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BT 2458 SC2E R, FL AT T W00 2 2 T R Bk B e K B AR AR R A B AR LB T
10%a~10""s {9 SEAT AT WL, JEAS VRN T 07 2 5 4 1 0 5 22 () O 91 %6 2 1 o DA 2 B0 O b 7% R
W45 57 R (GNSS InSAR = 45l GNSS) Sy S 43 114 il 245 0 48 A%, AS UK A3 1 v B R B 1 30 1 | 7 i3
ShEMG T A7 AR AR Wil b R ¥ T B EAE M o BN 1L 8T 7R B AR W S U258 ¥ 55 b 78 1 F
FEMAR R, B/ FR A GNSS (InSAR A %5 /K MEAR Rl & 0 2245 b I o, W R M Ji 17 b 7R 0B A8
WU B s 28 B, A T R i T 5 ) R DG BT, Sy bR T T I Y B T A . KT, H R
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XEH: HEXMNE RFEMZET GNSS InSAR
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A2 AR T TR AR ) s (] O k2 R P A% b s ] WL T B, S BT
Mo ER T VR JZ TR SRR AR A BRI e B AR BCHE A RS e AR A . A AR
I R RUBE A RAGE | R RS R A8 BRI B, IR AT AR O™ 8 A T 30 14 DR M e 4 i iz 8l
AN IS RE DN RE 5 M R A R e I A R AR R DG IR S T AR SECRD 7 b R S LI AR kR I S
F DCCFH) MU =5 (1, B BT TR 22" (Press,1965) o [t /F N i f2 o Mo Bk 4y B
S 5 R M I 2 BT Y 58 S S B —— R R I e, 45 LAUAR I T 20 it 4D 80 AEAUTT
R (JAB A, 2017) o 21 T2 40 HBLAY w5 3 GNSS U Bk — 2547 Ji M 72 K i 0 45t 00 000 3t
A I G 107 s, 5 bR A LI AR B s [R) R, 45 4 AR S GNSS Al InSAR Sy R AR K
JA AR i (10%a) | SEAR FRAR T 4 7 2 15 0 3 b I 5 (30 S 3R 235 X, 78 K e ) 2 8 2 1A S
oz gl BRI 5T AN R] e g — B

b DR ) k2 RN T A, T 4 BR T B A AR R 0 A O T B A R R 2% A
Akt sy 20 4L 80 4EAX, 36 [ 7E p i M A 57 19 GPS 2 25 B il 4 B ) WL % 371) SCIGN =%
JMIE] T 1992 A= 22 8 M\ 7.3 MR Y [A) 52 B A2 LA ke Wtk 19 52 5 B A2 3 A& ( Blewitt et al,
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1993) 5 F 2003 474t #E St (14 BR 15 231 K1 (Earthscope ) € 15 3¢ [ P4 1 /5 A3 B# 1 1200 4>
GPS ZEZuli i, B AT ISRV 5 AL B APz gl | 3 2 W 280 16 2l 8 vk K il Bl 3 52 1
Bk, HAF 20 ftad 70 4RI T4 A 1 GPS, DLW 44 3 32 3l 5 W7 2 0 Bl v, 0 I A 1
GPS & MM E % ; A 1993 SEFF 4G 4 1 1 GEONET, H Fif & & i i 1200 4~ GNSS % £l 1
)O3 A T RACH H A & B EE A T 20km

o [ 1 5[] K i 2 5 ) AR T 1988 45 [ 58 Ml 72 Jmy A 158 1 UL 7Y 52 3 37 ( Seeber 45,1990 ;
Lai et al,1992) , HJ5 iz 10 4£ E 2 AR RHFAAL B F80E1E 23 X G B & g (liE B
JREE 1993 AR SOME A5, 1997 ;58 W R 45,1998 ) o & 1997 4F K Fb 2 TR o [E Hb 7¢ i3 3l WL
I} 2% ( Crustal Movement Observation Network of China, faj & CMONOC F1 R/ 4% T f& ) 37 T i3
B (SR A ,2001) , B0 42 48— ORTE Bl s RG B2 | L b R T i O S S IR b ) e 2
A 5 R 25 R D 0 2% ek v [ ORIl 4 ek P 5 M 0 o 2% (i 2 9 2% ) T H i iR AL
H A8 A P 2540 & 1 GNSS [ InSAR [ # Jj (SLR, VLBI 45 BLAC K Mol & - Be, Horp, 5 78 B
A 55 M R WT ST B WA OC Y GNSS [ 45 1k B 1 AT e 390 SR Y i 0k 260 A | DXk R 24
2000 A~ , I 3543k w5 RS B A S0 40 TR I T R 55 o TR % R R i 2 R 4% DA R B 5%
IR, Rz T A E R R AL s B B R (Wang et al,2001) , 3 A WA 1k (2F Z 2 4%,
2005 ;%= 58 45,2012 ; Wang et al, 2020) , 340, K fili Y 98 52 14 3 52 J4 1) 2 722 ¢ AE 0F 5T ( Shen
et al,2009; Wang et al,2011;Diao et al ,2018) , A< 3C AR 25 9 4% T2 rf 4ifi 3K 1) 1 5% AH DG TE A8
N FEX G, LLEEE W f oy = B 9 2008 4R3I M, 7.9 2013 47 1L M 6.6.,2015 45 /R
Mg M\ 7.8 J 2017 A JUHE M 6.5 3uie Sy i, BT A 20 O st ) ik 7 58 52 T AR I f 1oz
HWF5E

1 SREREENEM

Rl 25 2 TR A S as AT DOk, [ & A M>7.0 YRR A 13 (B h E A 2 k),
Mo R M A AR 1A ORI AR, Dy R 5T LA e A R I AL B R A T R R A R 2R
(1) o ST 6 W i gE v, WL I 23 0 Bk 58 52 0% 40 3 1 A9 5 5. L 2008 4R 7L, 22
T PR 3t 5 R 3t I 6 32 SEAREE InSAR F-B¢, IR4 LA i 19 GPS it Wil , 4 2001 4E R &1 A
PG M 7.8 Hi5% s Z J5 GNSS ol s Jal 5, I8 hn g 50OR FE4CH , S0 115 InSAR 328 i s i) 25
R o FEHR S LSO L B R LSV R D AU, LIRS/ i GNSS (InSAR iy
BT B Ml 52 M AR T 2 AR B M R A SCTE AR MR A i T b R B gl B ) oE Y
K&
1.1 2008 £&33)Il M, 7.9 1 E

