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Fig.3 Calculation results of the frequency ratio of disaster-causing factors
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Evaluation of Collapse Susceptibility in the Henan Section of the Right Bank of the

Yellow River Based on Machine Learning

WANG Hao !, YANG Jingang', ZHAO Mengxin', ZHANG Jianwei',
ZHANG Shumiao!, XU Zhijie?

(1. School of Civil Engineering and Architecture, Henan University, Kaifeng 475004, China; 2.Henan Natural Resources
Monitoring and Land Consolidation Institute , Zhengzhou 450003, China)

Abstract:
conditions, and to evaluate the effectiveness of feature optimization and model ensemble strategies, with the aim of

[ Objective]l To develop a high-precision landslide susceptibility prediction method suitable for data-scarce

providing practical guidance and technical reference for risk prevention and control of loess landslides in the middle
reaches of the Yellow River. [Methods] Taking the right bank section of the middle Yellow River in Henan as the study
area, 11 characteristic factors including topography, hydrological conditions, and human activities were selected. Based on
the original dataset and the frequency ratio-transformed dataset, four machine learning models—Support Vector Machine,
Random Forest, Light Gradient Boosting Machine, eXtreme Gradient Boosting, Multilayer Perceptron, and Stacking
ensemble—were constructed and compared. The model performance and the role of feature optimization were
[ Results ] (1) Model
comparison showed that the ensemble learning models significantly outperformed the single model, with the Stacking

systematically analyzed, and the optimal model was then applied for susceptibility zoning.

ensemble model achieving the highest prediction accuracy (AUC=0.8967). (2) The use of frequency ratio-transformed



features effectively enhanced the classification performance of all models, mitigating the limitations imposed by scarce and
unevenly distributed samples on model learning. (3) The prediction results based on the Stacking model indicated that high
and very high landslide risk zones in the study area accounted for 31% of the total area, spatially exhibiting a pattern of
"central contiguous area as the main body, scattered distribution in the west, localized concentration in the east, and
extension along corridors in the north," which aligns closely with the distribution of historical landslide events.

[ Conclusion ] The integration of frequency ratio feature optimization and Stacking ensemble learning effectively
improves the accuracy of landslide susceptibility prediction under data-scarce conditions, yielding reliable risk zoning
results. Future research could further incorporate time-series monitoring data to develop dynamic risk assessment models
and combine the prediction outcomes with on-site disaster prevention planning to test and optimize risk mitigation
measures in practice.

Keywords: susceptibility to collapse; machine learning; frequency domain ratio; middle reaches of the Yellow River
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