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2- SEBAL (Surface Energy Balance Algorithm for Land)  
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����� �% 1H�>? �% �8��U "N'� WB!�� �% 1H�>? (=>9.8 1�F>? L�% �72!+ 6�7� .�P�� w�H ,! 

����� + XF  -�?� ��+�[� $.��#?(/0 6��F�! :=< j�� �72!+ 6�7� � !� �8c�? =�x$% =>B-�'H $B
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»)=��D�2�%«�? $� �V? XF  -*��! /5�% $C��7? �'N)Allen et al., 2005:( 

)�(λET=Rn-G-H 

λET : /��� -�?�U ��N(W/m²) 

Rn : XF  �� pC�R "%�� ��N(W/m²) 

G:q�R -�?�U ��N(W/m²) 

H:n'.V? -�?�U ��N(W/m²) 

XF  �� pC�R "%�� ��N)Rn (�? /�A� !� XF  �� �'&'? �72!+ o����!� -*��! =8�
B 1��H ,! +� �.hN ,! �&+�R �.����!� -�8��N :�Dh$� �V? -�+�+ �.����!� -�8��

�?N�'.
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α:XF  -+=��C!)=7% �%(
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↓− LR)1( εο : XF  ���!�G a�.U )=7% �%(

)��'B T'? "%�� ����#? $C��7? _�! �� )(�? �2�% XF  �� $B -+=��C0 ,! �7%�� =��?
XF  )α(� !.$% � �J7�! �.����!� ��N ��.� ,! $B � ! � �J7�! d��� XF  -+=��C0 

$% o�H�>i?+�9JC! ��H �� -�+�+ �.����!� ��N�? � ��H ,! + =�0)�!'8�? ��+�[� 1� -!
� ! $� �V? a%�2 =��% �8 -!�% �e�H o����!� ��.

)��'B T'? -�+�	 "%��)(��'R�% $�+!, 3-=�N�'R �%�O ,! )��e9 ! 1��H ,!
Z�#9�! d��� + =�N�'R + _�?, ��.� $;@�	 3=�N�'R�? $� �V? -�e.D�! -�����'N.
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o����!�8!�G -��? $� �V? ��� IH�  �72!+ "%�� ��.� �VF  a�.U d��� + �'N
� ! XF  -�?� /�D8 �� )��  W.& �� S '� )=N IH�  "%�� $% XF  ,! )=N.��

% a�.U d��� Z�� $�? $� �V? �8��U "N'� pR�N ,! �7%�� /!'><���U.

↓− LR)1( εο $% $B � ! -�+�	 =>;% T'? "%�� �.B�! a�C��? _�% ,! n�J7�+�.
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↓− LR)1( εο ��#)6(7��� 8&�3 ��# ��	��� �9 ���& -�:(�;� <�=4� �4� (Rn) 

$C��7? ��)�(q�R -�?�U ��N(G) n'.V? -�?�U ��N +(H) pC�R "%�� ��N ,!
 �� XF (Rn) �? WB-*��! d���� _�! $% + �'N»)=��D�2�%«����� -!�% n�9 � �� (
6�7�)λET(�? $� �V?�'N.$% q�R -�?�U ��N pR�N S '� �%�]� E�'@ -�8

�? $� �V? XF  -+=��C0 + XF  -�?� 3�8��U "N'����U.�% n'.V? -�?�U ��N 
+ XF  -�%, ��+0�% 3��% �<�  E!=8�A? ,! )��e9 ! !'8 -�?� $% XF  -�?� w59R! 

�? $� �V?���U.
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����� ��+0�%($% �72!+ 6�7� _�PA? $#F>? �� ���9.8'B Z��  �+���N ���� 

/��� -�?�U ��N)λET(%$����� ����#? /!'><(�72!+ 6�7� )ET($rVC -!)mm/hr(
����� /��� -�?� �% /0 W�.#� 1��H ,! a.J�� �8 -!�%λ�? $� �V? �'N.

�? !� ����#? _�!����� ��.� ,! )��e9 ! �% /!'�(����� $% 6�7�(U 6�7� -!�% I&�? )��
$%����� /��+0 � �(�!� W�D7� �;[	 �� $�!,+� 6�7�.

����� ��+0�% -!�%(� ! )=N :�]�! ��, aG!�? $7C�F? ��'? $#F>? �� �72!+ 6�7�:

�C! (��'[� -,�  )��?0 

_�! $% $&'� �%�? -��+�[� ,! ��>� $B����� ��+0�% -!�% /!'�(�'D� )��e9 ! �72!+ 6�7� 
-!�!� $B=>N�% �x�? + ��!�!�G -�8=��%.�% � =>C )�!'8�? ��+�[� ,! "8+Y� _�! �� !�C 
)=>]> ETM+=���U )��e9 ! .W��	 ,! �A�% $7C�F? ��'? $#F>? ��(�s� ����� + )�'% 

/0 -�!��% ��'[��_x+* ����)���!��R ���� (� !.,! =>����< $#F>? 4��9�! a�L� :
�(+ $#F>? /�'% ���9.8'B "8+Y� /��B �;D< /�J?! �("N'� �'&+ �8��U -�8

 \'>9?�(-�!��%��'[� ����� $% $&'� �% /�8��U �� �P>�j�  �uB!=G �'&+ .

