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Abstract: The thickness of Quaternary loose sediments in the city of Bayannur in the west of Inner Mongolia

Autonomous Region is large, which provides basic conditions for the development of land subsidence. ALOS

Wk HER: 2021-06-07; 1T HHER: 2021-11-29 Bk . www.swdzgedz.com

EEWE: NEH AR KBRS E ([2016]495)

B—EE: AW (1988-), L, Wit m g TREIW, 3252 I\ Hb 0 0 R A B T /K R AR SE A 9E . B-mail: 1147523461@qq.com
BIAEE: 20k (1983-), B, 14, IER K TR, 2 Gk SCHb T SR B b T 45 . E-mail: lyjieoucc@163.com


https://doi.org/10.16030/j.cnki.issn.1000-3665.202106022
https://doi.org/10.16030/j.cnki.issn.1000-3665.202106022
www.swdzgcdz.com
mailto:1147523461@qq.com
mailto:lyjieoucc@163.com

2022 4F

RN, S5 T InSAR HAR A P 5 L 9520 T M T 35T A T AL AR AIE B B PR 20 H

- 199 -

PALSAR (98 frames from 2007 to 2011) and RADARSAT-2 (10 frames from 2015 to 2016) are extracted to
quantitatively analyze the land subsidence in the city of Bayannur, respectively, by using the PS-InSAR and
SBAS-InSAR method for the first time, and field investigation is carried out to verify the reliability of InSAR
monitoring results. The causes and development trend of land subsidence in this area are further analyzed, and
important technical support for land subsidence disaster prevention and reduction are provided. The results
indicate that (1) the land subsidence in the city of Bayannur exhibites a slow trend. The severity of subsidence is
low and belongs to the stage of occurrence. (2) The subsidence rate was mainly concentrated in 0—10 mm/a from
2007 to 2011, and three concentrated land subsidence areas were observed: the Hanggin Rear Banner subsidence
area (A), Linhe district subsidence area (B), and the water source area of development zone subsidence area (C).
(3) From 2015 to 2016, the subsidence rate was mainly concentrated in 0—2.6 mm/a, and one concentrated land
subsidence area was detected, that is, the Linhe district and north subsidence area (D), where the land subsidence
is based on the Linhe district subsidence area (B), and continues to expand to the surrounding areas and the north.
(4) The main influencing factor of land subsidence in the city of Bayannur is the groundwater level drop caused by
the development and utilization of groundwater. Besides, the consolidation and compaction of the sediments is

also an essential factor for the land subsidence in this area, and the increase in surface load has a certain promoting

effect on the land subsidence.

Keywords: PS-InSAR; SBAS-InSAR; Bayannur; land subsidence; groundwater level drop
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Fig. 1 Geographical location of the study area and depth of the Quaternary silt strata
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SAR data in the city of Bayannur

I ALOS PALSAR Radarsat-2
A i /km 691.65 798
BB (K /em) L(23.6) C(5.6)
2R M HER/m 4.684(FBS)/9.368(FBD) 5
[T G ] /km 30x70 125%x125
AR 98 10
i [a] 5 i 2007-01-13—2011-03-11  2015-06-02—2016-12-31

22 BRI

% F PS-InSAR Jy 3% %t 2007-01-13—2011-03-11
[ 22 22 9t 1 T ) b T TR R AT U . PS-InSAR R
AR R TR IR 22 Tk, 0 X 77 51 SAR
G%E 1N 1 M T H AR 43 2 7K K B (Permanent Scat-
terer, PS) i A AE A A BUST SPZE, SR )5 $E UL PS 55, 2R
FH 255 T L A L UGS S AR 43 B, i fe 4
B PS AR U A5 B I E 47 4 {75 B 0F 52 X 5004 Hh T



2022 4F

RN, S5 T InSAR HAR A P 5 L 9520 T M T 35T A T AL AR AIE B B PR 20 H - 201 -

Asfs MY, R 3(a) B R . BEHR 2009 4E 9 A 22 H Y
B %1%, 5HME G E 24 AT AR, 1455
R AREE . R 10 5 Radarsat-2 {95 %} 2015-06-
02—2016-12-31 ] [ 22 J5i /K T3 174 M 18T 0 B A% DL 47
fi] B BF 5, M PS-InSAR J7 i %2 3K SAR % # & K F
25 50, Pt SR ]l SBAS-InSAR 75 ¥ i 98 2015-06-02—
2016-12-31 3 8] (%) M 1T DTS O o ARG [A] S 26 AN i ok
350 d. ZS[A| B R KT 560 m Sy SR, 41 T R, 45
1) 32 b X1 b R TR e, 2R A 3T B An 5] 3(b)
FR o

NIFSAREIE

PSS B 22 T A
'
220y TR ST

AR A4
'
0 S ATAAN

(a) PS-InSARFEA

NIESAR &%
}

'
225 T EA R
'

AL fiFR 4 GCPs
'

PUERTHRAIE 27

(b) SBAS-InSARFZAR
B3 HRAERE
Fig.3 Workflow of InSAR data processing
1:: DEM %5 s FKi#) (Digital Elevation Model); SRTM il K K HLAL
¥ 8 A AT 55 (Shuttle Radar Topography Mission); GCPs SRt
Tfif2 il 5 (Ground Control Point Selection) .

