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�µ�|�»�� �–�ˆ�]�� �Ê�˜�y�� �É�Z�Å�d�‡�Y�‰�Á�•�� �¾�Ë�Y�� �Ê�¸�•�Y�� �¥�|�Å�� ���,�����¾�f�§�Z�Ë

���Á�� �Ä�f�ˆ�]�Y�Á�� �€�Ì�¤�f�»�� �¾�Ì�]�� �Ä�˜�]�Y�•�� �½�{�Y�{�� �½�Z�Œ�¿�� �É�Y�€�]�� �µ�|�»�� �¾�Ë�€�f�Æ�]

�� �¶�¬�f�ˆ�»�� �€�Ì�¤�f�»�� �¾�Ë�|�À�q�d�‡�Y��.(Ozdemir and Altural, 

2013)���Ê�»�� �Ä�W�Y�•�Y�� �µ�Â�»�€�§�� �,�µ�|�»�� �¾�Ë�Y�� �•�{���¾�Ì�]�� �Ä�˜�]�Y�•�� �Á�� �{�Â�‹

�Ê�À�Ì�Ì�^�e�� �É�Z�Å�€�Ì�¤�f�»���� �x�‡�Z�a�� �Á�Ä�]�Ä�¸�Ì�‡�Á���{�•�Á�M�€�]�� �€�f�»�Y�•�Z�a���Ã�|�‹

�� �½�Â�Ì�‡�€�³�•�Ä�]�Ä�§�Z�“�Y���Ê�»�� �Š�n�À�‡�� �½�Z�À�Ì�¼�—�Y�� �¶�•�Y�Â�§�����{�Â�‹

�µ�|�»�º�Ì�¼� �e�� �Ê�˜�y�� �É�Z�Å���c�Y�|�Å�Z�Œ�»�� �Ä�¯�� �Ê� �«�Y�Â�»�� �É�Y�€�]�� �Ä�f�§�Z�Ë

�Ä�]�•�Â�—���Ä�f�§�Z�Ì�¿���ž�Ë�•�Â�e���µ�Z�»�€�¿�‰�Á�•���€�Ë�Z�‡���Ä�¯���Ê�¿�Z�»�•���Á���|�¿�Y���µ�|�»���É�Z�Å

�¿�� �\�‡�Z�À�»�� �½�Â�Ì�‡�€�³�•�|�À�f�ˆ�Ì���¾�Ì�]�� �•�{�� �µ�|�»�� �¾�Ë�Y�� ���|�¿�|�‹�� �•�Y�|�]�Y�� �,

�‰�Á�•�µ�|�»�� �É�Z�Å�� �Ê�]�Â�y�� �{�€�°�¸�¼�Ÿ�� �É�Y�•�Y�{�� �É�•�Z�‡�d�‡�Y��

.(Davoudi Moghaddam et al, 2019)���� �•�{���Š�Å�Á�„�a

�¾�Ë�Y���€�“�Z�u�����•�Y���Ã�{�Z�¨�f�‡�Y���Z�]���µ�|�»�f�ˆ�]�Ä��GLM���¹�€�¿���•�{���•�Y�‚�§�YR�����É�Á�•

���Á���|�‹���Y�€�m�Y���É�{�Á�•�Á���É�Z�Å�€�f�»�Y�•�Z�a�d�Ë�Z�Æ�¿�•�{�����Ä�Œ�¬�¿���•�Â�«�Á���¶�Ì�ˆ�¿�Z�f�a

���¶�Ì�‡�Ä�“�Â�u�����|�‹���Ä�Ì�Æ�e���µ�|�»���¾�Ë�Y���•�Y���Ã�{�Z�¨�f�‡�Y���Z�]���½�Z�°�Œ�¯��

��

�º�Ì�¼� �e���Ê� �¼�m���µ�|�»�����Ä�f�§�Z�ËGAM����

�º�Ì�¼� �e�� �Ê� �¼�m�� �µ�|�»���� �Ä�f�§�Z�ËGAM�� �Ê�·�|�»�� ���Z�¿���®�Ë�€�f�»�Y�•�Z�a��

