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g. 6 Statistical analysis of LOS deformation velocities of recognized rock glaciers using MT-InSAR method
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Abstract: Periglacial landforms are distinctive surface features shaped by frost weathering and freeze—thaw cycles, and they are
commonly found in the permafrost regions of the cold periglacial zones on the Tibetan Plateau. Changes in these landforms serve as key
indicators of climate change on the plateau and are substantial contributors to geological hazards, such as permafrost landslides, in
periglacial environments. Rock glacier and talus are typical types of periglacial landforms. Studying the spatiotemporal deformation
characteristics of periglacial landforms is crucial for understanding the physical mechanisms and dynamic processes of their deformation,
identifying potential geological hazard risks, and enhancing the ability to prevent secondary disasters. In early 2022, China successfully
launched a high-resolution L-band differential interferometric SAR (LT-1) satellite constellation, with surface deformation monitoring as its
core mission. This satellite is a new source of data with high spatiotemporal resolution for research on periglacial landform deformation.
This study focused on deformation detection of two typical periglacial landforms (rock glaciers and talus) developed in the Nyainqéntanglha
mountains on the Tibetan Plateau and used newly acquired ascending and descending LT-1 SAR data. An inventory of rock glaciers and talus
was compiled using high-resolution optical imagery from Gaofen-2 (GF-2) and Gaofen-7 (GF-7) satellites, and 1,094 rock glaciers and 148
talus slopes were identified. A total of 15 ascending and 10 descending scenes of 3-meter-resolution Stripmapl-mode data from the LT-1
SAR satellite constellation, acquired between July 2023 and August 2024, were used for the analysis. Surface deformation across the study
area was detected using stacking-InSAR and multitemporal InSAR (MT-InSAR) methods. Then, the actively moving areas within the
identified rock glaciers and talus were delineated on the basis of the stacking InSAR and MT-InSAR deformation results. Comparative
deformation analysis using Sentinel-1A data from the same period as LT-1 was conducted to validate the deformation results acquired by LT-1
SAR. The deformation interpretation results acquired by LT-1 from stacking-InSAR show that 83% of the rock glaciers in the study area are
active, and 80.8% of the taluses exhibit active regions. The MT-InSAR results indicate that 77.8% of the rock glaciers are active, and 72% of
the taluses contain active regions. The active regions extracted by stacking-InSAR and MT-InSAR show fine consistency. The annual
cumulative deformation of rock glaciers within the study area ranges from 0.06 m to 0.16 m, and that of taluses ranges from 0.01 m to 0.09 m,
indicating that taluses are less active than rock glaciers. The temporal movement of both landforms exhibits heterogeneity characterized
primarily by seasonal variation, with high movement rates in summer and stability in winter. The research findings indicate that the
deformation results obtained from LT-1 are consistent with those derived from Sentinel-1A data, demonstrating the accuracy of the LT-1
satellite results. The LT-1 satellite demonstrates fine application capabilities in complex periglacial environments, effectively extracting the
spatiotemporal deformation of rock glaciers and taluses. Stacking InSAR can effectively, accurately, and quickly identify active areas of rock
glaciers and taluses, allowing for the assessment of their activity. The MT-InSAR method can provide accurate quantitative analysis of the
deformation time series for rock glaciers and taluses.

Key words: rock glacier, talus, LT-1, MT-InSAR, deformation monitoring, Tibetan Plateau
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