PO M2 2 CMONOC #3555 — /> WL I 31 = 57 1 7% O b 00 50408 1 8 R (& 2
(a)). CMONOC ffi#R 2y 120 4> ufi s (v [E My 76 iz 2 WL ) 2% 35 H 41,2008 ) , 5 52 0 14 [ X
GPS R b 42 1 Y | ] 58 R SR b A28 1 ) (TGS il i B 8 43 0 H 2 8 099, A [ 28 B 1 34 560 4>
I3k 1) GPS [a] FE 84 (Wang et al ,2011) , g K/KF- ] 7 3k 5.5m 7245, ALOS Fil Envisat J)
WL E] 1 LOS fa] {2 A2 B, Horp ALOS $2AEfY 8 B L i Bt PALSAR $d o 2 S8 B B o 1

o)
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2008 M“ﬁjl‘mi -
Envise

ALOS
2016 My6.6 Sentinel

ALOS2 2014 My6.9

GPS GPS

2001 My7.8 ¥

Envisat 2008 My7.2 ERS

Sentinel
ALOS2
2010 Mu6.9 Epyisar 2017 Mu6.5 RadarSAT
ALOS
e Envisat s
GPS 2008 My7.9 o BDS
GPS
hrGNSS

GPS

2013 My6.6
1999 My7.7
ERS

GPS

2003 My6.8

GPS
110

BT R E M >7.0 5852 00 A b T TR s O 3 ) ik a3

AL AL (Shen et al,2009) o 1 TR XAFE—ERRAT LRI 0.7Tm JEH N, 1
Hb 184 A 5 7KV e UL I DU 2 4Rt 1 R R R A e ) I AR AR AE , AR de KRR TR 4.Tm
(Wang et al ,2009) . 7E5% H Mz 3 J7 180, FA45 GPS 8 UCAE & [ S E J , 11|45 3% 22 0L 1)
ICR ) THz RAEAIC %, IF R 1 Uk 52 1 [R) 52 30 3 3l A5 B 28 i, 10 5% 31 1 7K e R I
PRy 1.27Tm (B %55 ,2010) o 3 26 b 72 R 1 00 o 5008 DA H: 22 0307 o iy LT P 300 17 Bk
G VIR W] 7 A2 1) RYE R MR B2 TR AW A8, Bl 1w B 22 2 A 38 4 I i
[ B b AEAT— K 8 RE .

b 52 O b I i 8 Ry F 0N A R AR ) S R R R, I AE PN T b R ) s DR AL B T
PR T A E PR B o Shen 25 (2009) T KK InSAR FI#E A GPS [ =2 AL F T Uit
YR HL 52 A W JZ TUART 1R e T Bl o S T, A G ot A e 17 e UL ) el 398 oo o 98 B 45 1) JLART A
2 I HEN AL T LA P 5 728 A 4 15 BB A Y I B AR ) B 22, 2 el AR AR 1 T2 1 2 IR 1R R
Tz fid & B 20, 5K B2 55 (2009) (Zhang 25 (2010) WK S5 GPS 45 g 7] 11 3 X BL 4 A2
fIE K12 M 5% )RR USRS L 48 1R R Mo B 1N WS SRS I e e 1 Il b SE G IR O SR 2 R
T AR MR 22 AL o Wang 58 (2011) JU A JH i 25 2 B R B 5 19 GPS | InSAR K
Y S i 52 Sl LI G At 3t 2 o 7L TR A e i )2 2~ 6m R, R R T KRR
T Sl VA Y e A AR A A 1 e 1D LU AR T, DA b I e B A R SRR T M e 4 R Y i L
BU, 5T s A e Ui . MAh, — R 5C T2 IR A AL K HAG 38 5 S R IR TE R A
S RIS B R 3R, S TR R S S B SO Y SE SR (£ 4, 20095 Liu-Zeng et al,
2009 ;Xu et al,2010; Tong et al,2010; 8B4 45,2012 ; Wan et al ,2017) , H.H CMONOC % %
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102° 103° 104° 105° 106° 107°E 102°00" 102°30" 103°00" 103°30" 104°00'E

31°00'N
(b)

30°00’

K 2 GNSS 5 InSAR [f B4
(2)2008 JCJI 5% , BB F Wang 2 (2001) 5 (b) 2013 4F % IIHRE , {22 [ Huang 45 (2019)
() 2015 7R W8 3 7% L & o0 A XIWI S (2017) 5 (d) 2017 JLIETR 3R , BB A Lin 55 (2019)

VE IS 5 T WG, R 31 7 W2 B O ol 7 R 208 JE -5 3 InSAR R AH OGS , GPS 19 48 4 3K 1Y) =i A
G IR R Tt SR, X 2 R 2 A R T = AR o o A R T
TR0 3 P T, N 32 AR R A R b st e A B BV (Yin et al,2013) % 52 P2 Bl o 1 AL
5 AH X 55 (Hartzell et al,2013)
1.2 2013 510 M6.6 3 FE

