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OO T R J2 7 A 1 BREAINRE ) 3 R A T o
S0 o AR U R TR 7 — E IR . [R) I g
R fr 1 S BRI T g O Y B R e R R
I 2l o 23 08 e 2R B U R0 R E R A —

=
=AU

9
E g [ KP4 —=PS R
M]EH Ore~— o — o R
& -3r v E M v ——
B
2016-10-13 2016-12-13 2017-02-13 2017-04-13 2017-06-13 2017-08-13 2017-10-13
o Hi
Eg' |- AKHE A F16— PSS
ﬂl]ﬁH Of o—— + o ~ * ¥ * #%_.
¥ -3t e
= ‘g'
2016-10-13 2016-12-13 2017-02-13 2017-04-13 2017-06-13 2017-08-13 2017-10-13
0 H i
gg: |=e= ZKHE 22— PS A
I O-M —
¥ -3r + i —— ——
= ’g' ’
2016-10-13 2016-12-13 2017-02-13 2017-04-13 2017-06-13 2017-08-13 2017-10-13
9 H 39
gg [k A FS10 —=PS ]
B 06— .
& 3r v > — v =g
= —g- ————
2016-10-13 2016-12-13 2017-02-13 2017-04-13 2017-06-13 2017-08-13 2017-10-13
H i
5 GLRE I ) Jy 371 L ]
Fig.5 Subsidence Time Series of Leveling Points
4.1 JE)i5 X S T 970 P XoF S 4R B % T B Y R ) P21 A S PR as A ok R Ok A0 T B T B R
R B — MR RSB H . VPO R AL BB AR ) SRR 2 SR 17 2

FEVENE BN ARS8 T o AR B AR, T
A B 55 00 1 - )2 22 [ EE A BH T i A T A B R R
Bl 12 SR F 8 S AR —BUW DT

W 6 TR i 2R 08 BT 2R JLAL L35 B i 1Y)
UK BEJE 11 #4778 2 X 3 3 1 0 R R . el it
1o S B R DL R (— 10~ 10 mm/a)
F J&] 33 X 358, TR 70 36 3 89 il (— 20 ~10 mm/a)
JINGIXOR R T i A B R HLA R E R E
Tt &5+ BRI I T A o 36 b ] 300 DX i T O AR R
N,
4.2 EEIFEFHISRERTIENZME

B A 22 5% 19 R R, 32 T AN T BE o, 2 R DB

= hn Y

A7 280 PR 3R 15 A 52 M) e 2R % T 7 Y TR 3K A L
SRR AEL S8 AR o o S A AR T 8
F14 30 285767 430 0 0 g A4 4R R — A L 0 9 2 T
PEARFIREE Y B IRAE B )2 R 4 L e gl
A7 43 PR T A2 A PR I 7 A 1A 5 B AR T LA R A 30
A2 X 2 A5 A E R i B R R
] RE S IR A R S I, — E AR B A B
HAaE .

P 7 g Xk I 1) SR B AR B 4 Bood A
THOLIE . S 3 1 O A 05 i 325 38 1% A2
M AE AT AP AR L L G S IR A ) B e R
RN b T Sl A A O R A —

B/
n



2054 BRI - B R

2018 4 12 H

121°30'E

121°40'E

Z Z
(=] S
N o~
— N
o o
z Z
=3 =S
< VikEER (&
A /mm-a’ I3

® 20~-15
-15~-10
-10~-5
-5~0
0~5

121°30'E 121°40'E
B 6 e 2 B R 20 b T 0 3 R (]
Fig. 6 Subsidence Velocity in the Surrounding
Area Along the Elevated Roads

JE V0 N 25 A % BESE I R AR 17 2 G U A S
B 4 A [7) 2 2 Uit 2 5 A AT RE ) AU
I 2 AR AR G T A B BUE A T 0~100 Z
6] BB A % T o 5 BB 34 e e T o B
P g vt o3 7 AT IR A A 50 L 48 Ek 4k
W 308 W 3 R A SR 4 P A PR EE AR AL
%2 s,

M7 A LU S A ER R SR AR AL A A i B
T A R D B R L A SR T 0 i B A Bk
) hy 85 h 5 B B InSAR i % 00 v 2R T 2R 10
M R (), BB B — 10 ~—5
mm/a {4 T R . B0 v S0 % 2 2 3 4 2l
ey 285G ) P 0 RT DA S R AT S A A T
BT 45 i B s il AR R AR IR R RIE

®2 ZEREEHSERD
Tab. 2 Traffic Congestion Index Scale™"]

S
LR Bl ik K
[0,30) (30,500 [50,700  [70,100)

]