�r� ��'? ��'[� 4��9�! ,! o��	���� :�]�! ��'[� -+� �% ��, E��;D< 3:

� =>8 E�V�V[� :�?�	 �� �r� ��'? ��'[� $B=>t�8GEOTIFF �'% )=N $x!�! 
�% �C+ ��#� ,! )��e9 ! �% ��'[� � =>8 �V@ ,! /�>�DH! -!GPSW8 +���  _�>t

:�� S�V? �� � =>8 �V@ �% ��+�[� �!j	!ERDAS$% X�V[� ��'[� $% ��'[� �+�
% � =>8$=?0 aD<.

Subset :_�! $% $&'� �%� ! a?�B W��	 ,! �A�% $7C�F? ��'? $#F>? $B3_�! �� !�C 
8=��% :�D� �� 3$;G�?=���U )��R� + )=N !=& $7C�F? ��'? $#F>? 3�.$�L $;G�? _�! -!�% 
_�PA? /�9 ��N% ��N$-�>�? + )=N ��!+ -�'9B+ �?�	 E�'@Subset=���U 4��9�! .
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��� �$��A�$?���% + ��	!�i& �A8+Y� h �D;< 3-j�� )��DNk�

-�e.D�0 E�V�V[� :�;B X�V[� 3)��e9 ! ��'? -�e.D�0 X�V[��-�8=��% ��&
 $>�jU ,! )��e9 ! �% � �J7�!Dark subtract �? N�%=.:�� ,! )��e9 ! �% �!j	!ENVI4.5 +

$>�jUThermal Atm Correction=N :�]�! ���!�G =��% -�e.D�0 X�V[� 3.

4(���9.8'B Z��  W9��'PC! �� �'&'? -�8�9?!��� $� �V? 

$�L��]�!DEM : $�L ��]�! ��&DEM ��+�[� ,! $#F>? DEMSRTM=���U )��e9 ! .
�% 6��F�! ,! o� ��+�[� _�!�	�U �!�2 )��e9 ! ��'? 3$7C�F? ��'? $#F>? .$J>�! $% $&'� �% 

a.J�� ��7%! ��'[� _�! -�8�������? �9? =N�%.a.J�� ��7%! �% /0 /��B 1�F>? -!�% 
)=>]>  ���!�G =��%ETM+ $B������:�� S�V? �� � ! �9? �!j	!ENVI )��e9 ! �% 

,!�'9 �Data  Resize �'@ E��;D< _�!�	�U E.

d�N ��& + d�N $�L ��]�! 

:�� S�V? �� �!j	!ERDASa�;V� -'>? ,! )��e9 ! �% +$�L -+� �% �	!�U'�'� -�8
DEM$�L =���U )��R� + T!��9 ! d�N ��& + d�N -�8.

=�N�'R -�+�	 $�+!, n'>�.B $� �V?Θ)(COS 

$�+!, =�N�'R -�+�	 $�+!,�	 SR + =�N�'R $7N! _�% � ! -!_�?, XF  �% -�'D< ��.
$�+!, _�! �!=#? _�!�%�>% + )�'% XF.? _�?, $B � ! _�! �% ��	 XF.? Z��  Z=? ��

� ! 1H�>? :�D� -!�% �9%�O �=< �% �%!�% )�!'D83���9.8'B Z��  Z=? �� �?! ΘCOS 
+ d�N $% $9.%!+ a.J�� �8 -!�% � ! ��i9? + )�'% _�?, d�N ��&._�! $� �V? -!�% 

�$% �9?!���? aD< ��, E�'@���U:Allen et al., 2005:( 

3- Bulk correction 
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����� ��+0�%($% �72!+ 6�7� _�PA? $#F>? �� ���9.8'B Z��  �+���N ���� 

_�?, a��D�)�C�DN )�JD�� �� /�9.%�� �� ��u? �!=#? 3/���!� d.G�%(
:a.J�� �x��	!�i& ��< )�C�DN )�JD�� �� ��u? �!=#? 3/���!� d.G�%(
:d�N)3/���!� d.G �%�=+ �#	! Z�G �� =-�'D< �� (
:��& XF  $�+!, d�N )/���!� d.G �% ($% /0 �!=#? +Z+=& ��N��?=N�%:

>?�)@(A�# 1B> C�( �,�D �,	��� 

?�2# E�# F�G F� > 

(+�e@ 

��� ,!=7% + �e>? ��� ,! a�2 3 �e@ �%!�% -=�N�'R ��� �� /0 �!=#? $B �9<�  $�+!,
� ! ��u?.

$%G!�? $C��7? _�! aG �'r>?�? :�]�! ��, a���U.

d�N n'>�.B + n'>�  )(d�N E��& +)γ(�? $� �V?=�'N.�% aD< _�! 
M5�2 $B d�N ��& + d�N ��+�[� ,! )��e9 !�? :�]�! � ! )=N $� �V? ���U.��+�[� 

/0 n'>�.B + n'>�  + )=N ��!+ d�N E��& + d�N$% + )=N $� �V? �8 Z=? )!�D8
�? )��R�=�'N.

�+!,a��D� $)δ(��	!�i& ��< 3��)φ(�9<�  $�+!, +)ω(�? $� �V?=�'N.

