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	|% 
��|+�|"�
.  

 G24��A ��$" ��D�E%�"���J� � J�	  �VW9 � $% M%��� E	 '��
�� �����A�9	 � �1� �1 �G24��A -

��,!��
 �� �� � (L��� :F�J % q�4	 .�24� .�6"� '� T�J�N$9 - � R
�1	 %  :�YVW9 @A���� 

 G2���A�"���  ��
 	P�+M,2��J�  	"��� J M%��� '������A�9	 + �2"�% � �^* bER '� Q��9
� �(


#��2$"� �d�+ �� �9 �   -I*%�9�-  M%��VW9 �@��
  G24��A �1��-�"��� �'
��1 %	.�+�1  

   

��
 � #��%��
 � #��%��
 � #��%��
 � #��%    �J�J�J�J        

 �NE2% �NE2% �NE2% �NE2%#
�%#
�%#
�%#
�%    ��D�E%��D�E%��D�E%��D�E%        

 �NE2%#
�% ��D�E%  �1 (��)%B�f 4 01�%�5%�
 
# �'��� [�  '�M,2��J� J "�4�	  
#

 M%F :�5R�*+ :�
�"'�% :�5R� 	�� ���O� U�� �1�[ f~ [� �9 fB �� [�  	�� ���O� ��� �f[ �[ 

�g  �9f� �? �g 0P�� ��+  M3+) (R��( . ���" I 
P� �1�E% �NE2% �1 I��� I 
P�-9
�%�#  c�  
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 M7+ M7+ M7+ M7+���� l l l l     ( �P�% ( �P�% ( �P�% ( �P�% �NE2% �NE2% �NE2% �NE2%��D�E%#
�%��D�E%#
�%��D�E%#
�%��D�E%#
�%     
# 
# 
# 
# ��5)� ��5)� ��5)� ��5)�M,2�M,2�M,2�M,2��J�J�J�J����    	"��� J	"��� J	"��� J	"��� J    �#�#�#�#�#�#�#�#�J�J�J�J����    �"�� 
�i��"�� 
�i��"�� 
�i��"�� 
�i�        

 �"u�R 	��"
�1 - ,"� %) #�R 	�� :�5)%' � .�� :�5)1�9 �1 z���% � U�5�% I 
P�?~~ 

	
 %�R ��%# - ,"� % � �5% �"u[/�~ 	5"�R ��
#�E�) (R� (#���	� �:�
�3�J � ��?�.(  

�#�9 
�i� 	"����� '� 	J��F � �NE2% �
��
,2� o�� �h1�5� 8�R� �1 8�R� �1 ��51� 
# ��
 ��J

�'�� [�  �[� M,2��J� � U��+ 	"��� J��R �:����J� �
�#� �
���,!�J� �R�2+ ��
 �"��	� 

 :�%'�R �1 �����% �1 .�"�+M,2��J K�A K�y5Z%�J�  �NE2% �1 \�1�%��D�E%#
�% �"�� �4�  ��


 
#:F�J *9 (+�# 
�i�  s�R .�+ ��1
�X2% 5R�
	 �%'F	� �#�#�J� �1(R#��%F  �`�� 
# 
�i� �1

�1K
�` �#�y9	 �	��J�C Q
�') ��?� }�:�
�3�J � �#�J�� ��?g } �:�
�3�J � �������?> ([f 

��EP�"��" 5"� 
# ��
 �"�� 
�i� � z�Z:F�J R
�1	 K�A .��9 �4 �+�
�# �J� �A���J�  ��
 �"��

 .�"#�1Q��6%
#  #���9>B�  M3+) �+ �5��� �X" 
# 	
,2� �'�� -�� 
# ��
 �"�� 
�i� �EN"� .(

2h�J " �1 ���9 �1 - r \�N" '� U�% 
# ��
 �"�� z�'�R�  #���9>[f r �EN"  z��1K
�` �#�y9	 


# *9 �NE2%  �) ��#��Alavi et al., 2019.(  
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O5%O5%O5%O5%    �J��J��J��J�����    �����A�9�����A�9�����A�9�����A�9				    #
�%#
�%#
�%#
�%    �#��5R��#��5R��#��5R��#��5R�        

�^ +�^ +�^ +�^ +    ��
# bER '� Q��9
� � (*���
# bER '� Q��9
� � (*���
# bER '� Q��9
� � (*���
# bER '� Q��9
� � (*�        