4.3 BK B 8] X 4R E B T BE A R

R A8 I VT v A e A 1R B R A 1 L R A Gy
R 2000 AFHIj B E 4 09 B B 2000 4F J5 Bl 22
JSG3E 7 1) B B, PR 43 B D0 R R B AN B 8 TR .
AT LA H 34 ok 1 R v 28 8% 1 DLRE H AR sl 2
F 2000 4 i 2 000 4 0 B B RORAR R 20 i
28 90 AR 1 i SR 08 B% N AEAEDTRE | L n 32 3]
A3 T DX T C R 1 5 ) P9 BE PG R AR AL i B D

RgE|

5 BIX 1]

Eng i?:?? Ly,

" n W ENRY

] LEDTCENS )
A8 ™
A

N s
o LW e

D
N RMART L
=

'3

.‘?'. Tt
o

L /mutw,zx.
oA R )

20164 AP BT 1 4L

M0~30 #30~50 950~70 WET0~100 s

— Miles

B 7 b e AL TR H I R B A
(B, 2017)
Fig. 7 Congestion Index Distribution of Shanghai

Elevated Road on Weekdays

BOTRE /S T R AL — 10 mm/a, ML
M5 »2000 4F 5 2 B 42 09 6 B b 90 O B i) g
Z R E— BT T, A U T
BER S Bl far 2807 R B TR AR B DT R R A
4 —10 mm/a,

et o3 A AN [0 R R AR By PS i & B OB
B Heo il (WL 30w LA & B 2000 4F J5 3 45 11
PS 5 2000 4EFT#E 4 A . —10~—5 mm/a
By be i 5 » AR DTRE £ (— 10~0 mm/a) (5 [
53.75% . T 2000 4F Hif 18 4 1 = 223 JE 1 46
10.29% 9 PS JSAFAE 5~10 mm/a [y 1] 5, & F
2000 47 J5 3 0 = 2R IR 2R PS . U B R AR E K
b T R AE LRSS S AR A B e DR J5 AR XD
V[l 5 3

R3 BEEERZFITE

Tab. 3 Statistics of Settlement Velocity

JEAZTE L/ JIT o He Al s
(mm =+ a ') 2000 4FHij i % 2000 4 J5 38 7
—10~—5 5.58 10.23
—5~0 35.09 43.53
0~5 49.04 41.89
5~10 10. 29 4.35

4.4 BEERTIERIHERFPERSNR

HR I T SC A 41 1B B 53 M 7 35 1 SE AR B
ZRIH B PS RUUCRE B o, | 5 5L % PS a5 R 1 X
Mo TG TLRREAELY L A % B 9 22 30 91 3 45 B Ve, F11
BB E A OE B E R E T, R =1,2



HASBE 124

T 4% . PS-InSAR $ A ] _E I 55 42 38 A0 W0 I 00 5 05 R 2055

121°20'E

121°30'E 121°40'E

z Z
o =)
IS Q
o ]

— =
(3] on
Z Z
= =
= =
o o

= =
o < Napl

121°30'E
(a) 20004F R 4=

121°20'E

121°20'E 121°30'E 121°40'E

31°20'N

31°10N

121°30'E 121°40'E
(b) 20004F J il 42

121°20'E

P8 A [ S ARG PR T 5 24 4 3k < X B ]

Fig.8 Comparison of Settlement Velocity of Elevated Highway for Different Construction Time

PH P31
X TS H AR AR BE

Pn1 P”3
FEEM 23R B0 A5 R AN R 316 360R , I40
T4 b 0 BB B 25 SR 9 L8 10 iR

i P9 AT AL 21 % B AR R 3 R K Bl R &R O
1A R F o ST I o 0 2 A e 3 Al R 8 L 9 3R
T 24 65 TR P 4 A s 0 B B 3R R T 3 X T
o8 R ol P T P9 2 W) = B A0 A A HE G TR SR R
T 1 2R 5 v % B O S R 0 IR v SR S T ST A
B BH i 22 ) B B o AR T 40 14 S A 4
NS N RN B S P R S R e N U
T 43 o B o B B AR SR R DX T R A
TR T 800 B R P B S AR A A
Lo I P AR R R i 2R E BRI DL L R R TR . 2
Tt ol 28 SCH BEL

1 P 10 e A, o — P2 AR Y I B
B PR ECE 3 Al B 2 [V T 4L B T
R o M I B N bt 2 . T 3 X3 T 99 A
mi R 22 5 Lh R . 2 86. 7 6 I B B R 2 B R &
MR . 5 A0 R 20 2. 05 % 1 B AR SR A
PR B AT ] — B B 28, 2 W 35 52 1) o 2 B e
(3 A H A AR I Y PR 2R s RV AR R 3 TR
RSIK S FIEA N R g e S
G R AU b R A R A