���–�ˆ�]���Ä�¯���d�‡�Y�µ�|�»�º�Ì�¼� �e���Ê�˜�y���É�Z�Å�����Ä�f�§�Z�ËGLM�d�‡�Y���� ���Á

                                                           
�� - Overfitting 
�� - Receiver Operating Characteristic: ROC 

�µ�|�»���•�Y���‚�Ì�¿���{�Â�y�Ä� �‡�Â�e���Ê�˜�y���É�Z�Å���Ä�f�§�Z�Ë�d�‡�Y .(Brenning 

2009) ���Ã�•�Z�m�Y�� �Ê�˜�y�� �½�Â�Ì�‡�€�³�•�� �µ�|�»�� �¥�Ô�y�€�]�� �µ�|�»�� �¾�Ë�Y�� �•�{

�Ê�»���Ã�{�Y�{�Ã�{�Y�{���Ä�¯���{�Â�‹�����|�À�À�¯���¾�Ì�Ì� �e���Y�•���x�‡�Z�a���Ê�À�v�À�»���¶�°�‹���Z�Å

�Ä� �·�Z�˜�»�� �®�Ì�À�°�e�� �¾�Ë�Y�,�����É�Z�Å�€�Ì�¤�f�»�� �¾�Ì�]�� �Ê�˜�y�€�Ì�£�� �–�]�Y�Á�•

�Ê�»�� �¾�°�¼�»�� �Y�•�� �x�‡�Z�a�� �Á�� �Ê�v�Ì�“�Â�e�� �{�•�Z�‡�Ê�·�Z�u�•�{�Ä�¯�����Ä�]�� �d�^�ˆ�¿

�µ�|�»���€�f�Œ�Ì�]���‘�€� �»���•�{���€�f�¼�¯���,�Z�Å�Š�Ì�]���‰�•�Y�€�]�ú���µ�|�»���•�{���É�•�Z�‡

�� �Ê� �Ì�^�—�� �c�Y�€�—�Z�z�»�d�‡�Y�º�Å�� ���� �µ�|�»�� �,�¾�Ì�À�qGAM�����¥�Ô�y�€�]

�®�Ì�À�°�e�� �€�j�¯�Y�� �¾�Ì�‹�Z�»�� �É�€�Ì�³�{�Z�Ë�� �É�Z�Å�Ä�]�Ê�f�u�Y�•���¶�]�Z�«���€�Ì�ˆ�¨�e��

�d�‡�Y (Goetz et al, 2011)�������É�Z�À�^�»���€�]���µ�|�»���¾�Ë�Y���Ê�¸�•�Y���Ä�Ë�Z�a

���,�d�‡�Y���Z�Å�€�Ì�¤�f�»���•�Y���®�Ë���€�Å���Ê�˜�y���{�€�°�¸�¼�Ÿ���Ê�À�Ë�‚�´�Ë�Z�m�½�Z�¼�Å�•�Â�—��

���µ�|�»���•�{���Ä�¯GLM�����Ê�]�€�n�e���ž�]�Z�e���®�Ë���Z�]�Ä�]�Ã�{�€�]�•�Z�¯���Ê�»���Z�e���{�Â�‹

�Ã�{�Y�{�Z�Å�,�����½�Z�Œ�¿���{�Â�y���•�Y���Y�•���{�€�°�¸�¼�Ÿ���¾�Ë�€�f�Æ�]���|�À�Å�{��

���•�{�� �µ�|�»�� �ž�«�Y�ÁGAM���� �ž�]�Y�Â�e�� �\�Ì�¯�€�e�¥�Z�•���Ã�|�À�À�¯�����Á�� �Ê�˜�y

���Y�•���Ê�˜�y�€�Ì�£�Ä�]�c�•�Â�•�����Ê�Œ�Ë�Y�‚�§�Y���‰�Á�•���®�Ë�½�Z�°�»�Y�€�Ë�~�a���Ê�»�����|�À�¯
.(Davoudi Moghaddam et al, 2019)����

�Š�Å�Á�„�a���•�{���€�“�Z�u���•�Y���Ã�{�Z�¨�f�‡�Y���Z�]���µ�|�»���¾�Ë�Y���,�Ä�f�ˆ�]��GAM�����•�{

