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Monitoring vertical ground deformation in the North China Plain

using the multitrack PSInSAR technique
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Abstract  In this paper, we present a method to reveal vertical deformation characteristics
through reference transformation, data splicing and data fusion in multiple regions, which can
overcome the shortage of traditional single-track PSInSAR techniques. In order to solve the
problem that the ground deformation is not comparable, which is derived from various methods

with reference difference in multi-tracks, vertical baseline difference in multi-tracks and reference
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PS difference in phase unwrapping, we calculate accurate transformation parameters and realize
seamless connection of adjacent two frames through corresponding PS point analysis of the
overlapped region and same point identification using the shortest distance algorithm based on
proper weight. On the basis of algorithm research, we deduce the model to extract deformation
information through data connection and reference transformation in multi-track PSInSAR
technology. and then process the data collected in the North China Plain(115. 32°E—118. 79°E,
36. 81°N—40. 58°N) which include 3 different orbits and 12 frames, and obtain the vertical
deformation of the study area for the period 2006—2010. The results indicate that the research
area is in a sinking status, forming several subsidence centers including Beijing, Langfang,
Tianjin, Cangzhou and Botou-Dezhou with average subsidence rates up to —34.7 mm/a, —26.3 mm/a,
—64.2 mm/a, —34.6 mm/a and —37.7 mm/a, respectively. The spatial distribution of subsidence
shows that groundwater extraction of industry and daily life are the main reasons, meanwhile
agricultural irrigation and gas exploitation are the other primary causes. The major subsidence
zones, trending NNE, coincide with the orientations of the fault zones, implying the subsidence
distribution is controlled by the faults. These research results are verified by leveling measurements with
errors about 4. 72 mm, which shows that the data processing method in this paper can meet the

requirement of large spatial scale deformation monitoring.

Keywords Multi-track PSInSAR; Data processing strategy; Datum connection; Large spatial
scale; Vertical ground deformation
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Fig. 1 Differences between adjacent two tracks
of PSInSAR in the overlapped region
(a) Aerial view of two adjacent tracks of PS target; (b) Lateral
view to the overlapped region; (c¢) Lateral view of the overlapped

region after registration.
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Table 1 Interferometric parameters (perpendicular baseline, date length, Doppler centroid) of ASAR data
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No Track Orbit Frame During Master B (m) Hi & (Hz)
1 20770~44818 2799 2006—2010 20090419 —30~511 259~281
2 20770~44818 2817 2006—2010 20090208 64~826 247~296
3 1 20770~44818 2835 2006—2010 20090524 —308~251 237~283
4 20770~44818 2853 2006—2010 20090524 —305~500 238~270
5 23318~44861 2799 2006—2010 20081029 —452~1793 255~287
6 23318~44861 2817 2006—2010 20080716 —553~695 247~281
7 o 21815~44861 2835 2006—2010 20080611 —405~382 250~273
8 21815~44861 2853 2006-—2010 20081029 —323~457 234~267
9 26052~45090 2799 2006—2010 20090227 —306~457 265~289
10 26052~45090 2817 2006—2010 20080801 —285~553 258~288
11 " 26052~45090 2835 2006—2010 20080801 —286~544 245~273
12 26052~45090 2853 2006—2010 20080801 —326~534 245~267

F-2853

100km

2 SIRIK PS H K A8 40 CT B 5 F O K5
Fig. 2 Distribution of PS frames in the experimental area

(T is track number. F is frame number)
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Fig.3 Spatial distribution of PS target rates in the North China Plain
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Fig. 4 Rates of vertical ground deformation derived from PSInSAR inversion, active faults and epicenters
of earthquakes M5 or greater (red solid circles) in the North China Plain
F2 KAEMRNELER(LOS)E PSInSAR 75 i% KE 45 R *t bk (2006—2010) ( 5 4L : mm)

Table 2 Comparison of PSInSAR and leveling measurements in 2006 to 2010 (unit:mm)

5 KHESS R PSR WRE s IKHEL PS Z5 R R 5 KEZER PSER w%
1 —3.3 —2.3 —1.0 20 —49.5 —43.2 —6.3 39 —30.3 —39.2 8.9
2 —10.1 —10.9 0.8 21 —55.1 —46.2 —8.9 40 —29.1 —37.3 8.2
3 —9.4 —11.9 2.5 22 —50.6 —43.1 —7.5 41 —80.1 —76.0 —4.1
4 —10.8 —14.2 3.4 23 —33.6 —33.2 —0.4 42 —20.7 —16.7 —4.0
5 —6.2 —1.7 —4.5 24 —40.5 —44.8 4.4 43 —16.0 —18.8 2.8
6 —8.0 —10.0 2.0 25 —15.2 —16.5 1.2 44 —60.2 —65.2 5.0
7 —10.1 —10.7 0.6 26 —16.2 —17.4 1.2 45 —66.0 —71.9 5.9
8 —33.8 —34.9 1.1 27 —20.1 —22.1 2.1 46 —39.3 —36.5 —2.8
9 —24.9 —21.7 —3.3 28 —20.5 —21.4 0.8 47 —44.1 —46.3 2.2

10 —53.4 —55.3 1.9 29 —17.4 —17.6 0.2 48 —30.8 —36.5 5.7

11 —56.7 —58.0 1.3 30 —12.5 —16.6 4.2 49 —41.9 —33.7 —8.2

12 —45.7 —47.6 1.9 31 —12.7 —18.5 5.8 50 —42.4 —33.7 —8.7

13 —12.1 —13.6 1.5 32 —20.6 —24.6 3.9 51 —18.9 —25.0 6.1

14 —16.5 —14.7 —1.7 33 —30.7 —29.7 —1.0 52 —19.2 —24.3 5.1

15 —26.8 —26.4 —0.4 34 —33.4 —37.7 4.3 53 —35.3 —41.2 5.9

16 —30.0 —32.8 2.8 35 —23.5 —28.0 4.5 54 —11.9 —20.3 8.3

17 —62.8 —59.4 —3.4 36 —22.4 —26.7 4.3 55 —30.5 —38.0 7.5

18 —64.3 —60.5 —3.8 37 —10.9 —14.3 3.4 56 —26.8 —23.9 —2.9

19 —51.3 —43.2 —8.1 38 —38.6 —47.2 8.6
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