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Abstract: In this paper the coseismic horizontal displacements of the Ms7. 0
Lushan earthquake on April 20, 2013 in Sichuan, China are obtained in the
global and regional reference frames from continuous GPS observations at some
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stations in the Crustal Movement Observation Network of China (CMONOC)
and other stations. Comparison of the two sets of solutions for the coseismic
horizontal displacements shows that they are in good agreement and both of the
reference frames can be taken as the dislocation reference frame for the coseis-
mic horizontal displacements of this event. So the coseismic horizontal displace-
ments in the global reference frame can be used as coseismic horizontal displace-
ments in the regional reference frame. The relationship between the coseismic
horizontal displacements and the preseismic horizontal displacements can be
analyzed reasonably with the results in the regional reference frame so as to
study the crustal movements precursory to this event.

Time series of preseismic displacements and the coseismic displacements in
the regional reference frame at continuous GPS observation stations show that
the tectonic horizontal crustal movements were quite significant at some stations
west to the station SCTQ near epicenter of the Lushan earthquake, while this
station showed abnormal locking in the horizontal movement. The coseismic
horizontal displacements at the station SCTQ and other stations were elastic
rebound to their normal horizontal tectonic movements. Therefore the locked
horizontal displacements at these stations were anomalous in the spatial distri-
bution of the horizontal displacements at the GPS stations and were precursors
to the earthquake. The horizontal displacement change in time and space show
that the preseismic and coseismic displacements at the station SCTQ are in good
agreement with Reid” s elastic rebound model. The combined studies on time
series of the horizontal displacements and the coseismic horizontal displacements
in the regional reference frame are important for the reasonable explanation on
the crustal movements precursory to the earthquake. Though the data used in
this study are limited, combination of the results in this paper with other papers
suggests that the result obtained from data at the station SCTQ can be verified
by the data at other GPS stations. Based on the studies on the preseismic and
coeseismic horizontal displacements, some problems in the GPS monitoring net-
works and the data processing and analyses are discussed.

Key words: GPS; GNSS; coseismic horizontal displacement; elastic dislocation
model; Lushan earthquake; earthquake precursor; earthquake prediction
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2012 4F 3 7 v [ 5¢ 12 Sl WL 9 28 (451D 7 CLATR fRTAR 0 26 — 30D . i M 28475 L) 4
BT E St &4t (Global Navigation Stellite System, faFR 2y GNSS) & EZE UM FE A, LI
WA EZEHM . @K 260 4~ GNSS 3 22 0 5 (AL HG — B9 25 35, 2000 A E
ML) GNSS XS, 240 24 S0 M55 2 N 2010 4F 7 H FF R4 GPS W, 1eAh, 4%
M X AR AN F B ), A Y 20 GPS S22 WM vk, X 26 GPS UL 3% Sk I AfF 5% K st
R Ja AR FE A 5T 12 3l . IR R AN [R] 7R S 72 B IR AR AR 1 AR 00 0L B R

K2 — 3] GPS sl 2 I (], &4 T 2011 48 3 11 H AR H A My9. 0 K&
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MR s 2 3 o R DL AR BCHE B % B S 2 HE 2R A 1) SR . ol Tl s R Al R R
i PR AR SE IR, 2ERSZHEQ RO W R S E T AE. 3 GPS S JF 46 LAk
B Hb Bk 2 #Z HE 22 (international terrestrial reference frame, fajFf 2y ITRF) & # & 15 A [8] ik
A RIS BT R TR 1GS08 2B HEZR WA 45 — N RAS TIGb08, 2 & [a] — A R S HHESE
HAZ o il 0 B30 3 2 B T D

DX 80 2 25 HE ZE A T XA A K- 3 3 AR ARAI A AR E ALl A5 5 BIE S X IR X 2 Bl
(SR Sy 1 DX Rl N R DX I 3 7 AR 0 B S ST I S A XOR X2 HE SR
e W dt 32 = % #E 22 (stable North American reference frame, fij #% 5 SNARF)
(Blewitt, 2007) F1Ek I =% HE 28 (European reference frame, fij#x 8 EUREF) 4. 76 #
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R 3 [ R i XGPS W 45 2R 5 vb B Rl e S fn R S ks AR — BRI LA
B KRl AR, H 32 B KR AR A AR w oM Dl M KIS HHE L, 138 TR 25
M (Gu et al , 2001, 2009, 2011 ; Jif[E 4%, 2004, 2009; JHEAE, FiXE, 2009, 2011).
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FHEGL, R UL A7 7% S A ARALAZ 46, =22 5 450 A A5 21 1) B80S 7% A Fie /D — e 7 S 1 DR 5 i
(EX/E

