 1 19 �);E/4 . 16)#31670
Q4 ,'C%Ib?4 T(4. )@/B 5k?.+b@4 {)b8-4 /<bg=% Wb*

F"=8=? '@.)mE Q4 z&X$EMODIS1b% FB);C?4BB'bK
2'@.)mbE Q4 1ba'* NB<b* ,'b*4 W* W_<E )* WD6'@<mbE

,)bb0Q./ Wbb* �<bb*'%428210211215.18Wbb&x.v
2011,BO&bb%)Wbb&x.v ,)bb0Q./3185218921912
1922196.199("@B'K L)\C-4.<% '@.)mEQ4 'bg- B/
L.)bbP@'%4 1@):bbV . ,B/<bb-4<0 1bbn% N)%Q)bb? I@)bb?

)4NASA) (http://lance-modis.eosdis.nasa.gov(
"-"3 T_'% +&%Q . W&JE.W-)%)b? H)?4'* '@.)mE W&nD

1-)J_ 1@)&V4'�_5+&%Q"-"@B'K T_'%.9P31'@<mE
F/4<0)%'C#& @y ,'&K/4'( 9$% . 1E)>6)k% WXk=% ,4

1% N)A- 4/"0B.

9P31.F/4<0)% '@<mEF"=8=? ,4MODIS'C#& @y |m- 9$% We/S% . 1E)>6)k% WXk=% Q412345

1. Airborne Thematic Mapper
2. Trapezoid Interpolation Model
3. Julian day
4. National Aeronautics and Space Administration
5. WGS
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h"b%. 1bb>R=%.B Q4 ^bbe4 ,v'b-4 /)bb3 B/.M'b* ,)bb0
rEFB4B W* 21>R=%+@"b* t"b-/4B Q)b&- 1b?)=34<0 ,)b0

FB4B /<g=%Wb&JE S@'RE r&CZ<=&? F)GC @4 1Ce)? ,)0
"bbb@B'K.1bbb>R=%.B h"bbb%STSEB'@B)bbbX% Wbbb*
FQ4"-4,'&KQ)b&- Sb&- 10)b&K c3<Z . s)a ,)%B }"3

Wbb&x.v Q./ Wbb? ,4'bb* WbbD B/4B1892191.192+bb@4
F"b@B'K FQ4"b-4 4<b0 ,)%B . B)* Ie'? F4'#0 W* '@B)X%

I?4.FQ4"-4 N)P%4 WD )8-M Q4'bG@B ,)b0Q./ ,4'* ,'&K
,)0)%B )* 4<0 ,)%B �OCa4 i?<C% 2B/4"- B<_. W&x.v
)b0Q./ 'G@B ,4'* Q./ W? +@4 /B 10)&K c3<Z . s)a

1% �'V S&-BB'K.FQ4"b-4 '@B)bX%,'b&K,)b0)%B }"b3
s)a ,)%B 21E)>6)k% WXk=% |6)� N)0)&K)zb#e ,4'*

1C-)? w=Z )E ';7'C%(W&x.v Q./ ,4'* 4<0 ,)%B .192

9P3 /B2I?4 F"3 Wx4/4.F<b$- B/<b% /B 'CA&* j'3
FQ4"-4,'b&K,)b01b% 4/ ]<bV,'()b* zb&X$E /B N4<bE

)2012(B'D F"0)A%.
Wb&x.v Q./ Wb? ,4'b* N)0)&K ,)%B i?<C% '@B)X%

1892191.192. s)ba ,)b%B 24<0 ,)%B F4'#0 W* 2
h."_ /B B)* Ie'?11% Wx4/4BB'K.

^bbJ% Q4FB4B +@'bbEh"bb% ,4'bb* {Qy ,)bb0,)bb0
rE+&%Q 5k? ,)%B 21>R=%)1LST(h"% ,4'* .)0,

rbb@'C%<@B4/ ,)bb%B 21bb>R=%.B)2Trad(Ibb?4.Ibb&0)%
B'*/)D . N) P@ r@'C%<@B4/ ,)%B . +&%Q 5k? ,)%B

h"% /B NMrE ,)0Ib?4 d.)b;C% 1b>R=%.B . 1>R=%.
B)@1% ,/.M,)%B 2+&%Q 5k? ,)%B Q4 /<g=% WD BB'K

I?4 10)&K c3<Z 5k? . s)a 5k? 1AR=_.