(a��D� $�+!, )δ(% /���!� d.G�%$�? $� �V? ��, E�'@�'N:

)�(=.409 sin{2π/365×DOY)-1.39 

Year-�5�? Z�  ,! ,+� d.G �% 

(�x��	!�i& ��< )φ(,! /���!� d.G �%?$C��7$% ��,�? � �=�0:

)�(π×�v� $&�� d.G�% ����	!�i& ��< φ

(�9<�  $�+!, )/���!� d.G �% (�? p�A? $F%!� _�! ,! j���'N:
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)s(ϖ=π/12{(t+0.06667(Lz-Lm)+Sc)-12} 

t:9 ! �9<�  /�?, )�!'8�? �'�< /�?, -!�% ��!=��)M5u? ��:�� $% a�=�� �/��(

Lz :�;V? /�?, ��2 jB�? �x��	!�i& Z'H )��'>��U ,! $&�� d.G �%(

Lm :)�!'8�? ��'[� jB�? �x��	!�i& ��< -!)$&�� d.G �%(

Sc : -=�N�'R /�?, -!�% �;[	 X�V[�)�<�  d.G �% (% $B$$� �V? ��, E�'@
�?�'N:

)~(Sc=0.1645 Sin(2b)-0.1255 cos(b)-0.025 sin(b) 

b=2π(DOY-81)/364 
ΘCOS -�+�+ ,! )��e9 ! �% 3a�? $�+!, 3d�N ��& + d�N 3n'>�.B 3n'>�  -�8

 I%�� ,! )��e9 ! �% �9<�  $�+!, + �x��	!�i& ��<Model Maker :�� �!j	!ERDAS 
�? $9R� �'N.

�e�H o����!� $� �V?)Lλ(

=��% �8 �� �e�H �A%�� -*��! 3�e�H o����!� �� �e.D�! -L�% ,! )�!'8�? S '� $B � !
�? )=8�A? �x��	 =G!+ /0 =G!+ + �'NW/m²/sr/µm�? $� �V? ��, $F%!� ,! + =N�%

�?���U)Allen et al., 2005(.

)v(LMINQCALMINDN
QCALMINQCALMAX
LMINLMAXL +−×








−
−= )(λ

$F%!� _�! ��DN a.J�� �8 -�=< �,�! 3

Lmax, Lmin )=N )���C�B �%�O ����#? 

Qcalmax, Qcalmin :-�=< �,�! n��#? �� ����#? �uB!=G + a2!=G)�–���(

$% ���G 1�#V� -!�% ����#? _�!� ! )�'% ��, E�'@:
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����� ��+0�%($% �72!+ 6�7� _�PA? $#F>? �� ���9.8'B Z��  �+���N ���k 

?�>)H(����*�� �,�.3 �,�" ��* D� ��# I��/'(� �,	�����
Lmax Lmin Qcal min Qcalmax 
�� J���

:�� S�V? �� 6'	 E��;D< :�]�! �% �!j	!ERDAS I%�� +Model Maker o����!�
 )=>]>  ���!�G =��% -!�% �e�HETM+=���U $� �V? .

�U=>%��,�% �� �e�H n�J7�! $� �V?l)�JD�� -! (ρλ )

�U=>%��,�% XF  %$E�'@ ��.� ��N �e�H 4��,�% $9	�� $%��N �e�H -�+�	 ���7� �?-
�'N.4��,�% /!j�? �%)��e9 ! ,!$F%!� )��DN����8=��% $� �V? �?�'N )Allen et al., 

2005:( 

)�(
rdCOSESUN

L
××

=
θλ

λπρλ 

6'	 $F%!� ��ρλ�U=>%�� ,�% �e�H )�JD��-!-!�% �8=��% �?=N�%.λESUN E���< 
� ! ,!_�P���? -�+�	 "%�� =�N�'R ��-L�% �e.D�! -!�% �8��%=�%=G!+W/m2/µm.
����#? ESUN λ)=>]>  -!�% ETM+Z+=& �� �� ! )=N $x!�! .

?�>)K(L�M4��� �	�" 8&�3 ��#��� �	�N�& �OP23Q ���& �*�4�& 

�4�& �6KRSTU
ESUN λ���� �}l� �kk� ��ll ��k,~-��/v�

$�+!, -�+�	 =�N�'R)θ($B -�+�	 $�+!, n'>�.B 1��H ,!M5�2 � ! )=N $� �V? 
�? _�jP��&���U.

drE���< � ! ,!n'J7? I%�? $;@�	 ��.� _�?, ��3=�N�'R $B�%)��e9 ! ,!$F%!� 
)��(S '� $BBeckman  +Duffie )��v�(% 3$� � )=?0 a%�2 $� �V? � ! )Allen 

et al., 2005:( 

4- Reflectivity 
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��� �$��A�$?���% + ��	!�i& �A8+Y� h �D;< 3-j�� )��DNk�

)��()
365
2cos(033.01 πDOYdr +=

6'	 $F%!� ��DOYE���< � ! ,!Sequential day ����� $% $&'� �% /0 �!=#? $B
 "8+Y� _�! �� )��e9 ! ��'? ��'[���s�?=N�%.

