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Monitoring and spatiotemporal evolution characteristics analysis of sudden
Ssubsidence in Tianjin Balitai with multi—-band spaceborne SAR
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Abstract: On May 31, 2023, a sudden serious ground subsidence event occurred in Balitai, Tianjin, China, causing severe damage to
surrounding buildings and infrastructure. Conducting long-term, high-precision surface deformation monitoring in the affected area is of
great significance for understanding the mechanisms of the event and for the prevention and control of related disasters. The Balitai
subsidence event is mainly characterized by a large magnitude of deformation, a long duration, and significant nonlinearity. Traditional
single-source Synthetic Aperture Radar (SAR) interferometry (InNSAR) techniques for such deformation monitoring face challenges brought
by the large gradient-induced decorrelation and insufficient spatiotemporal resolution. To address these issues, this study proposes a complex
deformation extraction technique that combines multilevel variable-window multitemporal weighted-pixel offset tracking with distributed
scatterer InNSAR (DS-InSAR), leveraging the high-resolution intensity and high-precision phase information of multiband SAR data. This
approach could overcome the problems of random errors and lack of continuity in traditional pixel offset tracking due to its low coherence.
Long-term deformation monitoring results after the subsidence event was obtained by applying geometric normalization to the deformation
monitoring results of Sentinel-1 and LuTan-1 data on the basis of the assumption that the surface deformation is mainly vertical after the
subsidence event. With 57 C-band Sentinel-1 and 19 L-band LuTan-1 SAR imagery from January 2022 to December 2024, this study
obtained and analyzed the deformation information of the sudden subsidence area in the pre-event, initial, and post-event phases. Results
show that the Balitai subsidence event is highly sudden and phased. The study area obviously remained stable before the event (January
2022—May 31, 2023), with average surface deformation velocity within =3 to 3 mm/year. During the initial phase (May 31—June 7, 2023),
the maximum deformation exceeded —4.5 m near the southern wellheads. In the post-event phase (June 7, 2023—December 28, 2024), the
deformation rate decreased rapidly and showed significant consistency with the monitoring results of two GNSS stations during the same
period, with a coefficient of determination of 0.98 and 0.97, and a root mean square error of 3.31 and 5.85 mm, respectively. The
corresponding results thus validate the reliability of time-series InNSAR monitoring outcomes. The cumulative deformation and the results
obtained by fitting the exponential decay and polynomial function models indicate that most of the surface will have stabilized by 2025. The
spatial correlation between the subsidence center and the geothermal well location, as well as the temporal consistency between the event
timing and the drilling operation period, suggest that improper geothermal resource exploitation may be the main cause of the sudden
subsidence. The proposed method could provide a powerful spatial monitoring approach for the Balitai subsidence event, fully
demonstrating the high spatiotemporal resolution performance of China’s LuTan-1 satellite. It also lays a technical and data foundation for
the analysis of the generation and dynamic mechanisms of the sudden subsidence in Balitai, which is conducive to optimizing geothermal
resource development techniques and promoting urban safety and sustainable development.

Key words: Balitai Sudden Subsidence, Sentinel-1, LuTan-1, pixel ttracking, DS-InSAR, spatiotemporal evolution
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