http://www.dizhenxb.org.cn



13 JBE AL S5 - 1l Ms7. 0 MR I K V-7 3% i [R] 5 7K P32 B8 BF 5 57

L B 2 M7 T B 0 0 5 % HE A T A W A K9 8 R AR B I . e R i
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3 7 ITRF2005 4xERAE 2L T 0 0 M 5 = B 19 [ 2 2 8%, 4 0l 0 ) 5 K S R8s I LA
ITRF2005 2B HESE T (9 GPS # B2 5 F1 Bk AE g b R i) B Az ol . 1931 1 B b X 32 25 HE 48
) GPS K- B i i 4.

HI T A SR 9 XS AR B8 ) T 314 XA Y e A iz 8l HLOHAZ O 0l T8 85 8
MR R P SR e 2 5 HE L BE ] AR R M RGPS 2 2 WL w745 5 L 1 07 i A 28 110
[Fl R L A% o ST ERAT X 28 3 (9 K (67 4% sl P A RS I R 510, [ 1 25 177 Il M= )
REACTAL B (ol 6] b 72 Jmy ot 52 TON BF 58 BT . 2013). ] LA . WD AE 22 i 22 B AR /N 1B o
Al B A LA /N B ol JLF- 8 A 2250 LA K SCTQ il CR 4z ) 2 15t W 9 b AE 22 fit—
BRI B A 7. X R, B T ARERS B ALRIAS SOR AT IX 32 25 HE B8 A A% 0 o 1 e
BT, HH R R E R, B T 5=, PR 2 25 HE 38K T A O A 4
ZHEHELR . TG R RRA A R ZE R — B [ W] 5 T 5 o i A5 2R o B P A B B 56 T
HeBeAF DA R 2 HE LT [ 5% L 3% i — B 4510 2 A5 B J2 PR . 3 p P v 22 AR /) 1 JL R
T I o T R S A P IR R I P (AN R B AR T R] — A BRAE 2R K g Ak B
TSR ARAT 0 DIRAE 2R, nI 7 1 7 b 2 25 HE 2R A 28 1 L i 7 [ 7 KT 8288 22 901 8 P
122 5/, WAk, B 1 P sl Ha 3R 55 (2013) 19 4 BRAE 42 ) 52 07 B th 7] 24 1 X I AE 42 1)
AR, MRUEHFE KPP ARBER ., £ 1A T IR FAZ R KRKRT 2 mm #)—
86 GPS ufi (1 [F] 52 K- AL B e AL, &1 1 b SCTQ 3 i [a] 52 /K F- (2 8 35 20. 8 mm.
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Fig. 1 Coseismic horizontal displacements associated with the Lushan Ms7. 0 earthquake

The red arrows are from the solutions in the regional reference frame in this

paper, and the blue

arrows are from the solutions in the global reference frame obtained by Wu ez al (2013)

F 1 P Ms7.0 HuRRJE B2 GPS 3 19 [7] 52 7K 17 8% Ao B A7 8 6 8% OKF- 08 1 R T 2 mm)

Table 1 Coseismic horizontal and vertical displacements detected at GPS stations around the Lushan

Ms7. 0 earthquake (The vector lengths of the horizontal displacements are larger than 2 mm)

GPS¥y L/mm Lg/mm Ly/mm Ly/mm  D/km GPS#y L/mm Lg/mm Ly/mm Ly/mm  D/km
LS05 67.5 —9.9 —66.8 83.6 17.2 L.S03 4.8 2.1
1L.So07 30.0 24.1 —17.8 —4.6 31.9 1.S24 4.5 —3.9
SCTQ 21.1 —9.8 —18.7 5.8 33.8 LS10 3.8 3.4
L.S01 17.7 —16.5 6.5 0.3 42.8 SCX]J 3.3 2.2
QLAI 11.6 —11.6 0.8 —4.9 30.0 LS09 3.1 1.9
1.S06 11.1 —8.5 —7.1 16. 3 17.8 LESH 2.8 —2.7
1.S08 10. 8 5.5 —9.3 2.2 51. 8 RENS 2.4 —2.4
YAAN 9.5 —7.0 6.4 —3.5 35. 4 SCJL 2.0 —1.8
LS04 8.7 —7.1 5.0 0.5 57.9 1L.S02 0.7 0.3

