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FALEm OB H Deep learning-based susceptibility assessment and prediction of

landslides triggered by earthquake and rainfall using autoencoder
combined with random forest
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Landslide affecting factors are uncorrelated or non-linearly correlated, which result in limiting the
predictive performance of traditional machine learning methods for landslide susceptibility prediction. In
order to overcome these problems, a novel deep learning-based algorithm that combines classifiers of both
deep learning and machine learning is proposed for landslide susceptibility assessment and prediction. The
autoencoder technique in deep learning takes advantage of dimension reduction by stacked autoencoder
(StAE) and dropout by sparse autoencoder (SpAE) for non-linear correlations of the landslide affecting
factors and gives better feature descriptions than the original data. Physically-based methods, using
geographic information system (GIS) and remote sensing for landslide susceptibility assessment and slope
stability analysis, are more accurate than using statistical approaches, but which are not suitable for large
areas. Therefore, statistical and data mining methods have received much attention. It is necessary for
decision-maker to fast recognize large areas where landslides are expected to result in land use planning
and disaster control. Landslide susceptibility prediction based on statistical approaches can achieve this
goal efficiently.

As a case study for landslides triggered by earthquake, Iburi region of Hokkaido in Northern Japan are
selected. The aim of this study is to evaluate the performance of an autoencoder framework based on deep
neural network for prediction and susceptibility assessment of regional landslides triggered by earthquakes.
Thousands of landslides were triggered by the Hokkaido Eastern Iburi earthquake on 6 September 2018 in
Iburi regions of Hokkaido, Northern Japan. Most of the landslides (5,627 points) occurred intensively
between the epicenter and the station that recorded the highest peak ground acceleration. Hundreds of
aftershocks followed the major shocks. Moreover, in Iburi region, there is a high possibility of earthquakes
occurring in the future. Effective prediction and susceptibility assessment methods are required for
sustainable management and disaster mitigation in the study area. By applying 12 sampling sizes and 12
landslide affecting factors, 12 landslide susceptibility maps were produced using an autoencoder
framework. The results of the model were evaluated using qualitative and quantitative assessment methods.



The ratios of the sampling sizes on the non-landslide points randomly generated from the combination
zone including plain and mountain (PM) and a mountainous only zone (M) affected different prediction
abilities of the model’s performance. The 12 susceptibility maps, including the landslide susceptibility
index, indicated the various spatial distributions of the landslide susceptibility values in both PM and the
M. The highly accurate models explicitly distinguished the potential areas of landslide from stable areas
without expanding the spatial extent of the potential landslide areas. The autoencoder is proved to be an
effective and efficient method for extracting spatial patterns through unsupervised learning for the
prediction and susceptibility assessment of landslide areas.

For case study of landslides triggered by extreme rainfall, the landslides of Oda City and Gotsu City in
Shimane Prefecture, southwestern Japan are used. This study proposes the combined method of the
advantage of deep learning and the benefits of machine learning for landslide susceptibility assessment.
Both stacked autoencoder and sparse autoencoder in deep learning are combined with random forest
acquired from results of a better predictive performance between support vector machine and random
forest in machine learning. The prediction performance was compared by analyzing real landslide and
non-landslide data. The prediction performance of random forest (RF) was evaluated better than support
vector machine (SVM) in traditional machine learning so that RF was combined with both StAE and SpAE.
The results show that the prediction ratio of combined classifiers was 93.2 % for StAE combined with RF
model and 92.5 % for SpAE combined with RF model, which were higher than those of the SVM (87.4 %),
RF (89.7 %), StAE (84.2 %), and SpAE (88.2 %), respectively. This study provides an example that
combined classifiers give a better predictive ratio than using a single classifier. The asymmetric and
unsupervised autoencoder combined with RF can exploit optimal non-linear features from landslide
affecting factors successfully, outperforms some conventional machine learning methods, and is promising
for landslide susceptibility assessment.
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