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Zagros forests are one of Iran’s most valuable ecosystems, hosting diverse fauna 

and flora. Recent crises such as global warming, droughts, and dust storms have 

endangered this ecosystem, causing the weakening of individual trees or groups 

of trees in the region. Decline is an important disorder and challenge that 

threatens oak trees in the Zagros region. This study aimed to investigate the 

possibility of zoning decline-affected trees using machine-learning algorithms. 

The study area encompasses 101 hectares of middle Zagros forests known as the 

"Baloot Boland" region. Filed sampling was conducted to assess the health status 

of trees in 37 sample plots (1000 square meters each). In addition, the ground 

truth map was prepared on a tree-by-tree investigation basis for 11% of the total 

area. After analyzing reparability, three classes were selected for classification: 

"Class 1" representing areas with decline levels below 50%, "Class 2" 

representing areas with drought levels exceeding 50%, and "Class 3" including 

bare soil, sparse forest, roads, and rocky outcrops. The capabilities of the four 

machine learning methods, namely Maximum Likelihood, Neural Network, 

Random Forest, and Support Vector Machine, were compared. The results 

showed that the Maximum Likelihood method provided the highest overall 

accuracy and Kappa coefficients of 87.0% and 73.0%, respectively. Additionally, 

in Class 2, the area of decline was higher, indicating an increasing level of decline 

in the region. It is recommended to study the spectral behavior of trees directly 

during the decline process and to introduce suitable spectral indices to identify the 

early stage of decline-affected stands. 
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�2 ��dO �# f����$ D(�� �A��#�� &SO X�%T �#N' ��&$)  l���$

 ���$ ?���4 �# �) &�= �Q$� �O B6�� C��=�	 *��%' 5# 5(6�J$ 	��$ �	�%G$ .	�� `�U��� 5��� �
  5 %� `�U���

��E+� D6�=	 �2
 I � *��$*��$�' ��/��) CF �	 \4 X��Y �25�H��  .%��#�	�%G$ #�U���) 101 ���� *� ���&2  
�2

��c �	 "T�� %��# A��# 57J�$ C���� DGO )��'$ >���*5' �	5P�� � %� �	 "T�� -	�� C������ "#��O *� ���P C��

�=�	 f6�I 5��� .D�� 
��'�U# � -�G$���P C����) � �	+� ���� 57J�$) � A��#)���� D��. �=�	 ?��4 ��O)  �	

5# 5(6�J$ 	��$ 57J�$  	�%c l���$ ��!40  �&� .D�� %Y�	1 (T�$5��E� X�(JT D'  �� 5(6�J$ 	��$ 57J�$ �	

)$ C��� %2	.   

                                                      
1 Training Area 



  

  

  

  

95  ----------------------------  ��  !�"#� ��$% �&� '(�)� *�� +� ���,-.� �  /	0�+ 1$'  2��+ ��-3� �&�...  

 

  
F5� 1�*� �� "����.���G ���EH ?DC�� �	3: :  �� �1*�5	I J�-�� "�
5  LM2�( 4��C ��NDO �+��� :P�� �3�� Q� R�;�; �. �3��

 :S�� �3��+���� �NDO� �. 5	I�1*� �-�C Q� 25 *T�� U�. �1*�5	I �. ��NDO �+��� :S9( �3�� L50 �;25  :S��'6 �3�� L*T��

U�. �1*�5	I �. ��NDO �+���50  �;75  ��9� �3ED� ���*�� ����
 �. �W	I 4��C 0�-I�� �. ��NDO �+��� :M�D �3�� L*T��

��2�E�  

 )�� 57J�$ +�� �	 _�= DH�#-  �'w�$ )�= ?��4 .D�� 	��* 
]'U�Y�c �# )$�6B }E�  �	 � }'E� 5E'� �O

DE/T )x(# 5�$�	 �	 �2  ��� /� 57J�$ �	 ?����H �'/���4 .D�� }'E� _�= �2 �
��'� ?����H � �	�# 	��*

�	�O � 	��* ��� /� )T%�= )$ �%�	 57J�$ �	 l���$ 
�  .	��*� �V�  f'O�O 5# t�SO�� �b�%c � �T�%c ]'� )H����4�O

1699  �2118 -�E� 57J�$ f6�I D�� .D�� ��$  +'# 57J�$ f6�I f'� � D�� )T��15  �O65  .D�� %Y�	

