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The purpose of this study is to identify the effective factors, prepare flood risk 

prediction maps using machine learning models, and finally evaluate the 

efficiency of these models in the Zive watershed of Urmia. For this purpose, 

environmental and human factors including morphometric indices; Waterway 

Power Index (SPI), Slope Length Index (LS), Topographic Wetness Index (TWI), 

Topographic Position Index (TPI), Land Roughness Index (TRI), Mass Balance 

Index (MBI), Profile Curvature Index and The surface curvature index (Plan 

Curvature), rainfall, basin height, slope degree, slope direction, lithology, land 

use, normalized difference index of vegetation cover (NDVI), distance from 

waterway, distance from village and distance from fault were used. For this 

purpose, 96 flood spots were identified in the basin by using field visits and 

Google Earth images and sources received from the offices. Layers related to 

morphometric indices from the digital height model (12.5 x 12.5) meters and in 

the SAGA_GIS environment; And maps of environmental and human factors 

were prepared and digitized in the ArcGIS geographic information system. The 

evaluation results of two models using the ROC curve for machine learning (ML) 

models showed that the maximum entropy model with AUC=0.916 and the 

generalized linear model with AUC=0.902 have excellent performance in the 

field The results of the Kappa index for the superior model showed that 

environmental factors including geology, distance from waterways, height and 

slope have the greatest impact and the least impact related to profile curvature 

index factors. , land use, and mass balance index. Identifying high-risk areas and 

determining factors affecting the occurrence of floods in this basin can be very 

efficient in reducing possible damages. 
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�'N ��!6 � O0�@ P�,+ -��E��LO0�@ �AQ �" �R4� B��4� -�
 

 y� +- += �� �	�J�5� ��(GPS)G�5 e:�%� b�/�&� ������ � +����� H��P�- e��: �� � ����B y�5� �� �	�
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H��,-��9   �B L���  �Bw$ 
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U�.�;�����U � +;��$�-�# l����c# �+5�%B

+� ��F�# +��&�� 8���F�# � +���$ HB�- �
U�.����� �+5�%B�������w$8��W 
����	��� �� . �	��>� ��  �;�$
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�� M��� +#�
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 �[  �E# 
��� +9�J#�� +��O� )�� � \���� 
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 � �	 �	�J�5� 	����A  %E- ��K%�  �  C.�D�
�%� 5 ��:����G  )�: LI�B  :�� �%#��g9

B�N  )LS� �(�A �� �� ����;
 [� 
�� ������; � {�I
 ;��$�-�#+ ��� � �W�	 �%����  B�N F�#�� �+	��w$   

�� �	� � � M��M�� �5�;�H ��;� {�I�H �+����I�B .L ) Q�= )	�C#MBI(� ��M� 6�5� )	�C# ��%%

LI�B) ��
 J%�+��5��� � (
  �	�#�� LI�B) {�I b�� ��
  %��	 �	 (�g���� �5� .�����%�A� ��;��H ��  H��

��A � ����;+����# � ���M��  ��=�=+� F�# {�I�� /�&��b 6�9) �B��  �B�	
���9  �M���cP� �1397   ( ��	�/� �$�

