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Research on recent characteristics of spatio-temporal evolution and mechanism of

Xi'an land subsidence and ground fissure by using GPS and InSAR techniques
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1 School o f Geological Engineering and Geomatics, Chang'an University s Shaanxi 710054 ,China

2 Department of Land Surveying and Geo-Informatics, Hong Kong Polytechnic University

Abstract Xi'an city, one of the famous historical cities in China, has been suffering serious land
subsidence and ground fissure historically and even recently, which greatly restrict the
modernization of this city. This study focuses on the monitoring and analysis of Xi' an land
subsidence and ground fissure by applying the GPS and InSAR techniques. On the one hand, we
achieved precious information of the overall deformation caused by both land subsidence and
ground fissure. Based on the information, on the other hand, we studied the characteristics of
spatio-temporal evolution and mechanism of the land subsidence and ground fissure, and obtained

the following main conclusions. Firstly, owing to the effective controlling of underground water
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withdrawal, the maximum annual subsidence rate has decreased greatly from 20~30 cm/a in the

mid-1990 s to less than 10 cm/a recently.

Meanwhile the mean land subsidence rate of

approximately 60% subsidence areas has decreased from 5~8 cm/a to 2 ecm/a. Secondly, most of

the original subsidence cones have disappeared or greatly reduced. Thirdly, we discovered

obvious spatio-temporal correlations between ground fissure and land subsidence. Lastly, the

land subsidence and ground fissure have gradually extended to south, southwest, and southeast

suburbs of the city along with the expanding of the Xi'an Hi-tech zones construction.

Keywords

Land subsidence and ground fissure, GPS and InSAR, Deformation monitoring, The

characteristics of the spatio-temporal evolution
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M3 ] -y e 22 ez R
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2007-6 2.9 2.4 3.3
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Table 2 Annual subsidence rate of GPS bench marks

in Xi’an during 2005 to 2007

R VLR i (mm)|| 4 DR M B (mm)
(cm/a) (cm/a)
XJo1 —0.9 2.3 XJA1 —7.6 2.5
XJo4 —1.0 2.4 XJA2 —1.2 4.3
XJ05 —3.7 3.5 XJA3 —1.5 2.3
XJ06 —2.6 2.6 XJA4 —2.1 2.6
XJo8 —1.8 2.6 XJA5 —0.9 2.6
XJ09 —5.7 3.0 XJA6 —0.8 2.2
XJ13 —3.2 2.4 XJ14 —3.8 2.1
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o/ .
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0.79
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XJ10 —0.27 0.28 0.70
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0. 90
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3 XJ05 —3.7 —3.9 0.2
4 XJ06 —2.6 —3.3 0.7
5 XJo8 —1.9 —2.7 0.8
6 XJ09 —5.7 —2.9 —2.8
7 XJ13 —3.2 —2.0 —1.2
8 XJ14 —3.8 —2.0 —1.8
9 XJA1 —7.6 —8.0 0.4
10 XJA2 —1.2 —1.3 0.1
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JEE FIIE Bl 45 B S 1 b DX, R G b T T R b 2R A A
i 25 35 2 5 o3 A AT A AE BT S A PRI R L TR EE L D
InSAR [l I b 1) 1 284 4% 7 8 v] DL 3, E R
HENE B B P00 3t B 22 A7 A B 8 0 T i ) £ B 22
S X U] InSAR LA Wi 1b 24 5% 22 (Y GE ). 45
£ InSAR 90 4EAX 1Y T A8 (&1, 76 b &1 _E AT LSO ) %)
VI 22 LM 54 8% Sl 5 0 DO R 22 5 R B i 7E 2004 ~
2006 MIEAR I b H AR T B (A 22 R E BEE
A 308 45 S 0 D 2 0TI e T T o ) U S b 2
BE I AL I 22 8055 5 1ELH0 A 1) PG g S A ) S 4 7R i
A AT M S B ) T R X3 B & XO i BE T M
25k,

(4) b A BE W] 23 A8 AL FRAE

M InSAR [E 5 Ha] DL 21 i 24 4% = 4R T
AT B 20 AP A Y f6-16" {7 .18, 19-19" {10, f11 %%
Hh LB A W 0 Ay B R R TS B, 17 R 18 W Sk b
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S 1) VY I L 4K 25 ) DY E i 3 R AR R AR 3
WA LLE B, AL T 5 28 58 I Y 48 A8 % 5 BN 24 4%
f11 ERg AL WMy GPS XJ02.XJ03 A5 i 4F Ui B 2k
RN 4.5 em/a Fl 2. 2 cm/a, Hi 28 4% W) /) 3T
W22 555 2.6 cm/a, )\ InSAR JEAS & (& 4.5) Ha]
DL B 3% B 248 A T U0 R v ol K060 % 60 TR
TR ARSI 16167 32 R b AR TE 20 4l 90
RS S o R H R AR BE R AL IR BE
W 9 GPS X & (XJ10-XJ11 . XJ11-XJ12) F1 7K 7 %
S I B L R B AL i A A TR LB T
BRI A 1 ~2 em UL AN, A A7 7E B B
1) 25 50T . N InSAR JEAZ 1] I 1 7] & 31 1% Hh X Hh
VTR A /N (1~2 cm/a) » S 17 7E UL R €6 B 2%
St TRV F R B Y5 K AL R (3 sl A 1 B