2013 AR 11 M RE K AR T IO 52 R A R A8 e 1) L 7 2Rt g S DX ek o AN YR ML 32 7 AR W] )
P [ 52O A2 37 3 B AL Fh 7 200km A, iy 52 R b I 5 UL Aot 266 B 2245, HL 7 R 3 A R Bk
(& 2(b)) . CMONOC HA7 11 /> il WL 31 [7] 52 2 242 , 60 6 2 A0 il 9 v 50 GPS % dfs ,
H iR B R ARG Y HO61 S it B T 24 6em KV . 5 b A ), o [ b 72 JR) M RE T
AT 5E B A B 9 GPS JELE UL 2% (Y )11 45 CORS [ WL 21 1 29 A~ 3 14 ] = e 7,
T RIE AL AL T RERZ H 1Skm AR #Y LSOS 5 3, /K- S 3 H 18] 73 1] 3% 6.8cm I 8. 4em (Jiang
et al,2014) . T IE{H Envisat fl ALOS T iR Hr — 10 SAR T E M KA Z b5, (LA
RadarSAT-2 WL A4 C i Be i ic s 8] 7[R AR T & T EHR , Bk LOS [mJE 2l 7. 7em
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(K =455 ,2014) o 85 8O ] 117G g B Y 7K T WL 48 75t 3 1] [W] 58 60 B8 A5 4 306 i AL ) ) 4
IR EE BIE 2 B8 #) 19.8em (R ] 45,2014 ) , £ 3 572 JE J5 i, CMONOC j% £ 3l 5
SCTQ F1 SCXJ ik #] 1 R A F & ik S0Hz 19 ) A TE A2 WY, KV e KIEAE N 5.2em (Lou
et al,2014) ,

MR A 7S P L R R PR AR AR T A 2, 2 DR o O A R T A X o v
gl o T Z AR (5K 55 25, 20135 XM 55, 2013) o SR, 77 5 A 50 R 705 K LA 2 i
NI FZ A AR R M0 A T B8 (BRis 2845, 20135 1 8 13 55, 2013 ) o 3t 5 R 3t ) 2 50408
2N A0 B o A AL, A B TR i R R A3 ), Jiang SF (2014) KA TR
CMONOC J HAth GPS 4 2 WL 9 2% 4k 4 1) [R) 5= JE A2 375, 2 th 1 00 20 Y O 0 ¢k 22 A AL
LA (2015) AEHL Al Eim AT CMONOC X 383k i C I i K i 52 U, Jz 8 75 3] 1)
B o3 A B R TE A AL B B AR A i 8¢ . Chen 55 (2020b) WU #b 58 T & 53 GPS WL Kz 7K i
WL, AR A0 S S F TS T REBT A [w) B4 W7 3 - 18T -y 5 TLAR] 74K, JHE 98 )y 20 A 65 28 (g 7R
TRER 55 TR BB B T A 1k A T R o TR AR BB R s IR b AR W] BE i AN TS SO MR
(e Ja 1) = 425 390 o 0 J22 e 2R, EL A M ST R B R S X T AR R ) el 1 B e T 2 O S T [ R
HE 2L ¥ A7 BE 7], Zhang 45 (2016) K& TnSAR (GPS K 5 52 10 SR W 58 & IS o B J2 A7 A2 3L T
[ 3l , 18 Huang 25 (2019) #] ] GPS [ InSAR 7K 1 I 5 5% 10 S 156 5 S 18 45 AR 20 3 W S o e
JE R Sl Z W SR . BAR SOHz SRAE R GPS K0 dk T R M 52 A i S i w85 491 i 0 & 2 30
25Hz, {H i Tk Z B 22 @ A GPS I 3 18 SCFF , G UK 3 7= 1) e 0 3 44K A8 Ak 1 IR 20 A e b 7
TR 1 B, X R RIS B A 1 TR A R .
1.3 2015 £Ej/RIE M, 7.8 #thE

HT T Ak e HA S P 1 Il i il 438 750 36 1Y 3 B A il XY 7 S XN, 2015 4Rk
A JETE 2% B 21K Wt 7 H DU & Sl F R R 8 bR (18 2(¢) ) o IR UK TR IA K
SR AL b A T v R M X, S R T T2 B TR R K AJE S . CMONOC W 45 il 4k T
33 N ufi Y GPS Bd , 4% HA W] B[R 52 45 5 1 4 > ol 5 CBOBSS , 20155 W et al,
2016) , 5 £ FHAE R /R EE N AT BERY 14 DS u L W8t 7Ok A s B L.
CMONOC e 5% 1 f5e K 7K A 7% (S4em) 7 F W 48 JE A 7K 1) 1041 & 3, 3l 245 (6 % fie K {H
(15em) BH T XZZF Gl J2 HoK AW 5 £ . B4R C P By Sentinel- 1A {UL ) 3] #
PR THIXEAIE AL A — E AR AR (H L B ALOS-2 W 5% 1 bR i B,
LOS [i] (4 e K AE i 1m (BB EE 55 ,2015) , 5 GPS 458 M i KK 8% 1.88m [ 1 H i
B 1.27m AHIERL . BEAh, M52 AR 3 A T 2R Y [R) 52 3h 252246, SHz 19 GPS WL 45 71 /Y 7K
- [ia] WA A2 #% 35 2m, T B ) 06 (B 07 B 2K 1. Sm, S0 I AT A b BT T g Ak R
(Resonance) ( Galetzka et al ,2015) o 7 M YCHLRE H , i 52 b I 1 AN 4 (it 1 22 0304 1) 2530
e (0~2.5Hz) , H AT UL B0 1 N o s s il A 17 B Rk

