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Seafloor Geodetic Observation in 2013

Summary: We have been carrying out seafloor geodetic observation for monitoring crustal deformation around
offshore plate boundary regions, using the GPS-acoustic combination technique. This paper reports
the summary and the observation results in 2013.
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Figure 1. Schematic picture of GPS-acoustic ranging seafloor geodetic observation
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Figure 2. Locations of the seafloor reference sites (Dec., 2012). The red and yellow squares
indicate the sites deployed by the groups of the Japan Coast Guard and the Tohoku University,

respectively.
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Figure 3. Locations of the seafloor reference sites western off Miyake-jima Island. The open
circles and the red squares indicate the seafloor sites and the terrestrial GNSS sites, respectively.

The yellow star indicates the hypocenter of the earthquake (M6.2) occurred on April 17, 2013.
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Table 1. Positions of the seafloor reference sites

Site Code Latitude Longitude Depth [m]
LA 2 KAMN 38-53.2 N 143-21.8 E 2300
LA 1 KAMS 38-38.2N 143-15.8 E 2200
BT 2 MYGW 38-09.0 N 142-26.0 E 1100
B 1 MYGI 38-05.0 N 142-55.0 E 1670

18 B3t FUKU 37-10.0N 142-05.0 E 1200

e CHOS 35-30.2 N 141-40.2 E 1500
TEARIT 2 BOSN 34-45.0 N 140-30.0 E 1900
TR 1 BOSS 34-25.8 N 139-51.9 E 1450

FAE I SAGA 34-57.6 N 139-15.8 E 1340
D 1 TOK1 34-05.1 N 143-08.0 E 2400
g 2 TOK?2 33-52.6 N 137-35.7E 1600
HEN 3 TOK3 34-10.8 N 137-23.2E 1200
RE 7 1 KUM1 33-40.2 N 136-59.8 E 2000
RE 7 2 KUM2 33-26.0N 136-40.0 E 2000
RE 7 3 KUM3 33-20.0N 136-20.0 E 2000

] e SIOW 33-09.6 N 135-34.3E 1550
EF 1 MRT1 33-21.0N 134-56.7 E 1350
EFH 2 MRT2 32-52.3N 143-48.8 E 1400
i1 TOS1 32-49.0 N 133-40.0 E 1050
+Ah 2 TOS2 32-25.7N 134-01.9E 1770
e 1 ASZ1 32-22.1N 133-13.2E 1100
JEEH 2 ASZ2 31-55.9 N 133-34.6 E 2940
H 1A 1 HYG1 32-23.0N 132-25.0 E 1640
H 1) 2 HYG2 31-58.4 N 132-29.7E 1960
H kK 08 TUO8 38-43.2N 143-38.6E 3479
HALK 10 TU10 38-18.0N 143-29.0E 3271
HAb K 11 TU1l 38-16.0N 143-48.0E 5558
ALK 12 TU12 38-01.2 N 143-32.0E 4370
HALK 14 TU14 37-535N 142-46.5E 1310
HAbK 17 TU17 36-54.0N 142-43.0E 4223
Hbk 18 TU18 36-37.0N 141-59.0E 2487
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Table 2. Number of ranging data obtained in each observation

Site Code 2013
111~2/1 | 1/24~2/8 421 5/26~6/11 | 6/24~7/10
ZAfh2 KAMN 5429
Al KAMS 9420* 8016*
BT 2 MYGW 5088 4828
By 1 MYGI 5488 5482
& B FUKU 5307
By CHOS 4911
a7 2 BOSN
AR 1 BOSS
FRBLTS SAGA
g 1 TOK1 1231* 7838*
T 2 TOK2 5192
T 3 TOK3 5637 5574
AE DT 1 KUM1 5696
RE B 2 KUM2 5237 5686
REETHE 3 KUM3 5672
I o Slow 5129* 5419
bl MRT1 5555
EFH 2 MRT2 5614 5422
A 1 TOS1 5227
e 2 TOS2 4883 5177
JEfET 1 ASZ1 4893
JEfE 2 ASZ2 5176
H Ay 1 HYG1 5346
H [ 2 HYG2 5397
HAEK 08 TUO8 3884
HAEK 10 TU10 3630
HAEK 11 TUll 695
HAEK 12 TU12 720 3585
WK 14 TU14 5070
WALk 17 TU17 3504
Wbk 18 TU18 1044
=BT A MYKA 333
BB MYKB 355
=FEHWEG C MYKC 3862

T ) 1) IR L

*Observation for the replacement of transponders
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Table 2. Number of ranging data obtained in each observation (continued)

Site Code 2013
7/1~7/16 | 9/4~9/20 | 11/6~11/19 | 11/16~12/2
La2 KAMN 5468
ESZERLN] KAMS 5164
E YR 2 MYGW 4745 5928
IR 1 MYGI 5235 5140
e B 1 FUKU 5097
Bk 77 CHOS 4891
TRHai 2 BOSN 8573* 8821(*2406)
R 1 BOSS 5224 5228
FEAEE SAGA 8128* 7865*
W 1 TOK1 7680* 7659*
M 2 TOK?2 8027*
WM 3 TOK3 5405
AE DT 1 KUM1 5589
RE B 2 KUM2 5564
REBF#E 3 KUM3 5621
LG SIowW 7233*
EYbLN] MRT1 5213
EFEph2 MRT?2 6116
A 1 TOS1 5612
Ay 2 TOS2 5010
JEFET 1 ASZ1 5049
JEFE T 2 ASZ2 5512
H [ 1 HYG1 5542
H [ 2 HYG2 5600
kK 08 TUO08 3828
HIEK 10 TU10 3569
Hibk 11 TU11
ALK 12 TU12 3523 4008
WK 14 TU14 3500
oK 17 TU17 3672
bR 18 TU18
=R A MYKA
—EEESB MYKB
=FEHWEG C MYKC