-+=��C0 �VF  )α(k

+=��C0 %$E�'@ ��.� "%�� �.�H�>i?+�9JC! n�J7�!$9	�� ,!XF  q�R +)��U $%
"%�� -�+�	 =�N�'R�'� $%/0XF  ���7� �?�'N./!j�? -+=��C0 �VF  !��?/!'� ,!
$F%!� ��$� �V? �'D�)Allen et al., 2005:( 

)��(
sw

radiancepathtoa
2

_
τ

αα
α

−
=

6'	 $F%!� ��αtoa -+=��C0 -L�% 3�e.D�0αpath−radiance -+=��C0 �N�� ,!o����!� 
��.? +τSW��;%�2 -�e.D�0�'�< � !.

αpath−radiance E���< � ! ,!_�P���? �A�% ,!o����!� -�+�	 -=�N�'R -!�% 
:�D� 3�8=��% $B,! a�2 /=� � $%XF  _�?, $%�D  )=>]>  )=>B!�� )=N � !.����#? 

αpath−radiance �� �+=V?���/�����/��?/0 �!=#? Z��  Z=? �� $B =N�%��/�
� ! )=N ���>A�� )Allen et al., 2005(.

��;%�2 �'�< -�e.D�0 $%/!'>< �A�% ,!o����!� -�+�	 $BS '� �e.D�0 Z�#9�! )�!� 
?h�3�'N �? ���7��'N +/�A�)=>8� E!��Oc� 4�& +">B!�� 6�e�! )��9	! ���e.D�0 

�?=N�%.,!/0�&$B_�! �O! W8-!�% "%�� -�+�	 +W8"%�� �&+�R �'&+ 3��!� 
_�!�%�>% �� �V?$�-+=��C0 �VF  +� /!'� ��;%�2 Z�#9�! �'�< -�e.D�0 ��!+ �?�'N.

τSW�% ��	 w�@ /�'% /�D 0 +$%I�� /0��S�!�N �AR �%)��e9 ! ,!$F%!� ��, 
$� �V? �?�'N:

5- Surface Albedo 
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����� ��+0�%($% �72!+ 6�7� _�PA? $#F>? �� ���9.8'B Z��  �+���N ���~ 

)��(τSW=0.75+2*10-5*z 

�� $F%!� 6'	 z\�e��! ,! XF  ���� d.G�%T9?�� !._�! \�e��! =��% $%�%'R /�A�)=>8� 
$#F>? \�e��! ��'? �r� �=N�% au? \�e��! )�P9.�! � �>N!'8 $#F>? )Allen et al, 2005 .(

_�PA? � �>N!'8 )�P9.�! \�e��! ��N�/��sv�? �9? E�[9�? �� + =N�%�v+ $&�� ��
�C�DN $#�2�(��+ $&�� ��� ! )=N I2!+ �2�N $#�2� .

αtoa E���< � ! ,!-+=��C0 -L�% �e.D�0 $B,!$F%!� )��(a%�2 $� �V? � ! 
)Allen et al., 2005:( 

)��(∑ ×= )( ρλωλα toa 

$Bρλ�e�H n�J7�! ��=��% -!�;9�? +ωλd�!�� �!=�,+ -!�% -�8=��% ��m ���!�
�?=>N�% $B,!$F%!�)�l(

∑
=

λ
λωλ

ESUN
ESUN a%�2$� �V?=�! )Allen et al., 2005:( 

-!�% -�8=��% ���!�G��m � =>CETM+����#? ωλZ+=& �� �� ! )=N $x!�! .
?�>)V(A,��W ���4D ���& ��*�4�& !3���9��G 

�4�& @HXVYZ
ωλ�l�/���/���l/����/���}/��~�/�

)��'B T'? -�+�	 "%�� 

M�72!+ $B � ! )=>B!�� + W�#9.? -=�N�'R "%�� ��N 3)��'B T'? -�+�	 "%�� _�?, $% 
�?= �.�? w�@ /�D 0 S�!�N ��	 �% /0 /!'� $% !�$� �V? ��'[� /�?, -!�% ��, E�'@ 
��B:

)��(SWrSCS dCOSGR Γ×××=↓ θ

$C��7? _�!��Gsc Z��7? + -=�N�'R �%�O ��s� I%�?�9? �% E!+ 

ΘCOS :=�N�'R -�+�	 $�+!, n'>�.B 
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dr:E���< � ! ,!n'J7? I%�? $;@�	 ��.� _�?, ��=�N�'R 

τSW : -�e.D�! ��	�eN d��� 

)=N ��]>�% �8��U "N'� pR�N T!��9 !(NDVI) 

)=N ��]>8 $% �8��U "N'� pR�N)NDVI ( ,! ���j� j?�2 /+��? =��% 1��e� ��.�
2 =��%/0 \'D]? $% j?�� �8.

)�s(NDVI=(NIR-R)/(NIR+R) 

$  =��% "8+Y� _�! ��)j?�2 (���t +)���j� j?�2 /+��? ()=>]> ETM+=N 4��9�! 
:�� S�V? �� +�!j	!ERDAS=���U ��]�! /0 Z=? .����#? NDVI _�%�? �++�(�!�2 

��!�.�8��U "N'� -!�!� �'F  �� �e@ _�% ����#?�WB ����#? j�� �%! + 40 +!� �e@ ,! ��
�N!� =>8!'R.aJN �� �,! a@�G ����#? NDVI� ! )=N $x!�! $7C�F? ��'? $#F>? �� .