KRR, 5 B Ak LG A 1) 4 36t IX 7 4 o S P 2R AR OGOk L 5 1) 2 2B K 78 20 1) WL
ARG B A 0 e T S e B o0 1 K L AL R A T OXERR AL 2, o — AN A ED Oy 2
05 BT 2 (MIHT) f) JE8 A7 [ o IR T, B2 77 B o Dt 228 oo 8 5 L 00 3l DX ) 4% S 23 4 17 INDEPTH
7 B RE A T A P SRR IR A MHT 22 2248 A 95 8= I Z T (Zhao et al,1993) KT, MHT
S 2H £ R A 3 LA A R Sh e AT SR AR A A e 22, X i AR E SR T B9 MHT B AR
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AN W T, L 3E L LK SR 47 5E ( Pandey et al, 1995 ; DeCelles et al, 2001 ; Wobus et al,2005)
Elliott 55 (2016 ) F| Jf] InSAR J GPS b /2 i 2 9 JUATT 2 K, & W1 3 218 gl & e A T v
FC 0 W7 B - W A0 25 5 BB AL, AT 48 75 MIH'T 7 7 IR 382 - BT B - T 3 79 L Amp 7 0K, I 46 0 32 7 4R
9 M S7 3 5591 58803, SCRE 1 rb b 56 19 W7 B 02 36t Al v 35 5 3 E 3tb DX 46 TH A9 32 0 W o
BT AR 1] £ b 72 M I B 5048 , Whipple 45 (2016) W) 3 7 ~F- S5 A5% 70 520 W7 1 -1 Il A6 80 B Ay o
DG B 405 B2, I R i o B2 23 S )2 %0 InSAR &% v 74 AU T A 46 T 52 4 X 0 A7 A B
PASZHF P A2 I (out-of-sequence deformation ) Sy i 5 B i Ak i) 46 FHALH] o v [ 2 2 0 k47
THIOCHESE  ANE AT DL Bl 2 fE PR e 5 b 52 AE B 1 43 B (Wang et al,2015; Zhang et al,
2015 ; 5 45, 2015 ), 38 W] Sy W )2 JLAR) 70K 82 it 4R TE (IREEIL A%, 20155 Wang et al, 2017;
Zhang et al,2017) SR LI F 5T 2 56T InSAR 5 JETH/R 5N GPS idls , CMONOC 7£ ji 5
(9 GPS LI B Hif i R & #5E HA I DF TSN (B . e Ah , IR b 52 7 Hh 1 3 3 i 4 GP'S %k 7% R
B AR TR IR H . Galetzka 55 (2015) 155G A F SHz K08 P BL 1 0 7860305 40 4 IX.
BT bk b LA (slip pulse) , 3 DL 0 B 8 550 9 3 50 1) A [i) ol 107 B 453 55 5 6 I, DA e 43
GPS Jy F B2y i) 5= Y50z 2 ik 7 45 S 70 i) B 2R TS B0 3l 25 %00 L 7 b %00 K m BE A7
B 5T 22 5% ( Grandin et al ,2015;Liu et al ,2016; Yue et al,2016) ,CMONOC F) 545 GPS %%
P AR TTHR TR Bt A4 1 (XURISE ,2015.2017) .
14 2017 EHAEEGM,6.5HE

JUZE U 1 7 o v [ Kl 6 20 7 vt 7R O b ) 0 00 T T B e o I 2 A0, S O T
W35 T GPS Ft =) 2 B 00 #2149 % L 3 & GNSS J¢ o [ 1 4 — 5 | Radarsat-2, ALOS-2
Sentinel-1A Z#IE ) InSAR(K 2(d) ), CMONOC % 23l i AL 5% 1 [A] 52 | = 4 GPS %%
i (P 5 25, 2018 ), JH [w] ik 0 00 7 b <) b R 1 5 2R 2 [6] BF % T 45 b 3k L GPS AN
GLONASS fy i SECHE , 7 A0l g 5 8 7K AR FRIZAZ , Horp S A il s C s 21 7 35 B 1) 3
iR, WA HERE B 100km P 5 4 CMONOC X3 5 & 5 4~ C ™ i, L F AT
GNSS 1y [f] 7 JE 42 & (Liu et al,2019) o f KIE AL i T CMONOC X (3 J416, 7K - [i] 3k
24cm, 2 F[9] 3K 9em ., Sentinel-1A FFFEHLE InSAR BULi 2] 1 B 19 LOS 15 [al f@ I A% , e K
B T+ K LR IR AL H A 0. Tm F1 0.22m (BB 55 ,2017) o E & 20 =9 TR (GF-3) B ik
BT MR C P BT R T e B AT 55 7 RE X, = kS 1Y LOS JE A8 37 58 42 RE 8 1 L AR B
f 1 B 0 SAR TLAL i A2 6 25 R A BF 5T 5 5K (Chen et al ,2020a) , 24 GNSS Ll 3] 1
I U 2 1 3 A TR, FHorbr b 2 & e (BDS) (9 080 0 i 5 1523 47 DA ke o Al A o [ oK B
SR AL BB AL, HHORS BE 7R MU DU R T GPS, iy LA 1 2858 GNSS S 7€ i K
JE SRR MY GPS 215 T 50% , 52 Bk B /K V- 2 #% 3k 2 ~ 4mm (Li et al,2019)
I, BR T RE A8 LI B B 52 DX S KU 40mm 1) S A AL F% , 10 RE i AR BE % f 100km SR Tem
b WS B R IRIE E R T B SR 5 AR

JUHE VL FR J& Ak O P Ll M 52 205 T R AR RO AR Y T R R AN GE I T
SRS, 36 R AL T35 DT 5 RS 8 AR T2 6 T o H A 38 A A R It PR B ML A
FEVR AL TR 32 KRR A R b 7R A I R 55— R A B ) 8 U 75 2445 B AR . el PR SR
f InSAR K GPS % S WL I B4 S 18 11 5 PR ASE AL | AR 5 b 5 2 B8 0 ) 4 Ui 28 LA B R i o
] JEE AT (5K B 55, 2017 ), 2) B 5 1 MR R 48 B 1 I8 2 08 2 KE 1 R B APk (3R R 0B AE,
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2017) , BN T AR ARG Sh e B (HURT R AF 2017 5 BRIEAE , 2018) 5 AN DA R R T H 5 T 3t
) KA (Zhao et al 2018 ) K AR 3 52 19 & [ #: (Hong et al ,2018) , 7347 1 56 M T 3z 2l 4
fiE (I SCZES,2019) o Sun 55 (2018) FI ] InSAR 53 52 P k5 29 ol T W JE A AL i A 17l g
FEAEI 53 32 B S 2 0 R IR L, A B B3 A P2 28 BT 24 (9 A 35 47 AE . Zhang 45 (2018) JE
T InSAR 5 GPS JR AJY AL 3 S 445 2 T 1 8l 0 A R ik, IR A 4 BT 28 b — R s e J2 it
T P £ I8 S AR . Liu 2 (2019) WKL T 4% 5€ %5 19 GNSS | InSAR [Al 5= I 72 37 , % LA
Z 1 GNSS SR ALY S ZTE AL 6 5 25T I b FRORS AN Y e R R, O 45 5 B0 3t A A T 22
G AL A T OF W R R ) A R AR T RO A A B AR A X R e R
CMONOC X £ B b vk M 5% 19 52 PR ML ) oz 3y 2 2 BT B8 AT SRR A T, T 0 [t 7 R 3
) B HR (BDS (GF-3) 9 I U A HEAR ) 738 5

