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A B S T R A C T 
The Iranian leopard (Panthera pardus saxicolor, Pocock 1927) is one of the 

endangered species. For this reason, it is necessary to evaluate and protect the 

habitat of this species as a flag species that is placed at the top of the food 

pyramid. In this paper, the InVEST software is utilized to investigate the 

habitat quality of the Iranian leopard in Kopet Dag region in the northeast of 

Iran Then, 30 habitat variables are prepared using ArcGIS 10.3 software 

including climatic variables, topography, Landuse/Landcover, and leopard 

prey distribution. Then, InVEST software and Habitat Quality model are 

employed in Kopet Dag region to survey the habitat quality of the studied 

species. The input data of the InVEST software encompasses the current land 

use map, threat list tables, and habitat sensitivity. By employing the output of 

MaxEnt results, the information on the threat and habitat sensitivity tables are 

prepared and entered into the model. Ultimately, after running the model, the 

results indicate that 81.22% of the desirable habitats and 18.77% of the 

undesirable habitats overlap with Kopet Dag region. Moreover, the cities of 

Mashhad, Khaf, Neishabur, and Sabzevar, have the most desirable habitat 

respectively for the studied species. the results indicate that the most amount 

of destruction is in the west of Mashhad city and then in the center of 

Golbahar and Qochan citie. 
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 �+,#�, -./�)Panthera pardus saxicolor( 0+12 �, �3�   )�4�5 06 )�, 7,#8+, #9: 7#4; � <��

 => ��?@+, 0.;, �A��6  �0@*� )�,. 0� B��� ��C ������, � )D�EF �, ��G@H�� ,�B 0+12 0� =,1.I J� 0+12 

��#� 06 � �#� KL� ��,$M �,#N �, O�+ <#;, <��#P )H�. A��Q� B�, � ��  RST�    )T�E�6 ���T���,

0U6 089.; � �+,#�, -./� ��G@H��    �#T+ 0@TH� �, =,#�, V#	 ���	 � WN,� X,    <�,OT*,InVEST   ��E@T�,

B�S� .S�#2  0� �,SN, ,S@�, �1Z.;�S; ��� <�#+ �� �+,#�, -./� ��G@H��   �,O*,MaxEnt  B�ST� .S�#2   �1TZ.;

30 [@;�# ����G@H� [@; �;�	���#< /N,���
 *,#21�1&�
 #���6< P,�,�/ ;� A	1��B  ��1&�W 0�4\  �T�< 

-./�   �, 0T4C�9; �1; 0+12 ��G@H�� )�E�6 ������, <,#� ]U� .S	 �S; �,� �#T+  �,OT*, InVEST  �ST; 


Habitat Quality �, .S�#2 ��E@�,   B�, <��� <���#+ �,O*,   ��,ST5 
�/4* �P,�, <#���6 0?8+ �;�	

��G@H�� )���HF � ^,S�S�& )H�C   ^,S�S�& )H�C ��,S5 0� _1�#; ^�I`\, .)�, ^,S�S�& 0� )aH+ ��

��G@H�� )���HF �  �#+ b��@+ J�6 0� ��   �,O*,MaxEnt       
, =�T?+ �Tc�F b��T@+ .ST	 �ST; �,� � 0��&

2/81 �, Sc� ��G@H��   � d1/9; <��7/18   ��G@TH�� �, STc�         0T4C�9; �1T; 0T89.; �T� d1/9;�T+ <�T�

=�@�#�	 B�.f�� .�, �+�	1U��      0T� �,�OaT� � �1��T?�+ 
R,1T: 
S�?; <��     )T��1/9; B�#@T?�� gT�&#&

�, 04C�9; �1; 0+12 <,#� ,� ��G@H��  B�#@T?�� , =�?+ 04C�9; �1; 0+12 ��G@H�� g�#h& =,O�; 0?8+ .
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<1��+ ��G@H�� �3� �, /c,� #&�B �;,1I �S..6S�S�& 0+12 ��  �

n1.& �@H�� d1Hi; ;� 1	. o�O� #&�B �;�I S�S�& 

F�^� AF� ��F� #P�F <1��+ ����G@H �� )�, � K��,#� 

��>#� B�� 0��i&,  �4�a\ W��.; �, )D�EF �//�C, )IUCN
1 (�& 

��� 1980 
30 Sc� 7,#8+, �� 0� ��.&�� 0� C�� g�#h& � �,S�+, 

����G@H ��< F�^� AF�  )�, �1�)Torabian et al., 2018( .

n1.& �@H�� � ���& p19� 1: �� ^�;S: �@H��16, ja&#; )�, 

� � �:#� �,1; 0� �1\ ��8@H; );S: ��@H��16, d1Hi; 

;� 1	. �� ,�B ��F g�#h& ��G@H�� S�S�& �/c, <,#� �, B�� 

=#� �@H�� n1.& 0+12 ��< �.�;� � d> B�#�	  )�,

)Reynolds, 2001.( �, �*#\ �16,��@H �� �� ;q&�B ��G@H�� 0� 

rEF n1.& 0+12 �� � n1.& �3�@+s J�6 ;� S..6 06 V,Sl; 

^�;S: ���G@H�� d1Hi; ;� 1	 ). 2021et alMao #��[& .( 


B�;� A	1� /�P,�, <#���6 0P#I ^�;S: �@H��16, ,� #��[& 

;� S�. 0� =,1.I  ��t; B3�; )�, #��[& � ^�;S: 0P#I 


���G@H�� g51; <1��+ � n1.&�@H�  1	)Nelson et al., 

2010(u  B�,#��.�;�G.�� 06  ��@:�� A��6�?� �,S+,  J� �,

 )�4�5 �2S.6,#� #� 
�� #&,#* vh?; 0+�@�>wq&�#  � 0@	,$2

 ��G@H��F�^� AF� �; �,#N S�S�& �1; ,�   
S��� ,�B 15� 

��F, � )D�EF =�3;,< �, 15� ��G@H�� )Kang. 2022(. �, 

,�B ��
 ����G@H �� 0� =,1.I B6� �/c, �8�< 0+12 ��< F�^� AF�
 

S.;���+ 051& � �����.	 �Q�� � p#\ 0;�+#� ��< �@D�EF � 

�@�#�S; S.@H� )Fattebert et al., 2015(. <,#� �����.	 


��G@H�� 051& 0� <�����+ �@H�� ���H� Ox�F )���, )�, 06 

B�S� �1Z.; ;� ���)H ��G@H�� �1; ������, �,#N #�2 )et Qian 

., 2022al( .,$C "�� ��< �S; ���< ��G@H�� 06 �, ��� 1970 

=1.6�& 0� )I#� � )�#�S; F�^� AF� ��E@�,�1; 0@*#2�,#N
 

<�,O�,  g��.;<,#� 0a/M #� B�, �3?; *#4;�  �S	  )�,

)Anderson et al., 2000( B�, ��6 K��, .�S; �� ��6  =#6

 � �S+� j�i; � 0+12 W��1& B�� j�,��M��S+�#  )�,)Rushton 

et al., 2004(. "�� ��< �S; ���< ;� S.+,1& =�S� ���+ 0� 

^�I`\, �xO5 �, ��2Q� ��< s1C1�O�*�3� � <��@*� 
0+12 

)��1/9; ��G@H�� 0+12 ��< F�^� AF� � ,� 8;�K� ��< ^��E@; 

�� ��6�,� y�� B��4& S.���+ (Morrison et al., 2012). 

