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Table 2 Statistical characteristics of seasonal deformation of all the observation points in different subsidence areas
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Fig. 6  Error statistics of TMLS=FD model in the Beijing Plain
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Table 3 Statistic of residual and RMSE of all the observation points in different subsidence areas

TR IX A HHn /N KRR ZE i pmm EREVNY IR ER 25 /mm 77 R 2209 F B /mm
JEE LR IX 780 [-0.21,0.33] [1.19,7.44] 3.03
B E IR 5237 [-0.74,0.39] [1.10,7.33] 2.36
— IR X 18703 [-0.64,0.55] [0.91,7.23] 2.11
BITFEX 35759 [-0.60,0.94] [0.96,7.26] 2.10
LR X 19521 [-0.41,0.81] [0.92,7.24] 2.03

%&4 TMLS-FD#2 5 STL 53 fi# sh A8 i b% X % & .RMSE B 5t it
Table 4 Statistic of residual and RMSE for different subsidence areas based on the TMLS—FD model and STL decomposition

WL K BB p/mm FrRfEZE o fmm pxlo /% ¥ R 22 /mm
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D B IX 0.010 0.50 2.16 2.61 74.1 76.7 2.14 2.64
E VTR IX 0.070 0.62 2.15 2.26 88.2 78.5 2.13 2.34
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Abstract: Land subsidence in the Beijing Plain has become one of the most prominent geological hazards affecting urban safety and
sustainable development. Therefore, investigating the spatiotemporal distribution characteristics of land subsidence is crucial for
understanding its evolution patterns and supporting the implementation of effective risk prevention and groundwater management. This
study aims to characterize the spatial distribution and temporal evolution of land subsidence in the Beijing Plain from 2017 to 2020 and
quantitatively analyze its long-term trends and seasonal deformation behaviors using a time series decomposition approach.

A total of 95 Sentinel-1 Synthetic Aperture Radar (SAR) images acquired between 2017 and 2020 were collected to cover the Beijing
Plain. Land subsidence time series were retrieved using the Permanent Scatterer Interferometric Synthetic Aperture Radar (PS-InSAR)
technique. Using factor decomposition theory, a time-series model of land subsidence, referred to as the Time-Series model of Land Subsidence
based on Factor Decomposition (TMLS-FD), was constructed to decompose the subsidence time series into long-term trend and seasonal
fluctuation components. The performance of model fitting was evaluated using residual statistics, including the expectation and distribution
characteristics of residuals. The spatiotemporal evolution characteristics of land subsidence were further analyzed at the regional scale.

Result Results indicate that land subsidence in the Beijing Plain exhibits substantial spatial heterogeneity. Two major subsidence
funnels were identified, centered in the Heizhuanghu-Jinzhan area of Chaoyang District and the northwestern part of Tongzhou District. The
TMLS-FD model demonstrates a high fitting accuracy, revealing residual expectations close to zero and residuals approximately following a
normal distribution, thereby indicating the absence of substantial systematic bias. Temporally, land subsidence demonstrates an overall
continuous development trend, superimposed with a stable annual periodic fluctuation. Different subsidence zones exhibit distinct dominant
deformation mechanisms: severe subsidence areas are mainly controlled by long-term subsidence trends, whereas slight subsidence and non-
subsidence areas are largely governed by seasonal fluctuations. The seasonal deformation displays a clear annual cycle, with subsidence
troughs occurring predominantly between July and September, accounting for approximately 71% of all observation points. Regions such as
southeastern Shunyi District and Pinggu District show relatively large seasonal amplitudes, revealing a maximum amplitude of 20.13 mm.

Through the integration of PS-InSAR observations with a factor decomposition-based time series model, this study reveals the
differentiated spatiotemporal evolution characteristics of land subsidence in the Beijing Plain. The proposed TMLS - FD model effectively
captures long-term subsidence trends and seasonal deformation behaviors, providing a clear and interpretable framework for land subsidence
analysis. Overall, the findings enhance the understanding of land subsidence dynamics in the Beijing Plain, offering scientific support for
land subsidence monitoring, risk assessment, and groundwater resource management.

Key words: Beijing Plain area, land subsidence, Persistent Scatterer Interferometric Synthetic Aperture Radar (PS-InSAR), factor
decomposition, time-series model of land subsidence, seasonal deformation, spatiotemporal distribution characteristics
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