2 itig

F 1998 4F CMONOC #: 5 Lok , 22 450717 Hiu 5% Kt 0 o 7 v [ b 3% W0 BBOAS 77 2 0 1Y
B, R A T v K Bl AR 5 AR AR T R LI O o SR, a0k E A R ) A A S AR T L b
] 114t 7 R b U 2 5 6] B TR 7K P MR SR A A 25 BB, L v 3080 7 o i SRl e B —— MR R
H 0 B LA A HAT AR s ), E R LT .

(L) ARATRE A 3 1) 2 8] 43 B 6 M7 O b 00 4 199 4% 6 0 34 2 x4 0 00 8 232 3l B il 7
JEL ST 73 T % AU A0 i T 78 3 14 i K E W . SAR TR $R b 1 TR IR T A8 3 45 - b ok 3 T Hb R
R b B 4 23 ) 43 B HL A2 PR T ARG LT — 208 12 A8 | JHE K GRORG JBE % B ) 3 0 o4 S AT
B SR BE i GNSS, 4 It S 1t 7% J) 30 28 T %) 1 BT B8 0 34K 8 T GNSS & I 114 =5[] 43 %
K, HAT CMONOC ()25 [a] 43 R 29y SOkm , T2 BL4F 5 4 A% P4 5, B 5 N 10 %5 4 L i A 1T
B, (X 5L A % A 6 A 19 P 8 X 3 A I A7 S a0 R B 9 XY 4 R OR R 70k,
LUK, 45 0 3k s 0 A ARG 27 5, 6 B ARG IR R R e T 2 A SR A0 ) L v A 221 1 L B
(8 0 5 R AE o o ] b R ) T R 1 L AR B 2 S 6 3 R AE B X S A 200 4> GNSS 3% 252 3
Jioe s 44 3 2 X o B T 0 2 TR R L SR, T I P S A ] G L At R TR BT R Y s
] 53 B AR SR A AR B K AL 23 1]

(2) FAURAE S Bk 23 20 2 . LRI, b 5 K b 0 5t (0 447 9 J 4% X AT 3k 10%a~1077s,
A% J K i R 22 4 v ZE AR ity , 32 28 STk R AR T B 7R A B I e oy A E .
GNSS [ 21 {209y iEA: LUK , LA w3 K B e B 460 %ok ik o ) A 35 A8 AR R A8 gl 2 P AR T
R R, O 76 ] o b R A b O 2 B A — i 2 . R A GNSS 2 B T 2K R
J5 1l : DY KGRI 8 3l 2 BB ( Galetzka et al,2015) ;) 4h 52 2 % 1 S5 B 8 22 ( Melgar et al,
2013) o H & B TCAMKEE m 23 50 BE ST 1 52 K & & . H A< GEONET & [/ 1200 4%
S 3 3 A0 S BN | B S 4 BE SR A T 1Hz J& 20km, 2011 4F H A M 9.1 M 5E I, 5 46
GNSS Hifi il T #4555 1 sh 48T 1 8 5 3& 16 NOTA [y 1278 4~ GNSS % S 3 45 7 e 5 5Hz %5
Py (L2 0AG T 5 R AL DL =R B SR AR ) JLAE VG IR 7 ) 25 23 MERE AN 32 £ 1, UNAVCO
MH ST E A R A R R S 2 W, A B A Bt nT B R R AR H R,
Hi[E CMONOC 25 iy 260 4~ GNSS ## 2 3l 5 AT e 5% 1Hz 504l , @ 4 GNSS 78 R 8UA Z2 1 )L
RS A A e T S B S R VR A AR VR B S A ST 90 Bl B B KGR U H bR L i
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A 15 A I 25 73 B AR E AR AL

(3) Z4e B B ik . AL Y 5 i S SREAE T 2 BB AL AR A E o o [ Rl
R i 1% T A2 B o 3R B AUN 1~ 4mm/a, /N F K VI8 8, BAE e 24 R M v B R
T P, 0 H S AN A 5K R B, L e 8RR 2 AR 1 B R AT 20 A DL 23 S A g
o TRl B A5 S AR R, HL U 2R Bk = e B R (5 B, I8 2 ONSS Bl HoA B 1Y
AEE R, A RO BOR R AT A 4. AT, T ER R 5 B I 2 2 K T % 2 GNSS I P
InSAR K HE , 23 73 B R 5R5 BE B REAH B A 58, (H 5 A5 4% A O A, Rt Ak B e 55 Bl HL 2K
et BOR, S 8E R MR R R G . L, =40 R Ml e fr 2 T RS — W
Bob b A B AT A R — P R R

3 &g

A FR [ R R 4 Y38 52 0 46 52 , 22 WU R st 00 1 5 75 W 00w I B RE ) o i i A
A SRS A R 3 A R At HE T 3 T b R 0 S 5 R A R L B O et A i Ak S5
oo G E KPR B —" i 25 0 2% 7 TR 2 v [ 5 O b Y R R Y A, B A [
7 BDS K GF-3 70 iy FR I AL W il b (9 s W T, 3 A R 4 1) Jili 285 00 2% ™ T 7 o oRF 40k 2 i 4%
B B A Xk AT A W 8 B AR T R I 285 A A I R [t 7 M 0 5 0 P BF 5 K
AAAE AT Z 2

B+ HOHE oy o 5 38 I 1 25 0 H LR BRI 2 5 CMONOC #8538 47 ) TAE AL
5% X H

B gk, 772 25, XN, 55,2018, T GNSS 55 InSAR 2y 5% JLFE W M7.0 M52 M S B Je FLPE 0 1 5% . M IR B2 4T,
61(5):2122~2132.

