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Desertification is one of the most destructive environmental phenomena globally. 

Remote sensing data and techniques offer valuable information for desertification 

mapping and assessment. Desertification is a particularly grave environmental threat 

in Iran, especially in the southeastern parts of the country. This research was 

conducted to map the degree of desertification in the Narmashir region of Kerman 

province in 2023 using Landsat 8 satellite imagery. Initially, the Tasseled Cap 

Transformation (TCT) method was used to extract three indices: Tasseled Cap 

Brightness (TCB), Tasseled Cap Greenness (TCG), and Tasseled Cap Wetness 

(TCW). Next, the Normalized Difference Vegetation Index (NDVI) and albedo were 

estimated. Subsequently, linear regression analysis was performed on the 

combinations of TCG-TCB, NDVI-albedo, and TCW-TCB. The results showed a 

strong negative correlation between TCW and TCB and a very weak correlation 

between NDVI and albedo. The highest positive correlation was observed between 

TCW and TCG. Based on the highest correlation values and the regression 

relationship between TCW and TCB, a Desertification Degree Index (DDI) was 

created for desertification grading. The DDI was divided into five desertification 

classes: very low, low, medium, high, and very high. Based on this, only of the 

studied area exhibited very high desertification intensity, and showed high 

desertification intensity. The overall accuracy of this index was found to be. Due to 

its simplicity and high capability, this method is highly effective for managing and 

protecting arid and semi-arid lands. 
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EXTENDED  ABSTRACT 

INTRODUCTION 
Some researchers have established a link between desertification and an increase in surface albedo. 
Soils with a sand and light texture dry out faster compared to soils with a clay texture that retain 
surface moisture. Decreasing moisture reduces the availability of water for vegetation, thus leading to 
desertification. However, in some research, desertification was investigated by developing quantitative 
relationships between biophysical indicators. These earlier models cannot effectively distinguish areas 
with low and high desertification intensity. Consequently, new relationships were developed to extract 
various degrees of desertification. 

The purpose of this research is to investigate the degrees of desertification in the Narmashir region in 
Kerman province. For this purpose, a relationship based on various biophysical indices such as NDVI, 
greenness, wetness, surface albedo, and brightness was presented. The research methodology is based 
on comparing the regression analysis of the NDVI-albedo index with the Tasseled Cap indices (TCB, 
TCG, and TCW). The DDI (Desertification Degree Index) was calculated based on the regression 
analysis results and used to extract the degrees of desertification. The final desertification intensity 
map is classified into five degrees. 

 

DATA AND METHODOLOGY  

Several remote sensing techniques have been developed to map and assess desertification in arid and 
semi-arid regions. These methods include visual interpretation methods (Huang et al., 2006), the 
Spectral Mixture Analysis (SMA) method (Tram et al., 1998, Vervenci, 2016), classification 
algorithms (Afrasini et al., 2017, Afrasini et al., 2018), spectral indices (NDVI and albedo), and image 
transformations such as TCT (Zancheta et al., 2016). The proposed methods are based on the analysis 
of the relationship between biophysical spectral indices and the risk of desertification. The primary 
goal of these methods is to select the optimal combination of spectral indices that provides a high 
correlation. The selected methodology can be divided into three main stages: extraction of spectral and 
TCT indices, training and correlation analysis, and implementation of an index to extract different 
degrees of desertification in the study area. 

 

RESULTS AND DISCUSSION 

After performing the spectral indices, the indices were analyzed (Figure 2). High values of NDVI and 
TCG correspond to agricultural fields located in the study area, while low values indicate the desert 
areas in the Narmashir region. Low albedo values are related to vegetation and water areas, whereas 
high albedo and TCB values indicate light-colored, whitish soils. The TCW index provides 
information about soil moisture, and its values vary. High TCW values are related to water areas and 
vegetation, while low values indicate dry areas such as dunes and soils poor in organic matter. 