��#)K(������ 	��� ��� � �	 !*��� 8#�[ 7��# �,	��� 
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����� ��+0�%($% �72!+ 6�7� _�PA? $#F>? �� ���9.8'B Z��  �+���N ���� 

-�?� �VF �(Ts)

%$N�% �!=��� !'8 $B �F�!�N �� !'8 -�?� Z'D7? �'H!,! $% =-3\�e��! "�!j	! �9?';�B �� 
k/��9��  $&�� �? "8�B �!�U=%��.���'@ �� �% -'2 Z��7� -!�!� _�?, XF  -�?� $B

 )=8�A? a%�2 3\�e��! "�!j	! �O! �� j�� _�?, XF  -�?� �� "8�B _�! 3=N�% !'8 -�?�
�'% =8!'R.

!��, �'N a�=7� \�e��! "�!j	! �% =��% _�?, XF  -�?�_�! ��m �� L�% E�<�e��! E�'@
$% $B�? ��  �r������ -!�!� $B �#H�>? �% )��9N! $% => �($% /�.J� =>9.8 �xL�% 6�7� 

=� � =>8!'R �r�.)�'� =>��D8 XF  -�?� /!j�? $B � ! _�! �% ��	 ���9.8'B Z��  �� 
�? "8�B \�e��! "�!j	! �% !'8=%��.

)�!� 1��H ,! �<�e��! -�8DEM XF  -�?� -!�% \�e��! �% a�=7� -!�% + )=N a@�G 
)Ts-dem(�? $� �V? ��, $C��7? 1��H ,! �'N)Allen et al., 2005:( 

)�~(Ts-dem= Ts+0.0065 ∆Z

$F%!� _�! ��∆Z� ! �>�? \�e��! ,! a.J�� �8 \�e��! �.B .ML'D7? ��'[� -�>�? XF  
9.�! \�e��!�? $9	�U �r� �� $H'%�? � �>N!'8 )�P�'N.Ts��, Z'?�	 ,! )��e9 ! �% j��

� ! $� �V? a%�2)Allen et al., 2005(.

)�}(

����#? 6'	 $F%!� ��k2, k1 $% + �%�O ����#? �%!�% d������/sss +��/��v� 
�? =>N�%.XF  -�?� ���� �V? aG!�? :�D� $>�jU ,! )��e9 ! �% _�?,Band Math ��
:�� �!j	! ENVI4.5 =N :�]�!.:�� �� 3�VF  -�?� $� �V? ����� $;G�? �!j	!

ArcGIS9.3 =N :�]�!.)��DN aJN �� �x��� $]�9� �� ! )=���U $x!�! .

6- Surface Temperature 
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��#)V(������ 	��� ��� � �	 L��D C�( ���	 �,	��� 

a�.U-=>? �VF ~(ε)

a�.U?>-=�VF  $%E�'@ ��.� -*��! ���?�U "%�� )=N $%$;� + XF  $%-*��! 
"%�� ���?�U )=N $%$;� + W.& )��  ��/�D8 �?� ���7� �?�'N.��,! Z��  +�a�.U-=>? 

)��e9 ! �VF  �?�'N._�C+! a�.U-=>? w�7? ��9	� �VF  -!�% a�.U ���!�G ��
=��% ���!�G )�!'8�?��'[�-!�?=N�% $B�%�?5<εNB /�A� )�!� �?�'N )�/����
�/��/+�J�? (.a�.U _�?+� -=>? w�7? ��9	� �VF  -!�% a�.U ���!�G ��)�+=V? 

I� + ���!�G ,!s�����? /+�J�?=N�% $B�%�?5< ε0/�A� )�!� �?�'N.%-!� 
$� �V? -�?� XF )Ts(,!εNB �? )��e9 ! �'N.a�.U-=>?-�8 �VF  �%)��e9 ! ,!
S%!+� �%�]� ��, $%� � �?=>�0 )Allen et al., 2005:( 

���?, $BNDVI>0 W��!�:

7- Surface Emissivity 
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-!�%LAI<3 

)��(εNB =0.97+0.0033*LAI 

)��(ε0 =0.95+0.01*LAI 

-!�%LAI ≥ 3

)��(εNB=0.98, ε0=0.98 

-!�% w�% + 40 ��εNB +ε0�? )��e9 ! �9;�	 ,! �'N.

40 -!�%:

)��(, α<0.47 → εNB=0.99 , ε0= 0.985NDVI<0 

w�% -!�% 

)��(≥0.47→ εNB=0.99 , ε0= 0.985 NDVI<0 ,α

�� S%!+� L�%NDVI pR�N a��e� Z�?�� )=N 3�8��U}LAI pR�N XF  ��% +
α-+=��C0 �VF  � !.

)�l(

)�k(LAI = 0.57.exp (2.33.NDVI) 

.J�� 4��9�! a:�U + ��  -�8 

N X�V[� XF  -�?� ,!h)=)Ts-dem(9�! -!�% h a.J�� +� 4��h)��e9 ! :�U + ��
�?�'N.�? �<�% /0 ,! )��e9 ! a.J�� �� �'NM�72!+ -�8�M�72!+ + 4'H�? + =�'N !=�� �AR 

a.J��$% ��  -�8a.J�� -�&a.J�� �� + 4'H�? -�8$% :�U -�8a.J�� -�& -�8
=�'A� �	�7? �AR.