�¹�€�¿���•�Y�‚�§�YR���Ã�{�Y�{���É�Á�•���Á���|�‹���Y�€�m�Y���É�{�Á�•�Á���É�Z�Å�d�Ë�Z�Æ�¿�•�{�����Ä�Œ�¬�¿

�Â�u���¶�Ì�‡���•�Â�«�Á���¶�Ì�ˆ�¿�Z�f�a���Ä�“���µ�|�»���¾�Ë�Y���•�Y���Ã�{�Z�¨�f�‡�Y���Z�]���½�Z�°�Œ�¯

���|�‹���Ä�Ì�Æ�e���‚�Ì�¿�� 

�•�Z�^�f�Ÿ�Y�Ê�n�À�‡���Ä�Œ�¬�¿�É�Z�Å���Š�Ì�a�Ê�À�Ì�]���¶�Ì�ˆ�¿�Z�f�a���¶�Ì�‡��

�Ä�]�•�Â�œ�À�»���•�Z�^�f�Ÿ�Y�Ê�n�À�‡���Ä�Œ�¬�¿�É�Z�Å���Š�Ì�a�Ê�À�Ì�]���¶�Ì�ˆ�¿�Z�f�a��

�¶�Ì�‡���Â�u���Ä�“�,�½�Z�°�Œ�¯���Ä�Ÿ�Â�¼�n�»�É�Y���‚�Ë�Z�¼�f�»���•�Y���Ã�{�Y�{�É�Z�Å���d�Ì� �«�Â�»��

�¶�Ì�‡���Ä�¯���•�{���µ�|�»�É�•�Z�‡�� �Z�Å�Ã�{�Z�¨�f�‡�Y�Ã�|�Œ�¿���|�¿�{�Â�]���Ä�]�Ä�f�§�•�•�Z�¯��

�|�¿�|�‹�����•�{���¾�Ë�Y���Ä�¸�u�€�»���������Ä� �«�Y�Á���¶�Ì�‡�����������Ä�˜�¬�¿�����������|�•�•�{����

�Ê�n�À�‡�•�Z�^�f�Ÿ�Y�� �Ä�¸�u�€�»���•�{���¹�€�¿�� �•�Y�‚�§�YR���Z�]���Ä�Œ�¬�¿�É�Z�Å���Š�Ì�a�Ê�À�Ì�]��

�¶�Ì�ˆ�¿�Z�f�a���¶�Ì�‡���É�Á�•�º�Å�É�•�Y�~�³���Á���{�•�Â�»���Ä�Ë�‚�n�e�¶�Ì�¸�v�e�Á���•�Y�€�«��

�|�À�f�§�€�³�����ž�]�Z�À�»���…�Z�‡�Y���€�]���†�b�‡�����Ê�¼�¸�Ÿ  (Tehrany et al, 

2013 and Tehrany et al, 2014)�����Ê�À�v�À�»�� �‰�Á�•�� �•�Y

ROC�����Ä�Œ�¬�¿���d�«�{���Ê�n�À�‡�•�Z�^�f�Ÿ�Y���Á���Ê�]�Z�Ë�•�•�Y���É�Y�€�]�Š�Ì�a���É�Z�Å��

�Â�u�� �¶�Ì�‡�� �¶�Ì�ˆ�¿�Z�f�a�� �Ê�À�Ì�]�� �Ä�“���d�u�Z�ˆ�»�� ���|�‹�� �Ã�{�Z�¨�f�‡�Y�� �½�Z�°�Œ�¯

�Ê�À�v�À�»���¾�Ë�Y���€�Ë�•������AUC�����Ä�Œ�¬�¿���d�«�{���½�Y�‚�Ì�»�Š�Ì�a���É�Z�Å���Ê�À�Ì�]

�� �Y�•�� �¶�Ì�‡�Ä�]�c�•�Â�•���Ê�»�� �½�Z�Œ�¿�� �Ê�¼�¯�� ���|�Å�{�Ä�r�¿�Z�À�q�����€�Ë�•�� �t�˜�‡