9P32.FQ4"-4 '@B)X%,'&K}"3W&x.v Q./ ,4'* 4<0 . s)a ,)0)%B 2WXk=% |6)� N)0)&K ,)%B192F/4<0)% /YK 1-)%Q FB."$% /B12

h."_1.W&x.v Q./ W? ,4'* 4<0 . 10)&K c3<Z 2s)a ,)0)%B . B)* Ie'? '@B)X%1892191.192F/4<0)% /YK Wg$6 /B

B)* Ie'?
m/s

N)0)&K ,)%B i?<C%
)oC(

s)a ,)%B
)oC(

,)%B4<0
)oC(W&x.v Q./

3/2334437189
9/13/29385/32191
9/16/253530192

1. Land Surface Temperature
2. Radimetric-Temperature
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,v'b-4 Wb* 1P&%)b=@B<%'E jOk74 /B /<DY% ,)%B
h<P6<% 1AR=_1% ]Of4 ^ _ ,)0B<3.B/.M'b* ,4'*

1@)=3./ ,)%B 4"C*4 I?4 {Qy 2+&%Q 5k? ,)%B1,4'*
1bbE/4'! ,)0"bb-)*)Wbb*,4'bb* h)bb�% N4<bb=eF"=8=bb?

MODIS:,)0"bb-)*31.32(B<bb3 WRbb?)$%.,)bb%B
Q4 1CV)b@/B 1Ab*)E ,v'b-4 )b* '�)b=C% ,)%B 21@)=3./

W* F"@"Z r@ 5k?Ib?4 F"=8=? on&?..Wb* )b%B +b@4
/B )b%B Q4 'bC#D 2'; #E4 /B c\Z . LY_ F"@"Z Ine

I?4 +&%Q 5k?.c*)bE '@B)bX% Q4 1K"=Aba/B ,)%B
W* . 1E/4'! "-)* 1;&fK/)D�.'b>% ok*4/ H<P>% ,'&

9b*)( 1K"=Aba/B ,)%B Q4 +&%Q 5k? ,)%B . 2r-OZ
Ib?4 WR?)$%)Noori et al., 2010, Bastiaanssen et

al., 2002.(h"bb% /B1$kbb? ,)bb%B 21bb>R=%.B ,)bb0
. s)ba ,)b%B oRb?)$% /B ,/<$% cX- r@'C%<@B4/

B/4B F)&K ,)%B)Kustas and Norman, 1999.(/B )b%4
bbD ,B/4<bb%H'Cbb?B /B rbb@'C%<@B4/ ,)bb%B '@<mbbE W
1% 2"3)R-+&b%Q 5k? ,)%B '@<mE Q4 N4<E)LST(Wb*

B'bD FB);Cb?4 +@SG@)b_ N4<=e)Kustas et al., 2003,

Anderson, 2011.(zb&(B 1*)b@Q/4 /<bg=% W* W%4B4 /B
1b% B)J=Ab&Z 2s)ba . 10)&K c3<Z d4'&&�EQ4 B<b3

F/4<0)% '@.)mE,4LSTrb&P;E d/"b( )b*y)b* 1-)bP%
BB'bK FB);Cb?4)Townshend and Justice, 1988.(/B

}"=8=b? '@.)mbE Q4 WbD 1$kb? ,)%B 2'p)! c0.qZ
1-)bP% r&P;E d/"( )* �@B<%1000�4'\Cb?4 'bC%

1%% r&P;E d/"( W* 1C @)* B<3P'Ey)* 1-))9(4"b!
250'C%(10)&K c3<Z �a)3 r&P;E d/"( hB)>% 2

)2NDVI('@Q9 P&Z3BB'K.[./ Q4 B/<b% +b@4 ,4'b*
N4/)bbP#0 . H)Cbb?)D ,B)J=Abb&Z)2003(FB);Cbb?4

1%Q4 1>*'% 2'@<mE �nC\% �)X- Q4 4"C*4 NM /B WD B<3
9 P&Z,)0NDVI)4×4(9 P&Z r@ hB)>% WDLST

1bb% L)bb\C-4 Ibb?4Wbbk*4/ ,/4'bb('* )bb* ��bb? . B<bb3
+&b* 1GC R#0NDVI.LST^b0 'b&g-)Wbk*4/1(2
( )* 1$k? ,)%B1-)P% r&P;E d/"250B/.M'b* 'C%

1%BB'K.
Wk*4/)1(

S _T / NDVI / , R /! " # !2
250 20 61 315 9 0 82  

  ! "!      #!$% &'()%"*)1(      +%,- "! .(/0 1#2 &"/3 4
    56"78/ 9(8:;250    '<=">7; 0$ '7?/ NDVI   @723  7! 