The western part of the Narmashir region is located on the alluvial cone and benefits from favorable 
moisture conditions, making it less prone to desertification. The eastern part of the region has 
experienced severe desertification, and these areas are interspersed with agricultural lands. About half 
of the studied area had very low albedo values. However, the region has seen a lot of desertification. 
These areas appear in white on the satellite images. In the eastern regions, the amount of albedo was 
higher than in the western regions. Due to the climatic, dry, and semi-arid conditions of the region, 
vegetation is limited only to places with access to water sources. Therefore, the area had very little 
vegetation. Only of the area consists of fields, and in the rest of the areas, vegetation cover is limited. 
Farms and vegetation are heavily encircled by desert areas. The TCB index values correspond to 
albedo values and match areas with high albedo. The TCG index also has a high correlation with the 
NDVI index. About of the area lacks vegetation. The soil moisture index has special conditions. The 
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Narmashir region's location on the alluvial cone allows these regions to have more favorable moisture 
conditions. Eastern regions have very low moisture values. 

 
Table 4: Pearson correlation coefficient and determination coefficient values between desertification intensity 

estimation indices 
indices slope Pearson correlation R2 

TCW, TCG 1.37 0.49 0.24 
TCW, TCB -1.84 -0.77 0.61 

TCW, NDVI 1.52 0.42 0.18 
TCW, albedo -1.57 -0.65 0.43 
TCG, TCB -0.008 -0.009 0.001 

TCG, NDVI 1.28 0.99 0.98 
TCG, albedo 0.14 0.16 0.02 
TCB, NDVI 0.12 0.08 0.006 
TCB, albedo 0.98 0.98 0.96 

NDVI, albedo 0.17 0.25 0.06 
 

CONCLUSION  

The findings showed that the combination of TCW-TCB provides superior results compared to the 
NDVI-albedo combination. The DDI index uses multispectral images to estimate desertification and 
relies exclusively on remote sensing images for monitoring. The DDI index was used for the 
quantitative mapping of desertification intensity, and the applied method achieved higher accuracy. 
The results of the desertification map showed that and are classified as very high and high 
desertification, respectively. The Narmashir region is categorized as having very low desertification. 
The areas most affected by the desertification phenomenon are in the eastern part of the studied 
region. These areas are characterized by the movement of dunes, soil salinity, and low rainfall and 
water availability. These maps will help identify areas that require protection. These areas are 
generally characterized by high desertification risk and low vegetation density. Multispectral remote 
sensing data, such as Landsat, can be effectively used for desertification studies. 
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14 Kauth 
15 Jackson 



���  ��� � 	�
� �
����� �� ����� �� ������� ���� .� �  	�! "�#$�%� ���  �
��

$�& '����( .	)� *$�+� �  

 

�+3" 	���1975 �� g2� /) I� �$ *�� /
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DE�& 6�) �2)�� ��K1� �) *;��' %��4;��, %�" %�"  �2E � *+�G�
 �) *@�I��)��) *���  B�� 6�� �� 9�" ./��

�.��� �" �� Q�$�� 6���4) -DE�& %�"  �� ��& -�.��� %�" B�� .�;"� *' �j��� *�S�) *��0�3" �$ /�� *@�I
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DE�& �) *;��'  ���U �� *+�G�
 �) eK�.' %�"NDVI 6 B�� .�& �j��� *��;&�� � g2� %����5 	/) I� 	%G�� 	
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1 Becerril-Piña 
2 Huang 
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4 Vorovencii 
5 Zanchetta 
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7 TASSELLED Cap Brightness 
8 Tasseled cap greenness 
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 �E�1 .�%����� �C��� $! �7���� !$
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� :����;0� � :t�;'  

 N�& *���) %��)��)��) *���  ����\� �� �O��2' �� ' �72;' �� /��;�8  �� �� \� 6�� .�& ���@���17 /� �5 

2023 5 /�� �)' �) *"��� M& , 	��'� 6���� �$ �& -�.��� ���� 6�� �) ��'��� �� �)� ���) ����\� .�'� ��G

 .��� ��& /&���) *`��� NS \1' � ����� �U��L �� ��� "�' 6�� ��6  %���� �$ ��& ���@��� *)����) *@�I ���)

 %�" �0+�,30  *��'� ���) �� � �� ) %��'16 /�� ��& %����)�� \� ����.  

