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InSAR Deformation Monitoring and Stability Analysis of Permafrost
in Tuotuo River Basin, in the Upper Yellow River

LIU Hui', ZHU Mengyuan', MIAO Changwei’, LIU Wenkai', CAO Bin', WANG Junqing’

(1. Advanced Research Institute for Digital-Twin Water Conservancy, North China University of Water Resources and
Electric Power, Zhengzhou 450046, China; 2. China Nuclear Industry Survey Design & Research Co. , Ltd. , Zhengzhou
450003, China; 3. Institute of Geospatial Information, Information Engineering University, Zhengzhou 450001, China)

Abstract ; [ Objective] The alternating process of water-ice phase transition in permafrost damages hydrological environments
and surface engineering, leading to hazards such as roadbed collapse, landslides, floods, and glacial lake outbursts. Intelligent
perception of potential risks is crucial for protecting infrastructure in permafrost regions. [ Methods] Using 194 Sentinel-1A im-
ages (January 2017 - April 2023) , SBAS-InSAR technology was applied to obtain deformation results in the permafrost area of
the Tuotuo River Basin in the upper Yellow River. GNSS monitoring data from the past seven years validated the reliability of
InSAR results. Precipitation and temperature data were incorporated to analyze impacts of environmental factors and human ac-
tivities on deformation. [Results] Permafrost surface deformation was significant and spatially heterogeneous, with a maximum
deformation rate of 13 mm/year during the monitoring period. The Qinghai-Tibet Railway roadbed exhibited seasonal " frost
heave and thaw settlement" patterns; uniform subsidence during warm seasons and slow uplift during cold seasons. Under cli-
mate warming, warm seasons gradually lengthen relative to cold seasons. InSAR and GNSS results showed consistent trends,
RMSE and R2 were 4.33 mm and 0.9, respectively. After incorporating precipitation and temperature factors, deformation dis-
played significant clustering characteristics, with pronounced deformation in areas of intensive human activity. [ Conclusion ]
This study provides critical insights for permafrost disaster prevention and mitigation, protection of people’s lives and property,
and infrastructure safety, offering references for engineering construction in high-latitude permafrost regions.

Keywords: permafrost; SBAS-InSAR; deformation monitoring; satellite image modeling; cryosphere

( 4R%E  AERAfR)

HM1072