�� �¾�Ì�]�� �Ê�À�v�À�»���
������ �Z�e���
������ �,�|�‹�Z�]�½�Z�Œ�¿�Ã�|�À�Å�{���Ê�§�{�Z�•�e���½�{�Â�]��

�� �,�d�‡�Y�� �l�Ë�Z�f�¿�� �€�³�Y�� �¾�Ì�]�� �Ê�À�v�À�»�� �€�Ë�•�� �t�˜�‡���
������ �Z�e���
�������,�|�‹�Z�]

�� - Area Under Curve: AUC 
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��
�€�Œ�¿�Ë�Ä���¼�¸�Ÿ�Ê���Œ�Å�Á�„�a�Ê���‡�|�À�Æ�»�Ê���]�M�Ì�•�Z�É���Á���[�M���Y�Ë�½�Y�€��������

�µ�Z�‡���º�Å�{�•�Y�Á�{�����Ã�•�Z�¼�‹���¶�Æ�q���Á���d�Œ�Å���������½�Z�f�ˆ�]�Z�e�������� 
���ú 

 
 

���¾�Ì�]���Ê�À�v�À�»���€�Ë�•���t�˜�‡���,�[�Â�y���•�Z�^�f�Ÿ�Y���É�Y�•�Y�{���l�Ë�Z�f�¿���
�������Z�e���
����

���Á���[�Â�y���•�Z�Ì�ˆ�]���•�Z�^�f�Ÿ�Y���É�Y�•�Y�{���l�Ë�Z�f�¿���,�|�‹�Z�]�Ê�e�•�Â�•�•�{�Ä�¯�����t�˜�‡

���•�Y���€�f�Œ�Ì�]���Ê�À�v�À�»���€�Ë�•���
�� ���l�Ë�Z�f�¿���•�Z�^�f�Ÿ�Y���,�|�‹�Z�]�Ä�]�d�‡�{�Ã�|�»�M�����•�{

���|�¿�•�Y�{���•�Y�€�«���Ê�·�Z�Ÿ���t�˜�‡Tehrany et al, 2015)���������Ž�y�Z�‹���•�Y
�úTSS���Ä�Œ�¬�¿���d�«�{���Ê�]�Z�Ë�•�•�Y���É�Y�€�]���‚�Ì�¿���|�‹���Ã�{�Z�¨�f�‡�Y���Ê�m�Á�€�y���É�Z�Å

�� �µ�Â�»�€�§�� �•�Y�� �Ã�{�Z�¨�f�‡�Y�� �Z�]�� �Ä�¯���������Ê�»�� �Ä�^�‡�Z�v�»�� �{�Â�‹(Davoudi 

Moghaddam et al, 2020)����
���û����

TSS = TPR �± FPR                          ��
���½�M���•�{���Ä�¯TPR�û�����Á���Ê� �«�Y�Á���d�^�j�»���w�€�¿�üFPR�����[�}�Z�¯���d�^�j�»���w�€�¿

�Ê�»�µ�Â�»�€�§���•�Y���Ã�{�Z�¨�f�‡�Y���Z�]���Á���|�À�‹�Z�]�Ê�»���Ä�^�‡�Z�v�»���¶�Ë�}���É�Z�Å�|�¿�Â�‹����
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�����½�M���•�{���Ä�¯�ýTP�����Á�þTN�����¶�/�/�/�ˆ�°�Ì�a���{�Y�|� �e���������Ä�¯���|�À�f�/�/�/�ˆ�Å���Ê�Ë�Z�Å

�Ä�]���Ê�f�‡ �•�{���Ã�Á�€�³�É�|�À�]���Ã�|�‹�|�¿�Y�,�ÿFP�����®�Ë���`�Ì�e���É�Z�˜�y�������Á��FN����

���Á�{���`�Ì�e���É�Z�˜�y�������¶�ˆ �°�Ì�a���{�Y�|� �e�����Ä�¯���|�À�f�ˆ �Å���Ê�Ë�Z�Å�Ä�]���Ã�Z�^�f�‹ �Y��

�Ã�Á�€�³�É�|�À�]�Ã�|�/�/�/�‹�|�¿�Y���Ž�y�Z�/�/�/�‹���•�Y�|�¬�»����TSS�����¾�Ì�]���Ê�¨�À�»�������Z�e����

���d�^�j�»���������€�Ì�¤�f�»�d�/�/�/�‡�Y���������•�Y�|�¬�»���Ä�¯���Ê�¨�À�»�����������{�€�°�¸�¼�Ÿ���•�Y���Ê�¯�Z�u

