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Abstract

This paper presents a comprehensive review on identification and discrimination technologies for
landslide catastrophic failure. It systematically sorts out the complete technical chain covering
landslide disasters from underlying mechanisms to monitoring, stability assessment, prediction
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and early warning. First, the paper elaborates on the landslide classification system, catastrophic
failure mechanisms, triggering factors, as well as evolutionary stages derived from creep theory.
Second, it elaborates on three major methodological frameworks for landslide stability evaluation:
qualitative and semi-quantitative approaches, limit equilibrium methods, and numerical simula-
tion techniques. Subsequently, this review focuses on the integrated “space-air-ground-subsurface”
monitoring framework, together with processing and feature extraction techniques for multi-source
heterogeneous data. On this basis, the paper discusses the applications of physically driven models,
data-driven models (machine learning and deep learning), and hybrid early-warning models in the
prediction of landslide catastrophic failure. Furthermore, five core challenges confronting current
research are summarized: the trade-off between accuracy and computational efficiency in multi-
physics coupling simulation, the absence of universal critical sliding discrimination criteria, bottle-
necks restricting real-time fusion of multi-source data, insufficient generalization capacity for wide-
area identification of concealed landslides, and the risk of prediction model failure under extreme
working conditions. Finally, future research prospects are proposed, including full-dimensional
multi-field coupling mechanism investigations, artificial intelligence models constrained by physi-
cal laws (physics-Informed Neural Networks, PINNs), lightweight transfer learning for wide-area
concealed landslide identification, and digital twin early-warning platforms built upon edge-cloud
collaborative computing architecture.
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