%�P
 U�% '�	 7�9 �'��"� �1 Q��9
� "�7% q	 [/�� ��1 �5%� D�9 �!N" ��J�  �Q��9
�+ �`
#  � ^

���O� (*� ��	 .�" 
# 
�Y��QGIS 3.6  �#��5R�) �+Alaska Satelatite Facility, 2010(  M3+)

�( . ���R - 2h�J�d�+ ��2$"� �d�+ �c �����A�9 (1��
 �d�+ �2"�% 	�����A�9 �1 &/9�% ��J

�"�+ �/R�$% ��' o�+ �1 0EN% ��2$"� �d�+ � bER:  

 �d�+ �d�+ �d�+ �d�+



 (1�� (1�� (1�� (1��c �����A�9c �����A�9c �����A�9c �����A�9 

#1 
 `�yd - �����A�9 K�	 �d�+ �(1��
 �����A�9 q 3)TWI (�% �
�Y1� �
 � ��1 e ���

`�9 ��+ ��51��
 &	 N% 
#  �H�� 8�(R� )Grabs et al., 2009� ( ' K��D�E% 
#� �#��1
�X2% 

�Z9 "�7% -	 ���m	�J� � Y�7	J � p�D�
��7	 + � � �	� v�d�J �#��5R�#
�% �5���
��P (R� 

)�:�
�3�J � �� 	� �
��?f }Welsch et al. 2001; Whelan et al., 2002; Western et al., 

2004.(  -��) �d�+ �E1�
�( �#
��% 
# R
�1 ���1	 �"�� 
�i� ^R�2% \�N"�J� � J�	 �VW9 �  �1

�"�� G24��A ��JN% 8�"�7% ��J	 F�� �1 �V]%�J ��J�2 p�D�
��7	��9 ��)% � �� ��J�� :�

J p�D�
��7	 U�% 
#��p �'�R+ � �	�*9 � DF -1�4 �!N" �	 x�d 2h�J � �9 ���1 -   -

F���1 ��J�2 p�D��7	 D�9 M�% D�� �D�d � D�R � 4 � G+�A ��J�,D� ��"� � :�7% (
,2� ��J	  Y "

 (R� ��+ �#��5R�)Sorensen et al., 2005.(  

 �E1�
�                                                                              TWI= ln (AS / tanβ )  
:F 
# �4 As � bER� �m� �H�� β + ��
# % ^	�+�1.  

  

�2$"� �d�+�2$"� �d�+�2$"� �d�+�2$"� �d�+����    bERbERbERbERBBBB 
�2$"� �d�+�  �1 bER��D]%� ��N	 �5R�
 
#� % �5�� (*�	 '� �4 #�+ �E1�
� ��1� 

�/R�$%� ��% �#��5R� �d�+ -	#�+ (Wood, 2006):  

 �E1�
�                                                    1.52+e2)c*d*e)/(d-n *g *(b *d2 +a*e2 

�2$"� �d�+�2$"� �d�+�2$"� �d�+�2$"� �d�+����    0EN%0EN%0EN%0EN%[[[[ 
�2$"� �d�+�  �1 0EN%��D]%� �5R�
 
# I��P� % �5�� (*�	 '� �4 #�+ �E1�
� (R# �1 

%	F�:�  

 �E1�
�                                         n *g *(a *d2 +b*e2+c*d)/(d2+e2)(1+(d2+e2)) 

 � 
# �4� Ku#��% -x, y, z 
$% K�y5Z%	 #�N% �� �a  �9f ��H�^  �D#��%�25)J (Wood, 

2006) 
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 U�% U�% U�% U�%R��
 (d
#R��
 (d
#R��
 (d
#R��
 (d
#     :� :� :� :��N9�N9�N9�N9����((((��+��+��+��+gggg    ))))BRT(((( 

   �1
�X2% U�%'�R�  �"�� G24��A��
 �#�# ����6% �1 (/)"�J� �����A�9	  U�% '� (d
#

 :� R��
�N9�(��+ )BRT (4�9 �� /	 279 '� q�J� 
�%F�  ���#� �� +�%  �(R� - .�+ �#��5R�

 :� R��
 (d
#�N9�(��+ �7	 279 '� q�J� �
5Z%	 4�9 '� �#��5R� �1 �4 (R� U�% ^�J�  #��5%

