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earthquake occurred near Tohoku-Oki area on 11 Mar. 2011 with M,,9. 0 magnitude in the context
of evaluation of position change by the earthquake on the Asian and Korean GPS permanent
stations. For this, two weeks GPS data observed around the event of Tohoku-Oki earthquake (4
Mar—18 Mar. 2011) were obtained from 55 GPS permanent stations in the vicinity of epicenter
(Korea, Japan, Russia, China and Taiwan) and 284 IGS global stations. All available GPS data
were processed and adjusted by GAMIT/GLOBK software to estimate the co-seismic horizontal
displacements at each station. As the results of GPS analysis, the co-seismic displacements by
Tohoku-Oki earthquake were clearly revealed in the GPS stations of Asian region, Japan and its
neighboring countries, and even the change of horizontal position of GPS station (WUHN in
China) which was about 2702 km away from the epicenter. Also, we performed the elastic
deformation analysis using the deformation lengths of baselines between Korean GPS stations
estimated from GAMIT/GLOBK analysis, in order to analyze the effects of Tohoku-Oki
earthquake more precisely on the Korea geodetic network. Most GPS baselines of Korean geodetic
network expanded in the direction of epicenter, whereas those perpendiculars to the direction of
epicenter contracted. The size of maximum shear strain rate calculated during the event of
Tohoku-Oki earthquake is 7 times greater than annual result of the Korean geodetic network. In
conclusion, it was found that the Tohoku-Oki earthquake had resulted in the horizontal
displacements, ranging from 57. 7 mm to 14. 5 mm in Korea. So, these irregular displacements

caused the elastic deformations in Korean geodetic network and may cause a maximum error of

20 mm in GPS geodetic positioning results without updating the Korean geodetic network.
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Table 1 Co-seismic displacement of GPS stations in Asia area
GPS i 5, A RF/°N %@ )5 /°E Dy /mm Dg/mm Dy /mm S/mm Azis/ (%)

AIRA 31.824 130. 600 3.7+1. 4 12.1+1.5 2.8+5.9 12.7 73

STK2 43.529 141. 845 —23.4%+1.2(—4.9 19.94+1.1(—1.3) 4,343.4(14.6) 30.7 140

H USUD 36.133 138. 362 49.1+1.1¢0. D 222.741.1(23.5) 6.244.0(24.0) 228.0 78
MTKA 35. 680 139. 561 56.5+1.4(2.4) 248.7+1.3(26.0) —18.7£4.8(17. 9 255.0 77

* TSKB 36. 106 140. 087 60.9+1.1(—31. 1 565.2+1.1(53.5) —86.7+3.3(10. 3) 568.5 84
TSK2 36. 106 140. 087 72.3+1.3(—42. 1) 567.041.2(53.4) —89.5+4.0(15.8) 571.6 83

MIZU 39. 135 141.133  —1213.9+1.5(—33.4) 2262.64+1.4(61.7) —30.8+3.8(—66.8) 2567.7 118

i DAE] 36.399 127. 374 2.84+1.1 25.9+1.0 0.7+3.4 26.0 84
SUWN 37.276 127.054 1.4+1.3 25.7+1.4 1.8+4.4 25.8 87
BJES 39. 609 115. 892 0.9+1.0 10.44+1.1 0.0+3.4 10. 4 85

Ei CHAN 43.791 125. 444 —7.1+1.0 19.1£1.0 2.343.1 20. 4 110
] SHAO 31.100 121. 200 2.24+1.0 6.7+1.1 5.9£3.6 7.0 72
WUHN 30. 532 114. 357 0.6+1.3 7.5+1.5 —0.644.9 7.5 85

i KHAJ 48.521 135. 046 —12.7+1.2 11.8+1.1 4.343.4 17.3 137
; YSSK 47.030 142. 717 —4.7+1.1 2.3+1.0 —2.5%3.2 5.2 153
h TCMS 24.798 120. 987 —0.6+1.4 5.5+1.4 —0.64+4.9 5.5 96
2 TNML 24,798 120. 987 —1.0+1.5 5.4+1.5 —2.2%+4.9 5.5 101
e MCIL 24. 290 153.979 7.7+t1.3 —4.0%1.3 4.5+4.6 8.6 333
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Table 2 Co-seismic displacements of GPS stations in Korea