T ) 1) IR L

*Observation for the replacement of transponders
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Figure 4. Time series of the estimated positions of array centroid at the seafloor sites after the
2011 Tohoku-oki earthquake relative to the stable part of the North American plate. The green
dashed lines indicate the occurrence time of the Tohoku-Oki earthquake (M9.0).
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Figure 4. Time series of the estimated positions of array centroid at the seafloor sites after the

2011 Tohoku-oki earthquake relative to the stable part of the North American plate (continued).
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Figure 5. Time series of the estimated positions of array centroid at the seafloor sites relative to
the stable part of the Eurasian plate. The green dashed lines indicate the occurrence time of the
Tohoku-Oki earthquake (M9.0). The solid and open circles indicate the results obtained by the

sailing observation and the drifting observation, respectively.
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Figure 5. Time series of the estimated positions of array centroid at the seafloor sites relative to

the stable part of the Eurasian plate (continued).



=P 1 (MRT1)

0.30 T T T T T T : 0.30 T T T T T T T
—_
— 020 4 020 | .
E E
B 010 F B £ o} -
L] (=]
w =z . g LI |
A 000 L A 000 .. =
[ . ® )
v - v
% 010k % g owop )
=
2 3
020 - 4 ) -020 | |
-0.30 1 1 1 1 1 1 1 -0.30 1 1 1 1 1 L 1
2006 2007 2008 2009 2010 2011 2012 2013 2014 2006 2007 2008 2009 2010 2011 2012 2043 2014
ZFA 4 2 (MRT2)
0.30 T T T T LI T T 030 T T T T T T T
— 020 4 E 020 -
E E
= =
w010 - T 010k 4
[ =} . 9
e . = 0.00 . ot
L i 00 - . d
3 0,00 e . G . *® 45 @ *ee
L]
% 010 . * « 4 5 010 .
@ L =1
= 8
-0.20 ) 020 d
0,30 L 1 1 1 1 1 L -0.30 | 1 1 1 L 1 1
2006 2007 2008 2009 2010 2011 2012 2013 2014 2006 2007 2008 2009 2010 2011 2012 2013 2004
T 1 (TOS1)
020 T T T T - - . 0.30 T T T T ™ T T
= 010} ) J g oat ! J
E - e -
w000 ! - i £t 010 ! 4
[u] ' . o
w ' . = ' . .
A 00 + . . A 000 ' . g = -
v v i
% 020 | . 4 g 010 F ! i
s ' 3 .
030 - ' 1 @ 02t ! -
-0.40 1 I 1 1 1 1 L -0, 1 1 1 1 1. 1 1
2006 2007 2008 2009 2010 2011 2012 2013 2014 2006 2007 2008 2009 2010 2011 2012 2013 2074
TAEH 2 (TOS2)
I
0.30 T r T r T r T 0.30 T T T T T T T
— 020 1 E ot J
£ =
w010 - 4 £ 010 o
@ =) .
w = .
A 000 F s 4 A 000 - I N
} )
v . v
w010 e o = 010F J
1] =1
= =]
-0.20 - w020 - -
0.30 - 1 1 1 1 1 1 -0.30 1 I 1 1 | | .
2006 2007 2008 2009 2010 2011 2012 2013 2014 2006 2007 2008 2009 2010 2011 2012 2013 2014
21N
RBFEA 1 (ASZ1)
0.20 T T T T T T T 0.30 T T T T T T T
= 010 - i T 020 N
£ E
w000+ . 4 £ onf 4
@ . o
w . ® =4 s, & o
A 00 4 R . <
v v
w 020 - . £ 010 J
=
2 3
-0.30 4 0 020 | 4
0.40 1 1 L 1 1 L 1 -0.30 L L 1 L 1 1 1
2006 2007 2008 2009 2010 2011 2012 2013 2014 2006 2007 2008 2009 2010 2011 202 2013 2014

BHR AEEERICB T DEMIERS (=77 7 L— NEE). 7T 7 R ORMRITHRALH S
RPEFEMHE 2R3, £72, FRALE ARlE, ZREUiERR, EReiilc X o1 2~
Figure 5. Time series of the estimated positions of array centroid at the seafloor sites relative to

the stable part of the Eurasian plate (continued).
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Figure 5. Time series of the estimated positions of array centroid at the seafloor sites relative to

the stable part of the Eurasian plate (continued).
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Figure 6. Time series of the estimated positions of array centroid at the seafloor sites off Miyake-

jima Island relative to the stable part of the Eurasian plate. The green and blue dashed lines
indicate the occurrence time of the Tohoku-Oki earthquake (M9.0) and the earthquake (M6.2)
occurred on April 17, 2013, respectively.
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Table 3. Displacements at the seafloor sites along the Japan Trench relative to the North

American plate

#R= a—F HEETRY) BT KEELE
Station Code Reference Epoch Latest Epoch  Hotizontal Displacement
E£R%2  KAMN 2011/4/3 2013/ 9/ 9 9 cm
éﬁqﬁ_  KAMS 2011/4/5  2013/9/10 Vom
a1 mval 2011/3/28  2013/11/9 - Mom
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Figure 7. Cumulative displacements in horizontal components after the 2011 Tohoku-oki
earthquake at the seafloor sites along the Japan Trench relative to the North American plate.
The observation periods are indicated in Table 3. The red and black arrows indicate the
displacements at the seafloor sites and the terrestrial sites deployed by Geospatial Information

Authority of Japan, respectively.