                                                 
1. International Union for Conservation of Nature 

��`I #� => �� ������, � �S; ���< ��G@H�� ;� =,1& n1.& 

�@H�� z\�.; � _�8+ X, �@H��2 ,� N�z #& �����.	  1�+

(Gavashelishvili & Lukarevsskiy, 2008)�#+ .  �,O*, 

InVEST0� 
 ��G@H�� n,1+, ������, ��a+   ����06 )�, 

]34.; �S..6 B�#@�� j�,#	 ���G@H�� 0+12 <,#� .S.@H� �, B�� 

��#�S; ��< n1.@; �#+   �,O*,InVEST �S; )�E�6  ��G@H��

Habitat Quality
 �� ��E@�, �, 0?8+ ��< <#���6 �  A	1�


�P,�, <��S�S�& �+�H+, � ^,#Z+ 
���.	��6 0� ��a+ ��#��  �

������, )�4P� ��G@H�� � n1.& �@H�� � 089.; &�4C�9;� , .)�

B�, 
�S; R`:#� "�� ��< �@D�EF 
#G� 0� �, ��< �1{F � 

A.6,#� 0+12 � 089.; <���+ �,S+ )Sharp et al., 2014(. 

0� ^��aI  �#G ������, �� ���G@H �0� ���0/ InVEST ;� =,1&  0�

�J �h&�B 8; ��K� ���W �1/9; �,�) �@H��16,  <,#� ��

�� ���G@H�� <��#���6089.; <��S�S�& 0� 051&   <,0� )� 

��>
 B�, �@F ��6 + =�S���� W�5 0� ��><  �, ^�I`\,<�����+ 

�J  0+12 �; |�:   1	 ��m+, S+,1&)Tallis et al., 2013( .

�#+   �,O*,InVEST �� RS� ���#� ^�;S: ��
���G@H 0� 

�S; ���< 6�E�) ����G@H ;� �,#� � 7#* #� ,�B )�, 06 

�F,1+ �� 6�E�) ����G@H #&y�� p19� }/@h; n1.& ���@H ,� #@�� 

��F�) S�,1: #6. ������, ��G@H�� B�.f�� <,#� )D�EF �, 

����G@H ��< �+,#i� � 0+12 ��< � 7#4;  #9:)EN
3( �, )���, 

� )�1C�, <#@?�� �,�1:#� ) )�,Pausas et al., 1995.(  

 =,�,S+�@H��,1h@	12 o�O�  ��Z.& � <S�/6 A8+ 0t5

�1� =�2��� �� �E�, �3?: <;� S..6. 0/�5�, ,�03. ga� rEF 

n1.& 0+12 ,< ;� +1	S� u�,# #� 0+12 0�y�� � �#�m+� <,$M�� 

S	��  �@H��16, ��4& � �3�s1C16, ^�;S: �,#�@�, g51;

�;  .1	 B�,#��.� ��* )4�� ��G@H�� 
g��.; �, )���, <��� 

<,#� )D�EF =,�,1h@	12 �,�1:#�  )�,)Jacobson et al., 

2016.( �+,#�, -./� )Panthera pardus saxicolor(  �,

 �,1+�:Felidae ���N A.6,#� 06 �1� �51&�  �1?6 ~9� �

) �,Ziaei, 2008, .(�B  0+12 0� =,1.I  J��,1h@	12 o�O�  0t5

 �KL� ) �, �,#N ��G@H�� ��,$M �#�Gavashelishvili & 

Lukarevsskiy, 2008 � (0� =,1.I  � <S�/6 0+12�16,��@H �� 

 ���	 0�;� >�S
 ,$C �1{F ,�B  0+12 � ��G@H�� =�?+ �S.� < 

�.M =1� => ��G@H�� � �/;�I <,#� rEF ��4& ,O*, ��A 

)�8*1; 0+12 ��< =,�,S+�@H� J�16 � o�O� 089.; �#�	 

                                                 
2. hotspots 

3. Endangered 
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;� 1	 )Edgaonkar, 2008� ( ���2> + �,�S.;��< ��< 

���G@H�� => <,#� B��4& )��1/9; � )D�EF W;,15 F�^� AF� 

���H� ��; )�, )Bashir et al., 2014 u(�� B�,#��.� 0� 051&

 �/4* �@H�� j�,#	,�B  0+12  06 �@���, �,�B  0+12  �

F�^� AF�  #� <S�S5 #Z.; �, )�, ��y 
)�, �,�1:#� �1?6

 � 1	 04C�9; �+,#�, -./� ��G@H�� <������G@H �� <N��� �S+�; 