WRIZ % A W, 7K 55, 45,2013, NSOt 2 30 P L st 52 op ERLSF - R R4 ,43(6) 11064~ 1072.

TR BRE T XN & M L5, 1998, FITTIE K GPS A 2 I B kh ) o [ K il 88 4 /K S JB A S 1 90 25 43 Bt D4 2% 4, 27(3) -
267~273.

HOHA, EPR R 55, 45,2012, AR 4 GPS FIK il ¥k} I8 2008 41 350 )1 Hb 7% 7] 7% 0 R4 A5 AL b AR A 5% ,35(3) :323 ~329.

HEEE, E PSR, XIS7 G, 45,2014, 3% F K o B0 19 27 10 7.0 9% b 7% 72 ) 309 0 [ 72 1 88 I R AE . B2 5E 4z, 59 (36) 13631 ~
3636.

2R 3E XG4 0, 55,2017, JUZETE MgT7.0 R 1% InSAR SN K % 5% #4 1& 0 Afr . o ER 49 B 22 3,60 ( 10) :4069 ~ 4082.

A5 WERTIE A A, 45,2012, i [ K G A 6t AR T R R R R B GPS W -8 4 B B . oh R o s R B 4, 42(5)
629 ~632.

XUSA, 55, B 48, 45,2013, 2013 4R 75 11 7.0 SRR M 2 S MR B op B B2 M BR B 2% ,43(6) : 1020~ 1026.

IR, 3, TR 275, 45,2015, FIESE GPS 53 2 I I & B8 2015 4F JE VAR th i M 8. 1 M 7 i 4 id A . b Bk 47 B0 2 41,
58(11) :4287~4297.

XM A5 2085, 2 5, 46,2017, 2015 45 J@ 0 1R 3 2 A 245 P 1 48— A5 0.t Bk ) 22 4% ,60(7) 12663 ~2679.

Xz 4 FES T, BB #E 45,2014, 210 M7.0 Hb % InSAR JE 28 WL K 7% R 2 850 . M Bk 4 324 41,57 (8) 12495 ~2506.

oW WREEE e 45,2001, v [ KRl X R4 M 32 B g GPS WF 5T . B2 5@ 42 ,46(13) : 1118~ 1120.

2R, A INDLGR 4, 2005, o E K i B0 A st e 32 Bl T g 1 J5ORT LI 45 5. Bl Sl AR ,50(8) 1839~ 840.

FRHT AL JE AN, FB 00T, 45,2017, 2017 4E 8 1 8 H UJINJLFETS 7.0 Sith % InSAR [F] 5% I8 A% Yy Ko W7 J2 W ) o3 A S Bk
WP ,60(12) ;4527 ~4536.

BT A K E VRS T, 45,2015, 35 F InSAR FI GPS WL AR 19 JE 11 2K Mo 5% & 7R T2 R AE S 40 S 9. Bk B



.

CM K

726 LI 36 %

£ ,58(11) :4266~4276.

FISCBE, ARK A, RS, 45,2019, TG SR AR A0 SR A InSAR/GPS S5 R /9 DU 1T JUZE 7. 0 2 b 7% 72 U508 30 4310 S 3 b HCHb 7
SFRL . L ERY AR ,62(1) < 115~ 129.

WL, EHL, TIFA, 42015, 5 3 6 7% B8 29 0B 2013 AR 1) M 72l 2 6 Y % HCH 3 R SC. Bk B4 3, 58.(9)
3169~3182.

F 45,2009, BT GPS [F AL 4 29 o S i 2008 4 5. 12 SO KRR 24 2 0] 43 A 3ty 3R #1442, 52(10) 12519 ~2526.

FEDSE, H LA B ¥, 47,2018, GNSS LI JUIE ) 7. 0 Gt [R] 28 (L BS ) 2 4 2. i ER W) ~7 4%, 61( 1) 161~ 170.

TR, W2 BT ZE, 45,2013, U Il 7.0 G50 A2 — YRR P 0 T SR 3t 5% . B3l i, 58(20) 1887 ~ 1893.

B IR H LA 45,2010, mAE GPS a2 A9 B0)1 M 8.0 Hiu A 7% i T 3 s R AR I o R B2l 4R, 55(26) 2612~
2626.

Wkt dk, ER R, FHE, 21993, 7585 i 1993 4E GPS WL A 2R (K5 BE 40 M7 . M58 T 48 5 7% ,14(3) 127 ~33.

SREE R A AR 1, 55,2009, 2008 4RI 8.0 AR KM R B ML LM L Ot A G KA. BHF R, 54(7) 944 ~
953.

SRR ST AR 4F L2017, 2017 AR JUE TR Ms7. 0 Hb A% 5% U5 7 S 18 5 B BE A . R 2% 41,60 10) :4105~4116.

KT LI BRIZ 4R, 2013, 10 4. 20 $ 7R R B B EOK R AER 25 3 AT MR LA G, 56 (4) 11408 ~ 1411,

R, AL S bR L SR B, 45,2015, GPS W SE I JETH/R My 7.9 Fll My 7.3 MR R RIL LY. Bl i@ ) ,60(28) :2758 ~2764.

o [ b e 32 Sl LI ) 2% 350 H 26,2008, GPS I % 1) 2008 4RI M 8.0 iR M IR AL RS . v [ BL2% (D #8) - s 3R B2, 38
(10) :1195~1206.

SRR, SR LA AR L SF L2017 MU AR R 4 2. iDL BDUR 2 AL

R SCRE, BESR I, BT , 55,1997, FIHT GPS HAR W Il 55 80 mi S b 7 32 s i w0 6 45 R . Bk . D 4] ,27(5) :385~389.