5/  ,<A .   B8C %33    56"78/ 9(8:; +%,- 1000 = 250 
5/ $% '?/ 3'* D,E"F/ G$H;.  

  

  
                          )   IJ$(                                             )K ( 

 B8C3 . 56"8/ 9(8:; +%,- "! .(/0 5L#2 &"/3  ! MH!'/ '<=">;1000 '?/ )$IJ (  
 9(8:; +%,- ='<0BN8(O   ! GA P,C250 '?/ )K(123  

                                                           
1. Brightness Temperature 
2. Normalized Difference Vegetation Index 
3. Subpixel 
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2-2-524  *6+)! "#7 8"'9+- *#&  
G"QE R,/ S(TL; .<$ %3 4,C G"(! U(6 VWX-  * %HY  &"E
9;    5ZX[/SEBAL   = METRIC  R,/ =    =3 &"E    57ZX[/

TSEB = STSEB 5X(*'; R,/ D$'QE  ! )9;    7 57ZX[/
=3  5ZX[/ (SETEB    N<"T/ '\<,8< "! 5/ ,6HC . !   %H7Y 

  R,/ 5/"Q; 5]*         ̂ "72$'! &_'6$ %"C &$U`$ 3%=A'! &"E
  #!$% S!"#/ &_'6$ G0$H;  J3"Z/)2 (5/ .((X; 3HC.  

  #!$%)2(  nR G H LET ! !  
   GA %3  *Rn aJ"b c!"; )W/m2( 4G  &"7/') %"C 

 d"77b)W/m2( 4H ^HN77L/ &"77/') %"77C )W/m2 ( =
"ET     G"e6 &"/') %"C )W/m2 (2$@.  X2"L/ "! f  '<3"T/ 

Rn 4G = H77/ 5  %$,77T/ G$H77;1LET 3%=A'77! $% 3'77*. %3 
8:;  77!  77/$3$77($U77`$ g9&   77#!$%)2(@E"X77C 4  = "77E

 R,/ h[O 'E +"iW?b$5/ 52%'! 33').  
  

2-2-1-:;#< =-#> "#7  
A'i< ;"X2"L/ ,[5 Rn      R,7/ h[7O 'E %3      G"N78< V"7X<'T; 

 G"77<'` .(77! jW?77b$ 4aJ"77b c!"77; "77e6A %3 = @772$
c!";              %$,7T/ 0$ &%"7(Z/ = @72$ D,(!";0"! = &3='i &"E

          57/ %"Q7C  7! .(/0 1#2 %3 3H`H/ &_'6$  3=% .  c!"7;
  #!$% ^"2$'! aJ"b)3 (5/ 3%=A'! 33'):  

  #!$%)3(  
# $ # $n S L L LR R R R R% % & % '( ! ' ' ' )01 1  

    #!$% %3)3(  4(    45L#2 &=,(XJA 
%SR   kH/ c!"; 

  D";H*)3/0   "; 3 '?/='8(/  (3='i&) W/m2(  4
%LR  c!"; 

   ,[]! kH/)3   "; 100 '?/='8(/  ( 3='7i&) W/m2(  4
&LR 

      ,7[]! kH7/ c!";!";0"! 7(D,) W/m2(  4= )0   &,[Q](N7) 
 5L#2.eO ,6"! @2$.  