57 ! >��� �# 57J�$ +�� B'�T� �#5�����%$ t�� *� +O��$�	 
%  	��$ 57J�$ �	 5�v�� )�%���# l���$ .D�� 
�

 	�%c 5(6�J$520 )�'$  	�%c 57J�$ +�� �	 f'O�O 5# �$	 l���$ � �b�%c ��T�%c .D�� ��$5/7 - �30  �2/10 

 57J�$ +�� �	 C�%� U� ���	 .D�� >�'/�� 5��	120  ) /� D#�!� +'���'$ .D�� *��f/c�# � %Y�	 ]'� 5�v�

4/49 .D�� %Y�	  

�	�	  >�'7$ �# )H����4�O 
�21:25000  X�d�U$ B�/'� �#UTM  C�*39  
�� $ � )6�E�WGS 1984  5# A�#�$

 �5(6�J$ 57J�$5# ��V�$ 5�7� 5'�O  C�$*�� *� �����dO )��&$ DT	 )���# � )��%'$ X�'�E� ����� � 5��4 
�2

5�7�  +�� �	 .%� 5'�O ��� 
��	�#�34 ?2 ��'��� ����2�$ ����dO *�A2 �%�\=�  ����O �	26  ��$�'O1397 )July 

17, 2018 C�$*�� -�O��4 *� �($*+' ) �&��$� )����USGS 	��� �%� ��	�	 \=� C�$* +�� `�U��� �'6	 .%� �	�S��� (

5��E� D��	�# �# )��$]E2 +'�hE2 �D=�	 )�dH ?��� �b�%c ����� M 56�/&� )S�� C�2�'� 2 � )E'�(O 
�

 
���	 �%���� +�� .D�� �	�# �#� 	��� �%�13  � )g�$ �	�%G$ �	 %��#C�	�$ ]$�T  )��&$ N'&SO C��O �#10 �20  �

60  )��$* N'&SO C��O +'�hE2 � ��$6 ���dO .D�� *�� ����2�$ �
 �����'2  D�� l��O ��	�S���	��$

5K�� �%�2 �V�*� �%��) [J� �	  �O��GdO[' �%�2) D�� �%���# .
 ���#) D'S' �%�2) ��dO�� E!� �C��' 

�%�2 }#�JO *�) f���$� ��dO�� v *�5� 
�2 
��	�# �	�� �#� � �25' ���U��� 5(6�J$ 57J�$5�7� *� �%� �2
 

H����4�O) $�T�) 1:25000 	�%(O �
 $* -��� A�7�)�' "E� ��F
 �%� 	 l��O����� GPS G$ �	l' ��� ��]H�  
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ENVIS���%� �	� D��	 	��� �*v }#�JO �� �# ��Q� .+� GdO�X�G' �S/EO�
  [J� �	C1  D�� l��O

5K�� ���= � D�� 5�H�� X��Y �%��) �Y�) N� �dO�� GdO �O��[' D�� �%� `�O*�# )EESA, 2019(.  

  

A�� �
  

�	��� @=�� �2
 �)2�' �2%��# *� �	�S��� �#
 C�	�$ � ]$�T 	]� ]$�TN� ��dO *��� ?��� ��	*��
 )&� B�$ *� �O+� 

+H �2
 ��# -��%�$
 ���#) �)�3� 
�2 ���=��
  � D�� ����R%2 5# *� ���
�' CF 4 ��2) # A� O�� 5# C	�#+' 

�+� �	�	 �	�	 � �2 �2
 $*)�' D�� -�%� .1 @=�� �2
 �	�S��� � �	 �%�+�  ?2�34)$ C��� �� %2	. )&�  *�

�O	�#���4+� @=��  @=�� ��2�)2�' X��SO -�$�� �%�)NDVI D�� (6�(H 5# 5D' ]�����H
 /#��'  >�/c

5# � D�� ��# �	��/� ��!
 *��)#�� ���# � D$Q� ��
 N�= %(�/$ }!��$ 6��)  .D�� �%� �	�S���  

 P�*O1XI�� :  "�
�. =(� �*�G  ���4�� Y�(� �. �
��1 ?�9 ���2�E� Q�?�D( ���Q� "  