���•�Y�|�¬�»���,�µ�|�»���Ê�§�{�Z�•�e�����[���µ�|�»���®�Ë���•�Y���Ê�¯�Z�u�����d�^�j�»���•�Y�|�¬�»���Á

�������d�‡�Y���Ê�·�Z�Ÿ���µ�|�»���•�Y���Ê�¯�Z�u(Davoudi et al, 2020)��

��

�¶�Ì�‡���•�{���Ê�˜�Ì�v�»���É�Z�Å�•�Â�f�¯�Z�§���d�¯�•�Z�Œ�»���|�•�•�{���Ê�‡�•�€�]��

���Á�� �d�Ì�¼�Å�Y�� �‚�Ì�·�Z�¿�M�� �‰�Á�•�� �•�Y�� �Ã�{�Z�¨�f�‡�Y�� �Z�]�� �Ä� �·�Z�˜�»�� �¾�Ë�Y�� �•�{

�ª�Ì�«�{�Ž�z�Œ�»���µ�|�»���¾�Ë�€�e���É�Z�Å�•�Â�f�¯�Z�§���d�¯�•�Z�Œ�»���Ê�‡�•�€�]���Ä�]���Ã�|�‹

���Á���Ã�|�‹���Ä�f�y�Y�{�€�a���[�Ô�Ì�‡���•�Â�«�Á���É�Á�•���¦�¸�f�z�»���Ê�˜�Ì�v�»���|�•�•�{

�½�M�� �d�¯�•�Z�Œ�»�d�Ë�Â�·�Á�Y�� �Y�•�� �Z�Å�Ê�»�� �É�|�À�]���,�‰�Á�•�� �¾�Ë�Y�� �•�{�� ���|�À�¯

�Ä�]�Ä�]�� �€�f�»�Y�•�Z�a�� �€�Å�� �Ê�Œ�y�€�q�� �c�•�Â�•���Ä�¿�Á�{�€�³�� �•�Y�� �Ä�¿�Z�Å�Z�³�M�� �c�•�Â�•

�µ�|�»�¥�~�u�� �É�•�Z�‡�|�‹���É�Z�Å�€�f�»�Y�•�Z�a�� �Ä�Ì�¬�]�� �•�Y�� �Ã�{�Z�¨�f�‡�Y�� �Z�]�� �Á�� �Ã

�Ê�»�� �Ä�f�y�Z�‡�� �µ�|�»�� �Ê�˜�Ì�v�»�Š�Ì�a�� �{�€�°�¸�¼�Ÿ�� �,�†�b�‡�� ���{�Â�‹���Ê�À�Ì�]

���µ�|�»�Y�Ë�Ã�|�‹�{�Z�n���Ä�f�y�Z�‡���µ�|�»���Z�]���Ä�ˆ�Ë�Z�¬�»���Z�Å�•�Â�f�¯�Z�§���¹�Z�¼�e���•�Y���Ã�|�‹

�Ê�»�����{�Â�‹�f�¿�•�{�Ì�Ä�n�¥�~�u���¶�»�Z�Ÿ���ž�Ë�•�Â�e���,���d�‡�Y���½�Â�»�•�M���¶�]�Z�«���Ã�|�‹

�É�{�Á�Y�{�����Á���¹�|�¬�»�Ã�{�Y�•���Ê�¬�u���,�����������������¹�Z�n�¿�Y���¶�u�Y�€�»���c�•�Z�q�Â�¸�§

�����¶�°�‹���•�{���€�“�Z�u���ª�Ì�¬�v�e�����d�‡�Y���Ã�|�‹���Ã�{�•�Á�M������

��

                                                           
�� - True Skill Statistic: TSS 
�� - True Positive Rate: TPR 
�� - False Positive Rate: FPR 
�� - True Positives: TP 

�� - True Negatives: TN 
�� - False Positives: FP 
�� - False Negatives: FN 
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�������Ä�Ë�€�Œ�¿���Ê�¼�¸�Ÿ���Ê�Œ�Å�Á�„�a���Ê�‡�|�À�Æ�»���É�•�Z�Ì�]�M���Á���[�M���½�Y�€�Ë�Y��������

�µ�Z�‡���º�Å�{�•�Y�Á�{�����Ã�•�Z�¼�‹���¶�Æ�q���Á�����d�Œ�Å�������½�Z�f�ˆ�]�Z�e�������� 
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��

��

��

��

��

��

�l�Ë�Z�f�¿���Á���h�v�]��

�Ä�Ì�Æ�e���Ä�Œ�¬�¿�É�Z�Å�����¶�»�Y�Â�Ÿ�€�i�R�»���Ê�˜�Ì�v�»������

�Ä�Œ�¬�¿���¶�»�Y�Â�Ÿ���� �Ä�]�� �É�{�Á�•�Á�µ�|�»�É�Z�Å��CART� � � ìGLM���Á��
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learning Models 
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Abstract 
 
Flood is a phenomenon that causes a lot of environmental and socio-economic damage. The purpose of 
this study is to evaluate the efficiency of CART, GLM and GAM machine learning models in identifying 
flood risk areas in the Kashkan basin. Lorestan province and especially Kashkan basin, including: 
Selseleh, Delfan, Doreh, Khorramabad, Poldakhtar and Kuhdasht, is flooded and has suffered flood 
damage many times and in April 2019, experienced the largest flood of the last 200 years. In this regard, 
various factors including: height, slope direction, land curvature, slope percentage, distance from the 
river, drainage density, soil, lithology, land use and topographic moisture index were used. The digital 
map of all the mentioned factors was prepared in ArcGIS10.5 software and in the form of a database. 
The location of 123 flood events recorded in recent years in this basin was collected and randomly used 
in two categories of model training (86 cases) and model validation (37 cases) in modeling. Using 
machine learning models and environmental factors, flood potential prediction maps were prepared and 
then validated using AUC characteristic curve methods and TSS index. The results of model validation 
showed that CART machine learning model with AUC = 0.91 and TTS = 0.88 index was the most 
accurate model in predicting flood risk potential, followed by GAM model with AUC = 0.87 and TSS 
index = 0.84 and GLM model with AUC = 0.83 and TSS index = 0.88. Accuracy 0.91 CART model 
indicates the excellent accuracy of this model for the Kashkan basin. This model shows a larger area of 
the basin under high potential and moderate flood risk conditions, which include most of the western 
areas as well as the central areas of the basin (Kuhdasht, Khorramabad and Poldakhtar), which are 
exactly parts The same areas were flooded in the great flood of 2019 and it is necessary to be in the first 
priority of flood risk planning and management in this basin. 
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Abstract  
Flood is a phenomenon that causes a lot of environmental and socio-
economic damage. The purpose of this study is to evaluate the efficiency 
of CART, GLM and GAM machine learning models in identifying flood 
risk areas in the Kashkan basin. Lorestan province and especially 
Kashkan basin, including: Selseleh, Delfan, Doreh, Khorramabad, 
Poldakhtar and Kuhdasht, is flooded and has suffered flood damage many 
times and in April 2019, experienced the largest flood of the last 200 
years. In this regard, various factors including: height, slope direction, 
land curvature, slope percentage, distance from the river, drainage 
density, soil, lithology, land use and topographic moisture index were 
used. The digital map of all the mentioned factors was prepared in 
ArcGIS10.5 software and in the form of a database. The location of 123 
flood events recorded in recent years in this basin was collected and 
randomly used in two categories of model training (86 cases) and model 
validation (37 cases) in modeling. Using machine learning models and 
environmental factors, flood potential prediction maps were prepared and 
then validated using AUC characteristic curve methods and TSS index. 
The results of model validation showed that CART machine learning 
model with AUC = 0.91 and TTS = 0.88 index was the most accurate 
model in predicting flood risk potential, followed by GAM model with 
AUC = 0.87 and TSS index = 0.84 and GLM model with AUC = 0.83 and 
TSS index = 0.88. Accuracy 0.91 CART model indicates the excellent 
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accuracy of this model for the Kashkan basin. This model shows a larger 
area of the basin under high potential and moderate flood risk conditions, 
which include most of the western areas as well as the central areas of the 
basin (Kuhdasht, Khorramabad and Poldakhtar), which are exactly parts 
The same areas were flooded in the great flood of 2019 and it is necessary 
to be in the first priority of flood risk planning and management in this 
basin. 

