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Seafloor Geodetic Observation in 2014

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 2014,

Key words: seafloor geodetic observation — crustal deformation

1. [XL®HIC
W BRI THEEEIG SR CIE, GPS HINL & S8 2 L A Ao E 72 5 U X B Y ik 28 Eh | o
HABHFRE K OMEFEE S OREMZ1T> T\ 5. AR TIE, 2014 FF TOBMFERIZOWTHRET 5.

2. BAOBERUVBHNFX

WML FEHE LT DR A BB OB SRR 25 1 KR T. BUNIXHEMmEEH L, GPS
BN & FRRFEAMAEDLEDS ZLICLY, BEICKE LI T XA TEELNT VAR Z (I
JEJR) ONLEZRSEICIRET 5. SR, KIEL FRRE ORI OWIEIZ 4 HOWERZ2H%E L
TEY, 2O OWEROFEMIE CEHINE) ZHELEREERL T, TOMEBEZE K LUHE
LTW5%.

2008 FFRIC, WEMDO~ A MIGPS 77T %, MIBICHEZE NI VAT a—H 22 Zn D
o, WAELZR S OB MLAEBRD 6L Lz (I3 -, 2009). ZHickb, HEROEFFRL
R D OB (BB LR LT, L0 ERERBHINFEB S 7 (Sato et al., 2013).

T — A ENTIE, WEMONEZRET D GPS X ~T 4 v 7 fifthr, WEM EDO NT AT 2—H
EURIE R OF WL AR 25K 5 FEBMYT, T LT, Zhb 2 SDOREEEAE L CFERONE %K
D5 RACEFENT B ECD . GPS ¥R~ 7 1 v ZfEHTIZIZY 7 b =7 TIT) (Colombo, 1998) %, &
BFENTIZIXY 7 by =7 Tsas) (E, 2003) %, RACEMEHTICIZY 7 ho =7 [SGOBS) (BEH -
fil, 2004) %, ZHEIEM L7z, GPS MR [ FFEMESIZIE, (B -HIBRRE O FE 7 v 5 A
L7z, 7o, JRACEMATRECI, FER Lo, BRI O 72 @R A R & LTk
e R OB OB b AR D, —IEMRATIC L 2 B OHEEE (A4 - fih, 2008) % JHu 7=,

52 X2, 2014 4 12 HEFROWIERESOMNEZ RS, 7238, 2013450, FILRKFERER
EBRAFIERT & DO LLFEBIEOMSAAA DT, ALK F2RE Lo EA R ORAER 08, 10, 12, 14,
17) BT 28I E £ L T\ 5.



3. BHAkR

BURERERITI T 5 2014 FOBNEFIL, H2ROLBY THD. HIKIZ, HARMBEL D
WL YESIC BT D, b7 AU 7L — 1+ (NUVEL-1A €5 /L : DeMets et al., 1994) (x4 2 #Ak
5 TEE IR (MO.0, 2011 4F 3 H 11 H3&4E) (BLF, HALMHIER) LB R %2 /RT .
B AN, FEE T 7 RORR b 7 7 VWOlERERICB TS, =2—F 7 7 L — b (NUVEL-1A
E7 /L : DeMetsetal., 1994) (Zxt§ 5 2006 FLARE DB R Z RS . 5§ 3 RIDOEARERSIIE, %
NENDOIERETR > 775 ORI AN &2 R I - b - E TRk Z 812, 8 4 KOKENRERINX
B - FEAER Y Z SR LTV D,

4, EE
4. 1. BRBEQRVOBEREER
A Bk E TO B ARHEIR O OWEEERICONWT, b7 AU A7 L— MR 58
@ﬂ*&@+$£m% 3R OVE 5 KNCART . BALIHIEERS A RFIZ 20 m A #8 X 5250 2 8Ll L 7=
IR 1) KON Tanh 1) Vg SEYES (Satoetal., 2011) TiE, HUEZOHBRLENE LT, W~
e & OB S TWD. —J7, [EY 2) MR SIIRE M X2, T88A T 2) WEREEUE
AL T ) & OHGRE B R S AL TR Y, FALHIEE O R 50 TIIEME R R A B A L oD,
ik,%ﬁﬁ®$$_m%éﬂfwérﬁ%@J&Uf%¥@J%E%ﬁﬁ?ﬁﬁ%ﬁﬁ%@%&ﬁ
RSN TEY, FEHELEBITHEEL TWAERTRALND. b OBHRREIZ SV T,
Watanabe et al. (2014) (2B W Tikamm S AL TV 5