—4.3 5.6 80. 8
—2.3 1.3 303.5
—1.6 1.7 85.8
—2.4 —1.5 98.3
—2.4 9.3 130. 4
0.8 0.3 109. 4
0.2 —3.0 106. 7
—0.8 5.6 204.0
0.6 0.2 48.9

T LR i R . Le KPR AR VY [ 20 L /RSP B 15 b 1] 23
FIRE A B

» Lu ATEEMFE. DA GPS i
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Fig. 2 Attenuation of coseismic horizontal displacements with the distances from the epicenter
of the Lushan Ms7. 0 earthquake, where abscissa represents the GPS stations in

Fig. (a), and represents the epicentral distances of the GPS stations in Fig. (b)

3 KFMBHEFIPALMERRKTAZSMTIEIHEI

DA BB IEFLEEE T GPS UL sk 7 1Ly 3 752 798 Fof A1 22 ige 114 1) 52 7K 7 6 % 19 25 6] 43 A [+
RN RS N BIF 5 AR VR AL S 4R AL T Rt ) B UL 5 . AR . R S el ) A RS B )
I 5 FL 45 [ 52 K (088 £ N A K 282 i A PR 3R M ik B s

KRR M ARA B, UL R A2, 8% AZHmiikESs T
W [ A O A SR AL B BRI AR AR R A, R A R AR R A eI s A, R
R FE R IR TS I8 S OCHE. W] B A B 2 PP GPS LIRS B2 ()R] HE BERE 2008 4 )1
M;s8. 0 KHFRH 2011 AR 7R H A My 9. 0 B KRR 19 7] 52K P B B FE R W] 72 X IR 2 % HE
28 v ) 52 7K ST 0 7% 2 7 T /K ST 50 B e B A s [ gk L E B K b RR TR A M e s S AT IR Y
(o E 4%, FRAE, 2009; Gu, Wang, 2011). B FX K KHFERT, GPS % 2 0L 3 /K 5
L B I 8] e S0 FE R E 1 5T B 3 AR Al S i, iR AR 25 5 031 [ 52 7K SF 82 3% 2 7 i K
AR S A SRR k. X T RS Y XSS B SR . T R RS S HE S A i
DX ARIZ gy, AR T XSS AR I S5 . B, A WF AR AR R T XS B HE S 1Y
PRSI IE] e 371, Lo T 4 ot I e DX 358 P ) A X 3 3

B 1 BRI R AR Ah . A SCHE T DL 1L R AR T 33, 8 km [A] FEKCEAL RS L AR
(1) SCTQ i ¥y GPS 2 W 45 R R B LA #r. B 3 A XIS HHER T SCTQ i A H ik
ML BT 3 L M R S B K OE SRS I ] S 2012 4F 69 A Pz B A R k. R %
A LI T (22 ek K AR AL, R LLE AR AT SCTQ 3 i /K P17 8% JE W g A%
. HE I ) ¥ 51 . JoEE T SO s AR B AR R b 58 1 [) 52 62 % 40 A 5 ko R 320l 11 [] 7
TRV S I 2 KT A% o B (Y st vk Il Bk ] 2 v KT RS A3 i B Y A I AE R X
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WA T SCTQ 3l B A1 WM LAK — EAUA R/ A ALAS . W17 111 b 7% 752 v X 4k
RRTAL T A BURES. BT XIS e 2020 il B & e e ok LA v KB AR 5k
ST AR E B X, IXRIAR T SCTQ 3 i) P BUIR A R0 5219, & T R A= o X Ab F 1A i
KA, FHR MR =R E5 . SCTQ W AR {2 GPS 7 2 0 I 1 7c iz 2l 2Rk 5 21 1 K
b 7 2 v DX A AT BB S o B I UL I . R AT R AR 4 L R P e GPS %
SN 3 (7KL A% B ) e 510 (2 A5 A0 9 3R WD AR 4 0 AR b i L il KO B Ak T
H RS (AR AR %5 2013a).
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Fig. 3 Time series of the N (left) and E (right) horizontal displacement components at the station

Ly/mm

SCTQ in the regional reference frame with coseismic horizontal displacement components shown
by arrows in red. The green dashed line shows the normal trend of tectonic movement at the

station. The dates of the Wenchuan and Lushan earthquakes are shown in the figure

YT Ll b R R A X /N, B XIS HRE QA Ol B R b R i ae , R A R T AER
— X2 2 HE SR T WF 5% 1 5 2K OF 067 B R ) 52 K P4 8% S HL i R P 8. XI5 2 HE AR v
Lyt 55 T DY 1] e DX 26 0] GPS 3% 22 LT 3 22 11 25 i R AL K 02 B8 L TR AR K P 7 B8 K
ALAE R B K SEA BB AE N BRI KB R I 4 fias. B AP R 2% 109 GPS 3% 22 Wil ©
AFETER 1 .