5 & &
R JH PS-InSAR $ A W U 5 482 e W £ 3 1 3

Rif o FL AT M D00 o R O B SRV T L T e e Ak B
B AR v A5 R I BOR e y TRR

121°20'E 121°30'E 121°40'E

1
H10-H20-H30
H11-H20-H30

©/{10-H21-H30)

®/110-H20-H31
“ref]11-H21-H30
H10-H21-H31
HI11-H20-H31
H11-H21-H31

31°20'N
31°30'N

31°10'N

121°30'E

121°20E 121°40'E
B9 AN TR] UL I R 3l 38 A 1

Fig. 9 Different Settlement Driving Factors on the Map

PP H10-H20-H30 99 H11-H20-H30
o H10-H21-H30 998 H10-H20-H31
HI11-H21-H30W9 H10-H21-H31
H11-H20-H31™"7 H11-H21-H31
16.47%

\ N

7 2.05%
6.08%

43.54% 3.50%
5.52%

Bl 10 K[ R BK sh 41 4 B % L i) B
Fig. 10  Proportion Map of Different Settlement

Driving Factors

oy B, ARSCRI R 43 B TerraSAR-X T A



2056

RO K

ERSRE

2018 4F 12 H

BRI T 2016 — 2017 4EJBF b 22 U 4%
b THT T9C Ak 3 23R 5 5 [ 0 7 M 080 105K JBE 30 E
T X LR B DR AT 22 T TG 64 20 B AR O g
ZRH fr 14 I s 0 R AR ey S R T 0

X b T i SR B AR UL RE 2 M R T
UL % B3 A AR SR 2R B X 2R B 5 T
DRIE TR BR % 2R L A 45 T I B R O L AP B i
S A5 S5 H A g AR I ) AT 3% 57 5 M ]
R B MU TR 2. 24 87040 B9 PS TR
5 1 IR TR AR 5C . 29 7006 i PS s UL 5 %
W B G, 2y 4500 1 PS s ULRE 5 a i i)
FH O B 1 DX 3R T C B Ok B A o

£ BRIk, T i 0 B R PS-InSAR HARAE
T T v R B 4t T T S A 1P o A
KR AR T LR I T i e S B Y TP
AW A Ry TR TR N . RS
7 B AR AR S BRI R AR T AT R S Y
PR3 M7 - 2 N — 2 AR R S T7 1

[1] Wang Hanmei. Study on Risk Evaluation and Con-
trol Schemes of Land Subsidence in Shanghai City
[J]. Shanghai Geology. 2010,31(4); 7-11 (F J&
M. T b T R XU 3 AR L2 7 3 4 S IX B F 5
[J]. L& ,2010,31(4); 7-11)

[2] Liao Mingsheng, Wang Teng. Time Series InSAR
Technology and Application[ M ], Beijing: Science
Press. 2014 (B W] 4= E 5. 0 0] /¢ 51 InSAR £ AR
HRHAIMIL Atat Bhof s, 2014)

[3] Ferretti A, Prati C, Rocca F. Permanent Scatterers
in SAR Interferometry[J]. IEEE Transactions on
Geoscience and Remote Sensing ,2001,39(1) . 8-20)

[4] Wu Jicang,Chen Ying, Wang Jiexian. A New Me-
thod for Monitoring Ground Deformation Using
Permanent Scatterers SAR Interferometry[ C]J. 2005
Conference of China Synthetic Aperture Radar, Nan-
jing, China ,2005({L i @&, BRIE , EA#SE. —Fh Al H]
I HEC R  T0  A  TEE AE f vk [CL
2005 4 H [ A AL AR ik 2318, M AL . 2005)

[5] Pei Yuanyuan, Liao Mingsheng, Wang Hanmei.
Monitoring Subsidence in Reclamation Area with
Time Series DInSAR Images[]]. Geomatics and In-
formation Science of Wuhan University» 2012, 37
(9): 1092-1 095 Gl , B WA/, EIEME. Al F IS
J# DInSAR W5 I 515 55 [6f; 3t IX M 3R JURE [T ], 20O
KR« (FEBF2012,37(9): 1 092-1 095)

[6] Wang Yan,Liao Mingsheng,Li Deren,et al. Monito-

L7]

(8]

[9]

[10]

(11]

[12]

[13]

ring Land Subsidence Field Using Coherent Points
in Long Time-Series[ J]. Journal of Geophysics,
2007,50(2) : 598-604 (FHt, BIWIAE , =484~ 45, A
FHAC I [H] 7 30 AR T H AR Bt LR 3 [T 0. b ek
Yy B4R . 2007.50(2) ; 598-604)