�8� B��{& )�5 ,� =>� .1�+ ������,  

� ���#� 0� 04C�9; B�, ��#@;,��� <#w�;  -./� 0+12 W��1& #�

 089.; � �+,#�, -./� ��G@H�� )��1/9; =,O�; B�.f�� �

0U6   =,#�, �N#	 ���	 � X,0� =,1.I  �, �3���; #&�B  �8\�.;

 A	1� 1: � ,� -./� 0+12 ,S4& B�#@?�� 06;� S�  0@:,#�

0x,�, � 0��& 
04C�9; B�, R,S�, #G� �, .S	 <  )�E�6 0?8+

; � ��G@H�� �+�	1U�� =,O�; ���#� � ��G@H�� g�#h& =,O�

����G@H �� <d1/9;  0+12�1; 04C�9;  z\�.; ��)D�EF �S	  �

n1.�;��3	  089.; ��1; 04C�9;  �, A	16 04C�9; B�, .)�,

�#+ #���6 B�P �&   �,O*,InVEST  )�50?8+ ��� ^�;S: <

)�C�4* #w, 
���G@H��   �+�H+, <��0/�5�, /�P,�, <#���6  A	1�

 089.; � �+,#�, -./� 0+12 ��G@H�� )�E�6 ������, <,#� ,� B�;�

0U6  X,�1; ��#�.S� �,#N �  

 

  

;�� � .#�! ��  

 ��������� �����  

�1; 089.; �1�� 0P1F 04C�9;� 0U6 X,  )T�,  0T6   � ���T	 �

N#	 ���	� ,�=,#
 )�HN  ����  =�@TH+�[*, ���	 � =�@H.�6#& �, 

 .�, �,#N, T�B   T� 0T89.;�B  7#TI   <�T� *,#[5 T���� '20˚34  �T& 

'13˚39 �C��	 �1\ �  <�� '05˚55 �&'20˚61 �N#	  WTN,�    �ST	

 �STTF � => �TT6 )F�TTH; .)TT�,165000 6�WTT�#;#@;1/  )TT�,

)Afshar Harb, 1979( .#8&���a 3/3  )F�H; Sc� �SF) =,#�,

55000 �; �;�	 ,� (#@;1/�6   .1	 ��Si; I�TE&�,� , T�B   0T89.;

��B  n�E&�,3211-300 � ~9� �, #@;�� .)�, d>  �  0P1F � ,1�

�1��� 0U6 [@; X,�#  *,#21T�1& 0� � �1��   + 0T89.; � �6�TF T�O 

G@H�� �, )Farashi et al. 2017(0� . �1\ /6� ;�=,O 2S+���� 

N#	 d1.5 � V#	 )�HN �,� 0U6      d#TM ���T	 )�T� 0T� 
X,

,O*,�A ;� �S�� . n1�m;�2576 ;S+, 0+12�J ,�B .S.@H� 089.; 

,�B  0P1F�3�  �,200 �@H�� ����*,#[5 089.;  + � 1T51; T�� 

)�,  06 �,53 3?& )D�EF )i& 089.;�� �S	    �;�T	 0T6 0T� 

/; �����
 27 )D�EF 089.;  
�S	b.� F ��G��.��^� AF�  �18 

@F�H; �� n1.�;��3	 089.;�  �SF23103 6� T�#;#@;1/W  %)14 

 )TT�, (0TT89.;)Moussavi & Harami, 1990(.  �3TT	1 


 ��Si; �+�3; )�4N1;�1; 04C�9; �; =�?+ ,�  .S�  

  
  

 �� 1. 0U6 ��Si; =,#�, � => )�4N1; � X,  
  



)H�� 0;�./l*  
��#m& <�1+�5 ���.	����� ��� ���� 
����� ����	 
1402 )94 -81( 85 

 

 �#�$���� ����� 

��0+12#  ��/I ��+ �� �+,#�, -./�Panthera Pardus Saxicolor 

0t5 <,�,   � �#+ �C� �+`{I �+S� 
o�O� <,���N R�94+, <#� 


"12 
B��   .�, #2 � J�16 ����)�  �  �� ��@aH+  �� ��&16

0m.�   � B�� <��B:�+ �� <��1; -+� .S.@H� S./� � O�& <� )?