XI��  P9��> Z�D�  

Normalized Difference Vegetation Index (NDVI) ���� =
NIR − RED

NIR + RED
 Rouse et al., 1974 

Ratio Vegetation Index (RVI) �� =
NIR 

RED
 Jordan, 1969 

SAVI (Soil Adjusted Vegetation Index) ���� =
�� − ��

�� + �� + �
�1 + �� Huete, 1988 

MSAVI (Modified Soil Adjustment Vegetation) ����� =
�� − ��

�� + �� + �
�1 + �� Qi et al, 1994 

@=�� �# ��Q� �%�/O ��% O *� �)2�'� 
�21  f���K .%� �	�S��� 5(6�J$ +�� �	 ]'��	�S��� �%�  	���� 
��#

 �%�/O 
�2%��#5# X��Y )$ �Y�c )#��O X�%2��$ � ����dO *� �
��$F  �%���� �2 5# @�U$ � %���

D /� +�� .%��/2 
��	�#���dO  -�%� ~�� 5# �23-2 ��'��� �%���� 
��#2 D�� �%� 5' (O.  

 P�*O2 FD�-D( �*D�D( "��. [C*�\; F,*�; R,��+ :2 ��%�)2 2017(  

��(��� �9�: F,*�; 89: 

0.3037*(b2)+0.2793*(b3)+0.4743*(b4)+0.5558*(b8)+0.5082*(b10)+0.1863*(b12) Brightness 

-0.283*(b3)-0.66*(b4)+0.577*(b6)+0.388*(b9) Green Vegetation Index MSS 

0.1509*(b2)+0.1973*(b3)+0.3279*(b4)+0.3406*(b8)-0.7112*(b11)-0.4572*(b12) Wetness 

b .D�� %��# MSU$  

5S6z$ 5�]�O B�$ ���U��� R%2 �# ]'� ���dO )�Y� 
�2 5S6z$ +��O  ���dO 
�2%��# 5��E�$ �	 	���$ 
�2

�	�S���	��$ .DH�� ���T 

 `�U��� 
��#5��E� �2�/&'4 *� )&P� 5��E�$ )E'�(O 
  +�E2 ������ +�� �	 .%�%� @U�$ ���dO �	 +�E2 
�2

�/&'4 C	�# CF 	�%(O 5# D /� 
���'# D'E2� �2  C%'�� 
��# .	��	 �25# DT	  *� �$�� +�� +�H���V��	 �`��J$

57 ! B�����6� `�U��� B�$ ]'� 
%�# �'# -�2 � � E) D�� �O3� 1997�J$ +�� �	 .( ����dO *� ['GY �	�S��� ]'� 5(6

����2�$ �%�%4 N'&SO � )������ 
��# 
� )$ +&E$ )��$* ��%'&�= A��# C��=�	 %���$ ��= 
�2  X��Q!� 5 	��

                                                      
1 Tasseld cap 
2 Nedkov 
3 Campbell and Hall-Beyer 
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?��4 ���� � B6�� � �%'&�= A��# C��=�	 )��&$ D'(T�$ � X�d�U$ *� )H�  C���# �O %��# ��'�=� �	 +'$* 
�2

�/&'4 )S'! a*�� �dO 
�25��E� +�� >��� �# �� �� ���# �# Zs� � 5 ��G$ )E'�(O 
�2  X�����	 *� 
�'�

�/&'4 5# �@U�$  � 	�	 B'E(O )E'�(O )c��� 
��$F X�dU�$ �# D7#�J$ >��� �# ����dO �%��E'T�# 
�2����	 D�

 �� C��=�	 )�%'&�= M��U$ X�7 ! 5 	�E� ���U��� 
���dO5# ���	 5# 5��O �# .%2	 ?��E� )���� 5&���  
�2

 C��=�	 *� )H� B��O �# )7!��$ +�H�� �%��/2 N�O >���*5# 5��� � N� +�E2 � �$� -�! 5# C��=�	 ��O 5 


 � %�2	 ?��4 �� ���dO �/&'4 %�P �O*� q�G6  ��'/# �%���# 5���	 	��� )��E2 l���� ]'� ��O )�%'&�= C�]'$

���� �'6	 +'E2 5# .	�# DU�  # ��&$ )�	�� �5��E� X�(JT `�U��� *� Z4 .%� ����� )E'�(O }!��$ `�U��� 
��

 �����	 *� �	�S��� �# 5��E� 5(JT ]�$ 5J7� X�d�U$GPS ����	 �	 � 5���	�#  	�%c t�(� 5# 
�84/17  
��$

