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Analysis about Seismic Displacements
Based on GPS for Management of Natural Disaster
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Abstract

On March 11, 2011, an 9.0-magnitude earthquake occurred near the northeastern coast Japanese. It was the largest
carthquake that hit Japan since the beginning of modern seismometry. The earthquake occurred 179km east of the
Sendai, Miyagi Prefecture, leaving about 27,000 of people confirmed dead, injured or missing due to the earthquake
and tsunami. In this study, crustal Deformation in Mizusawa, Tsukuba and Usuda station were calculated based on GPS
data in IGS station of Iapan. The observation data were processed by precise point positioning and relative-positioning
method using on-line GPS data processing services and a high precision scientific GPS/GLONASS data processing
software. The coseismic displacements in IGS stations before and after the earthquake were analyzed using kinematic
precise point positioning method, and the crustal deformation of the areas before and after the earthquake were precise-
ly calculated using the relative-positioning method. The results of the study calculated precise coordination that the

RMSE is maximum = 0.003m, respectively and showed that Mizusawa station moved 2.6m southeast by the earth-
quake.
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1. CONFIGURATION SUMMARY
1.3, LIST OF STATIONS AND RINEX FILES

Numbser of stations: 1

iz

mizu0690.110

1.2 LIST OF SATELUITES
Number of sateilies: 31
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G23, G24, G25, G28, 627, 528, 529. 630, G31, Ga2

1.3 SETTINGS
Hode Kinematic {Terrestrial!
Data Samping Rets 36¢
HMinimum Elevation Angle 10 deg
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Reference Fraducts 1168 Aapid
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Parameters Description
Data Processing Methods Relative Positioning
Observation Data L1, L2 CODE and Phase
Satellite Ephemeris Precise Ephemeris
Ambiguity Resolution Quasi lonosphere Free
Tropospheric Correction Dry and Wet Niell Model
Earth Gravity Potential JGM3
Sub-daily Earth rotation parameters TERS2000
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Solar System Ephemerides JPL DE200

3. Xt=xg 2 A =4

3.1 x|

H2| DL|EZ
o TLofj A = Kinematic %

o) &
= =2

=
o
4o
i
o
oo
.O,l’,
2



Gt Ak A] A 29U A 3%

Mizusawa, Tsukuba 2 Usuda AFA] 324 9] 2] 21
YEE oAk 2 AdAjdsa ¥ Aeie] 4aE O
A

680l Letjgiet. Lef o) sz sl A7
919t B2 AXE Lehyglch

02 004
titude  «
0 m*ﬂwmwmémm
0035
0.2 .
£ 04 0.03
% a5 £
2 0025 £
508 >
S )
3 g jekiry
a3 ‘lxd
12 | =
....... - <1 oos
14 .
18 . : . ol
00:00 00:30 G100 0130 02:00 C2:30 §3:90 0330 2400 9430 0500 0530 05:0¢
3 . 2,019
longitude  «
25 | )i Sigma "1 o018
14 0017
e 2 g 001
@ 0016
S5 £
g 0015 £
e 1 (%
= 0014
2
2 a5t
0013
D ogth Caa s i Y T
5 . - 0011
Q0:00 00:30 01:00 0130 0200 02:30 0300 5330 0400 0430 0500 0530 0600
01 o
B Height o3
: Sigma
[ .
N , 0.045
E. ;
gn 404 %
S 5
S 0035 @
<
g,

04 : 003
05 e I b o025
0000 O%:30 GLOC 0130 U200 02:3¢ 0500 U330 0400 0430 000 0530 0500

T2 6. Mimsawa HAIZEA HUBHS| Ao}
I 694 Bz A ¥ Mizusawa A HS A= A
= = S 1.
S A BEE Y5k GehtA e gt n], 54 47
A EE o nel A welsl s 1