77QE %3 c!"77; %"77C +"X772"L/fR,77/   U77`  77! "77E
METRIC,77[6"QE SEBAL  @772$.+="77:; 0$  "77E& 

SEBAL   =METRIC   ;"X2"L/ Bl$'/ %3 5 Rn  3%=A'! 4
   &H` @(i":C)*sw ( @72$m          $'7! R,7/ =3 '7E %3  7* & 

   c!"; 3%=A'!3='i&     D"7;H* kH/ )
%SR ( 7!     7/ %"7*5  3=% .

i":C( H` @&  ;';  ! (        n!$=% 0$ D3":?2$ "! R,/ =3 %3 o
0</  X2"L/ '5 3HC:  

  #!$%)4(  
sw / z'*  ! + +50 75 2 10  

 #!$%) 5(  
/

sw
t hor hor

/ p w/ / exp[ / ( ) ]
k cos cos
'

*  ! + '
, ,

0 40 001460 35 0 627 0 75
  

    pHi n!$=% %3z  $ q":;%$ < 2"[C$HE D"\?N5  4p   %"F7i 
':N77Q;$ )kpa( 4 w KA r%"77! B77!"-)mm( 4hor,=$077<  

60( C%Hb @(,&   = 
tk 's<  / o  A)3HJ5   @2$   * G=,!

,Z!  @72$ )tK- .0 1(m   %$,7T/ = tk  1  $'7! &  $H7E & 
Q;( = Utk / 0 5  $'7! &  $H7E &  %"7Xt &    7/ =   3H7JA    '7u6 %3 

/  ?i')5 3HC.  
)Allen et al., 1998, Bastiaanssen et al., 2002(  
  

2-2-2-?#< *#4+@ "#7 1  
    d"b &"/') %"C)G (  d"b Bb$3 %3 "/') R"T?6$ G$U(/

      'v$ %3 5E"() cCHO =      'E %3  * @2$ 5JH8JH/ @<$,E
    X<'s G$H[w  ! R,/ h[O5) CG (      aJ"7b c!"7; 0$)Rn (

5/  ?i') 'u6 %3 3HC :  
  #!$%)6(  

G nG C R   
's<  oCG  R,/ %3   "E&     +="7:?/ I]?x/  @72$ . %3

SEBAL$ 4777<'777s .<Z!"777; o5"777/3 0$ &L#7772 5 
)Bastiaanssen et al, 2002() cCHO ab"C =  7(E"5 
)NDVI (@2$  #!$% S!"#/ = )7 (5/  X2"L/ 3HC.  

  

  #!$%)7(  
s

G
T

C / / / NDVI/ 0 / 0 + +( ! +( + ' +1 2 1 2(
2 40 0032 0 0062 1 0 978  

  

 $ %3<   4 #!$% .Ts "/3 &  L#72 5        7`%3 oN7l '7! 
?6"7725 3$'77) = ( &=,77(XJA 5L#772 @772$. $'77!& 

METRIC4  77#!$% )8($'77! &  X772"L/ '77s<pH77i o 
O( 3"e[F@2$ D,C) Tasumi, 2003:(  

                                                           
1. Latent heat fluxes 
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  #!$%)8(  
LAI /30 5  

/ LAI
GC / / e' ! 0 5210 05 0 18  

LAI /-0 5  G S nC / (T / ) / R / ' !1 8 273 15 0 084  
  

 4pH77i n77!$=% %31LAI = y'77! 1#772 ab"77C TS 
   Nl'! .(/0 1#2 &"/3   @72$ .<H]* o .  R,7/ %3    &"7E

   ,[6"/ 5ZX[/=3TSEB   = SETEB       d"7b &"7/') %"7C 4
        d"7b zU` aJ"b c!"; 0$ 5X<'s)Rn,s (  @72$)  c!"7;

   &3=%= B*)Rn (         d"7b zU7` aJ"7b c!"; 0$ 5wHQ{/
)Rn,s (     5E"() cCHO zU` =)Rn,c ( @72$ .(  %3TSEB  = 

STSEB         .(7! &3,w 4d"b &"/') %"C o<'s 42/0   "7; 
5/0    %"(?b$ $% 5/          $% GA G$'\F7E=|O '}*$  * ,[*35/0 

5/ 'u6 %3 ,6'() )Kustas and Norman, 1999 .(  &$'7!
SETEB R3"Z/ o<'s .<$ 15/05/  ?i') 'u6 %3   3HC

)Yao et al, 2010 .(  
  

2-2-3-OP034 *#4+@ "#7   
    ̂ HNL/ &"/') %"C)H (     &_'6$ 0$ 5?i%%,E G$U(/)  "7<

"/') (       E  ! "/3 jW?b$ 'v$ %3  * @2$  5/ BT?[/ $H   3HC
  #!$% GA &$'! =)10 (@2$ %$'-'!.  

  #!$%)10(  O air
air p

ah

T T
H C .

