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Spatial and temporal characteristics analysis of land subsidence in the
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Abstract: Land subsidence is a kind of geological hazard that occurs in many urban areas with long duration and wide influence. In the
plain area of Beijing, land subsidence has been detected early and monitored over a long period. Analyzing its spatiotemporal evolution is
essential for providing critical data support for the prevention and control of subsidence-related risks. However, traditional approaches to
analyzing land subsidence often consider temporal or spatial aspects separately, which may discount hidden information and potential
patterns within the data. Spatial and Temporal Principal Component Analysis (ST-PCA) is presented in the paper to identify the hidden
spatiotemporal characteristics of land subsidence in the Beijing plain. Permanent Scatterer Interferometric Synthetic Aperture Radar (PS-
InSAR) is a remote sensing technique to measure and monitor displacement of the earth’s surface. PS-InSAR is used in this paper to obtain
long-term land subsidence information in Beijing Plain with Radarsat-2 SAR data. ST-PCA is a mathematical transformation method that
converts a set of correlated variables into a set of uncorrelated new variables. It simplifies the complexity in high-dimensional data by
spatiotemporal clustering. In the paper, ST-PCA is used to discover the spatiotemporal variations features of land subsidence in the Beijing
Plain based on the land subsidence data from 2010 to 2016.Result

Time Principal Component Analysis (TPCA) can be used to determine the trend and fluctuation characteristics of land subsidence,
along with the corresponding spatial distribution patterns. The eigenvalues derived from TPCA analysis determine the amount of
information that is explained by each component. The first two principal components (variance contribution rate) express respectively the
characteristics of land subsidence about 96.5% and 2.2% in research area. TPC1 reflects the general subsidence trend across the study area,
exhibiting a spatially uneven pattern. TPC2 captures the seasonal variations and the spatial heterogeneity of subsidence, particularly
highlighting significant seasonal differences between the northern and southern parts of the subsidence funnel area. In the northern region,
subsidence is more severe in summer than in winter, while in the southern region, winter subsidence exceeds that of summer. Spatial
Principal Component Analysis (SPCA) is a useful technique for understanding the temporal evolution patterns of land subsidence through
clustering subsidence points with similar temporal trends into the same principal component. The first three principal components (variance
contribution rate) explain a cumulative variance contribution rate of 90.3%. Specifically, SPC1, accounting for 76.3% of the variance,
demonstrates the dominant feature of subsidence in most areas with a continuous linear decrease in land subsidence. SPC2 and SPC3, 13.0%
and 1.0% contribution of the variance respectively, indicate that the average annual subsidence was close to zero, while significant seasonal
fluctuation characteristics were found in the areas of slight subsidence and non-subsidence.
Key words: ST-PCA, spatial and temporal evolution characteristics, land subsidence, PS-InSAR, Radarsat-2 data
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