 <#@H6�: 0� ����@; �#6 =S� #�� 
�m+��+ 0� ����@; �#6 �& S�E�

1/�� � )?� ~9� .)�,  ��: �, ��   <��C�:1&�2 0�a	 �  
#� �

)� <�� 
=#2  �� � �� �� ��: �, =S� #�� �   �S	 �S�	1� #�1& <��

)�, )Ziaei, 2008(.  =,#�, �N#	 ���	 � V#	 z\�.; 0� 0�#�

�; J�O+   0t5 ��1	o�O� #& �; #&S�E� =S� 0.�;� -+� �   1	

)Omidi et al, 2010(0� .  -./� 0+12 
y�� <��2��� ��C�;   S+,1&

0�4\ �� }/@h; z\�.; �   j�,#	 �� ,� 1: � S.6 �2S+� }/@h; <��

*�z ��G@H�� n,1+, �;��& � -./� .S�   �, 
=,#�, � 151; <��

�G.5 � <#�16 ^�I�E&�, �& K#2,� � �#aC, ^�I�E&�,   �& ��z\�.; 

 � <�O: �/F��.f���B �#hc � �+�@H�16 z\�.;   <,/:�b K��* 

��� ��; )H�� =��I <  ) S.6Ziaei, 2008 -./� .(S.+�; #��� 

=,�,1h@	12 o�O� 0t5 � #�,#� �#@H2 A.6,#� 1: � ��F <1��+ 

)�, )Ripple et al., 2014( .<��S�S�& �/c, => �;�	 �,  )�  

B@*� � 03& 03& =S	 
��G@H�� A��6 =,O�; 0�4\ ��
 ^�P��4& �� 


=�H+, ��3	 ��m;#�M � 0@?6 =S	 #�M  S�I )�,. �i&,�0 ��B //�C,� 

)D�EF �, i;�j ��)H (IUCN) B�, =,1�F ,� 051&�� 0� A��6 
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2016)*#2 ^�1c (n1�m;� . ,S4& 105 +   ,#T� �1T{F 0T98< 
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0�y �   .S	 �m�, S�S5 <#@�� <�� )���+�0� �1Z.; �S;  ��T� <

 0+12 ��G@H�� )��1/9;04C�9;�1;  �,#+�   �,O*,3.3.3e MaxEnt 

S	 ��E@�, u0?8+ �;��& B�,#��.�  �#+ � �� �,O*, ArcGIS 10.3  ��

 �1/� ��,S+,905  089.; �#; 0� #@;�1; 04C�9; #���S  S	  0T� � S+

 );#*ASCII  );#* 06���N ,#5,  �#T+ �    �,OT*,MaxEnt   
)T�,
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0�  ̂ �1Tc      ,ST4& .ST	 ��E@T�, �*�Tl&10000    _�T8+ �, 0T98+

]�   0.�;�0� =,1.I     �N�T� � (d��T6 �1T{F �SI) �1{F �SI _�8+

�#+ ^���Z.&   �,O*,)C�F �  1: 0�C�,N��� S+S+�;. 
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.S	 ��E@�, �+,#�, -./� 0+12  

�#+ B�, � 0� �,O*, �S; �1Z.;  ���#� 0� ��G@H�� )�E�6 <���

��G@H�� #� => ^,#w, � ^,S�S�& O�+ 151; <�� �;  ���,#�u  �, �1Z.;

