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Abstract: Heavy rainfall-triggered landslide clusters are characterized by their wide distribution, large number, small
scale, sudden onset, and lack of obvious precursory deformation signs, posing a significant challenge to the precise
prevention and control of geological disasters. Traditional methods of hazard point investigation, mass monitoring and
prevention, and single-point monitoring are mainly aimed at visible landslides with obvious deformation signs;
however, it is difficult to meet the needs of real-time prediction and accurate early warning for invisible, small,
scattered, and disorderly landslides induced by heavy rainfall with these methods. This paper focuses on the key
scientific issues of how to obtain invisible, refined structural information of landslides and how to achieve refined
landslide prediction. Combining the relevant results of the National Key Research and Development Program
“Research and Development of Efficient Survey Technology and Equipment for Invisible Landslide Hazards,” this
paper takes landslides induced by heavy rainfall as the research object and proposes a refined landslide prediction and
evaluation technology system integrating meteorology, topography, structure, and stability. The paper demonstrates
the technological breakthroughs of this system in four directions: refined meteorological forecasting technology, a
complex mountain environment, terrain-simulating aerial survey system and enhanced display technology, fine
structure slope and groundwater level detection technology, and a wide-area slope stability evaluation model and
intelligent prediction platform. The prediction and evaluation system are applied to the Xianfeng, Ya’an, and
Liangliangba landslides in Tianshui, aiming to provide a scientific basis for the refined prediction and evaluation of
landslides induced by heavy rainfall.
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Fig.1 Key issues in predicting and evaluating landslide clusters
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Fig. 2 Radar rainfall forecast and deep neural network model
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Fig. 4 Precipitation estimates and historical data (72 hour cumulative rainfall per kilometer)
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Fig. 6 Integrated hardware and software system for real-time model reconstruction
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Fig. 13  Pre-slope engineering geological survey data of the Xianfeng Village landslide
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