R
'

 4 5  

  !""# $""%&'( ()OT!""* +"",-./0)1203 4.""-)  5Tair 
.-)4   '!* )!6708( 5 air '!* 9:.;< )kg/m3( 5Cp 4.-2= 

 '!* >?01)J/kg/K (1Rah  3 @"-1.A- 50)120 -."/,B9  '!"* 

)s/m (@C' .>D'EF'  =,24 0   ."-) )(132& .4 3 0)120-./ ", 5+
 GHI () J  ",  K 1 8BH-2,L ",  >E @"C'     ME"- 'N": 1     4."*

 (!;:' 5O6PQ-0RP  .*4   '2& '( 9S1.TP- 4     UVP"W' )(132"& 
.""-)43 1 '!""* 0)120-./"", +)dT (""&$ ""- (.""79 E""F2& . ()

SEBAL   1 METRIC     )(132& (!X/- $& 5dT  2# D' '0E/4 
('2BS4  9- >).TPC'     ) $7 )!Y  $%&'( Z3 (  4'  "C2=( ,F!9 

)$%&'( 11('2& 4 ."-) 4  "-D [%"C , 8)Ts( 1dT  1) () 
K,   \W.Y G]B)  ̂ 2= 1 )2C (  )(132&9-   )!"Y    _`"C 1 
'0   $%&'( 8() -.HS 9      K,G]B  .*4 !aS 0  - M.HI' 29   ))2"= 
)Bastiaanssen et al., 1998.(   

 $%&'()11(  
sdT aT b! "  

)( ME-      59bc/-1) 4.*.-2= (.Y4 E/F.H* d!]e- 
    .-2= (.Y 1 \:.W f&.S4       g.W hij 1) $& Z.kF )Hs ( 1

fY!K =,*.9) Hc (BTS,- +9  )!"Y) Norman et al., 

1995.(  
 $%&'()12(  c sH H H! "3  

            f/7(E"F' 1 '!"* $"& ."-2= M.APF' (.71D.C l]m2&
@-1.A-    ME- 590.-2= 4.*          @":.m 1) $"& 9"bc/-1) 4.*

        9"- 4n2"F' M)."cS 42C 1 4D'!-        RP0(!";:' $"7 5E"//7
          80' D' +0 2* 4'2& i,F d!]e- 4.-2= (.Y 9S.cC.e-

@:.m    @C' o1.TP- .* .  GBY4       4."-2= M)."cS D' 90.HF 
ME-       "& '( 9"bc/-1) 4.*         42"C 1 4D'!"- @":.m 1) 4'2

9- Z.pF E*) .  
  

                                                                                                    O:'                          q  
 GBY4 .ME- () .-2= M).cS D' 90.HF O:' @:.m 1) 4'2& 9bc/-1) 4.* :q 542C :4D'!-1  

                                                           
1. Leaf Area Index 
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8-(!F    Z'(.BH* 1 )1995 (  RP0(!;:' $r'(' 8Hs   4.*
  @:.m 4'2& $F.='Ej         Z)!"& Z.]"B0 54D'!"- 1 42C 4.*

    G""m'2- $""7 .""tF3 D' 1 E""F)') u('i""= '( .""kF3 v0.""PF
       >)."C 4D'!"- @":.m () 9S.cC.e-         l"6J' () 5@"C' 2"S

9- >).TPC' Z3 D' o.A,AeS  E//7)Timmermans et al., 

2007 .(         "- @":.m i",F $":.A- 80' ()   u1( 4D'!TSEB 
$&          80E"& 1 @"C' >E"Y $P#2= (.7        @":.m 4'2"& (!"X/- 

 4D'!-Hs 1 Hc9- >).TPC' 20D w&'1( D' l,S2S $&  ))2=:  
  

 $%&'()13(  
s air

s air p
s a

T T
H C .

R R
#

!  $
"

  
  

 $%&'()14(  
c air

c air p
ah

T T
H C .