�B�� �JW l�	��� �5� ���O�� {�I �	�# � 6�5� A�� )	�C# # H��5�; M���� �.�� A�� �	 � 	�I GO���  � �	�

+��.��) �5�1  �M���cP� �2008 +&�I LI�B �((2TWI)M��� LI�B A�� � {�I �	�# �	 	�=�� 6� ���/� ��%%


��= 6� b�� H���;�  ���� �	 � ��J� �W�	 H�� Ng5 6� A�� H���;�   �5�+�  %��	 RD5 �� ��B  	�B

+J�%�) �
�/g9 � ���1401 .( RD5 
��� A��� 
���P��� LI�B(3TRI) � � 
��� )�V5 l� A�;�$�K��	 e��: ��

+� +P �� ��	�/� �@��:� )�V5 ��� T�J#��  g5�>��% )�V5 A�� �	 6�5� � H��5�; M����  � e��: A�� �� � ��

+� �	�� +-	���) 	�B4  �M���cP� �2023() +;��$�-�# ��CO�� LI�B .TPI5�( 5� +P�����.� �   ���%���; ��: 
�

������ 
�����CO�� 
��$+� �	�J�5� +;��$�-�# N�B 
�� T�J#��  � �g&� �� )�V5 �� T�J#�� LI�B A�� .	�B

)�V5 A������ +�  &��/� L���  %E- l� �	 ����� 
�����	) ���P�6 �M���cP� �2013.( M7- 
�%>�� )Plan_Cu (
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���%���; G��9 A��

+� ���O ��F�# �># �� M���= �	 6� +���$�� �� +����P� �A��� N���#��	 
��&I)7  �M���cP� �2020.(   
�%>��

G�;��- )Profile_Cu ( +� �F� 8���5� ��� �� � )��% �� M���= �;� �� 6��B	��w$.  � +J%� ��	�/� �	 H��5�;

6�5�+� 8��W LI�B A�� Q���� �g�� ��	�/� �	 
��w$	��$ +J�%�) �	�,��K� � ���1400  ����� M��# LI�B .(

(8SPI)� ocC%�b�� ��%%b�� � +S�9 �� A��� N�B �  D/� l� ���&� A�� �g&� M	�	 M��� ��  ����� +.�: ��

+� .�5� �5	[�� �	 ������ ����#6�5� � "P�# \�/� �����  S�� �	 
��w$+��EB) �B��9  �M���cP� �2014 .(

LI�B  �/�) +9�J#�� +��O� )��  �[ 
�� �� 
����;��� 
��5/12*5/12Q�� �	 ( ���;�SAGA-GIS ��	�$  �E# .

 �;�$ �K��	 
������; +��P# � ��B  �[ l� 8��WASCII )�� 
��=� 
���Q�� 	��� �� ���;�ModEco .���B  

  

S&� T���� -��L��' -�
  

)�� b�����.� �A�B�� 
��$	�� 
�� )�� � �� �	�	 y�5���   �%�&� +#�g5�>� 
��   � �	�O �+B���� 
	��� 
��

H�- Q���� � ����.� 
��$	�� +%�� b�PX# � �� 
��$ �%�&�  ���%PB�� 
�� Q�; )10  �M���cP� �2021.( )�� A��  ��

 � �����  � ���� M��� � ��	�I 8��W �	�	 �� �R��W +&���  L���# �%��� +J��m� Q���� 
��� +%����O � ����.� ��

                                                      
1 Möller 
2 Topographic Wetness Index 
3 Terrain Ruggedness Index 
4 Anand 
5 Topographic Position Index 
6 De Reu 
7 Khosravi 
8 Stream Power Index 
9 Shahabi 
10 Pham 
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��	�����X# �
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���
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U���6 �AQ S&��?9�' 
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���� 
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 �M�c� A�� �	�5 +DI M��5�$� l� 	���� )�g�	 ����- "��# l� e��: �� �F�� 
����<�� � ����- l� T�O� 
��

�5� ����)3  �M���cP� �2022 .(b�PC# +DI )��G��O � 	��>� 8�S��J� �� 
������- n�� l�  �;��   �5� q>�

H�- 
��� +%�� ��%% DI��u 
�� N5�%� +� � �5 ������	�	 
��� ������ )���� "���#   +����  ���O �	�J�5� 	���

+�	��$. +�������67�5 T�O�   � ��M�c� �	 � +;	�X# 7�� 8��W+� �� ��I _���B �� +�����	�  A�����%�

�	�	 M	�� )����+� T�O�  � N��O ����- A�� �	 ���B��. A�����%� +� )�� A�� 
��7�  � \���� q��g� �	 ����#

G��O `���� +C�g:�%  ���� �� +.�gO.  .�/� �	 )�� A�� ����� 8����= o�V��)4  �M���cP� �2014( �5� ��B  ���� .  

