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Causality of Hydrological Deformation of Mountain Creep Landslides

Based on InSAR Rate Classification
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Abstract: To elucidate the development mechanisms of landslides in the complex environment of the high-
mountainous deep-incised valley region in the upper reaches of the Lancang River. This study utilized ascending-
track Sentinel-1A images (2020-2023) and applied SBAS-InSAR technology to derive surface deformation
velocities. Building upon this, a velocity-based grading assessment was conducted for identified active landslides.
Subsequently, the Convergent Cross Mapping (CCM) method was employed to quantitatively reveal the
bidirectional causal response patterns between landslide deformation and precipitation (TP) as well as multi-layer
soil moisture (M1-M4). Results demonstrate that: Along the pathway of hydrological influence on deformation,

three identified zones exhibited the same order of sensitivity to hydrological factors (M1 > M4 > M3 > M2 > TP),
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while differing in their primary initiating factor. Along the pathway of deformation feedback on hydrology,
deformation predominantly impacted mid-layer soil moisture (M3, M2) across all zones. Based on these findings,
the study proposes three characteristic instability mechanisms: 1) The “Surficial-Driven and Deep-Response” pre-
failure precursor for high-velocity zones, 2) The “Rapid-Response and Strong-Feedback” critical linkage for
medium-velocity zones, and 3) The “Inertial-Behaviour and Attenuated-Feedback™ stability for stable zones. This
research provides a theoretical foundation for understanding landslide mechanisms and guiding risk prevention and
control strategies in the region.

Key words: the upper of Lancang river; Chamdo; SBAS-InSAR; identification of landslide; rate classification;

causal analysis
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Fig.1 Geographical location of the study area and Sentinel-1 data coverage
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Table 1 Parameters of Sentinel-1A Data
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4 99 1275 FH 20200102-20231224 102
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Table 2 Hydrological Data
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F7K(TP) 603 0.1° (mm)
+HIEEAEMD)  D302/D303 0.5° 0-10cm (kg/m?)
+HIEEAE(M2)  D302/D303 0.5° 10-40cm (kg/m?)
+HIEEAE(M3)  D302/D303 0.5° 40-100cm  (kg/m?)
+HIEEAE(M4)  D302/D303 0.5° 100-200cm  (kg/m?)
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Fig.2 Technical flowchart
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Fig.5 Deformation velocity maps along the LOS direction of ascending tracks over the Chamdo section of the

upper Lancang river
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Table 3 Grading Basis Based on Surface Deformation Rate
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Fig.6 Distribution of sample points and rate classification
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