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Fig.1 Location of the Study Area and data coverage
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Fig.2 Flowchart of time series InSAR Data processing

3 LR E RS B FHE R R IIE

3.1 6T HTET T P 20 A7 A AE

KIS 7 InSAR HORSRIL 7 AL H{HIX 2015 48 1 H 2 2020 4F 12 J (A FFFEPLAE -2 2 ] K
ZiPE R, W 3 Fos, B3 (D) 95N P1I~P6 I/ IR EU I P REE AL B 3 o,
TEAZ AN IEAE, WFoR A SEE PR ITIRES); TRARE A NG, WZoR 2 i o T
BITIRIEH) .



MK 3 MR TEARRHEE B BT LAE Y, 2015 4248 2020 SEMI1A],  Jb 5t X A0 R 2 B A AR AR
E7 (RIFR CP) « ifglE (fAjAK HD) « ML (faifk SY) « WFH (FRiFx CYD @M (f&Fk T2)
X LR X B KTV B TR AR I Z -134 mm/a, HRH) R EN-697mm;: B K fF
NP ASE F y-135mm/a, TEAZE A JEE /E-135mm/a 5 12mm/a 2], H KK Rit B E
N-734mm; N 1 RENS ST AP IR T AL U X I I R RO 25 84k, AT 2015—2020 4R TR AL
WA AT T Giih, Gt RunE 4 (@ P,

32015 4F 1 2 2020 4F 12 H ALt i B AR 45 R
Fig.3 Deformation from January 2015 to January 2020 in Beijing
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Fig.4 Deformation characteristic from January 2015 to January 2020 in Beijing
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Fig.5 Average Deformation Rate of Ascending and Descending fusion in 2019
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Fig.6 Comparison of deformation between two fusion methods
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Fig.7 Vertical deformation Velocity in 2019
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Fig.8 Correlation of Ascending and Descending deformation results
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Fig.10 2015-2020 Lifting rail fusion Deformation Velocity of long time series
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Fig.11 2015-2020 Evolution trend of groundwater depth and deformation results
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Land Subsidence Situation by Ascending and Descending InSAR
Interpretation after the Start of the South to North Water Transfer in
the Beijing

ZHANG Shuangcheng'?  ZHANG Yafei' ~ SI Jinzhao' LUO Yong® YU Jing'
LEI Kunchao®! XU Qiang’
1 School of Geological Engineering and Geomatics, Chang’an University, Xi’an 710054, China
2 State Key Laboratory of Geo-Information Engineering, Xi'an 710054, China
3 Beijing Institute of Hydrogeology and Engineering Geology, 123 North West Fourth Ring Road,
Beijing 100195, China
4 Institute of Geology and Geophysics, Chinese Academy of Sciences, 19 Beitucheng West Road,

Beijing 100029, China

Abstract: Objectives: A major problem in Beijing is land subsidence caused by long-term
over-exploitation of groundwater. Since the opening of the south-to-North Water Diversion Project, the
problem of water shortage in Beijing has been greatly alleviated. The south-to-north Water Diversion
Project alleviates the land subsidence in Beijing to a certain extent. Methods: In order to analyze the
development trend of land subsidence after the start of the South to North Water Transfer in the Beijing,
ascending and descending time series interferometric synthetic aperture radar (InSAR)D technique is
used to monitor land subsidence in Beijing. Firstly, the mean deformation velocity and cumulative
deformation in line of sight (LOS) in Beijing district from January 2015 to December 2020 obtained by
the small baseline subset INSAR (SBAS-InSAR) . Secondly, The Robust least square fitting method
were used to fuse the deformation results of the lifting rail and compare the global positioning system
(GPS) monitoring datas and the fusion results of lifting rail. Finally, analyze the variation trend
between the deformation results by the Robust least quadratic fitting and groundwater. Results: The
deformation results show that the center of Beijing is basically stable and the deformation distribution
is not uniform. The maximum ascending annual deformation velocity and the maximum ascending
cumulative deformation amount reach -134mm/year and -697mm, the maximum descending annual
deformation velocity and the maximum descending cumulative deformation amount reach
-135mm/year and -734mm.And the fusion results obtained by the least square fitting method have
certain reliability and accuracy. Conclusions: The subsidence rate in Beijing district shows a
decreasing trend with the gradual increase of groundwater level. In general, the middle route of
South-to-North Water Transfer Project has greatly alleviated the expansion trend of land subsidence in
Beijing to a certain extent.
Key words: Land subsidence; time-series interferometric synthetic aperture radar; ascending and

descending; robust least squares fitting method; internal inspection
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