)1000 �*�%�� ��O D$Q� D'(K� � 5��� t�� ���O �JT �t�SO�� �$�� C��=�	 X�dU�$ �("#�$��$  �	 � 
�'�

H�� +��%O ?'4 *� 
�2 C��=�	 D$Q� D'(K� )���# .%� D��		�� �%�5# X��Y  X��Y )E�P  +�� 5# �DH��

 �	* +'EUO ��O )�%'&�= C�]'$ �CF ��O *� �$� %�	 �# D=�	 *� )dU�$ 5�Y�H �	 ���7��� *� Z4 5 X��Y  .%�

Z4  *� CF 5��E� 	���� N'&SO �'�GO � R�($ 
�2  �	�S��� �# 
��\4C���&E2 � �H�2 
	����'4 a�� *�1 )1978 5# (

?'4 } ! .%� ����� 5�H���''wO )������ a�� ���  +'# ��$���4 +�� C�]'$ �i�H0  �O2  +�� ��%7$ 5P �2 .%� `�U���

 5# ��$���42 N�	]�   N'&SO +' $ �%��# �O  � D�� X�7 ! +'# ���'# 
��\45# " O N'&SO ���E ��	�7$  
��\4

M'(K �O )$ C��� ��  +'# ��	�7$ .%�2	8/1  �O2 )$ �� N'&SO ��'($ C��O  �5(6�J$ +�� �	 .DH�� �V��	 `��J$ 
��\4

 A��# )�%'&�= )���G# }!��$ )������ R%25# ��V�$  +���#��# .D�� *�'� 	��$ )���Ec � )�u�Sc X�'�E� �����

O��Y�	) 	���$ �	 �%��# 5���%� 	��� R%2 +�� �# )O���w$ 5N'&SO 5 
 �	�	 C��� X�7 ! +'# `��J$ 
��\4  

 )$ 	��� 57 ! 5�7� DGY �O 	� ��%T� X�7 ! ��I	� 5# C��O  .%#�� ?��]H� 
%�#Z4 CF*� 57 !  a�� ���P �# 
%�#

5& � �D2� � +����'#  .%� ����� C� '��4 ��	�# +'��$ � )H	�dO ���� �) d� 
�2����	 ��d= �	 X��xT D�

 ! DGY C�]'$57  	�%c )�'$* D'(T�� 5�7� 5'�O 
��# .DH�� X��Y �J= Z��O�$ *� �	�S��� �# 
%�#11  *� %Y�	

 �	�%G$101  
���&25(6�J$	��$ C������ ���� %c�� >����� ���E2 5# )�	�� ���� 5�S2 N� 	�%c )! �

 �	 -	����$	�	�$  -��1397 )$ ��J= Z��O�$ �	 .DH�� ���T )���# 	��$ '$ 5# C��O 
�4� @=�� �)� DT	 C�]

 DT	 �)�6�O�/&'4 	�%(O 5h���P .	�# )4 ���= � 	��� 
�2�J= ��	�7$ ]'� � �#�� DT	 � �%��%'  5 )��2

57 ! D��	 �%� 
%�# �/&'4 � 	�%(O �# %�� 5# )� DT	 �%��� B'/7O "��$ 
�2 )$ D�	  �# �+�� �# ��Q� .%�F

�/&'4 	�%(O B'/7O �2 �	 5 )��2  57 !5# ���	57 ! ) �%� 
%�# ()�Y� �JT 
��) %��� �/&'4 	�%(O �#  
�2

 DT	 �(C��� "E�) 57 ! CF �	�S��� 	��$ )�'$* D'(T��6�O5# �� 57 ! CF �%��%' DT	 5 ��G$ 
��# .	��F D�	

�/&'4 	�%(O )�/��# ]'� �#��  D��	 
�257 ! %�#
 �/&'4 � 	�%(O �# �� �%� �) 57 ! CF 
�2 B'/7O (M�	� "E

�/&'4 �# ��Q� �4� f��K 5 ��G$ �	 .	�  D��	 5 )��257 ! %�# 
 �%� �/&'4 �%�� 57 ! D��	�� 5 )��2  
%�#

�%� )$ �	�	 D6�=	 ]'� %��  .%����*�+� 57 ! e���� 5/��7$ 
��# ) ���$ ��'($ �� 
%�#  
�J= .D�� M��U$ 
�2

57 ! �	��� �/&'4 D��	�� 
%�# �$ 
�2 .	��%� }�(O CF 5# ��(T�� 5 D�� )O�7 ! �	 57 ! N� 5# A�#6�c�	)  5

                                                      
1 Hoffer 
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�/&'4 5'� �$�� ����= 
�J= 57 ! %��F�H �	 )6� ��	�# ��= 57 ! N� 5# }�(�$ 5 D�� )��2  CF �]� 
%�#