�; 06 S.@H� �/;,1I ^,S�S�&  ,� ��G@H�� )�E�6 S.+,1& g�#h&

.S..6 �#+ � ����, 7#*  )aH+ ��G@H�� n1+ #� 06 )�, => �,O*,

�S�& n1+ #� 0�#� � )�, 1: |�: )���HF <,�, S n1+ J� 0�

K�HF S�S�& n1+ J� 0� )aH+ ��G@H��  
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�; <#@?�� g�#h&   .#�$�� WN,�  �� ]3I )aH+ ��G@H�� )���HF

�, ��G@H�� => );��8;Wang & cheng, 2022) (.  

�,  �#+ B�, <��� <��   /�P,�, <#���6 0��� 0?8+ �;�	 �,O*,

   �3T	) #@T�� gC�N � B�;� A	1�2   j�Ti; � 0T6 (ArcGIS 

 )H�C ��S5 
S	 B��4& vh?; S6 J� <#���6 #� <,#� � 0��&

 ��S5) ^,S�S�&1��G@H�� )���HF )H�C ��S5 � (   0� )aH+ ��

 S�S�& �;,1I ��S5)2.)�, (  

  �T+�� 0.;,) S�S�& #� �aH+ =�� :�;�	 
^,S�S�& )H�C ��S5

#Ec �&     A��T6 n1T+ � (#@;1T/�6 gHF#�) S�S�& #� #w, 0/c�* 
(J�

wq&�#  �ST5 B�, � .)�, (�9: �� ��@���GC) 0/c�* �� S�S�&  �T;,1I �

#� 0+12 ��G@H�� ^,S�S�& �,1T�+ ��/i& K��,    <�T� ]T3I  �T�4C,  �

�� #��8;  #T�[@; �aTH+ ��� ��S5 K��,#� ^,S�S�& �aH+ =    � �T�

�#+ O�C�+> b��@+     0/Tc�* 0aT��i; <,#� B�.f�� .S	 0��& ).H3; �,O*,

 A��6 n1+ � S�S�& #� #w,wq&�#  S�S�&�� 0/c�* ��/i& �, 
 �T��,1�+ <

]3I ��4C, �#+  .S	 ��E@�, ).H3; �,O*,  

  

 )��'1. �.i.;  ]3I <�� #�[@; �, J�#� 0� �+,#�, -./� 0+12 ��4C,  )H�� <�� �9�i;  
  

S�S�& =,1.I  �aH+ =��  ��G@H�� #� S�S�& #� #w, 0/c�* #t6,SF   A��6 n1+wq&�#  S�S�&0/c�*��  
�,#2�O� �, 0/c�*  ��  65/0  26/22  ��@���GC  
#�	 �, 0/c�*  ��  1  57/5  ��@���GC  

 �, 0/c�*=�4;  55/0  132/11  �9:  
B�;� �, 0/c�*    #��� <��  45/0  02/10  �9:  

�G.5 z\�.; �, 0/c�*  �S	 <��6  7/0  26/22  �9:  
  

��& B��4& ��S5 �  => )���HF � ���G@H�� <��     0T� )aTH+ ��

 <#���6 n,1+, 
S�S�& #�P,�, 089.; � 151; �04C�9;�1;  0��&

 �22        /�TP,�, <#���T6 )T?� .ST	 �ST; �,� ���G@TH�� ��&

 ���#� � )6��?; �� B�;� A	1�5  K�.	��6;  �T��#� vlh@

 �0� =,1.I   0T6 S	 0@*#2 #Z+� (J� �& #Ec B�� "��,) ��G@H��

B�;� :�;�	  B�;� 
d����* <��  �G.5 
�� <��   
W&,#; 
J.& <��

0?��  �,�  ���@��� 
����5 
   z\�.; � ��)D�EF �S	    0T;,, � .)T�,

)���HF O�+ ��G@H�� n,1+, �, J�#�   �;,1I �, J�#� 0� )aH+ ��

 #Ec B�� �E�\ "��, |�l@:, �� O�+ �;�I B�, .S	 B��4& S�S�&

 J� �& (S�S�& 0� )aH+ �6 ���H� )���HF))  y�T� ���H� )���HF

 ��S5) S�#2 0��& (S�S�& 0� )aH+2.(  

  