 ?��#1 	)��� *$�
0�� �� *�� *!��I)� ��0���� 4�%K
LM :8  

��;�;�  �k�  e���  %����)�� \� v����  ���)  !�+@� �� �  J ' < I  

OLI  /��;�8  158  40  17/08/2023   ���)1  30 ��'  �L�� 	���w � ���  

 ���)2  30 ��'  *)5  

 ���)3  30 ��'  G��  

 ���)4  30 ��'  G'�U  

���) 5  30 ��'  !��G� G'�U ����'  

 ���)6  30 ��'  ��� $ J ' G'�U ����'  

 ���)7  30 ��'  ��� $ J ' G'�U ����'  

 ���)8  15  !���'��+��,  

 ���)9  30  P���� �)�  

 ���)
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 ���)
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100  *����L  

  

 ��& <�'�� *"��� M& , N��@� DE�&NDVI  ./�� *"��� M& , J��.��� %��) �" B�� 6��� <����' �� *+�

 � G'�U -����) P��� �) DE�& 6��NIR  � G'�U %�"���) /�0� 6�
�� �) � �� )NIR  ��� �� M�;� %�" ���� ��

 ����7' .� & *' ����1'NDVI  6�)1 -  � (9�) � -5)1 DE�& ./�� ��� � �� (�'�$ *"��� M& ,) +NDVI  ��
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 6��;d *���) DE�& �� ;` �) 8�71���)��) *��� /
�� ���U ���@��� �� ' !�E 8I�;' �� ����O')1( y0���)1  �

 	����+3"2018 .(  

)1 (  NDVI =
���	�

���
�
  

 ����O' 6�� ��R  �NIR  /��;� ����\� �� !��G� G'�U ����' � G'�U %�"���) Q���� �)8  DE�& .�;�0"albedo 

 64, �) !���) ���) ������ �� '�I ����1@*  بر$ /�� *@�I �;d %� ��� "�' %�" ���� P���38/0  ��5/2 

*K���) ���� ���U ��'��+�'2  	����+3" �2017 � %z��� �#�) 6��O� %��) :4' DE�& !� 6�'� g2� %����5 .(

 q`�) ��� � *' � �� ) :�KU� G�� �� �������)��) *���  � *�) ���� !�E �3�� � !�E 8I�;' �� 	����+3"2000 .(

 ��;�;� � n���� ����O' �� %��� ��4) �) ����5 /�OV�OLI  /��;� ��� "�'8  %����5 ���5�) �� � ��& ����1'

 ��$ �) *12���
��  $��) �&3 	2017 .(  

)2 (  albedo �a� = ��0.356. blue� + �0.130. red� + �0.373. nir� + �0.085. swir1� + �0.072. swir2� − 0.018�&/1.016  

 B��TCT  ����� �� ;` �) �$KT  ��� �� M�;� ����\� %�" �0+�, ����7' *2E ����� � & *' ��E�;& G��

 /��;� ��� "�' �� %��� ��4) �) � P�' � � P�$ [� � �$ /��5  <�� ��1976  8��I �� DE�& 6�� ./
�� �O� �

 6�) *��0�3"NIR  �� DE�& 6�� ����� %��)  .���� *' ����� *j�' ���) �DE�& %�"  *��;&��TCB %G�� 	

TCG  /) I� �TCW  DE�& .�& ��
�� ��4)TCB  DE�& .�"� *' ���� �� 9�) M& , �U�
 � �;"�) %�" 6�'�

TCG  DE�& � �� ) *"��� M& , eK�.' o� �� ��;"� ����TCW  ��& ���� �O� � l�E /) I� �) u����� ��

��h���) /��4  	����+3" �2016 B�� .(TCT  �` 3�' �) �� *@�I �;d ����\� %�"���) �$ ���� ���� Q���V �� %�

 <��
 .�;$ *' *"� ���2  /��;� ��� "�' %��) �� 8�71� 6�� �� ���@��� �� ' ����� Q���V8  �"� *' ����

 	 $��)2017 .(  

 ?��#2 	)��� ����L& ?�CI�� P��Q :8  �� ��
R�� S0D  ����& $!TCT  

DE�&  ���)2   ���)3  ���)4  ���)5  ���)6   ���)7  

 *��;&��TCB 3029/0  2786/0  4733/0  5599/0  508/0  1872/0  

 %G��TCG 2941/0 -  243/0 -  5424/0 -  7276/0  0713/0  1608/0 -  

 /) I�TCW 1511/0  1973/0  3283/0  3407/0  7117/0 -  4559/0 -  

  

)3 (  ()*+ℎ-./00 = (2�0.3029� + (3�0.2786� + (4�0.4733� + (5�0.5599� + (6�0.508� + (7�0.1872�  

)4 (  +)//../00 = (2�−0.2941� + (3�−0.243� + (4�−0.5424� + (5�0.7276� + (6�0.0713� + (7�−0.1608�  