5�H��� ���T 57 ! .%��  

  

^�. � _,�-:  

5# e���� >��� �#D�	 )���# �# )��%'$ 
��	�#��$F �	 �%$F502  A��# 5��� 5# A�#�$ 	�%(O +����'# �D=�	 5��4

) )�����Quercus persica �# (474 5��4 .	�# 5��4 ) 5�# 
�2Pistacia atlantica) N6�]6�* � (Crataegus aronia 5# ]'� (

 	�%(O �# f'O�O25  �3 5 O� �	 5��4  .%��H�� ���T 
%(# 
�2 C��=�	 X�dU�$ � 
��	�#��$F e���� 5YQ= 	��$

�*�%�� �*�%�� *� Z4 ��O D$Q� D'(K� � 5��� t�� �$�� 
�'� -�%� �	 N'&SO 5# 
�'�3  .D�� �%� a��]�  

 P�*O3 ��:9�: ���EH Q� "����.���G _,�-: �T4I :�0�`� � �9a) *T�� ��, �
 5	I *T�� �b�; �1*� 0G �
   

*T�� �9a) 

�,� �
  

M�D ���1  S��'6 ���1  S9( ���1  S�� ���1  P�� ���1    
  

F��C �1*�5	I  50-75  25 -50  0-25  M2�(    (*T��) �1*�5	I 0�`��  

42/94 12  69 146 164 83   e9�. 

98/4 0  0 0 10 15   �D. 

6/0 0  0 0 0 3   W2�`2�Q 

 12  69 146 174 101   �,� 89��� �
 

5��E� %Y�	 57 ! 
��# 57J�$ � Dc�/$ 5# D /� )E'�(O 
�2 5�H�� �V��	 
�257 ! 
��# f'O�O 5# �%�  
�2

 -	�($ f'O�O 5# N�O ���� � ��� �5��� �	�� �DU6 _�=28/0 �2/0 �15/0  �33/0 5��E� .D��  )E'�(O 
�2

5�H�� �V��	57 ! 
��# ]'� �%�  >Q )�%'&�= 
�21  �O5  -	�($1/0  .D�� 57J�$ � Dc�/$ 5# D /� %Y�	  

 -�%�4 N'&SO e����  }!��$ 
��\4`�U��� )E'�(O)$ C��� �� �%� N'&SO ��%7$ .%2	 *� ���'# 
��\48/1 C��� -

.D�� B2 *� X�7 ! `��J$ N'&SO D'�#�T �%�2	  

 P�*O4W�5$; f,�;�� : &��-:� �����; g��D� "�,@ �*�  

  
 h�I

=�2  

 ���O

�(9�  
iD(  

 FNDO

WD;  

 Y4C1 

�1*�5	I  

 Y4C2 

�1*�5	I  

 Y4C3 

�1*�5	I  

 Y4C4 

�1*�5	I  

 Y4C5 

�1*�5	I  

=�2 h�I  2  77/1  2  6/1  2  2  2  2  95/1  

�(9� ���O  77/1  2  6/1  78/1  99/1  99/1  99/1  99/1  98/1  

iD(  99/1  6/1  2  2  2  2  2  2  2  

WD; FNDO  6/1  78/1  2  2  99/1  99/1  99/1  99/1  99/1  

 Y4C1 �1*�5	I  2  997/1  2  99/1  2  52/1  79/1  99/1  99/1  

 Y4C2 �1*�5	I  2  997/1  2  99/1  52/1  2  04/1  99/1  99/1  

 Y4C3 �1*�5	I  2  996/1  2  99/1  79/1  04/1  2  73/1  99/1  

 Y4C4 �1*�5	I  2  996/1  2  99/1  99/1  99/1  73/1  2  99/1  

 Y4C5 �1*�5	I  95/1  98/1  2  81/1  99/1  99/1  99/1  99/1  2  
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 ���E� -�%� �	4 l=��* 	�%��  ��%���	C��� �%�2	 N'&SO  *� ��E � `��J$�� 
��\48/1  C��� -�%� +�� .%��/2

)$  X�7 ! +�� N'&SO %2	5# X��Y )E� X��Y ���%&� *� `��J$  :	��\41 -  �5��� �	�� *� DU6 _�=2 -  _�=
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