1. Introduction  
Flood is a phenomenon that causes a lot of environmental and socio-economic damage. The purpose of 
this study was to evaluate the efficiency of CART, GLM and GAM machine learning models in 
identifying critical and flood risk areas in the Kashkan basin. Lorestan province and especially Kashkan 
basin, including: Selseleh, Delfan, Doreh, Khorramabad, Poldakhtar and Kuhdasht, is very flood-prone 
and has suffered flood damage many times, and in April 2019, the biggest flood in the last 200 years. 
Has experienced. Areas of the country in recent years have always been affected by floods with high 
damage, and these areas need to be prioritized in studies and management. Kashkan Basin is one of the 
areas that has been affected by frequent and frequent floods. Various studies are always important and 
necessary for flood management in this region. The purpose of this study is to provide a flood zoning 
map to reduce flood hazards in this flood-prone basin using CART, GLM and GAM machine learning 
models and using ArcGIS10 software. 5. To improve decision-making and flood management in the 
region.  

2. Materials and Methods 

Lorestan province is located in western Iran and its area is about 2855 square kilometers. Kashkan River 
with a length of 290 km is the most flooded sub-basin of Karkheh. In terms of distribution of tectonic 
formations, about 50% of the surface of this basin is composed of new alluvial formations, Amiran and 
Asmari-Shahbazan joint, which have a very high potential for runoff production. The physiological 
condition of this basin indicates the fact that the factors of area, concentration time, compaction 
coefficient of the basin have a very high potential for runoff production in a short time and increase its 
flooding capacity. According to scientific sources and according to the location of the region in this 
study, altitude factors, slope direction, land curvature, slope percentage, distance from the river, 
drainage density, soil, lithology, land use and topographic moisture index to predict potential Floods in 
the Kashkan basin were selected. 123 points which are among the flood points of this basin were used 
in this research. In each modeling, a group consisting of 86 flood events (70%) was randomly selected 
for training and a group consisting of 37 flood events (30%) for Validation split. The CART model is a 
way to create predictive models of data. This model distributes the input data to itself recursively and 
is able to process predictive variables and numerical and batch targets. The GLM model is one of the 
most common statistical methods used for spatial modeling of environmental variables. This model is 
a parametric method and is an extension of linear models. The Generalized General Model (GAM) is a 
nonparametric model that is an extension of generalized linear models (GLM) and has itself been 
developed from linear models. In this model, unlike the linear regression model, the data are allowed 
to determine the shape of the response curve. 

3. Results 
In identifying flood and flood sensitive areas in the Kashkan watershed, the CART model has excellent 
accuracy and the GAM and GLM models have very good accuracy. According to the results, the most 
important environmental parameters affecting the occurrence of floods in the Kashkan basin are 
distance from the river, altitude and slope. 

 

4. Discussion and Conclusion 
Comparative analyzes between the location of past floods and environmental parameters affecting the 
occurrence of floods were performed and maps to predict the potential for flood risk and flooding of 
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Kashkan watershed were prepared using CART, GLM and GAM models. Based on various sources, 
using the Quantile technique in ArcGIS 10.5 software, they were classified into five classes of very 
low, low, medium, high and very high flood risk potential. The results showed that the classes with very 
low, low, medium, high and very high risk potentials have different percentages of different areas of 
Kashkan basin in different models. In order to evaluate the accuracy of flood and flood potential 
prediction maps, two methods of ROC curve and TSS index were used, using 37 flood events related 
to previous periods that were not used in the modeling. The accuracy of flood potential prediction in 
different models is calculated based on the ROC curve method and TSS index, the results of which can 
be seen in the table below. Validation results showed that the CART machine learning model with a 
sub-curve area of 0.91 and a TSS index of 0.88 was the most accurate model in predicting flood risk 
potential, followed by the GAM model with a sub-curve area of 0.87 and a TSS index of 0.84. The 
GLM model has a curve below 0.83 and a TSS index of 0.80. 
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