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Abstract: Intensive hydropower development in the deeply incised valleys of the Qinghai-
Tibet Plateau has emerged as a third geological driving agent, orchestrating surface reshaping
processes alongside tectonic movements and climate change. The resulting disaster chains,
characterized by high concealment and abruptness, pose severe challenges to traditional disaster
prevention theories. Addressing this extremely complex environment, this paper provides a

systematic review—grounded in frontline engineering practices and multidisciplinary
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theoretical evolution—of the full-chain research progress ranging from source material
evolution mechanisms to physical early warning technologies. Regarding source generation
mechanisms, the study reveals the artificial reshaping effects of engineering disturbances on
the disaster-gestating environment. It underscores that engineering spoil and deep unloading
cracks constitute anthropogenic/hidden source materials highly sensitive to static liquefaction,
thereby significantly altering the material basis of disaster development. In terms of dynamic
evolution laws, the nonlinear dynamic mechanisms driven by multi-field coupling are
elucidated. Specifically, the ultra-long runout of high-position ice-rock avalanches is controlled
by a phase-change thermodynamic self-lubrication effect triggered by frictional heating, while
climate warming-wetting and post-earthquake effects drive the vertical migration and damage
regeneration of source materials, respectively. Concerning monitoring and early warning
technologies, the paper demonstrates a paradigm shift from surface geometric deformation
observation to internal physical field inversion. It establishes the core supporting role of
hydrodynamic parameter inversion techniques based on seismic ground motion signals in
engineering practice. Finally, facing future extreme uncertainties, this paper proposes the
construction of a physics-data dual-driven intelligent prediction system and advocates for a
transformative shift in engineering prevention and control: from simple rigid resistance to a
new paradigm of lifecycle resilience.

Keywords: Hydropower engineering in the Qinghai-Tibet Plateau; Engineering disturbance;
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