)5 (  3/-./00 = (2�0.1511� + (3�0.1973� + (4�0.3283� + (5�0.3407� + (6�−0.7117� + (7�−0.4559�  

 N�
�� �" DE�& 6�) *� ����� [)��� P��� �)��)��) *���  ��
�� ���U ��K1� � ��G�� �� ' �O��2' �� ' �72;' ��

 �
�� �" !�+@� 	%�;) �7�I 6�� �� 9�" .�& %�;) �7�I ���� *K�E � ���� 	[� �' 	:$ 	:$ *K�E ���� R;, �) �

��)��) *���  %�" Q�$�� � �" DE�& 6�) N��@� �� ���@��� �)��)��) *��� �;+� 	�m�� %�{
 %�;) �7�I ./�� �� ) *+

                                                      
1 Gillespie 
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4 Zanchetta 
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 �� �7�I �" %��) *2E *��0�3"��)��) *���  .����� ���5�)��)��) *���  *��0�� � *3�KU� �'� ` �� *&�� �72;' 6�� ��

*' �&�) N�& *3$ *)����� �� .��)��) *��� 	DE�& %�"  �'� ` 	*)����� 6�� �� .���& C�w�� *+�G�
 �) � *+�G�
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 ����7' %�;) �7�I %��)DDI  :��� ��� 6�� .�& ���@��� G+;
 *O��I /0+& %�;) �7�I :��� ��� �� 	�7�I R;, �)

 %�;) �7�I %��) /�7
 ' �)��)��) *���  B�� !� G+;
 *O��I /0+& ./
�� ���U ���@��� �� ' !�E 8I�;' ��
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)1 	1963" /0+& �) �
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�)5 �;+
� u��.' %�� �) ��&�'��

 B .��� ��3$��)��) *���  �"�& N�& �) �72;' *U�& M.) ./�� ��
�� ���U��)��) *���  6�'� �) 8I�;' 6�� � �� )

 ./�� ��
�� ���U ��'� � N� ^ �) *`��� %�"6/37  *3$ %���0) %����5 ����7' �� �O��2' �� ' �72;' �� �^��

��� �� ) ���� E�)  <��
)36+�� .( 7/16  �"�& �72;' �� �^����)��) *���  �) 8I�;' 6�� .��� �� ) ���� *K�E � ����

�) ��� "�' ����\� %�� �� & *' ���� ��@� n�� �+&)3( �� ) *)�w 8I�;' �� ����) ����5 ��G�' *U�& 8I�;' �� .
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 �k� .��� ��&�� *����� *)54/53 ) ���� E�) :$ *K�E *"��� M& , �� �72;' �� �^�� .��� �� 9/5  �72;' �� �^��

 *L� � �) N�& �) *"��� %�" M& , � o��G' ./�� �� ) ���1' *"��� M& , u�7� *7)�' �� � �� ) o��G' �"�&

 DE�& ��G�' ./�� ��& �I�L� *��)��)TCB  ����7' �)albedo  S�) %����5 �� ���� E�) *L� � �) � ��&�� /7)�2'

 8�2;'*' �&�) DE�& .TCG  G��  DE�& �)NDVI ./�� �� ) *�S�) *�;"�3" %���� 8/70  �U�
 �72;' �� �^��

 *"��� M& ,*' �&�) /�OV� �� 8I�;' 6�� �$ ��& q`�) %� �;+
� u��.' %�� �) ��&�'�� �72;' ���7��� .

 %���`�0' *�) I����� E�)  .�;&�)  