GPS ¥ 14, i /°N % /)°E Dn/mm Dg/mm Dy /mm S/mm Azis/ (%)
BOEN 36. 488 127.730 3.0£3.1 25.5%5.6 1.0%11.0 25.7 83
CHCN 37.869 127.711 0.7%5.0 31.6+8.3 2.9+18.9 31.6 89
CHEN 36. 878 127.155 0.84+2.9 26.7+5.1 3.2410.3 26.8 88
CHJU 33.514 126. 530 3.0%+2.4 15.24+4.5 4.449.4 15.5 79
CHLW 38. 164 127. 415 0.042.1 30.343.7 5.2+7.2 30. 3 90
CHNG 35.533 128.478 4.243.1 26.7+5.7 5.5+11.4 27.1 81
CHSG 36.436 129. 056 3.94+2.1 32.0%3.9 4.1+7.6 32.2 83
CHWN 35.236 128.693 4.942.2 24.7+4.0 2.1+7.8 25.2 79
CHYG 36.459 126. 801 1.6+£2.7 23.3+4.7 2.649.4 23.4 86
CNJU 36.627 127. 461 2.7+2.8 24.47+6.0 —1.6%+10.3 24.6 84
DOKD 37.239 131. 870 3.4+2.1 57.643.7 3.0+7.4 57.7 87
DOND 37.902 127.061 0.84+2.2 27.5+4.0 3.5+£7.6 27.5 88
GOCH 35.668 127.943 5.0%+2.5 25.0+4.5 —1.6+9.3 25.5 79
GSAN 36. 816 127.787 2.14+2.4 27.5+4.3 2.7+8.8 27.6 86
HADG 35.162 127.709 4,4+2.5 23.1+£4.7 4.549.6 23.5 79
HOMI 36.078 129. 567 4.8%2.4 30.7%4.4 4.0%8.5 31.0 81
HONC 37.709 128.194 0.6+2.2 30.44+3.9 3.9+£7.7 30. 4 89
INCH 37.420 126. 686 2.3%4.2 26.0E£7.5 4.1£15.7 26.1 85
INJE 38.069 128.171 —1.5+2.8 33.8%5.3 7.1410.2 33.9 93
JAHG 34.675 126. 900 3.7£2.9 16.4+5.4 6.5+10.6 16.9 77
JINJ 35.173 128. 050 3.64+1.8 23.5%3.2 5.1+6.4 23.8 81
JUNG 35.623 126.974 2.6E£2.4 22.1%4.7 2.6£9.0 22.2 83
JUNJ 35. 843 127.135 2.84+2.2 21.6%3.9 1.1+7.6 21.8 83
KANR 37.771 128. 868 0.5£2.5 36.5+4.2 3.9+£8.5 36.5 89
KIMC 36.137 128. 142 4.443.1 27.4£5.5 2.2410.7 27.8 81
KUNW 36.233 128.574 4.9+3.8 29.6+6.9 3.9+14.4 30.0 81
KWNJ 35.178 126. 910 2.9%£3.1 20.8%5.5 6.2E11.7 21.0 82
MARA 33.117 126. 269 3.2£2.5 14.2+4.8 4.1£9.2 14.5 77
MUJU 36.003 127. 661 3.0E£2.8 24.5%5.3 4.0%9.8 24.7 83
NAMW 35.423 127. 396 3.6E£2.3 22.9+4.1 5.4+8.1 23.2 81
NONS 36.186 127.099 2.3%£2.7 24.6+4.7 4.249.2 24.7 85
PAJU 37.746 126. 738 1.0+2.3 26.1+4.2 1.6+8.2 26.2 88
SEOS 36.776 126. 494 2.0E£1.6 22.7%£2.9 2.4+5.9 22.8 85
SNJU 36. 379 128. 144 3.3+£1.9 26.3+3.3 3.01+6.9 26.5 83
SONC 34.957 127. 486 3.7ft2.1 21.6+3.7 6.7£7.3 21.9 80
SOUL 37.630 127.080 1.44+1.9 26.5+3.3 3.01+6.7 26.5 87
TABK 37.161 128.976 1.3+2.7 34.5+4.1 3.6+£9.6 34.5 88
TEGN 35.906 128. 802 3.5£2.2 25.943.9 5.7£7.6 26.1 82
ULLE 37.518 130. 798 2.3£2.6 49.244.3 1.14+8.7 49.2 87
WNJU 37.337 127. 947 1.4+1.9 29.6+3.3 —0.1+6.8 29.6 87
WOLS 35.504 129. 416 5.1£3.2 28.7%5.8 5.5+12.8 29.1 80
WUL]J 36.992 129. 413 3.0E£1.7 35.3%3.0 3.0£5.9 35.4 85
YANP 37. 454 127.506 1.6+2.4 28.3+4.1 3.4+8.8 28.3 87
YECH 36.651 128. 446 2.7£2.6 29.844.8 8.249.3 29.9 85
YONK 35.279 126.516 3.0£2.9 19.5+5.3 3.2+10.6 19.7 81
YOWL 37.183 128. 462 1.3+£2.7 32.6+4.9 7.0+9.5 32.6 88
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Fig. 7 Elastic deformation rate of crustal in Korea: (a) Maximum shear strain and orientation; (b) Principal strain and orientation
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Fig. 8 Coordinate transformation residual of before and

