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Application of long short-term memory network
combined with environmental factors in slope

collapse risk assessment

Abstract

Taiwan is in a subtropical region, where the continental cold air mass
and the Pacific warm air mass interact, causing the plum rainy season with
prolonged rainfall and heavy rainfall due to typhoons. In addition to
precipitation, Taiwan is located at convergent plate boundaries, and
frequent earthquakes result in stratigraphic belts. These areas are prone to
geological disasters such as slope collapse due to heavy rainfall and
earthquake, resulting in massive loss of life and property., leading to
frequent earthquakes. Because of the terrestrial characteristics, slope
collapse events frequently happen when typhoons strike or rainfall
intensity increases. This project selects areas with collapse events in the
Houli District of Taichung City, Xiulin Township of Hualien County,
Shiding District of New Taipei City, Xinyi Township of Nantou County,
and Zhugi Township of Chiayi County. Analyzing environmental factors
in the historical collapse events is combined with artificial intelligence-
related technologies. After heavy rainfall or strong earthquakes occur,
artificial intelligence models are used to predict the potential collapse
probability of each area to facilitate immediate disaster response measures
and advance decision-making preparations. The factors of the proposed
model include time series factors derived from the rainfall and earthquake



time history using the long-short-term memory (LSTM) model and
environmental factors, including slope, aspect, elevation, and vegetation
coverage based on the normalized difference vegetation index (NDVI).
The proposed Al-based approach consists of two models. The first model
is the LSTM model, which analyzes rainfall and earthquake time history
and predicts rainfall and earthquake factors indicating the slope collapse
risk. The second model is the ANN model, which incorporates rainfall and
earthquake factors with environmental factors to predict the slope collapse
probability of a 20m*20m grid. The proposed model conducts grid-based
slope collapse probability prediction using rainfall and earthquake time
history with environmental factors and reaches 73.8% accuracy for slope
collapse prediction. This model can be used in regional slope collapse risk

assessment and provide real-time warning for risk reduction purposes.

Keywords: Artificial neural network, Long short-term memory, slope

collapse risk assessment
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