 ?��#3 Y,I
� 4�C�5 	Z��� :UM�� ��0 T%C3& $! �7���� !$
�  

E�&D  N�&  �����5  /L�0'  �^��  

albedo :$ *K�E  5/14116  4/514  6/37  

:$  4/15320  8/359  3/26  

[� �'  1/16705  5/262  2/19  

����  3/18330  9/142  4/10  

���� *K�E  6/25674  3/87  3/6  

NDVI  :$ *K�E  04/0  1/731  4/53  

:$  1/0  6/411  1/30  

[� �'  19/0  5/78  7/5  

����  3/0  1/65  7/4  

���� *K�E  52/0  7/80  9/5  

TCB  :$ *K�E  1/32500  6/509  2/37  

:$  5/35576  1/396  9/28  

[� �'  6/39113  6/228  7/16  

����  1/43266  7/140  2/10  

���� *K�E  4/62028  1/92  7/6  

TCG  :$ *K�E  8/4557 -  1/968  8/70  

:$  9/28449 -  5/190  9/13  

[� �'  7/197 -  4/65  7/4  

����  4/2449  2/60  4/4  

���� *K�E  1/9763  5/82  1/6  

TCW  :$ *K�E  4/11618 -  02/0  001/0  

:$  2/4776 -  8/161  8/11  

[� �'  1/3129 -  8/334  5/24  

����  1/1355 -  3/755  2/55  

���� *K�E  8/2572  9/114 4/8  
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 ����1' �� 9�" �+;�� �) �
 � �)DE�& %�"  N�& ���5�) 	� 
��)��) *���  ���5�) �) C��U� �k� /�� �� ) �72;' ��

 �K��� 6��) �� �& �" DE�& 6�� 6�) *� ����� [)�������7' �� ����@��� �)  DE�& 	[E Q�&DDI  .���� ���5�)

 *��0�3" !� �" ��K1� � ��G��*@;'  ��G�' �) �� % U77/0 -  6�)TCW  �TCB  ��'���, .��� ���� ��TCW 

%���� u�����  � n��) �"� �j��� l�E eK�.' o� �� �� ' �� %���� N�`#I� ��� � *' � ��&�� l�E /
�) � /) I� �)

 	����+3"2006.( DE�& 6�) �� %�" TCB  �TCG   ��G�' �) *3$ ���0) *��0�3"009/0-  ./�� ��& ��"��'
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 �L �� �� *3$ *��0�3" �" *���)25/0  6�)NDVI  �albedo  ����7' .��� ���� �� N�& �" %��) *��0�3"

��)��) *���  <��
 ��4  %�" N�& *'�3� %��) ./�� ��& ���� ������)��) *��� ��G�' �) *�S�) *��0�3" 	77/0- 

 6�)TCW  �TCB  6�) *��0�3" .����� ���U�)NDVI  %S�) %�" N�& %��) ����5 ���)��) *���  �� � �� ) *@;'

�� �) *��X' *��0�3" 	N�7�I ���� 6�) *��0�3" �$ /�� *;O' 6�� �) �'� 6�� .�'5 /NDVI  �albedo  ��

/�� �� ) /�X' [� �' � :$ %�" N�&.  

 ?��#4 �%� �%%7& P��Q � '
)�%2 �RI��+0 P��Q ��!�C� :UM�� ��0  4�� !$�^��'���%� ����  

�" DE�&  [E Q�&  � ���, Q��V  6��O� Q��V  

TCW, TCG 37/1  49/0  24/0  

TCW, TCB  84/1 -  77/0 -  61/0  

TCW, NDVI  52/1  42/0  18/0  

TCW, albedo  57/1 -  65/0 -  43/0  

TCG, TCB  008/0 -  009/0 -  001/0  

TCG, NDVI 28/1  99/0  98/0  

TCG, albedo 14/0  16/0  02/0  

TCB, NDVI 12/0  08/0  006/0  

TCB, albedo 98/0  98/0  96/0  

NDVI, albedo 17/0  25/0  06/0  
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 �E�4UM�� �%� F� ��2 $�!
+� : '���%� 4�� !$�^�� ��0 ������;0� � :t�;' .  

 �
�� DE�& /E�� �) C��U� *� ����� [)��� ���5�) �� p,��)��) *���  �
�� J��.��� %��) C�U 6���� .�����

��)��) *���  6�) [)��� P��� �) �O��2' �� ' �72;' ��TCW  �TCB 6�
�� �i� �� �) DE�& �� %��� <�'�� 	

 N�7�71� �� *�m�� %�{
 ����� �;���
 �� �" ���� %��� <�'�� C�G� ./�� �� ) !� �" %��) �X$��L � �U��L ����7'

 �) 6���,�����  	����+3" � ��') /�� �����2011 .(  

)6 (  TCW normalized = 100.
�9:;	9:; <=>�

�9:; <=> 
9:; <?@ �
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)7 (  TCB normalized = 100.
�9:B	9:B<=>

�9:B<=>
9:B<?@�
  

 eK�.' %�" �
�� J��.��� � ��K1� %��)��)��) *���  M;$��, ��� 3� ��TCW-TCB ��K1� P��� �) %��� 3� 	

 M;$��, ��� 3� .�& :���� *��0�3"NDVI-albedo  R���� .��� ���� ��& J��.��� u�7� %��) �� *;���, *��0�3"