(5) b, T ITC R 5 1 28 4 g [

20 th2e 80~ 90 AL, th T R T AR Al R R
7K 5 B0V 22 I T b IR b SR A R N B L e R
AEPTRE I RRIA 20~30 cm; B 90 AEAX H 5 01K SR ]
AKFIAIRT o R IR T 3 KR I B P R T
o R 3 A K S ST 0 TR R S AR A
FE R H L R PIREE C BRI 2 10 om, H
60 26 F 7T B DX I88 1 47 TR 8 0 A B 2 2 om; B
& 1 TR TR R IR0/ S 0 R X b 24 4 11 3 )
WA T 55 5 PR O il Bk, T 7K 2 5 0 THT DT RE A0
Z4E K SR EEL R 2 — i LA 1 LA TR 3K
F14) b, TET DX 35T 3 A7 A A (] R i B 7K i (i) A

T3 A s KA it T A 8 Al I 5 | b v T A R
SA5% e I 1 ER L TR B 7 D ke Y A I 2
B 1 VG R X BB A R o R XL e T
A T S %) A G IO A 5 v S 4 L T L Bt B T R X
VA 0 VU R . Hh T DURE 5 H 2 4 B P 1)
PURg Y P 2Z (A AE AEAR 3 () G B k. [ B 90 4F
PR K 23T A MV AN A 6 T2 A 1) b 24 5537 )
JEIZN o B AN X8 S0 R r ke T T RSB T B I R L T
B o N 1] 7 4 % 2 Ak M 24 550 Bl O 8 W )N i —
A U0 B IR T TR X B A R R A AE — A ST

5 & g

[ 2004 4F JF bh X PG 22 My T 3T A R M 24 4% Y
GPS #1 InSAR Y5l , CHUAG T &8 3% . GPS £ R
A B BT WL AL 25 v5 5 9% FAIG . 4R U0 8 B e,
I Y 2hfh R 32 v 5 R A 7 b T T AR 5t R A
Hh L GPS B W I AR T A B RE A o A L 4R BUAE TR R

R BE & W] S AR R TG B AR A R I T
A W L 2R AR % GPS W % 5 60 07 i s AN AT
LA R Bl 23 4% 7 0 %) A X8 7 e 22 S i EL A AT L3R
4% B A 280 TR it K R0 i ok A il 55 = 4
AR B FEAS I A5 v T R P e oG R b T {7
Wit R 1t 2R 5% A2 T W D M 2 R T 3 7 A 1 B A
PRI T7 I o W ARG BE AT 35 5 mmy, =k B2 M
RELT 2005~2007 4£[8] % GPS g b i 4 T B R
M 24 4% 1 23 (0] = 4 AR TR AR B

InSAR $ A AE b 3k i b 17 0 B W 0 2 — Fp oA
BB T B B AE AT DL s b BE & o P s &
T b AR SR TT TR O A T EL AT RAA P s A A
InSAR B4l 4R B3 s A2 T2 A5 S, o R EL AT DB ] A
23 (8] b AR IURE A W T b 6 AR TR AR B S 5T K
BB AL K 30 B 5 AR T i) 23 R R R AIE 1) R a5

At GPS Fl InSAR $ AR AH 45 4 5 5l LUK
25 7K HE LI S SR BT VG 22 b T U R A B S T AL AR AE
FERIL A BT 5T T b T TR S R SR LA, BE 5 1
1E BRCR 3T K S PG 22 b T I R R AR 958 /N s
20 22 90 AR A H I Y B KAE TR 2 20~30 em/
a W/ 10 em/a, H 3t 60 %0 o 1 B X 33 1) 4 1T e
HORE 90 AR H AN 5~8 em/a W AR 2
em/as JFAT 9 7 ASUTRE L KB4y € A EE SR K
Y /I » b SR B TE B 23 W Bl R 43 A 5 b T DT R AF 7E B
B0 ST 5 B4 VY 22 1l T I7C 5 R b 24 4 I A I
M AR UM AR R,
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