2 Tsukuba AFAl TE 40 AUH )& A& o}

04 i .05
R Latitude  »
035 Sigma 0,045
: 03 004
. Foom
! i 0.035
(- ¥ E
- 003 £
LB Qs g
L= 0.025
LOE o1
Y
00s W 002
9 0.015
0.05 0,
GO:00 02:00 0400 06:00 08:00 10:00 12:00 14:00 16:00 18:00 20:00 22:00 00:00
07 0.08
Longityde
06 : iSigee
_ 05
£
@ 04 —
ki b 005 E
g 4 ¥
203 i %
g B 004 3
Y
H [l
oA 0.03
i 002
01 8 gt
600 02:00 04:00 0658 0800 10:0¢ 12:00 1800 16:00 1800 20:60 22:.00 0000
011
01
0.09
£ 0.08
¢ 007 €
& %
£ 06 5
= @
5 0.05
&
1 004
0.03
. . o 0
000 02:00 04:00 06:06 9800 10:00 12:00 14:00 18:00 18:00 20:00 22:00 00:00

epuich,

It Mizusawalt} Tsukuba AF A} ZH&4of| B 5H OO}—X] 1 Al
74 Aol $A]ERaL glol Azl o2 1% FEFo] Al

FAFA TR A F A 2R Ao

[}




AHAAE el 1RGPS 7 ike] AL A s 4

Delta Longltude (m1

Selra Helght tm)

Oeits Latitude (m)

03 01
Latitude
0.25 . Sigma © - g9
€
S
)
v
A e 001
00:00 02:00 04:00 66:00 08:00 10:00 12:00 14,00 16:00 18:00 26:00 22:00 00:00
0.4 + .04
Longltude  +
035 | Sigma N
03 . YR 0.035
035
} 003
6.2 =
015 0625 2
2
o1y »
005 ; 002
¢
0.015
£.05
) . DR \ 601
00:00 02:00 04:00 08:00 08:00 10:00 12:00 14:00 16:00 18:00 20:00 22:00 00:00
05 03
Helght '«
0.4 Sigma
03 . 0.25
0z
9.2
01

o
91
02
03
04
05 Lo N '- T

E=]
Sigma(m)

Deita Latitude (m)

-

45 2 a5 1 15 2 25
Dets Loritude ()

C1B19. Mizusawa MAIMEA X[ RIHQ

04

035

03

(s}

0.25

D2 : . . P

Dietra Lagitude

a1 0.2 0.3 64 o5 o8 a7
Delta Lorgitude {m}

BEA X[EAS)

121 10. Tsukuba AtA}

e3

.25

0.2

215
0.1
065

Dieita Latlude {m)

0.05
01

0.2 i i i H
©1 £05 0 088 01 Q15 02 025 03 035 04

Delta Longtude (m)

£4 XIS

121 11. Usuda AA[E:

9 9~110) A Bi= o
ol uheh ol “OW = AE ‘;’J 4 ek ZlekA]
A 7V 717hE- Mizusawa Al S 47 $H SR Im
£02 Im x| 7p & 3

% gl

3.2 X[TIHH A=

u) <2 2] A 2 AL=HUSGS: United States Geological Survey)
ol Apgof wpE i UE FEE Ao Qlsy o] o
o A o] el ek 2 k01
A& AR ol A BhaERE U A R 9E Wbl Th

2 Aol A= 2011‘51 39 11 wAE U g S5 A
oL
Mizusawa, Tsukuba 2! Usuda A+A] &

—

7 AN EHA R Yus A&
2013 1147 3¢
JM,{
2

16900] BEARES Mg ov], Seltete] 4
BEAZ THPOZ AGHG 2 P BEL
9] I 2-3E 4] rehyglet.




