
�������� ��	
���
��

Spatial prediction of landslide susceptibility using an adaptive neuro-fuzzy
inference system combined with frequency ratio, generalized additive model,
and support vector machine techniques

Wei Chen, Hamid Reza Pourghasemi, Mahdi Panahi, Aiding Kornejady,
Jiale Wang, Xiaoshen Xie, Shubo Cao

PII: S0169-555X(16)30502-5
DOI: doi:10.1016/j.geomorph.2017.09.007
Reference: GEOMOR 6152

To appear in: Geomorphology

Received date: 20 June 2016
Revised date: 8 September 2017
Accepted date: 9 September 2017

Please cite this article as: Chen, Wei, Pourghasemi, Hamid Reza, Panahi, Mahdi, Ko-
rnejady, Aiding, Wang, Jiale, Xie, Xiaoshen, Cao, Shubo, Spatial prediction of landslide
susceptibility using an adaptive neuro-fuzzy inference system combined with frequency
ratio, generalized additive model, and support vector machine techniques, Geomorphology
(2017), doi:10.1016/j.geomorph.2017.09.007

This is a PDF file of an unedited manuscript that has been accepted for publication.
As a service to our customers we are providing this early version of the manuscript.
The manuscript will undergo copyediting, typesetting, and review of the resulting proof
before it is published in its final form. Please note that during the production process
errors may be discovered which could affect the content, and all legal disclaimers that
apply to the journal pertain.

http://dx.doi.org/10.1016/j.geomorph.2017.09.007
http://dx.doi.org/10.1016/j.geomorph.2017.09.007


AC
C

EP
TE

D
 M

AN
U

SC
R

IP
T

ACCEPTED MANUSCRIPT

1 

 

Spatial prediction of landslide susceptibility using an adaptive neuro-fuzzy 

inference system combined with frequency ratio, generalized additive model, and 

support vector machine techniques  
Wei Chen

1, 2
, Hamid Reza Pourghasemi

3
, Mahdi Panahi

4
, Aiding Kornejady

5
, Jiale 

Wang
1
, Xiaoshen Xie

1
, Shubo Cao

6
 

 
1 

College of Geology & Environment, Xi’an University of Science and Technology, 

Xi’an 710054, China 
2 

Shandong Provincial Key Laboratory of Depositional Mineralization & Sedimentary 

Minerals, Shandong University of Science and Technology, Qingdao 266590, China 
3 

Department of Natural Resources and Environmental Engineering, College of 

Agriculture, Shiraz University, Shiraz, Iran 
4 

Department of Geophysics, Young Researchers and Elites Club, North Tehran 

Branch, Islamic Azad University, Tehran, Iran 
5
 Department of Watershed Management Engineering, Gorgan University of 

Agricultural Sciences and Natural Resources, Gorgan, Iran 
6 

Sichuan Institute of Nuclear Geology, No.35 Huaguan Road, Chengdu, 610052, 

China. 

 

*Email: hamidreza.pourghasemi@yahoo.com; hr.pourghasemi@shirazu.ac.ir (Corresponding author) 

 

 

Abstract   

The spatial prediction of landslide susceptibility is an important prerequisite for the 

analysis of landslide hazards and risks in any area. This research uses three data 

mining techniques, such as an adaptive neuro-fuzzy inference system combined with 

frequency ratio (ANFIS-FR), a generalized additive model (GAM), and a support 

vector machine (SVM), for landslide susceptibility mapping in Hanyuan County, 

China. In the first step, in accordance with a review of the previous literature, twelve 

conditioning factors, including slope aspect, altitude, slope angle, topographic 

wetness index (TWI), plan curvature, profile curvature, distance to rivers, distance to 

faults, distance to roads, land use, normalized difference vegetation index (NDVI), 

and lithology, were selected. In the second step, a collinearity test and correlation 

analysis between the conditioning factors and landslides were applied. In the third 

step, we used three advanced methods, namely, ANFIS-FR, GAM, and SVM, for 

landslide susceptibility modeling. Subsequently, the results of their accuracy were 

validated using a receiver operating characteristic curve. The results showed that all 
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