R
#

!  $  
  

  !""# w""&'1( ()Ts 5Tc 1 TairS2S $""& "",.""-) l .""*4 
  = fY!K 5g.W,*.9      l]m 2& '!* 1 !670  8E/P]* .Rs 

3 @""-1.A-0)120-./"", 5g.""W D' .""-2= M.""APF' $""& +Ra 
 3 @-1.A-0)120-./,    '!"* D' ."-2= M."APF' $"& +4  [%"C 

x.&4  = fY!K  ",*.9)    M)."b-Zom+d0      Z3 () $"7 Zom 
 2&D M!y4    1 ^!P/-!- d0  &.j z.TS('$ .j90  @"C' (  1Rah 

F,  3 @-1.A- i0)120-./ ",     '!* M."APF' $"& + @"C .Rah  () 
 ME"""""-TSEB (!""""";:' 1 w"""""&'1( D' 0 RPSEBAL 

)Bastiaanssen et al., 2002(.TPC' - >)9   ' ."& E"/7 "0 8
   ME- () $7 o1.TS  .*4 +S  bc/-9 ln(Zom/Zoh)   $7  ̂ .F .& 

KB-1   ).0 .kF3 D' - 9      .& 2&'2& 5)!Y3/2  {2"#    "- 9   ))2"= .
 () $""BF3 M.""mTSEB' ""0  .""& 2""&'2& @c]""F 82 @""C' 

)Timmermans et al., 2007( .rij, c"C.e- o.|) 0  2";
@-1.A-  .*4 3 0)120B-./9 ME-   .*   9bc/-1) 4)Rs   1 Ra (

'( iLF.C    Z'(.BH* 1 )2008(   $r'(' >)27  EF' . - D'}2S2~0 8
2P-'(.K  .*4    u1( () M!"kt-    ."*4  "bc/-1)9  ."*.-) 54 

   = fY!K 1 g.W,*.9) Ts 1 Tc (@C' .    )(132"& (!X/- $&
'0   !aS 5('EA- 1) 80 )'( 202P-!0     () >E/t/C $& �!&2- +

1'D0 F $.)02 %)) %(Trad ( $& $6,C1   $%&'( )15(   bC .& 1 9 
   .%W 1)Z.g . 1 8-(!F   Z'(.BH* )1995( (   ."-) 1) $&4 

= fY!K 1 g.W,*.9BTS ,- +9 )!Y:  

 $%&'()15(  
rad c C c sT ( ) f ( )T ( f ( ))T% & % " # %4 4 41  

  

   $%&'( ())15 (    9*.,= fY!K hij)cf ( )% ( �&.%-
 $%&'()16 (  9"- )(132"&   ))2"=)Kustas and Norman, 

1999 :(  
  

 $%&'()16(  

c
/ LAIf ( ) Exp
cos

#' (% ! # ) *%+ ,

0 51  
  

Z.H*    & $7 (!y       ME"- oVBp- D' E0)2= Z.,TSEB 
             f"Y!K 1 g."W d!]"e- 4."-2= (."Y 20).A- )(132&

 @C' 9*.,= .      9"c,72S ME- () 'N:SETEB     (!"X/- $"& 
  9=E,L,K 80' �#(         d!]"e- 4.-2= (.Y Z'i,- 'EP&' 5.*

     RP0(!;:' �02y D' G7SEBAL $&    9- @C)     _`C 1 E03
     (!"6,S " 96P]"02K $"%&'( D' >).TPC' .&)Priestley and 

Taylor, 1972 ($"",:1' 8,""HQS 1  5 2""bS Z'i"",- D' 4'
9-    Z'!SHs   1 Hc      4."-) 1 g."W 4."-) 8PY') Z1E& '( 

   )27 )(132& 9*.,= fY!K .  ME-STSEB     $,c"Y �V-."7 
  ME"""- $"""&TSEB   20)."""A- D' Z3 () 9""":1 5@"""C' 

>D'EF'  42,=         >).TPC' 9*.,= fY!K 1 g.W 4.*.-) �EY
9-  )!Y)Sánchez et al., 2008.(  

  
3-53- ' 67#8)   
3-1-924 (:0) ;07#<4  #&  

    ME- v0.PF |]0.A- (!X/- $&           4'2"& ."kF3 D' +0 2* 5.*6 
   o1.TP- 20!aS)6  O6PQ- D1(  (  @C' >E0)2= '2j' .  $& .-'

   9j12W 4x.& Rtm G,:)         $"& �!&2- v0.PF wA# 'EP&' 5.*
    $,r1n D1( 20!aS192)   D1(11/7/2011 ( 9- $r'('  ))2= .