% q�4 U�% q9 #�7
�� #�/*1 �1	 .�24BRT 
�,D���#�R � �%F
�4 I5�� ��1� �Y��� U�% (P# G

� �1 � (R��% 
�4 8�R� -	4�9 �(d�R �4 �24 % � ^ ,"� -� �� ' #���9�#�� P# � �5*1 U�% � �9

� '�� #�6�(R� U�% q � �@D  �1w
Y1�9�-  ��Hq9(d
# �y9 �H t�5/)" �'��1 �4 I  �/
r (R� �

%	��"��. �Y%��� R��
 :�5d
# '� �#��5R�  :��N9�(��+ K
�/��"�  �
5Z% Q��"� U�524 (�D� :'�

O5% �J�� A G1 2	 #�# o�`� (z ���224��J� (R#'� �5�
?" .�� (� � �/9 �1 '���#�# M �J� T@� �

 \�N" �#�5��
�#�fA &1��
 �'��1 (K � h  ��r Ed�	 1 M1�N5% �V� 
�4#�d U�524 � O5% -  �J�

) ���
�� � :��������?g }Elith et al., 2008; Alavi et al., 2019.(  

'
�'
�'
�'
�����1�1�1�1�				    U�%U�%U�%U�%        

   ��1� '
��1�	 
1�P A ( G1 2	 U�%  '�~f �#�# �`
#�J ��1� U�%'�R�  ��f P�1 �`
# ��1 ��"��� 

'
��1�	  �#��5R� :F) �+Alavi et al., 2019( .��1� '
��1�	 �
�4	� U�%�J� �"�� G2���A tu���%  '�

' bER 
��N%�2$2% �	 )AUC: Area Under Curve(  �#��5R�%	) #�+Fielding and Bell, 

1997; Austin, 2002; Duan et al, 2014( .% 
��NAUC % :�!"	 �"�,C �4 �J#� U�% q

�11�d	 1 �"�� 
�i� M$% -r � �J  z�:F�J ��9�% M��P Y	 .#�+AUC  
��N% �1[/f % :�!"	 �J#

 �4��
�4 q	� ��9��1 U�% Y�#�y9 K
�`	 D��
# (R�	 
��N% �4� 1 :��"��9 ��224	� ��9� M%�4 Y

R� U�%
��N% �1 U�% .( AUC 1  -[ /f  �9~/f �
�#� �A (P# �1 �-  -~/f  �9>/f �
�#�  (P#

 �&R�5%>/f  �9?/f �
�#�  � z�d?/f  �9� �
�#� (R� M%�4 (P# )Elith et al., 2006; 

Giovanelli and Alexandrino, 2010( .��1�-U�� 
1�P ( ��� :�2 AUC �1:��2�  �d�+ �*29

��1� '
��1�	  
# U�%U�R�J� d� �  GD�C #
�%�5���
��P (R� )Fourcade et al., 2014.( ��1�21��- 

 � N$9 -�� 
# �1 ����	2$2% ��' bER �d�+� �P�� 
�%F	 ) �"�5RF �1 &/9�% K
�*%TSS �/R�$% (

#����  �4�2"��J  �1 �5)1�� �5�4 �%� �(R� �#�5)� �A�4 
�%FG24��A �"���J�  (R� ��+ U�%

)Allouche et al., 2006� .(�- �
�%F �1:��2� TSS= sensitivity + specificity – 1 ��9�� 

%	#�+  �4 	�m�� :F 
#R�)� ( \�1�% #�N% �1�� ��J�!%��+  �4 (R��15R
#	 A G1 2	��+�"� 
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 ����m	  ^R�29 �1 \�1�% :��N���J�!%��+ �� ���#�N% 	9
�/� �1 � �15R
#	 A G1 2	��!"�"� 

%	�+�1 )Allouche et al., 2006.(  �'
�TSS �5�4  '��/f %	"��9 ��1:��2� �H �� �/f  �9g/f 

�1:��2�  &R�5% �w
Y1�9  '�g/f �1:��2� dz� #�+ �5��� �X" 
# )Allouche et al., 2006 .(

�1
�X2%  �/R�$%TSS �1�
E% �!N" �
 (���,! �1�� �1K
�` r�
�i� z� �/9�M #�+  I*% �57" �

#�4 �Z!% 
��N% �"�5RF �� :TSS � 
# �4 (R�� GJ�mA -[/f  �5��� �X" 
#) �+Thuiller et 

al., 2016; Shabani et al., 2018(. %��9	  M���%U�%'�R�'
� ��1�	 *9 � 1�
E% �!N" �  (

�
��"�� ��,!� 1 ��
.�" '� �#��5R� �
�%F 
�Y��� R �5)1 ��J� raster  �biomod2 �+ .�6"�.  