b�PC# +DI )�� +�  V���  5 G��B  �;��.�B��  

 J.�� (�.� x5�- ��<�� 
��� +C���#   +;	�X# 
��y 	����I �� �[�PC� � �5� H�� �� � �5� +��P� "���# �

 +$�%��-d(τ) +� 6�����.		�$   

 (6l�#�P�&�5  J.��   

+�����- M�P� +DI ��%%η β = x n  �5�  β  ��	�� l�p ×1  ��� Q�VC��� 
��������- x  o��#�� l�n*p 

 Gc��� ��5� G/�&� 
����<�� �.  

����- "��# (~  

�5� +C��#   � 
	�CW 
��%c� � �	 GO���e��� ��  J.�� +S��� ����  � �� )�� l�#�P�&�5 �P&O   ��w-

 +;	�X#( E (Y) =µ) +� \����� �% M� �� "��# �� h  � 8��Wη=h( µ) +� H��P� .�%�	  

 )�� +��E� )���;GLM  �+� ��� 8��W.�B��  

"��# y �5� ��� +.��? �� +��P� �	����I �� +9��  � eVC��:  

  

)1 (  �� ��|�, 	
 = ℎ�, 	
��� ����
����
����

���
 �  

                                                      
1 Ha 
2 Riazi 
3 Avand 
4 Willis  
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��$	��  ��B M��� 8�97:� 
��*# y�5� ��   �5� 
��z� \�/� �.��

�5� r���B)1  �M���cP� �2018.(  M���B���I� +#�97:� 
���>� M��� 
��� �� +-����� �7DW� ��� A�.�� 
��� ��B
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�G��O��u 
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G��O��u �� 
�#[��  =�	 
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���>� �7��/�� ����# M���B)2 �

1984.( +� +-�����  %����+� �	�O �� )�� � ��	 H���;� �� 8�97:� 
���>� ����# ��E� ��  O79 
��.� �# 	��5
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���� 
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)�� ��z� \�/� _/; e��: ���# � 
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"���# A�� +-�����)  D��� y�5� �� ��2 � (+� �5	 .���  

)2 (  ����
 = − ∑ ����
!"����
#∈%  

���
&  �+#[�P��� "���# +-����� ���/�'"  �+C�g: b�����.�  � )�V5 �� n��� ���/�(  9�P���	�	 �� 
� l� 
��

.
��5�  �[  

 +#[�P��� "���#Gibbs )  D��� �� �	�J�5� �� G/�&� 
�����<�� �� l� �� 
���3 � (+� �5	.���  

)3 (  )*��
 =  +,..�/
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)*��
  "���# "��#Gibbs �λ  ��K� 	��� ���<�� M�� 2λ)���� ���F "���# "��# ��%%Gibbs .�5�  

 

S&� ��(@���?���
 

 �/�  �E# �� o-)�� �� �	�J�5� �� G�5 ��5�&� 
�� 
��+%�B�� 
��$	�� �	�	  9�P�� �� ���B���#� 
��

+�%5��g�9� 30 +�7�5 \�/� G 	��C# �� �W�	 �� +�%5��g�9� M���� 
���)�� `��+%>%� �� �	�J�5� �� ��ROC   �

+%>%� ��� RD5(AUROC)  �B �	�J�5�.  6�� �g�� \�/�  +%>%� A�� �	)H�- 
���	 \�/�  �5�	�� +%��

M�c�  � G�5 ��u 
��+�7�5 M��%9( ��>� �	 ��x �g�� ����� �	 H�- +%C� +CO�� 
�� M�c� R�>W +%��  
��

                                                      
1 Xiong 
2 Shannon 
3 Siahkamari 
4 Baldwin 
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�%� ��5�&� 67�5 �� �	�J�5� �� )��
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��w-	��I�  �  /D%� 67�5 .��	�$  �E# [�� n�� �	 �� ��
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B1�3�	,+ :8�@�C) -�
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