 4.*2P-'(.K D'            f"Y!K \W."Y 5ME"- v/"K D.",F )(!"- 
  9*.,=)NDVI(       �2"& [%"C \W.Y 5)LAI (   4."-) 1

             $&.p"- w"&'1( .& 1 Z.]B0 (!y $& $7 @C' 8,-D [%C
   2* 4'2&5      >E/t/C 201.aS D' ME- MODIS   �'2QP"C' 

 @C' >EY .  GBY5         '( ."*2P-'(.K 8"0' 9=E"/7'2K �0D!S 
    $,r1n D1( 4'2&192         Z.p"F 9S."b:.%- $"A%/- [%C () 

9- E*).  
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  !"5 . #$%&' (")* +,%" -./)0)NDVI( 123 456 +,%" 7)LAI ( 8&9/ 456 :%9; <)Ts ( =&><? /<@ :A23192  

     
B                                                                      CDA                                

  !"6 .A2')EF&$GH9 I%JK :%92' @%" L :/%6  =&><? /<@ @; MH"192GH9 :A23  N0 :%$ CDA #OPQ9 (METRICB <  (SEBAL  

  
I%R$        !" @; =S @)T5   #U9 MH$%V9       -U./)0 7;)U"
  +,%"NDVI      %0 2WX M;<HY9 @; 57/0    < Z6A 2&[E9 

       :A23 =S Z6A #D%\ @; 8.ALAI      %0 2WX /A M;<HY9 8.A 
8/0   #9 (")* A@   H$; .  2.;%]9      =U3 +,%" <; 8.A 8&.%*

             =U]5Q9 ^UD%_ G)`UY9 ZU"A;23 < 2.)`U0 I%9/  &D;
)LHQ'(         =]5Q9 @; #$%&' (")* I;)3 C&Oa /A I%VK 7

HK@A; .         8&U9/ 456 :%9; :b%3 2.;%]9 ^&020 8&R$ =3
)307   %0 315 8.)cS  (      ;@A; M@%U"A d)a)9 8&R$ =3 e&K .

ZUU&OfA< %UU3 ZRFUUf 8UU.A g.%UUEK 8.A23%UUQ3  hUU]5Q9 :%UU$
%OD%59   ;@A; #P6%Q9 :@%'/%6 #0 .       iHU$ =U3 =j)0 %3 %9A

  GH9 hF.%]9 7#.%JK             k2UO0 < 2U&lP0 ;@<m2U3 2UnQ9 /A %$
   < 2ER&FUU.b =UU3 #UU62E6;  UU&D; =UU3 < ZUU6A #UUOfA<

M/AHKA  :2&'               g.%UEK  U&cY0 < =U>A@A =U3 =9A;A @; 7Im :%$
  #9 =E,A;2* o)329    2p.; :AejA 2Sq /A < ;;2')Rn 7G < 

H ( #9 :@A;;),  ;)" .0     #OfA< k2O0 < 2&lP)ET (   =U3 A@
 #9 #E\A@        I%JK :%92' @%" /A IA)0)LET (   r;2US ;@<m23

            :%U92' @%U" 2.;%U]9 #UKA<A2s LA2')EFU&$ @)nQ9 8.H3
 I%UUJK) #UUOfA< k2UUO0 < 2UU&lP0 2pK%UU.%RK ( NUU&!W0 =UU3
GH9   N0 :%$         =&><? /<@ :A23 #OPQ9<; < #OPQ9192  @; 
 !"  :%$6 %0 8Z6A MH" M;A; I%VK .  

I%R$          !U" @; =US @)T6        -U./)0 7HU" M;A; I%VUK 
   I%UUJK :%UU92' @%UU" #'HUUQSA2*)2W/m (GHUU9  :%UU$

NUU0  #UUOPQ9METRIC < SEBAL  Z&OUUa< t%UUP.2]0 
   HK@A; 2p.H!. %3 #J3%V9 .       < u%&Ua2s Zcv =3 7=3%V0 8.A

 GH9 HK<@        Z6A @)Sw9 GH9 <; I%F!. t%EPFK :/%6 .  %U9A
  GHU9 ix,23     NU0 :%U$     GHU9 7#UOPQ9      #UOPQ9<; :%U$

TSEB < STSEB #'HUUQSA2*     HUUUK@A; :2EVUU&3 :%UU$  
)  !"7 .(  
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                               B                                                                        CDA       
  !"1. $&LA2')EF %92' @%":I%JK  GH9 :/%6 MH" @; /<@ =&><? 192 A23:GH9  %$:OPQ9<; #CDA  (TSEBB < (STSEB  