 )��'2. .i.;�  ��< ]3I , -./� 0+12 ��4C,�+,#� #� 0��J [@; �,�#  ��< ��)H i;�9�  
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 �� 2.  0U6 089.; � => ^�8a\ � B�;� A	1� /�P,�, <#���6 0?8+  X,  

  

<��(� 
  

7.# ,� ��8��� � �*�+�, 9������ ���:4   ��;<�

MaxEnt 

�#+ #3/�I ������,   ~9� K��,#� ).H3; �,O*,��# .i.; �

ROC�,S8; 
 937/0 �; 06 )�,  A�� 06 #6 =�I�, =,1&   �.��

�S; � )�, 0@*#2 ^�1c ��1: ���H�   ��1/9; �3	 0� <���

��m+,  �S	 �5�#: �, #G� �3� .)�,  �#+ <��   ).H3; �,O*,

�.i.;  ]3I <��  0+12 ��4C, #�[@; 0� )aH+   ���G@H�� <��

�S	 ���> 0;,, � 06 )�,  �.i.; b��@+ .S+,   <��]3I ��4C, 
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��

B�;�  �G.5 z\�.; � #��� <��   
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0U6 089.; � �+,#�, -./� ��G@H�� )��1/9;  A�,O*, X, �;   .S���
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d1/9; #& .)�, #@?�� 0+12 �1{F ���@F, �  
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�*�+�, 9�8�� ���:4 7.# ,� ��8��� �   ��;<�InVEST  

�5�#: �#+   �,O*,InVEST  =,O�; � ��G@H�� )�E�6 0?8+ �

 �+,#�, -./� 0+12 ��G@H�� )�E�6 )�4P� .)�, ��G@H�� g�#h&

0U6 089.; �  �3	) X,4�� 
(  �S; �, �c�F 0+�@�> �,S8; 0� 051&

)8/0 ��G@H�� � (y�� ���H� )�E�6) d1/9; ��G@H�� 
08a\ � 0� (

 (B���� ���H� )�E�6) d1/9;�+08a\ S.� �3	) S	 <5 za\ .(

�S; �, �c�F b��@+ �#+ �, ��E@�, �� ��G@H�� )�E�6 <���  �,O*,

InVEST  �3	)4 <,#� ��G@H�� )�E�6 B�#&y�� 
(,�B  0+12  �

0U6 089.; d#M � ���	  04C�9; �1; 089.; O6#; � � )�, X, 

�; A��6 ��G@H�� )�E�6  B���� .S���  ��G@H�� )�E�6 =,O�; =1�

0� )8�8F � K`6 15� ��C   �P,�, A	1� � <#���6 �, ����

 �+,#�, -./� 0+12 <,#� ��6 ���G@H�� )��1/9; <,�, 06 )�,

 ��E@�, �� .)�,�c�F b��@+ �,  089.; )4��0U6 X,  ���	 �

 =,#�, V#	44/134129 6�W�#;#@;1/ 0� )�  �S;>  06 )�,

67/108951 6�W�#;#@;1/  ��4;22/82 ��G@H�� �, Sc�   <��

� d1/9; 76/25177 6�W�#;#@;1/  ��4;77/18  �, Sc�

��G@H��   ��S5) �, �+�	1U�� 089.; B�, �� d1/9;�+ <��3 .(
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 .S	 ��m+, (=,#�, V#	� WN,�  <,#� "`& B�C�, 04C�9; B�,
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)�1C, ,� �@D�EF ��H+�@� <,�, z\�.; ) S.6 <S.�Wang & 

cheng, 2022.(  

�S; )�E�6 ^�;S: ���G@H�� InVEST ��  gT�6#&   �T�1GC,
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