6

SEFIA, A 29U A 3%

-
L2
= H
a0 - s
H2YUHEY b Y X|IZHLIZ —Mizusawa
AEMat
=R
Y=(RMSE) | ZERMSE) |EFSF|TRMSE)
39° 8 141° 7 1169154
03.10 6.6166" 58.1593" ~1o4m
(+0.0006)m | (£0,0008m) | (+00029m)
3908 141° 7
(£0.00067m) | (+0.0008m) | (£0.0030m)
HwF -1.223m 2325m -0.0859m
Mizusawa /HA| 2540 HYRRE FE0 2 1223m, &
Z£0 R 2325mPA 0.7, Bp A I k0 5 1= 0.0859m o] %

&}7F HRAYsh ok 3 3¢ Tsukuba AFA| T

& UERY Sl
HIAMUHEY Mot Y x|ZHZF —Tsukuba
I al
ER
$I=(RMSE) | Z=(RMSE) | EtH|T(RMSE)
36° 6 140° 5
03.10 2045127 | 14976 | 67:2010m
(+0.0006)m | (+0.0008m) | (F00028m)
36° 6 140° 5
(£0.0006m) | (+0.0008m) | (F0.0026m)
R 0.034m 0.571m -0.0976m
Tsukuba A A4 0] R F2 5202 0034m, 5%
© 2 0.57ImE AAEQlon, B A 1 EFoE s
0.0976me] 25}7} WS FE 40 Usuda AFA|TFE A

B4 4UHSY Mot D XZHAY ~Usuda
Zl=dat
L} nl.
Q=RMSE) | ZZ(RMSE) | E2IZ|D(RMSE)
36° 7 138° 21
03.10 59.2010" 43.3463" 1508.5528m
(+0.0006)m | (+0.0008m) | (F0-0029m)
36° T 138° 21
(+0.0006m) | (+0.0007m) | (£0.0028m)
H ok 0.059m 0.212m 0.0096m
Usuda AFA|-ZA40] Blgleke B2 0 & (.059m, 5%
02 0212my o, BF A 7 vake 2 0.0096m2] v A5t
F717F s d ). Zh ARA S A S 3 5o o
Ehyilon, 19 132 1 Jef ol
S MAREA H X|ZEIH(R
REHAZ
HAESL
e e SHY
Mizusawa -1.223m 2.325m 2.627m
Tsukuba 0.034m 0.571m 0.572m
Usuda 0.059m 0.212m 0.220m

m Mizusawa ® Tsukuba = Usuda

&
L8

0.572m, B2

™o

A

[l

>~
o

(Rus

)

13 2)
2 qlglek %
2229 7
3,

gpe)] 917} Lebsteh

e
13
o]

!l
T

7}11— = x]

%3] Mizusawa, Tsukuba 2! Usuda AFA] 2
A3 ZF7E EEE R 2.627Tm, BEE
0.220m2)] H o7} ehste S-S

OPX]Q» 7“ ﬂ7]— 7]—1}— 7]_77],_r_ Mizusawa

HeEke Rgon J

7

B

—

2 ok
Ol-ﬂ o [1_1-1)1: ook

1k

-

=



7P 2 S L kﬁ Mizusawa /g A 2242 0] 79,
AdzApo A TRet AFT FARE gh& et

SESE

AR, A AL molate] 2 WglE kA
ogstom, Aol AR\ oke] Aol whet 2
SR 218 @ 4 Q9ich T8 14k AT ES W A

O M4 HARES E XTHE
4. 2 B

2 Ao A= QAN S 915 GPSE Tjutom
0N 119 LA ST ALY E 21
o
EE=Y

3 :
AR A Al 34 11%11}1114 B

:‘.’:

B

N

O

HU

[/ _{q,

[ o

(B ow

Ho i
> =

oz

4 U:] MJzusawa, Tsukuba ‘32 Usuda
Z07}y 22y gsa&amoh 2.627m, B8 0.572m
BEE0220m o 5oHHS-L AHESHITh
A, FF A A 7F A Zr i g ol w2
A3 A= GPSE Ol%if_} A &3 A2t

-QOPE%I
A7

W
e e oo me

band

jlod
=

!
i

F

£©

i

;‘?:

A

)

i

N

2L

fu

rr

D)
Nz 03
rE oo %
O}ﬁ m
g ©

44 o

TE
& e
Lo -
N
B
_ZJ_‘
i
uf
fo
obo
EIF
i
S
2
2

o] L B2 200041 . YRR KT &R0 AUSE

A A el & Y GPS 7| ¥he] X A 3] F4

SHR AT AITH] 2918 ol £ 7] 2 ATAHY Y(No.
2009-0087434)

InEE

FEE, WA, ol A, o8- (2010), T8 GPS A=
8] Muae) Ao A, SR ERSIE|X], St ST

8}3), A28, 4|13, pp. 1321

T, o] %Y, 0] 8% (1999), A dl ol 2] & 915 2] 2l H|e]
B B 2)7F HiE 84 Ak, SIESEE| shad
13| =27, e 233, pp. 323-326

uhE T (2010), AUHRSYE o83 c}: A9 Azt
e a4, St=2E2ES|K|, $=55ekE], Al 284, A

B} E B8], pp. 369-372.

Hai, V.Q., ©]-8-&, 7}25 (2000), GPS ¥HE & 0] w}2 7+
2 thao] T A|ZhiE WL HRELEE(K|, B
Segot3), A 18, A 12, pp. 19-23.

Caporali, A., Aichhom, C., Becker, M., Fejes, 1., Gerhatova, L.,
Ghitau, D., Grenerczy, G., Hefly, J., Krauss, S., Medak, D,
Milev, G., Mojzes, M., Mulic, M., Nardo, A., Pesec, P., Rus,
T., Simek, I, Sledzinski, J., Solaric, M., Stangl, G., Vespe, F.,
Virag, G., Vodopivec, F. and Zablotskyi, F. (2008),
Geokinematics of Central Europe: New insights from the
CERGOP-2/Environment Project, Journal of Geodynamics,
Vol. 45, No. 4-5, pp. 246-256.

Chot, J.H. and Sato, H. (1997), Horizontal Strain of the Crust in
Korea inhered from Geodetic Data, Journal of the Geodetic
Society of Japan, Vol. 43, No. 3, pp. 159-180.

Demets, C., Jansma, P.E., Mattioli, G.S., Dixon, T.H., Farina, F.,
Bilham, R., Calais, E. and Mann, P. (2000), GPS geodetic
constraints on Caribbean-North America plate motion,
Geophysical Research Letters, Vol. 27, No. 3, pp. 437-440.

Dermanis, A. and Grafarend, E-W. (1993), The finite element
approach to the geodetic computation of two- and three-
dimensional deformation parameters: a study of frame invari-
ance and parameter estimability, Proceedings of the 5th
International Conference on Cartography-Geodesy, pp. 1-13.

Drewes, H. and Angermann, D. (2001), The Actual Plate
Kinematic and Crustal Deformation Model 2000




S STERIA], A 29 A 3%

(APKIM2000) as a Geodetic Reference System, AIG 2001
Scientific Assembly, Budapest, 2-8 Sept.

Fujii, Y. (1993), Estimation of Crustal Deformation Parameters
in GPS Network with the Aid of Four-Dimension Integrated
Adjustment, Jowrnal of the Geodetic Society of Japan, Vol.
39, No. 4, pp. 341-352.

Komaki, K. (1993), Horizontal Crustal Movement by Geodetic
Measurements, Journal of the Geodetic Society of Japan, Vol.
39, No. 4, pp. 401-407.

Smalley R. Jr, Ellis M. A, Paul J., and Van Arsdale R. B.
(2005), Space geodetic evidence for rapid strain rates in the
New Madrid seismic zone of central USA, Nature, Vol. 435,
pp- 1088-1090.

Zonenshain, L.P. and Savostin, L.A. (1981), Geodynamics of
the Baikal rift zone and plate tectonics of Asia,

Tectonophysics, Vol. 76, No. 1-2, pp. 1-45.

(4L 2011, 06. 03, HAFD 2011.06. 17, AAARE Y 2011. 06.26)