3 MRER

%t 2007—2011 4 98 i ALOS PALSAR %41 SAR

FRIGEAT TP AL B, e 4R B PS . BB /R T 1Y
b TR T A o 3 B % M M O R, DO o R A R A
0~ 10 mm/a. FiA PS A5 RITKEE ik 23.7 mm/a,
A F Il X TR A3z By 2s #o o DL InSAR 5214 f# 15
45 Wl BE Y, P B InSAR PR I B T I AR A K
() PS s S 434 X, 456 3T M R K PSR A B0 . Xk
MR K KA B 28 A8 AL R AE | b K VR T B A A
fiE . 565 DU R MY AD 2 & B R AR S5 A5 1, ST AT BF AN G,
ZEATTf s M T TR DX o B S T . 25 SR I 2007 —
2011 4F B 22 1R T A7 AE 3 40 b im0 B4 4 v X, B A
B R REUTIA IX (A | I T X UTRE X (B) | JT % [X /K I
MACER PR X (C), an e 2 f A 4(a) fr s . 2015—
2016 41 EL 2 P SR TIT B U0 A Ak % 18 Pk T e, T ok o 6
L HTE 0~ 2.6 mm/a; T 3 2 5 K{H M 5.634 mm/a,
A7 F it ] X6 AT e 5 10 AL 0.3 km &b HAFAE 1
Ab b TT DT R DX, BV 9T X K JE FR T X (D), i 2
FE 4(b) I o B It 1 T i T 390 o 8 1k 3R 90 o 2%
P& PR LI, e (ol TT 0 R T 90 7 38 B5 0 Ak L R AR )
(DD 2014— 11) A by 187 370 F ™ B F2 B o b ife, 2 =
PR TIT M T I7C AR 7 R I TR
F2 BEERTHETRE D XIS
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Fig. 4 Ground deformation velocity in the city of Bayannur

T AR B E (H R R MR R T, BRI R M EIRE 25 BN1— BN10 433124 10 4~ PS 81, TR A T 5 A BF SN IE 34T

(b) S—7KiH4 S KT A
XHATE. IR RATIR e

(¢) S —oKiiH6 5Kt
JHERXRTE ., IERA
LEE IR

B 5 BEERERTHEIESEEMIERE
Fig. 5 Field survey photos of land subsidence characteristics in
the city of Bayannur

B i 26 N THAZ L3 8K, I 2007—2011 4F InSAR
AR B R R P TR 5 HE ., ok,
2015—2016 4F 5 ] VG 55 M [X 38 A 1F R 1% s, 5T
DX H R A T AR A b TR TR R v s B S BB Ah S8R 3R
B, 32 XA T A 55 U0, MR AR Y By 52 7K b KUk
G H SRR Z B2, PR, 00 ok 26 P R A SR b 1T 1T
R TP 8 1m0 H B Tz X R R TR 20, A7
BN AP R 2 IS D S e 2 R

4 METFEREREE ST

4.1 HbTE TR SR A B
411 HARHZE
MR TP s 2 kA S KETRA S

(g [ 25 FE 45, 2007—2011 4F EL 2 /R i AL B, C
28 3 A T TTC AR A o X IR T R AR K, e B UL I
35 139.98 km'; 2015— 2016 4F % 170 K X 4k 28 1) J# 31
T ey J, YUME I A4 % 22143 k., T ik
T 170 B DX 3550 408 5 X A J22 V2 6 A g DX, P b
AN B 2 P R T B 19 1 45 e S S B0 X b
UM ERERNE ., AT — A E R R TTU
TRy I8 235 S S F 1 TG 0% 14 56 M), AR B 5% LA A3 BT T
2007—2011 4F 3 A~ Hly [f 170 [ X5 347 T 4 3 3 5 4 i
Wb 2R AR G . S5 R R, WD 2 R
C X TR 3 SR AIK, Ky 4.615 mm/a; &80y Bb J2 T8 3 1
B X TR R e i, A 8.336 mm/a; 1M A XD 2 5
R, ik 260 ~ 280 m, UTREH R H /N, X BB TR
W 18 25 2 51 R 12 DX T 390 R %) Dt PR 22—, T T e
ZFP R RILFEE MR AR b, B E R
TR 2% Vi 24 186 0 o D, 1) Sk 22 S5 AR R, O 6 9 0 4 R DL
b T TR B AR A3 A o R4, Fh R 36 5 3h 51 Ak 0 3 e
TR 22 S R A R TR 0 D s A, AR A, S AR
NP BRI, R R 1 3 S BIF S X A SR
412 ANHHEZEK

2007—2011 4 B E L R T AEAE Y 3 A1 TE T R4
A X, A XA T BB K TR A AR b T T % X b
T U A6 S5t /DN YL PR /DN B 35 ) LR, DR PP oo S MR S
T LTS 7 R X % B 34 K YR s A X A AT
I MR R B SRR B XA 5 — K
J7LUEB KT BRIBOK T, Rl B A /R £, B
T DX P I8 B 07 DX /N B L R )2 Bl T KGR SR X, 3%
TR XA 30k DX b T 7K 7 T =1 s, X P e T T
EL I Rl /UM R 3 2 A 0 R, b TRT DI PO 5 M T K