8- Leaf Area Index 
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-�+�	 =>;% T'? "%�� )↓LR(

�% E!+ /0 =G!+ + � ! _�x�� �D  $% /�D 0 ,! ���!�G "%�� ��N 3-�+�	 =>;% T'? "%��
�? I%�?�9?=N�%.d��� /!j�? /�!� �C�R� �% ���9.8'B Z��  �+� �� �9?!��� _�! 

Z�#9�! -����)��	�eN (, $C��7? ���? $� �V? ���'N.I&�? E�!�G $C��7? _�! �� )Tcold (
� �%c�? a�=7� \�e��! �O! �� �?� �	! /�!� ��O�'N )Allen et al., 2005:( 

)�s(T cold (each pixel) = T cold + 0.0065 ∆Z

$F%!� _�! ��∆Z� ! a.J�� �8 \�e��! ,! ��  a.J�� \�e��! �.B .e��! a.J�� \�
 $�L 1��H ,! �� DEM $% a.J�� /0 E�[9�? /��B ��!+ +�? � �=�0.

�&+�R =>;% T'? "%�� 

$� �V? ��, Z'?�	 ,! )��e9 ! �% + XF.? Z��  Z=? W�8�e? ,! )��e9 ! �% �9?!��� _�!
�?���U.$% $C��7? _�! �� )=A� X�V[� -�?� ,! )=N X�V[� -�?� -�&)Ts()��e9 ! 
�?'N�.

)��(4
SL TR ××=↑ σεο

$F%!� _�! ��ε0_�� =��% �VF  -=>D;�.U )=7% /+=%(

σ+ _?j9C'% �%�OTs XF  ���j� -!'8 -�?�)°K(� ! .

pC�R �VF  "%�� $C��7? aG 

_�! $% $&'� �% $C��7? Z'�]? -�8�9?!��� $�;B $B)Rn (� ! )=N a@�G3! �� �% $;G�? _�
Z=? /�!� �C�R��? ��]�! /0 ��'[� + )=N aG $C��7? _�! )=N ��]�! -�8���U.aD< _�! 

:�� S�V? ���!j	!ERDAS  I%�� +Model Maker �? :�]�!���U.

q�R -�?�U ��N)G(

�C'JC'? ��!=8 �O! �� �8��U "N'� + q�R aR!� �� �?�U Z�#9�! /!j�? 3q�R -�?�U ��N 
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�?=N�%.�? /0 �!=#? $� �V? -!�% -�?�U ��N �!=#? _�% �H����! $B ��, $F%!� ,! /!'�
 �'D� )��e9 ! � ! pC�R �VF  "%�� + �8��U "N'� pR�N 3q�R(Bastiaanssen, 

2000):

)�v(G/Rn=Ts/α(0.0038α+0.0074α2)(1-.98NDVI4)

$F%!� _�! ��Ts�9��  $&�� d.G �% XF  -�?� + �!�U α� ! XF  -+=��C0 .��
)�!� Z'?�	 _�!)�!� 1��H ,! �VF  -+=��C0 + XF  -�?� -�8 -!�% )=N $� �V? -�8

�? _�jP��& ���9.8'B Z�� ���U.

n'.V? -�?�U ��N (H) 

$% �C'JC'? ��!=8 + �	�D8 �O! �� !'8 $% �?�U Z�#9�! n'.V? -�?�U ��N �'&+ a�C�
�? �?� w59R! 1��H ,! + =N�%�? $� �V? ��, $F%!��'N (Bastiaanssen, 2000):

)��(H=(ρ×Cp×dT)/rah 

$F%!� _�! ��ρ!'8 �C�Pt )Kg/m³(3Cρ!'8 )Y�+ -�?�U )1004J/Kg/K(3dT 
-�?� w59R!T1-T2 \�e��! ��Z1-Z2 + _�';B $&�� d.G �%rah �J�?�>��+�x0 �?+�#? 
Z�#9�! -!�%� �?�U )m/s(.3�?� /���!�U ,! �7%�� $B Z'?�	 _�! -�8�9?!��� ,! ���8

Z'?�	 -!�!� � ! ��% �<�  + XF  -�%,$% �]>�! �� $B � ! �<�	 -�8 ���<� a�C�
/0 �B� ,! ��[9R!�? -�!��'R �8�'N.$� �V? -!�% Z'?�	 _�! �� dT XF  -�?� ,! 

)=N X�V[�)Ts-dem(� ! )=N )��e9 ! .

/��� -�?�U ��N $� �V? )λET(

����� �O! �� XF  ,! �?�U E�e;� /!j�? 3/��� �?�U ��N(�? /�A� !� 6�7� =8�.�!=#? _�! 
$F%!� $% $&'� �%)�(=���U $� �V?.�'B�? $F%!� �� λET $rVC �!=#? ��U /�?, -!�% -!

�? )�!'8�?=N�%.�!=#? ET $rVC�? $� �V? ��, $F%!� ,! -!���U )Allen et al, 2005(.