4. 2. ABIFSJRUBEEFS 7RVDOBEREER

H A B I E CORINE -7 7 L OFEEL b 7 7 IV O EEE S ICHONW T2 —F T S L—
MZxtT 28 & 225 &, HALppHELIENE, £ < OMEREMES TR~ 0N A5
7.

WAL HUE O KWK L S ~DOEE L G0, WAL HIER OB W CiEmT 272012, 4
HERLBIT —Z OERENNETHDH.

St

WAL KB COBNNE, smAbRF R ERZEBEVSERT O AO T, EfEL TV 5, %ﬁffﬁ”@
HAGBHF L, B RFEAEFERIMNIIZCHT & O LRI OPSEA O T, Fha LT\ 5. fffro—EIiZ
[+ iRt O E - RRES 1 BT — 2 2 FH LTV D



SE X

Colombo, O. L (1998), Long-Distance Kinematic GPS, in  “GPS for Geodesy 2nd Edition” , Springer, 537-
568.

DeMets, C., R. G. Gordon, D. F. Argus and S. Stein (1994), Effect of recent revisions to the geomagnetic reversal
time scale on estimates of current plate motions, Geophys. Res.

PR, Ve 2, RWE—E (2004), MEEHEZEVBLANC IS T 2 JRALEMT Y 7 b7 =T O
PRI, MEFEIE#HATECHR, 22, 42-49.

NI C—, AER, AR (2009), HIEM TBIVE] ~0UfplE 28 BV BLIAI I 0852 25 O AR 2L
M DONT, IR, 27, 50-55.

AR, BRETEZ, A)IESL (2008), ViEEHGSAEEIIIC T 28R v 7 —fE /A ETF
TEDBN, HFEE ALK, 26, 16-22.

Sato, M., T. Ishikawa, N. Ujihara, S. Yoshida, M. Fujita, M. Mochizuki, A. Asada (2011), Displacement above
the hypocenter of the 2011 Tohoku-oki earthquake, Science, 332, 1395, doi:10.1126/science.1207401.

Sato, M., M. Fujita, Y. Matsumoto, H. Saito, T. Ishikawa and T. Asakura (2013), Improvement of GPS/acoustic
seafloor positioning precision through controlling the ship’s track line, J. Geod., 87, 825-842,
d0i:10.1007/s00190-013-0649-9.

& Lo — (2003), Vi A BB Cd0 0 © BB, M E g AR, 21, 67-72.

Watanabe, S., M. Sato, M. Fujita, T. Ishlkawa, Y. Yokota and N. Ujihara and A. Asada (2014), Evidence of
viscoelastic deformation following the 2011 Tohoku-oki earthquake revealed from seafloor geodetic
observation, Geophysical Research Letters, 41, 5789-5796, doi:10.1002/2014GL061134.



GPS satellites
% )
- Onshore GPS 5 N"w ot
- {Kinematic GPS Positioning|
..ua*‘-%

Stations

7 Survey vessel

PE: Acoustic Ranging|

BRI A BB OS]

Figure 1. Schematic picture of GPS-acoustic ranging seafloor geodetic observation
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Figure 2. Locations of the seafloor reference sites (Dec. 2014). 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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Table 1. Positions of the seafloor reference sites.

