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Fig. 1  Flowchart of the proposed method for small dataset
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Table 2 Comparison of various InSAR techniques for ground subsidence monitoring
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Fig. 7 Map of ground deformation velocity across Shanghai

derived from the TerraSAR-X dataset from 2013 to 2024
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Monitoring urban land subsidence with time—series InSAR :
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Abstract: Land subsidence is one of the significant geohazards for urban development, and continuous monitoring and research are
essential. The application of Interferometric Synthetic Aperture Radar (InSAR) to urban land subsidence monitoring has advanced markedly
across data acquisition, methodologies, accuracy validation, and various applications. This study systematically reviews the development
trajectory of urban subsidence monitoring by building on more than 2 decades of the authors’ time-series INSAR work in Shanghai—from
exploratory application to engineering practice. The reviewed development trajectory covers (i) the initial experimental verification stage,
(ii) a method development stage based on limited datasets, (iii) infrastructure monitoring enabled by high-resolution SAR data, and (iv) the
subsequent expansion toward multisource, multiscale InNSAR monitoring. On the basis of the research conducted in Shanghai, the group has
extended the study to monitor land subsidence in other regions, such as the Beijing Plain. At present, urban land subsidence in Shanghai
remains minor and manageable, with annual subsidence kept within 6 mm. This situation places rigorous demands on the detection of small
magnitude deformation. In the future, several research directions are expected to advance InSAR’s development and application further in
urban settings, including high-precision deformation monitoring in dense high-rise buildings, improved understanding and modeling of radar
scattering mechanisms in complex urban environments, scientific interpretation of deformation under multifactor coupling, and Artificial
Intelligence-supported information mining and early-warning frameworks.

Key words: urban land subsidence, SAR, InSAR, time series InSAR, small dataset method, high-resolution SAR, infrastructure monitoring,
multi-scale and multi-sensor monitoring
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