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Abstract To accurately identify landslide deformation characteristics and triggering factors from
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monitoring data containing excessive noise, this study proposed a noise-reduction method for displacement
monitoring data based on isotonic regression. It further established correlation rules linking deformation in
different subzones to multi-level hydrometeorological conditions, incorporating time-lag effects. Using the
Zhakoushi landslide in Fengjie County, Chongging as a case study, displacement monitoring data before
and after isotonic regression processing were comparatively analyzed to preliminarily investigate deformation
patterns at different locations. The time delays between displacement at each monitoring station and rainfall
and elevation of reservoir water level were calculated, enabling the extraction of association rules between
deformation in these subzones and hydrometeorological factors, thus clarifying long-term deformation
characteristics and its triggering mechanism of the landslide. The results demonstrate that the isotonic
regression algorithm effectively removes non-physical noise while preserving intrinsic deformation
information, considerably enhancing data quality. The landslide movements exhibit significant spatial
heterogeneity , with the front part experiencing the most extensive deformation controlled jointly by reservoir
drawdown and rainfall, followed by the rear part influenced by topography-enhanced rainfall recharge. The
synergistic effect of rapid drawdown of reservoir water ( >0.5 m/d) and intense rainfall ( >30 mm/d) ,

which generate an outward-directed seepage force and reduce matrix suction, is the primary triggering
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mechanism for the landslide.
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Fig.1 Plan and sectional views of Zhakoushi landslide,

along with GNSS instrumentation
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Fig.2 Measured GNSS displacements and simultaneous

rainfall and reservoir water level records
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Fig.3 Flowchart of association analysis between landslide

deformation and triggering factors using isotonic

regression-based displacements
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Fig. 4 Cumulative displacement curves before and

after isotonic regression processing
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Table 1 Time delay of landslide displacements in

response to rainfall and reservoir water level
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rainfall and elevation of reservoir water level
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Table 2 Association rule mining for landslide toe
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