λ
λETETinst 3600=
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$F%!� _�! ��ETinst �����($rVC 6�7� )�!'8�? ��U /�?, -!�% -!(W/m²) 

λ����� /��� -�?�U)���?, )=N 4�& -�?�U �'N ���% 40 :�U';�B �� $B (�%
d.G(J/Kg) 

�=<�s���? �<�  $% $���O a�=�� �'r>? $% j�� =N�%.

��� �.B��(I&�? 6�7� (ETrF) 

����� �.B(% I&�? 6�7� $��.� E�'@ET $rVC-!(ETinst)  -!�% )=N $� �V?
a.J�� �8(mm/h)  $%ET  I&�?(ETr)  )�!� ,! )=N $� �V? /�?, -!�% � �>N!'8 -�8

�? ���7� ��'[��'N.
ETrF= ETinst/ ETr 

,!ETrF $� �V? -!�%ET ���? )��e9 ! $9<�  �'N.#? +�� �� �e@ _�% /0 �!=
�?� ! �� �%!�% ��  a.J�� �� + �e@ �%!�% :�U aJ.�� �� $B =N�%.

�����(6�7� ��$9<�  

$�!,+� ����#? ��C�mET�>7� ET24 

�'"�,\;&  �* 

$7C�F? ��'? $#F>? �� �8��U "N'� pR�N + _�?, XF  -�?� _�% �����! � ��%
! _�% L�% �e>? �P9.�D8 �� �P��A� � ! �9?!��� +� _�)�s�/�((.,! $B �P9.�D8 _�! 

:�� 1��H �!j	!Minitab �% 1H�>? �� $B � ! ��72!+ _�! �P��A� � ! )=N a@�G 
"N'�$>?!� �� $B $��0 =>��? WB!�9? �8��U -�8�? )=8�A? /5�  )'B -�8 -�?� �'N

"N'� �% 1H�>? �� oJ7C�% + � ! _�x�� _�?, XF �8-��7� �8��U �� $B $��0 =>��? 
$>?!��? )=8�A? $#F>? E�<�e��! �%'>& �8� L�% _�?, XF  -�?� �'N.Z+=& �� �

)��DN aJN �� + �P9.�D8 _�! ����#?��P9.�D8 _�! �>V>? � ! )=N )�!� /�A�.
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?�>)V(!*��� 8#�[ 7��#  C�( ���	 !M'P:2* ���;3 
Regression Equation R R² 

LST = 821739 - 0.3484 NDVI -0.969 0.9389 

NDVI

LS
T

225000020000001750000150000012500001000000750000500000
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LST =  821739 - 0.3484 NDVI

 
��# )Y(L�& !M'P:2*LST NDVI 

/0 ,! o�? -�8�9?!��� :�D� $B������ $� �V? �� �O($rVC 6�7� ���? �72!+ -!=N��
:�� S�V? �!j	!ERDAS I%�� +Model Maker Z=? :�D� /��B !�&! �% $% �;�2 -�8

 /0 $� �V?�? :!=2!���U.)��DN aJN �� ��'[� _�! s� ! )=N $x!�! .

Archive of SID

www.SID.ir

http://www.sid.ir


�~� �$��A�$?���% + ��	!�i& �A8+Y� h �D;< 3-j�� )��DNk�

��#)](��/:3 �,	��� ̂!��� AP9 �& ������ 	��� ��� � �	 !�_� E��3 D� �	 �'� 
����� ����#? �<�e��! I�,'�($rVC �72!+ 6�7� )��DN aJN �� j�� -!)�()=N $x!�!

� !.$ "��D� + �;�2 ��'[� /=��R�t ,! aJN _�! � ! )=N a@�G /0 -=7% .

��#)](��/:3 �,	��� ̂!`�O3�� a,D�3 b�(� �& ������ 	��� ��� � �	 !�_� E��3 )!4�'P*�� ?�:((
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����� ��+0�%($% �72!+ 6�7� _�PA? $#F>? �� ���9.8'B Z��  �+���N ��~~ 

����� ����#? _�% �����! � ��%($rVC 6�7� + �72!+ -!NDVI $7C�F? ��'? $#F>? �� 3
/�A�/0 _�% ��u? + -'2 �P9.�D8 �� )=>8�� �8.��DN Z+=& �� )�_�! ����#? 

� ! )=N )�!� /�A� �P9.�D8./�D8 �? )=8�A? $B $�'U �% �%!�% �!=#? _�! �'Nv�/�+
� !.

?�>)Y(��/:3 !M'P:2* ���;3 ^�c;� !�_� E��3 !*��� 8#�[ 7��#  �� 

R² RRegression Equation 
0.6561 + 0.81 ET = -0.25 + 0.0088 NDVI 

� ! ���=% d���� _�! $% + XF  -�?� _�% �e>? + -'2 �P9.�D8 $% $&'� �% $B
NDVI ����� + XF  -�?� _�% �e>? �P9.�D8 3($rVC 6�7� =N =8!'R �!�2�% �72!+ -!
�? +$% 3�8��U "N'� WB!�� "�!j	! �% $7C�F? ��'? $#F>? �� $B �'D� ���>9 ! _�>t /!'�

����� /!j? 3XF  -�?� "8�B )!�D8($rVC 6�7� !+ -!�	��=8!'R "�!j	! �72.