Bl A V5 M R 7R, 2 1L bR 0 A 1) 5 b PG 1 R S B I sS I AL . H RS I
b, 7 T )2 VGO0 e AL 1) A 1 0 B AL TG [ A A s R . 1B 4a R . SCTQ ¥l & a4k 14
BORAS, M ER AP AL ER A GPS w2 i O 7 B M IEH A&z gh. Bl 4b Bz ey
) F K-8 14 i 25, 3K 20. 8 mmy, T H 8 3k 14 [R) A2 KT (0 RS /N . H H B A 3k 11 1)
KNI LR 1. B dc BoR, SCTQ 3 [A 5K A0S 14 i 3k #h 1 5% /i 5 B0 15 4 i i
i, T B 5 H R GPS 35 (40 SCML, SCYX %5k ) — 30 1F 44 ¥ 32 3 K -,
Lo = o — 3

B 4 R B K0 B i 23 A Ak e W], SCTQ 3 [ 72 /K - 137 8%t J2& — Fh B 28 A 38 vk [m]
B, B PAT PR A5 W D] [m] 52 3] OE AL 152 sh K P, Bl 3 SCTQ 3l g AL 43 1t i (7] ) 51 14 I
M HE LR FR7R %0k 5 SCML, SCYX 45 3l — B IE % Z 18 iz sh %, T, EHj SCTQ
0 KPS T B B 11 7% v XA A L b AR i IR e is B i R BB . AL 4 AT DL
b, 7 DT )22 VR0 A2 TR A8 5 R R B A 5 T 2 P A0 ) 2 3 R N A RS N S R R o 4

http://www.dizhenxb.org.cn



13 JBE AL S5 - 1l Ms7. 0 MR I K V-7 3% i [R] 5 7K P32 B8 BF 5 61

100°E 102° 104° 100°E 102° 104° 100°E 102° 104°
—— T T T T T ——— T
(@ QuBM e ®  quBm (@ QuBM P
SCSP SCGY SCsP SCGY NeNJ SCGY
[ scaz SN SCGZ 32°N L 32°N
! SCMX ] SCMX SCGZ—_ SCMX
SCLH~. . . SCLH . SCLH B .
SCDF ™  SCXJ  iJIlMg8. 0 SCDF" SCXJ BUIIM8. 0 SCDF™ SCXJ  TUIIMg8.0 .
%, _  SCSN ., SCSN * SCSN
scTQ. /7 iliMgT. 0 132° L SCTQ, 7 1liMgT.0 132° L scrqy FiliMgT. 0 132°
14
r
scxc  SCIL SCsM ) scxc  SCIL SCSM scxc  SCIL S(‘?M )
\ v SCYX scmB LUZH SCYX scMB  LUZH \ \ SCYX scmB  LuzH
A} )
SCMN\ |SCXD 1oge SCMN' + SCXD Joge SCMN\ \SCXD . Jog°
[ YNZD  scmr ' sau 28 FYNZD  scmr sau 28 [ YNZD e \ scu 28
¥ ~ ~ VY
SCYYT genn SCYY SCNN | SCYY \\\‘ SCNN
3 \
YNLJ viws SCPZ ypz | GZSC YNLI YNYS §epz o GZSC YNLI YNYS §epz |z GZSC
v B g / | P
o o / ¥ opo
' A L o L 4 ol o
7YNYL‘ YNDC , 20 mm 26 YNYL‘ YNDC , 20 mm 26 YNYL‘ ' L YNDCy . 20mm 26

B4 T Ms7. 0 MR R 2010 48 7 ] —2013 4F 2 J] GPS & 22 0Ll sl 2B K- A2 % ()
[ 52 K- AL #% (b) e 2010 4 7 JJ—2013 4 4 J] A4 [ 5 7K V-2 B 12 N B BRI K2 8 (o)

Fig. 4 Evolution of horizontal displacements before 2013 Ms7. 0 Lushan earthquake in Sichuan
(a) Accumulated horizontal displacements at the GPS continuous observations stations from July 2010 to
February 2013; (b) Coseismic horizontal displacements; (¢) Accumulated horizontal displacements,
including coseismic horizontal displacements, at the stations from July 2010 to April 2013.

The blue asterisks are the Wenchuan Ms8. 0 and Lushan Ms7. 0 earthquakes
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