2022 4F

B, 4 T InSAR HAR Y A 5 T 950 T M T I A B AL AR AIE B B PR 20 # - 203 -

b3 A RV 4o 151 7 T e = S = SO R € SO (E R T 5
s 5 R K IR S o IR AR S 2 A, DR TR A )
RAC AL R Ea e, niE 6(a) i o H 3225 [ i) RE &
TR A 2 1 2 R S T M R KoK Sk AR 4k, IF HAS [ b
XA AR - 2 R X2 Xl b T O ) kA L R R
Bmm ™ 2004—2015 4 HL R K K VKR ) 10
TRWHY™ I, AT fi 5 B T 37T 8 1 BB A6 1, AR v
L4 2 5L R T 2015—2016 4F 4 3 1 0 R 8 25t 14 1 16
UE T X — & R B X AE A DRI AL 4k 22 10 JA]
WY R, RERRARILE, b E AR &EZH, REKE
i, RS X B 221.43 km', WA 6(b) T 77 C X %R
AT & XK UE ML, T 2010 45 )5 & X Tk r= {4
A, SR AL KIS £, HF KA T AR

(a) 2007—201 147 Hh i A IS 52 i R 2%
0 4 S8km

—A— W TR X A2k K i s HF KK T8 b B2
(2007—20114F )

—B— TR X B2k I g 1R ARGHR X AR
(2015—20164F )

i 4}3128'1 TR AR ASE W

6 MUETIREIR

i £ e e
(b) 201520164 Hu VIR IR TR I K R

PORZE 7 SN A GRS N TRYTA %8 ¥ i PO =i i
PR T 2007—2011 4F P A~ 2 AT 58 B 7K A7 W 0 5 4 1
U AR R AE 5, L3000 G b g 2 A8 3 RN R KA, I X
AR AT A AT o PN RRAE 543 A Il
T] X398 56 A Y - Ak s I T DX B R A 25 (N 5 )
A BRZS F] L 6 B KA W I A5 4 5k B120 AT B128-1,
AR EWE 6(a) rn . 45K FU, MR KA 5 H
T 78 T RE FL A — 2 R DG, K2 R e b T T9E
IKASE - T b AR T, Y AR S H R KA AR 1R )
X, & EPHEMHXRE KT 08(& 7). KWk,
Hb TR K FF RS2 B P R T b T TR ) R B R IR 2R

2007—2011 4F, [ B2 I /R T 30 i el gk AP 3
KBrB:, Bt iy £ . It @R A e ® 2E s

}“\ A

'~

AFHE/ (mmea)

|
[
[=)

I

|
—_
-

IIIIIHUI‘!L'[“IUDIIIQ

—— MR KRB IR S 2R (20044 )
—— MR AKORP RS RS B (20134 )

M RO TR T 21 2k (201545 )

5% 5 0 (X 3% [

Fig. 6 Diagram showing the environmental influencing factors in land subsidence areas

T AR B TR AR TR T, SUE R MRS MR KRG M KRR R 5 T /K R T <1 10 S (2004—2015 4F) |
PREEAGROL I L T e M BT, T M T UK M PR 2R 20 A

15
ok © IR 4B 120 o
~ —o— KA W B 128-1 "o
‘E“ 5k
=
g O0Of
= -5t R=0.8405 .-
& o O
& 10 L
S R*=0.860 6
= -15F
) °
=20+ o

712537.40 1 03.7.45 1 03.7.50 1 03.7.55 1 03.7.60 1 03.7.65 103.7470
IKABEAR R m
B 7 MEREEE S AERKGERNE
Fig.7 Correlation of the ground deformation velocity and
artesian groundwater level elevation

i RO R K, 1 R R U AR ST A B L
A b TR T X, AU M R KT & R R B 55 v
R X 38, TRIRE SR e B SR X (A A X RN B IX ) 7 34
SR Z KB (N C X)) o 43 HITE 3 4 i DL 4 rp X
TEHCTRE f5 M1, M2, M3, 5T Iy sh TR K%, 43
2007—2011 4F- 370 B s K 00 9 o505 il 2 50 4 2 Ak 50
([l 8) &SR0, 34 3 AU [y b 1o T 5 5 % 8] il 2
Shy T B ST A 2 B ML IX, DR I e A 2844 o S
B IR T ML TR DR R s [ R 2 —
4.2 HbTITRE KR RSB

2007—2011 4F F1 2015—2016 4F [ B2 I /K 17 Hb T



- 204 - TR SCHb J5T TR b 5

44l

2007-08-02

N

A JEAS# R/ (mmea™)
| N -24~-21

N -20~—-17
|-16~-14
—13~—-11
C1-10--8

B -7~-5

—-4~-2

. 15~17
M 18~20
2124

—A— TR X A2k e g
(2007—20114F )

2007-12-31

8 ENMEXMRMBERAEIEZS
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