�0�3" �$ �"� *' ���� 6�) %��� *;O' *@;' *2E *�TCW  �TCB  %�" N�& �) u )�' �$ ���� � 
�

 eK�.'��)��) *���  ./�� 

 DE�&DDI  *� ����� ����O' �� %��� ��4) �)NDVI-albedo  �TCW-TCB  ����+3" � ��' .���� *' ���5�)

)2011 N�& P��� �) (��)��) *���  <�' P��� �) �NDVI-albedo �$ �j��� �� *��' [)��� �0��7' .���TCW  �)

TCB  �NDVI-albedo  �$ ��� ����TCW  �)TCB  %�" ����, �� %��4) G��3� ����� �� � ��&�� *�S�) *��0�3"

) ����+3" � ��' [� � ��
�� �O� � <�' .�"� *' �j��� �� eK�.'2011 eK�.' N�
�� G��3� �� eOV %���� (

��)��) *���  �) 8I�;' �� �m�� �)�)��)� *���  6�) [)��� P��� �) 8�71� 6�� �� ./�� [� �'TCW  �)TCB  B��

 N�
�� J��.��� %��) %���
��)��) *���  DE�& .�& ��4;��,DDI .� & *' ����1' ��� ����O' 8��I ��  

)8 (  CCD = E. FGH + FGI  

 ����O' 6�� ��a   ����7' ./�� ����O' Q�& ��;"� ����a   <��O'84/1 -  DE�& %��
� �) .�'5 /�� �)DDI N�& 	

��)��) *���  :�07� ���� *K�E � ���� 	[� �' 	:$ 	:$ *K�E �7�I R;, �) G+;
 *O��I /0+& :��� ��� P��� �)

 �) 8I�;' �$ �"� *' ���� *��0�3" ��K1� � ��G�� ./�� ��& %�;)l�E  �) *�5 �� ' �� ��7
 l�E � 6&��

�2' S�) *+�E D.�' l�E :$ *��;&�� �) 	*�5 �� ' � 
� ���� �) :$���' *"��� M& , � *)5 8I�;' .���� /7)

 �+& .�� & *'5  eK�.' N�
�� *+�
��� %�;) �7�I��)��) *���  M;$��, ��� 3� P��� �) ��TCW-TCB  *' ����

 ���L .�"�4/17 DE�& <�3`� �� p, �O��2' �� ' �72;' �� �^��DDI  � 2� ����)��) *���  ���� *K�E � ����

 ���L .���& %�;) �7�I1/30  g2� �� �^����)��) *���  N�& 6���)�;) .� & *' %�;) �7�I :$ *K�E��)��) *��� 

 <�� �� �O��2' �� ' �72;' ��2023  �
 � �)�U *"��� M& , *� '���, *L� � ��*' �&�).  

  
 �E�5 UM�� !$�^�� :DDI 0 6���$ �� ��%` *��� �� 6M P%� � �RI��+TCW-TCB��;0� � :t�;' .  



���  ��� � 	�
� �
����� �� ����� �� ������� ���� .� �  	�! "�#$�%� ���  �
��

$�& '����( .	)� *$�+� �  

 

 ?��#5 ��!�C� :'���%� ����  UM�� a�)� ��DDI  ?�) $!2023  

N�&  �����5  t)�' ��' K�$ /L�0'  �^��  

:$ *K�E  8/36066  8/410  1/30  

:$  4/40660  3/447  7/32  

[� �'  5/46566  6/268  6/19  

����  6/52800  9/144  5/10  

���� *K�E  105955  3/95  9/6  

  

 �2E��)��) *���  �U�
 8I�;' .�)�� *' M��G
� ��& �) -�w ����)��) *���  �) ����)��) *���  ���U *)�w %�" M.) �� :$

 N�& .�������)��) *���  �
 � �)�U *U�& M.) ��*' �&�) �) .� I  �|� /$�L �� *&�� �$ *��)��) %�" 6�'� *K$

 �� %��� ��4) �) �" ��7� /U� .�� & *' /
�� *"��� %�" M& , 9��I� �� /�� %��) M����
 � %� ���' %�"

 <��O' Q���� �) �,�$ Q��V � *K$ /1^ P��� 6�� �) .�'5 /�� �) *3����� p����'2/91  � �^��86/0  ���5�)