�=�'4���� 

����� �%��,�! -!�% XF.? Z��  Z=?(M�9�.� 1H�>? -!�% �72!+ 6�7� -,�+�AB XF.? 
$% �#�2� b��9�� ! $9N!� )!�D8.$% �?! � a�C�c�% d�N ��& + d�N 3\�e��! =>��? �;?!'< ��O

����� /!j�? -+�(�U=���� a�C� $% �'B�? Z=? �� $B �72!+ 6�7� $9	�U )=���� \'�'? 
�?� ! )=���U �	�7? ���9.8'B Z��  /!'>< �V� Z��  ,! -=�=& Z=? 3=N.Z=? _�! 

����� /!j�? 3$]�9� �� + )�!� �C�R� b��9� �� !� �'B�? a?!'<(a?!'< $% $&'� �% �72!+ 6�7� 
�? X�V[� �'B�?�'N.$>?!� �� -=�N�'R "%�� $>?!� $% ��.� �%'>& -�8C�DN -�8 �� �
"�% �C�DN )�JD������� E�� �V? �� d�N ��& + d�N 3\�e��! $���>t �U! + � ! ��(
$>?!� �� �72!+ 6�7� �!=#? ,! "�% /0 �!=#? =�'N $9	�U )=���� L�% E�<�e��! + �C�DN -�8

�'% =8!'R �72!+.-�?� �% 1H�>? XF.? Z��  Z=? �� $B � ! /0 �?! _�! a�C� XF 
H�>? �% _�x��? ��.e� )��9N! ���, �%'H� �% 1h�=�'N./�D8 �? $B �'H$>?!� �� W��!�-�8 

$% XF  _�x�� -�?� �C�DNWB -�!��'R�% a�C�$>?!� _�! �� ���G -=�N�'R "%�� ,! �8
�?�C�G �� 3=�'N$>?!� _�! XF.? Z��  Z=? �� $B$>?!� �% �8�? )��9N! 4'H�? -�8=�'N.
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'� �%&�?� $A#� $% $$#F>? XF  -)aJN�(�?� �'�+ $% /!'�c+ \�e��! a?�< ��O
% �'D� )=8�A? XF  -�?� �% !� d�N ��&$-�'H XF  -�?� �?'D< \�e��! "�!j	! �% $B

W8 + $9	�� "8�B$>?!� _�>t$>?!� $% ��.� �%'>& -�8"�% XF  -�?� �C�DN -�8 -��
�? /�A�=>8�.����� /!j�? ($rVC �72!+ 6�7� !)=N $� �V? -)aJN�(/�A� _�! )=>8�

����� �% 1H�>? $B � ! ��72!+(N'� �% 1H�>? �% 1�F>? L�% �72!+ 6�7� "�8��U -�8
� ! _�x�� XF  -�?� + WB!�9?.aJN �� s$% E!���i� _�! j�� $]�9� $B -=7% $  E�'@

� ! )=N )�!� /�A� � ! ���9.8'B Z��  �x���.

Z=? _�! -!�&! b��9� $�'G XF  /!j�? �=2�8 $B �!� /�A� �P�� $#F>? =>t -+� �% 
�t'B=N�% ��3WB -�FR �% Z=? _�! b��9� %+� -��$�? +���j% 1H�>? �� !��, �'N� ��c��O

% $9R�>N�� a?!'<$"�% Z=? _�! -+� �% ��% ��& + �<�  )Y�+�? �����U.

/�A� 1�#V� _�! b��9�'8�? ��+�[� ��%��B )=>8�)�!����� E�� �V? �� -!(6�7� 
� ! �72!+.����� $� �V? ()�P9.�! �� �72!+ 6�7�_�! _D� � �>N!'8 -�8 :j;9.? $B

)�P9 � _9N!�)=���� -�8$P� + �%��B $% �'R $B � ! �9D�.�L =>��? -! ,��� �@�R -�!�
/�A� ��>� 3��!������ )=>8�(/�!� W�D7� + � ! $F#� /0 �� �72!+ 6�7�% /0 $E�'@

/+���%���.�� �!��'R�% ��!=>t ���9<! ,! �D;< �r� ,! 3XF  $% Z+!=9? -�8.��+�[� �9G 
)�!'8�?����� =>��? ���<5H! =����2 -!($rVC �72!+ 6�7� ��O /�J?! $B =>��D� W8!�	 -!

)�P9.�! �� /0��!=� �'&+ �>�?, -�8.

\'�'? _�! $>�A�� $>�?, �� 1�#V� n� ! �% E�#�#V� /'>B�� $B =���U p�A? 
% Z=? _�! -!�&! -+� �% -���,$$% + ���9.8'B 1H�>? �� )Y�+ :�]�! /!��! �� Q'[R

� ! )=A�.j& j�� 1�#V� _�! +�? 4'.V? $>�?, _�! �� E�7C�F? _�C+! ���=% + �'N
)��9.U ��H $% $&'� �% $B � !Z=? _�! -!�&! -!�% �>	 "�!� + E�<5H! ,! -! $% ,��� 3

"�% ��0 E�7C�F? + E�#�#V�� ! -��.
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