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Fig. 1 Location of the study area and the coverage of SAR data
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Fig. 2 Flowchart of potential landslide detection and three—dimensional deformation monitoring using InSAR
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Fig. 6  GoogleEarth™ images of the potential landslides threatening a large number of houses (White arrows indicate the main sliding

directions of these potential landslides. Red polygons denote the boundaries of the potential landslides )
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sliding directions of these potential landslides. Red polygons denote the boundaries of the potential landslides )
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observations (Black arrows indicate the main sliding directions of these potential landslides. Black polygons denote the boundaries of
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Landslide detection and three—dimensional deformation monitoring in
Hualong County, Qinghai Province, based on the multitemporal
InSAR technique
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Abstract: Landslide detection and deformation monitoring are critical for geological hazard prevention and risk mitigation. This study
proposes an integrated framework for landslide detection and three-dimensional (3D) deformation monitoring using Interferometric
Synthetic Aperture Radar (InSAR). The proposed framework comprises three key components: (1) time-series InSAR data processing,
(2) landslide detection based on InSAR results, optical images, and C-index, and (3) 3D deformation monitoring. The proposed framework
is applied to Hualong County in Qinghai Province, a landslide-prone area. Initially, we employed multitemporal InSAR to analyze the
ascending and descending Sentinel-1 satellite images acquired between January 2021 and June 2023 over Hualong County, Qinghai
Province. Then, deformation rate maps were generated and cross-validated with field measurements from the Global Navigation Satellite
System station. Landslide identification was performed by integrating InSAR-derived deformation signals, high-resolution Google Earth
imagery, and the C-index of each potential deformation area. Subsequently, we applied the Aspect Parallel Flow Model (APFM) to calculate
the 3D displacement field of representative landslides. The deformation results from InSAR and on-site equipment exhibit strong agreement,
and the standard deviation of the obtained average deformation rates is 5 mm/a for the ascending and descending images. This performance
shows the high reliability of the obtained InSAR deformation results. We detected 334 landslides by integrating InNSAR deformation rate
maps and Google Earth imagery. Among these, 233 landslides were discernible using ascending data, 265 using descending data, and 164
using both ascending and descending datasets. The total area of the detected landslides is approximately 95.56 km’. The detected landslides
have slope gradients ranging from 5° to 40°, with 184 landslides posing direct threats to infrastructure (e.g., buildings, roads) and natural
features (e.g., rivers). Fewer landslides were detected in the near north-south direction than in other orientations. This observation suggests
that InNSAR may exhibit reduced sensitivity to deformations associated with landslides occurring along this axis. In theory, observational
errors can notably influence the 3D displacement field obtained from APFM, particularly in the context of landslides occurring in a nearly
north-south direction. The 3D deformation time series of the Anjuhu landslide in Chuma Township, which encompasses the largest area, was
calculated by utilizing APFM. Analysis reveals that the horizontal deformation significantly outweighs the vertical deformation, with the
maximum cumulative horizontal displacement surpassing 1 m. The landslide presents a threat to two villages, a provincial road, and
agricultural areas. Thus, monitoring this landslide is necessary. This study demonstrates the effectiveness of InSAR for regional-scale
landslide detection and 3D deformation monitoring while highlighting its limitations, particularly in areas with unfavorable slope orientations.
The results illustrate the benefits and limitations of InSAR in landslide monitoring, thereby offering practical examples that can guide
county-level efforts in landslide identification and 3D deformation monitoring while providing technical support.

Key words: InSAR, SBAS, landslide detection, C-index, landslide monitoring, three-dimensional deformation, Hualong County, ascending
and descending
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