 

  
  !"2.$ &LA2')EF %92' @%":I%JK  GH9 :/%6 MH" @; /<@ =&><? 192 A23:GH9  S20 &P#) N0 OPQ9#OPQ9 <; U # (SETEB  

  

  (UU")* < y%UU, :%UU$%9; @; 7ixEUU,A 8UU.A ZUUcv
        GHU9 @; #U6%6A (]K =S Z6A #$%&'      #UOPQ9<; :%U$

HK@A; . %UR$I                @; 7HU" 2USq eU&K txPUf =US =UK)'TSEB 
@)pDA. O6 zE#      %$%9; ;@<m23 @)nQ9 =3 %5, < :    < y%U, 

 ' (")*&$%#  9 M;%WE6A #          @; =U!Km G%U\ ;)U"STEB 
=3              z&]EFU9 :2U&' M/AHUKA /A #'HU&{&* 8.A -s@ @)nQ9

      #9 M;%WE6A #$%&' (")* < y%, :%$%9;  ;)" . #J.H3
       GHU9 #'HQSA2* -./)0 =S Z6ASETEB    %U3 7    =U3 =Uj)0

  /A Im #UUP&S20 zE.@)UUpDASEBAL < TSEB Z&OUUa< 7
GH9 /A #0<%WE9  Z"A; H$A), 2p.; :%$)  !"8 .(  

  
3-2-524 607#84   97#:) (-#7;"! ' #&  
=UU3 GHUU9 hFUU.%]9 eUU&K < ;2UU!cRv #3%UU./@A @)UUnQ9  :%UU$
N0         :A2U3 7#UOPQ9<; < #OPQ96        2UnK ;@)U9 =U&><? /<@ 

)185  7189  7191  7192  7196  7199 (]9  2ER&F.b 2.;%
   M/AHKA #0%OD%59 =]5Q9 @;   H" :2&' .   /A =v@e9 2ER&F.b

               |%U6A23 k2UO0 < 2U&lP0 Im @; =US ZU6A #ca%W0 d)K
 M/AHUUKA y%UU, @; ;)UUj)9 Bm Ix&UU3 #UU9 :2UU&' ;)UU" .

         Ix&U3 =U53A@ |%U6A23 #ca%W0 2ER&F.b)17 (  @A)EU6A

Z6A:  
 =53A@)17(  ET I P D S ! " # $  

  

    Im @; =SI    IAeU&9 Bm     7:@%U&3m P     #'HUK@%3 IAeU&9 
M/AHUUKA   7MHUU" :2UU&'D #VUU!$/ Bm IAeUU&9   /A MHUU"

 < 2ER&F.bS$Z6A y%, Z3)T@ uA2&&[0 IAe&9 .  
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)Allen et al., 1998 .(    #Uj<2, k2UO0 < 2U&lP0 2.;%]9
=3   GH9 =c&6<    #0AH$%V9 2.;%]9 MA2R$ =3 :?2KA @%" :%$

           G<HUj @; -Uj29 k2O0 < 2&lP0 < :2ER&F.b2   =U>A@A 
Z6A MH".  
=UUU3   k2UUUO0 < 2UUU&lP0 2.;%UUU]9 #3%UUU./@A @)UUUnQ9
GHUU9 :/%UU6   .;%UU]9 %UU3 =FUU.%]9 < MHUU" #0AH$%VUU9 2
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1. Mean absolute percent difference 
2. Root-mean-square difference 
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SEBALH# d,1e&W(   g.[eL 2+)J k.E, -.\B 75 ^)_V
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    )B(Q' RA h91&0 ; :)#  SOG(,  .        69,1O?# HO!V +QOo 7O5
:)OO# @1OO"' gOOL @1OOB  HOOIN_#SEBAL ; METRIC 

:)# pQ0 -9( H31V SJ, U( R180  d)_l_W 15 1BMODIS 
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#  HB1.Z ]GQC 21T%o( 19 ; Y1' @1#, 6.`0 O H0().
S>.0 O.  

  
4-5%6  78/9) ' *2:- *+/;  

 :)OO#  OO.?cL -OO9( +,  gOOL @1OOB  HOOIN_#SEBAL ; 
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