Yang Mengshi, Liao Mingsheng, Shi Xuguo,et al.
Land Subsidence Monitoring by Joint Estimation of
Multi-platform Time Series InSAR Observations
[J]. Geomatics and Information Science of Wuhan
University ,2017,42(6) : 797-802 (45 & ¢, B2 WA 4 ,
WAL E KA ZTE InSAR B K 6 Al 11 3
RUIGEHEES[J]. RLK¥E¥M - FER M,
2017,42(6): 797-802)

Jiang Ya’ nan, Yang Mengshi, Liao Mingsheng, et
al. Deformation Monitoring of the Shanghai Maglev
System Based on the Time-Series Analysis of InNSAR
Datal J]. Shanghai Land & Resources, 2013, 34
(D2 17-20CHE Al - 4 25 05, BE W 2B, 4. 3 I ]
JF5) InSAR AR Wg ) ¥ 7 2 0% ) & & LB AR
[J]. B[ B, 2013,34(4): 17-20)

Qin Xiaogiong, Yang Mengshi, Liao Mingsheng, et
al. Exploring Temporal-Spatial Characteristics of
Shanghai Road Networks Settlement with Multi-
temporal PSInSAR Technique [ J ]. Geomatics and
In formation Science of Wuhan University, 2017,
42(2): 170-177(ZEBE 5, b B 05, AR 45 i
PSInSAR £ AR 53 b ¥ 18 B 9 T K i 22 45 4 LT .
WDKK 224 - 5 BRI, 2017,42(2): 170-
177)

Duan Guangyao, Liu Huanhuan, Gong Huili, et al.
Evolution Characteristics of Uneven Land Subsi-
dence Along Beijing-Tianjin Inter-City Railway[ J].
Geomatics and Information Science of Wuhan Uni-
versity »2017,42(12); 1 847-1 853 (BEHEHE , X AKX
B Y AR IR PR B T 2 AN 24 50 b T I A T
WRHAELT ] IR 2R« 5 BB E . 201742
(12): 1 847-1 853)

Chen Jiwei. Development and Prospect of the Per-
manent Scatterers Technique on Land Subsidence
[J]. Science of Surveying and Mapping , 2008,33
(5): 88-90 (WL, PS-InSAR $ A Hi 1 UT [ F 5%
HREE[T]. M2R,2008,33(5) : 88-90)

Huang Xiaogiu. Study on Land Subsidence Monito-
ring in City Viaduct[J]. Shanghai Geology . 2007
(3): 32-34 (CH{/NRK. 0TI w85 S8 % 70 e s 0 O 52
(J]. iR ,2007(3): 32-34)

Fan Yunlong. Analysis and Research on Subgrade
Response Under Traffic Load[D]. Changsha: Cen-
tral South University, 2008(8t = Jp. 2238 fof 2 4F
T B AL B A o B MESE (D] K v bR R
2008)



5543 B4 12 3 o Ui A PS-InSAR £ AR X b i i 42 1 UK I 5 05 R 3 A 2057

[14] Shanghai Traffic Information Center. What is Traf- [15] Wang Hanmei. The Risk Assessment System and
fic Trip Index? [EB/OL]. http://www. jtcx. sh. Risk Management of Land Subsidence in Shanghai
cn/zhishu/jiedu. html, 2018 C 1 ¥ 8 {5 & bt 1 [DJ. Shanghai:Shanghai University, 2013 (4.
2SR AT I B [EB/OL]. i 58 5d AT M, T b TG T R RGBS PR AR R R KU A BB 5T
2018) (D] R Bk, 2013)

Attribution Analysis on Deformation Feature of the Shanghai
Elevated Highway by Persistent Scatterer SAR Interferometry

WANG Ru' YANG Tianliang® YANG Mengshi' LIAO Mingsheng' LIN Jinxin® ZHANG Lu'
1 State Key Laboratory of Information Engineering in Surveying, Mapping and Remote Sensing, Wuhan University,
Wuhan 430079, China
2 Shanghai Institute of Geological Survey, Shanghai 200072, China

Abstract: Elevated highway is one of the major infrastructures in Shanghai spanning 11 administrative
regions. In order to ensure its safe operation and sustainable development, high-resolution persistent
scatterer interferometric synthetic aperture radar (PS-InSAR) technology is used to monitor and ana-
lyze the displacement of the elevated highway, combining with the level data to further verify the mo-
nitoring accuracy. The settlement results are basically consistent with the leveling data, and the maxi-
mum error does not exceed 3 mm/a. The results of multi-factor attribution analysis show that the set-
tlement pattern of elevated roads is closely related to the land subsidence in the surrounding areas, the
dynamic load of the operating vehicles, and the time about elevated road was built.

Key words: PS-InSAR; elevated highway; subsidence monitoring; operational state; attribution

analysis
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