Blewitt G,Heflin M B, Hurst K J, et al,1993. Absolute far-field displacements from the 28 June 1992 Landers earthquake sequence.
Nature,361(6410) :340~342.

Chen X, Peng J H, Motagh M, et al, 2020a. Co-seismic deformation of the 2017 My 7.0 Jiuzhaigou earthquake observed with
GaoFen -3 interferometry. Int J Remote Sens,41(17) :6618 ~6634.

Chen Y G,Ding K H,Wang Q,et al,2020b. A refined slip distribution of the 2013 M 6.7 Lushan, China earthquake constrained
by GPS and levelling data. Geophy J Int,222(1) :572~581.

DeCelles P G,Robinson D M, Quade J,et al,2001. Stratigraphy, structure, and tectonic evolution of the Himalayan fold-thrust belt
in western Nepal. Tectonics,20(4) ;487 ~509.

Diao F Q, Wang R J, Wang Y B, et al, 2018. Fault behavior and lower crustal rheology inferred from the first seven years of
postseismic GPS data after the 2008 Wenchuan earthquake. Earth Planet Sci Lett,495:202~212.

Elliott J R, Jolivet R, Gonzdlez P J,et al,2016. Himalayan megathrust geometry and relation to topography revealed by the Gorkha
earthquake. Nat Geosci,9(2) :174~180.

Galetzka J, Melgar D, Genrich J F, et al, 2015. Slip pulse and resonance of the Kathmandu Basin during the 2015 Gorkha
earthquake , Nepal. Science,349(6252) 1091 ~1095.

Grandin R, Vallée M, Satriano C, et al,2015. Rupture process of the My =7.92015 Gorkha earthquake ( Nepal) : insights into
Himalayan megathrust segmentation. Geophys Res Lett,42(20) :8373 ~8382.

Hartzell S, Mendoza C, Ramirez-Guzman L, et al, 2013. Rupture history of the 2008 M 7.9 Wenchuan, China, earthquake:
evaluation of separate and joint inversions of geodetic, teleseismic,and strong-motion data. Bull Seismol Soc Am,103(1) ;353 ~
370.

Hong S Y, Zhou X, Zhang K, et al, 2018. Source model and stress disturbance of the 2017 Jiuzhaigou M 6.5 earthquake
constrained by InSAR and GPS Measurements. Remote Sens,10(9) :1400.

Huang Y, Qiao X J, Freymueller J T, et al,2019. Fault geometry and slip distribution of the 2013 M, 6.6 Lushan earthquake in
China constrained by GPS,InSAR,leveling, and strong motion data. J Geophys Res:Solid Earth,124(7) .7341~7353.

Jiang Z S,Wang M, Wang Y Z,et al,2014. GPS constrained coseismic source and slip distribution of the 2013 M 6.6 Lushan,
China, earthquake and its tectonic implications. Geophys Res Lett,41(2) :407 ~413.

Lai X A,Wu X H, Seeber G, et al,1992. The first epoch western Yunnan GPS survey: data reduction and analysis with Geonap
software. Earthq Res China,6(1) :68~90.



.

CM K

4 4 XA+ B 52 AL T A 3t 52 R 3t )k Mg 0 5 TF 727

Li X X, Zheng K, Li X, et al, 2019. Real-time capturing of seismic waveforms using high-rate BDS, GPS and GLONASS
observations : the 2017 M 6.5 Jiuzhaigou earthquake in China. GPS Solut,23(1) :17.

Liu C L,Zheng Y,Wang R J,et al,2016. Rupture processes of the 2015 My, 7.9 Gorkha earthquake and its My, 7.3 aftershock and
their implications on the seismic risk. Tectonophysics,682:264 ~277.

Liu G, Xiong W, Wang Q,et al,2019. Source characteristics of the 2017 M¢7.0 Jiuzhaigou, China, earthquake and implications for
recent seismicity in eastern Tibet. J Geophys Res:Sold Earth,124(5) :4895~4915.

Liu-Zeng J,Zhang Z ,Wen L, et al,2009. Coseismic ruptures of the 12 May 2008 ,M (8.0 Wenchuan earthquake, Sichuan : East-west
crustal shortening on oblique, parallel thrusts along the eastern edge of Tibet. Earth Planet Sci Lett,286(3~4) :355~370.

Lou Y D,Zhang W X, Shi C, et al,2014. High-rate ( 1-Hz and 50-Hz) GPS seismology: Application to the 2013 M 6.6 Lushan
earthquake. J Asian Earth Sci,79:426~431.

Melgar D, Crowell B W, Bock Y, et al,2013. Rapid modeling of the 2011 M 9.0 Tohoku-Oki earthquake with seismogeodesy.
Geophys Res Lett,40(12) :2963 ~2968.

Pandey M R, Tandukar R P, Avouac J P, et al, 1995 Interseismic strain accumulation on the Himalayan crustal ramp ( Nepal ).
Geophys Res Lett,22(7) :751 ~754.

Press F,1965. Displacements, Strains, and Tilts at teleseismic distances. J Geophys Res,70(10) :2395~2412.

Seeber G,Lai X,1990. A GPS survey in the Yunnan earthquake experimental field objectives and first results. In; Vyskocil P,
Reigber C,Cross P A. Global and Regional Geodynamics. New York : Springer-Verlag, 11~ 14.

Shen Z K,Sun J B, Zhang P Z, et al,2009. Slip maxima at fault junctions and rupturing of barriers during the 2008 Wenchuan
earthquake. Nat Geosci,2(10) ;718 ~724.

Sun J B,Yue H,Shen Z K, et al,2018. The 2017 Jiuzhaigou earthquake:a complicated event occurred in a young fault system.
Geophys Res Lett,45(5) :2230~2240.

Tong X P,Sandwell D T,Fialko Y,2010. Coseismic slip model of the 2008 Wenchuan earthquake derived from joint inversion of
interferometric synthetic aperture radar, GPS,and field data. J] Geophys Res,115(B4) . B04314.