after earthquake of Korea NGII GPS CORS



1892 Hi Bk ¥ PR 2% i (Chinese J. Geophys.) 55 %

T o3 AT B AR A 3l DX R P 3 G0 96 3 5 Xk i [
el R OR A ) 9 ) 5w R 0 sk 1 B Y GPS T
BEHAFBRER U TH I T MR B S MR IS ) = 4R AR bR R
BRI 7R IR 25 AR RS R T
{#i B T Molodensky-badekas & #1200 H 4 25 4
gk 3.3 3 .da, dy, dx FoRRAR R R AL E2
20 Yoo 20 Fen RIS IEAE S r s s o FOR
HE TR 2 Y T8 % 2 80 Scale Jy He ) & Kl FL/N RIS
Qa8 Firzn. AR sk 22 19 77 1) 5 5k AR R b
D7 1 A J5 1) LU W) &+ B AR R Bl i DOKD
SRR T AR PG5 19, 1 mm (9 5k 25, % T E
fili i DX 2 T AEER AR #RAY GPS 3% kK42 T 10 mm
TEA B ZE.

R 3 HE GPS 55 Z 0 (epoch2011, 188) 70
&5 (epoch2011.210) Z E M E 5 ¥
Table 3 Transformation parameter between before

earthquake (epoch2011. 188) and after earthquake
(epoch2011. 210) of GPS Stations in Korea

LR ZHUE
dx/m —0.0218
dy/m —0.0150

z/m 0.0032
Zo/m —3156412. 8449
yo/m 4056835. 5859
z0/m 3763790. 8341
ro/s —0.002867081
ry/s 0.002516431
r./s 0.001691371

Scale/ppm 0.0201

A NEWFIE W GEE . KW Z 3 B AR
M DX RS- 3 20 T M 2 1) R V) e ] A A i R
KA TR 4 mm G F S AR 4k S il T BLAE
(19 R A2 1 A8 s RS 5 R 5 20 mm 7247 (A il
WX 10 mm ZA47) iR 2.

R4 F[E GPS 3 R H (epoch2011. 188) TR T

(epoch2011.210) % [6 Y Tk F% Z W G iHE
Table 4 Transformation residual between before

earthquake (epoch2011. 188) and after earthquake
(epoch2011. 210) of GPS Station in Korea

S35 Rn/mm Rg/mm Ru/mm
e KAH 8.0 19.1 5.4
5 /IME 0.2 0.0 0.0
- 3.6 2.6 1.6

P v AR 22 4.2 1.6 2.2

H:Rn» Res Ru 384510 (2B KK M vy A9 78 5% 2%

5 4%

FIH 284 A4~ IGS A BR PR i ol 45 LA K [ 46 4
GPS T A% 4F BRER A5 15 REUE . /-8 T H AR
AR AU Hl XK - 32 30T 7 7% %o 2 T b X ) b 5 A [
] % R b4 ) D9 ) 52 e R L OR AR B DL S5

(DEE B HZ 0 2702 km (19 GPS S0 345 2, 08
I E ) R AE B BL AT B T H AR, s A E R
BT LA BV b DX AR 32 B H AR 2R b X RSP 3 I
b 7% R [ R B )

(2) 3 Bt R B IE A8 K/ B Jy 1ol 1) 25 5% 55 Al F
FEAE R AR R — B KE AR (1 ) R
J7 T o B R B A A% R OR. BT AR B Y GPS i
ST H AR MIZU s 4% 5Ky 2567, 7 mm;
AT b 5% 5 R BB 3 Y GPS Bl S 4 5 mm A
NS,

(3 38 38 4 A [ R BT 22 5 0 B e A8 T L A
3 Ml DX 52 B ) 7 P 1) B K ) 7R R e i AR T
Ti] 5 200 . g O M 2 T N ) P R A R B AR TR 1Y
5 KB P AR IR B AR S S (E I 20 7 f5.

(4) 72 51 S I B AR TR L 3 808 [ [ KK s

i X 2 o] ok ) A ARDGT B 7 AR AR 4 L GPS TR
A R B S 014 A R A 1R 25 B KM A B 20 mm, N
i i Xk 10 mom A2 A R DR AR v G O b 4% i 1) 17
K B o T DEAT B i A T 4 .
BB AR GPS Bl i B PR GNSS ik
%5 (IGS) Ak =] [ + H #3I7 i B (NGID $2 43k, %2
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