�5"�5"�5"�5"����eeee 

 1 e��5" 8�R� �U�%'�R�% � ) 	2$2% ��' bER :�YAUC � (�"�5RF �1 &/9�% K
�*% )TSS (

A G1 2	��+ ��1�  U�%BRT 9�9 �1  �1 �1��1 ^>�/f  �g�/f % .�%F (R# �1  :�YAUC  '� G 1>/f 

 �TSS  '� G 1g/f % :�!"	� �4 �2J#� U�% -�11�d	  G24��A (R� �5)"��9��-�"��  �
A G1 2	 

) �2�Allouche et al., 2006; Elith et al., 2006 .( '� 	3����m	�J� U�%�J�  G2���A�"����� 

 ( �J� :#�# :�!"/)"	 O5% �J��  G2���A -  �9 
# �
5Z%�"��(R�J.  T�J �� �H�� ��D�E% 
#

 � GN" -  �9 :FVW9 �  M%��������A�9	  
#-  �9  
# ��
 �"�� G24��AM,2��J�  U��+�� :�� �#�1

�(R� �5" 8�R� �1�e� O5% �J�� 
# bER '� Q��9
��+ �`
# � � 1 ^ �5!� -VW9 �  G24��A 
# �


��-�"�� �5+�# G24��A � �"���-�"��  ($9 �5�4VW9 � O5% �J�� �"�V������A�9 �	  (1��
 �2"�%

�c �����A�9  bER ��2$"� � 0EN% ��2$"�(R� �#�1  M3+)B(. 
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�%��D�E%#
�%��D�E%#
�%��D�E%#
�%        

     �5" 8�R� �1�R
�1 '� M`�� e	 2$2%	 �"�� ;R�A� O5% �1 (/)" ��
 �J�� 	
`� �����A�9	 

 M3+)[( �^ + 	2�� Q��9
� � (*� ���-�"�� +
# ^�J� �f  �9gf �`
#� (*��J� 	P�+ � 	D��+ 

 Q��9
� 
# �[ff  �9�[ff bER '� �5% 
#�1 
�i� U��5�� � �5!�  .#
�# - 2h�J�X"'�  ��J� O5%

 �	�����A�9 ���"�V :�Y %1��
	�����A�9 ( �  �9��  ��� 
# �`
#Bf  �9>f 5"�R	�5%� x�d� %  :�Y

�2$"��  bER�l  �9�  0EN% ��2$"� �[/�  �9� 1�
E% 1 ( �5!� ���1  G24��A��-�"�� 
�#".�  
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M7+M7+M7+M7+[[[[llll    2$2%2$2%2$2%2$2%				    ;R�A;R�A;R�A;R�A    �"���"���"���"������    



��������    (/)"(/)"(/)"(/)"    �1�1�1�1    O5%O5%O5%O5%    �J��J��J��J�����    �����A�9�����A�9�����A�9�����A�9				     �NE2% 
# �NE2% 
# �NE2% 
# �NE2% 
#��D�E%#
�%��D�E%#
�%��D�E%#
�%��D�E%#
�%        

U�% '� sA'�R�  �1 ��
 �"�� G24��A�#�#�J� �����A�9	  ��R�2+	� I*%�9�- O5% �J�� VW9 
�@�� 

 G24��A �1��-�"��1�
E% �!N" � �
 (� ��,! Y "*9 #�� �� � 
# �
�*C �N/� 1�
E% ( '�#� )~[fl

�fff) &R�5% ([ffl~[f (I4 )�[f l[ff (d � 
	 ) I4fl�[f (�5R#�21� �+ .�1 �5" 8�R�� e

���!N" -� �
���,!�J� z�
E% ��-�"��  �5! 1% 
# :��NE2% �21� ��D�E%#
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