Wan Y G, Shen Z K, Biirgmann R, et al, 2017. Fault geometry and slip distribution of the 2008 M 7.9 Wenchuan, China
earthquake , inferred from GPS and InSAR measurements. Geophys J Int,208(2) ;748 ~766.

Wang K, Fialko Y,2015. Slip model of the 2015 My, 7.8 Gorkha ( Nepal ) earthquake from inversions of ALOS-2 and GPS data.
Geophys Res Lett,42(18) :7452~7458.

Wang M, Shen Z K,2020. Present-day crustal deformation of continental China derived from GPS and its tectonic implications. J
Geophys Res:Solid Earth,125(2) :e2019JB018774.

Wang Q,Zhang P Z,Freymueller J T, et al,2001. Present-day crustal deformation in China constrained by global positioning system
measurements. Science,294(5542) ;574 ~577.

Wang Q,Qiao X J,Lan Q G, et al,2011. Rupture of deep faults in the 2008 Wenchuan earthquake and uplift of the Longmen Shan.
Nat Geosci,4(9) :634~640.

Wang Q L, Cui D X, Zhang X, et al, 2009. Coseismic vertical deformation of the M¢8.0 Wenchuan earthquake from repeated
levelings and its constraint on listric fault geometry. Earthq Sci,22(6) :595~602.

Wang X,Wei S J,Wu W B,2017. Double-ramp on the Main Himalayan Thrust revealed by broadband waveform modeling of the
2015 Gorkha earthquake sequence. Earth Planet Sci Lett,473:83~93.

Whipple K X, Shirzaei M,Hodges K V, et al,2016. Active shortening within the Himalayan orogenic wedge implied by the 2015
Gorkha earthquake. Nat Geosci,9(9) :711~716.

Wobus C,Heimsath A, Whipple K, 2005. Active out-of-sequence thrust faulting in the central Nepalese Himalaya. Nature, 434
(7036) ;1008 ~1011.

Wu Y Q,Jiang Z S,Liang H B et al ,2016. Coseismic deformations of the 2015 M 7.8 Goekha earthquake and interseismic strain
accumulation in the Himalayan tectonic belt and Thetan Plateau. Tectonophysics,670:144 ~154.

Xu C J,Liu Y,Wen Y M, et al,2010. Coseismic slip distribution of the 2008 M, 7.9 Wenchuan earthquake from joint inversion of
GPS and InSAR data. Bull Seismol Soc Am,100(5B) :2736~2749.

Yin H T, Wdowinski S, Liu X Q, et al,2013. Strong ground motion recorded by high-rate GPS of the 2008 M¢8.0 Wenchuan
earthquake, China. Seismol Res Lett,84(2) :210~218.



‘(,I M K

728 LI 36 %

Yue H,Simons M, Duputel Z,et al,2016. Depth varying rupture properties during the 2015 M 7.8 Gorkha ( Nepal ) earthquake.
Tectonophysics,714~715; 44 ~ 54.

Zhang G H, Hetland E, Shan X J,2015. Slip in the 2015 M 7.9 Gorkha and M 7.3 Kodari, Nepal, earthquakes revealed by
seismic and geodetic data:delayed slip in the gorkha and slip deficit between the two earthquakes. Seismol Res Lett,86(6) :
1578 ~1586.

Zhang G H, Hetland E A, Shan X J, et al, 2016. Triggered slip on a back reverse fault in the M 6.82013 Lushan, China
earthquake revealed by joint inversion of local strong motion accelerograms and geodetic measurements. Tectonophysics, 672 ~
67324 ~33.

Zhang P Z,Wen X Z,Shen Z K, et al,2010. Oblique, high-angle, listric-reverse faulting and associated development of strain : the
Wenchuan earthquake of May 12,2008, Sichuan, China. Annu Rev Earth Planet Sci,38:353 ~382.

Zhang Y ,Wang R J,Walter T R, et al,2017. Significant lateral dip changes may have limited the scale of the 2015 M, 7.8 Gorkha
earthquake. Geophys Res Lett,44(17) :8847 ~ 8856.

Zhang Y ¥, Zhang G H, Hetland E A, et al, 2018. Source Fault and slip distribution of the 2017 M 6.5 Jiuzhaigou, China,
earthquake and its tectonic implications. Seismol Res Lett,89(4) :1345~1353.

Zhao D F,Qu C Y, Shan X J, et al,2018. InSAR and GPS derived coseismic deformation and fault model of the 2017 M¢7.0
Jiuzhaigou earthquake in the Northeast Bayanhar Block. Tectonophysics,726:86~99.

Zhao W J,Nelson K D, Che J,et al,1993. Deep seismic reflection evidence for continental underthrusting beneath southern Tibet.

Nature 366 ( 6455) :557 ~559.

Seismo-geodetic Measurements and Analysis of Some Recent Large
Earthquakes

. . . 2
Liu Gang"  Qiao Xuejun"  Wang Qi

1) Key Laboratory of Earthquake Geodesy, Institute of Seismology,CEA , Wuhan 430071, China
2) China University of Geosciences, Wuhan 430074, China

Abstract  Seismogeodesy is a developing discipline jointing the seismology and tectonics with its
ability of determining the geophysical field associated with earthquake-cycle, in which the
measured deformation ranging in 10’a~ 10"s fills-up the gap between seismology and tectonics.
The Crustal Movement Observation Network of China( CMONOC ) composed with the multiple space
geodesy technologies that are capable of broadband observations not only depicts the image of
crustal deformation in China, but also plays an important role in measuring the displacement
associated with the large earthquake, such as the 2008 Wenchuan earthquake, 2013 Lushan
earthquake ,2015 Gorkha earthquake and 2017 Jiuzhaigou earthquake. For these above earthquakes
the geodetic measurements from static/high rate GNSS, InSAR and Leveling construct the
coseismic displacement field, and contribute to the studies of source kinematics, intraplate
earthquake mechanism, and earthquake early warming. However, the limited resolution of
CMONOC at present is not sufficient enough to develop demands of seismogeodesy,and the farther
enhancement is needed.
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