 .�&  

DE�& 6�� /�K)�U  /�OV� ���5�) �� �"��)��)  � ��h��� %�" ��
�� �� ��& �j��� %�" %�;3�� � �) *���

)����+3"2016)����+3" �  �� � (2018.�&�) *' *�� .3" %���� (  

  

��%` �.%I� 

 DE�&TCT  *)����) %��)DE�& %�" TCW  �TCB  %�" ���) 	*"��� M& , 6�) *�0� �2)�� ����� /�� �) �

 �) l�E � *)5 �;���
��)��) *���  *��0�3" ��K1� � ��G�� P��� �) .�& ~�.��DE�& %�"  ���� � l�E /) I�

 *�m�� %�{
 �� <�' !� 	�" DE�&TCW-TCB  N�& ��7� /E�� %��)��)��) *���  ��E�� ��&�'�� �72;' ��

 B�� .�&TCT "�' �� ���@��� �) ��� � *' /�� �'5��$ � t��� 	�;3���U 	���5 *&�� �$ %�"��0L � �" ��� 

 M��, � *3$ *)����� %��) eK�.'�
�� ��)��) *��� /0��$ .� & ��
� !�E �3�� � !�E 8I�;' ��1  ����+3" �

)1986 6�) *@;' *��0�3" �5 �� �$ ��� ���$ B��G� �� *4)��' R���� (TCW  �TCB  � �� ) ���U�)TCW  *'

 , � l�E /����' %��) %�� Q��;' %�" ���� ��� � 	����+3" � /0��$) �"� �j��� *"��� M&1986 %�" ��
�� .(

 �$ �;$ *' ��j�� 8�71� 6��TCW  [�1' � *"��� M& , *)����� %��) �;3&��� DE�& !� �� ;` �) ��� � *'

 	����+3" � ��,) *K�U N�7�71� �)��' .� & ���@��� !�E �3�� � !�E 8I�;' �� /0��2013 <�' 	(albedo-

NDVI � � *3� ��G�' .�"� �j��� 6�'� M& , %�" *�m�� ���� � �;"�) l�E 	*)5 %�" �;4, 6�) *) E G��3� ��

NDVI  P��� �) 8�71� 6�� �� .���5 *' /�� �) �� *3$ ����7' n�� ���� ���) l�E � -5 %��) *12� %����5 �

 6�) �2)����)��) *���  l�E /) I� DE�& �� �TCW  l�E *��;&�� �TCB  M��, DE�& !���)��) *���  ��4;��,

 /��;� �� ���@��� �) %��4;��, DE�& p|� .�&8  *3$ *)����� %��)��)��) *���  ���� �" *���) .�& ��
�� ��$ �)

 Q�$�� �$ ���TCT-TCB  Q�$�� �) �0��7' ��NDVI-albedo  DE�& .�"� *' �j��� �� %��4) R����DDI  %��)

 �����)��)��) *��� � �� M��, %��) � ���$ ���@��� *@�I �;d ����\��)��) *���  ��0)�� ��� �� M�;� ����\� �) �4;�

                                                      
1 Crist 
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 DE�& ./��DDI  N�& *3$ %����) ��7� %��)��)��) *���  ���$ ����� %��S�) /U� ��& <�3`� B�� .�& ���@���

 ��7� �� �^�L R���� ./����)��) *���  Q���� �) �$ ��� ����9/6  �5/10 �� �7�I ���� *K�E � ���� N�
�� �� �^

 ���L .�� & *' %�;)1/30  �7�I �� ��&�'�� �72;' �� �^����)��) *���  8I�;' 6�����) .���� *' ���U :$ *K�E

 ����, �� ���� Q��5��)��) *���  %�" �|� /$�L �) 8I�;' 6�� .����� ���U �O��2' �� ' �72;' ��& ��%� ���' 	

�����) � l�E %� & *����;& �� ����� /a�@L �) ���� �$ �� *7I�;' �" ��7� 6�� .�� & *' D.�' :$ -5 � *

 �2E �) *K$ � I �) 8I�;' 6�� .��$ �"� E��)��) *���  %�" ���� .�� & *' D.�' :$ *"��� M& , :$��� � S�)

 �) u )�' N�O��2' %��) �;�� � *' /��;� �;��' *@�I �;d ��� �� M�;���)��) ���* .�� & ���@���  
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