Site Code Latitude Longitude Depth [m]
Lamh2 KAMN 38-53.2 N 143-21.7E 2300
a1 KAMS 38-38.2N 143-15.8 E 2200
BT 2 MYGW 38-09.0 N 142-26.0 E 1100
BT 1 MYGI 38-05.0N 142-55.0 E 1670

i S 1 FUKU 37-10.0 N 142-05.0 E 1200

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

FARETES SAGA 34-57.6 N 139-15.8 E 1340
D 1 TOK1 34-05.1 N 143-08.0 E 2400
D 2 TOK2 33-52.6 N 137-35.7E 1600
HOE 3 TOK3 34-10.8 N 137-23.2 E 1200
RET i 1 KUM1 33-40.2 N 136-59.8 E 2000
RE 7 2 KUM?2 33-26.0N 136-40.0 E 2000
RE 7 3 KUM3 33-20.0N 136-20.0 E 2000

Y] W SIoOW 33-09.6 N 135-34.3E 1550
ESRuiN! MRT1 33-21.0N 134-56.7 E 1350
S 2 MRT2 32-52.3N 143-48.8 E 1400
A 1 TOS1 32-49.0N 133-40.0 E 1050
A 2 TOS2 32-25.7N 134-01.9E 1770
SRR 1 ASZ1 32-22.1N 133-13.2E 1100
JEFER 2 ASZ2 31-55.9N 133-34.6 E 2940
H A 1 HYG1 32-23.0N 132-25.0 E 1640
H m) 2 HYG2 31-58.4 N 132-29.7E 1960
HAL K 08 TUO08 38-43.2N 143-38.6E 3479
bk 10 TU10 38-18.0N 143-29.0E 3271
bk 12 TU12 38-01.2 N 143-32.0 E 4370
bk 14 TU14 37-535N 142-46.5 E 1310
ALK 17 TU17 36-54.0N 142-43.0E 4223




B2R AMELELIIIT D 2014 FOBIAIER BTG L B8R — 2 %0

Table 2. Number of ranging data obtained in each observation

2014
Site Code 1/12~ | 1/13~ | 4/16~ | 6/7~ | 7/13~ | 7/29~ | 8/27~ | 12/7~
1/28 | 1/30 | 4/29 | 6/19 | 7/22 | 8/14 | 9/12 | 12/24
a2 KAMN 5502 5309 5654
LA 1 KAMS 5330 5128 5376
W2 | MYGW 5876* 5118*

B 1 MYGI 5404 5619 5465

& B 1 FUKU 5040 4950 5328

k-7 CHOS 4753
AR 2 BOSN 3265
BRI 1 BOSS

FEAEE SAGA 5251 4995
HOfEM 1 TOK1 6227*
W 2 TOK2 | 9070* 8281*

W 3 TOK3 5762
A7 1 KUM1 | 5684 5691
HE BT 2 KUM2 5852
HE BT 3 KUM3 6865*

J e SIOW 6902*
EYaRliNI MRT1 5225
EEph2 MRT2 7111* 6975*

R RGN TOS1 5423 5164
TAeph 2 TOS2 5031 5023 6376
JEfE 1 ASZ1 5196 5105 5702
JEfE 2 ASZ2 5288 5094
H A 1 HYG1 5720 5597 5389 | 5772
H A 2 HYG2 6272 5587 5452 | 6429
#kK 08 TUO8 3941
Hibk10 | TUILO0 3745
AR 12 TU12 3530 3545
HIbK 14 TU14 3624
AR 17 TU17 3933 1188 | 3594

5B ¥ [ R L

*QObservation for the replacement of transponders
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Figure 3. Time series of the estimated positions of array centroid at the seafloor sites along the
Japan Trench 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 3. Time series of the estimated positions of array centroid at the seafloor sites along the
Japan Trench after the 2011 Tohoku-oki earthquake relative to the stable part of the North
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Figure 3. Time series of the estimated positions of array centroid at the seafloor sites along the
Japan Trench after the 2011 Tohoku-oki earthquake relative to the stable part of the North

American plate (continued)
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Figure 4. Time series of the estimated positions of array centroid at the seafloor sites along the

Sagami Trench and the Nankai Trench relative to the stable part of the Eurasian plate

(continued).
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Figure 4. Time series of the estimated positions of array centroid at the seafloor sites along the

Sagami Trench and the Nankai Trench relative to the stable part of the Eurasian plate

(continued).
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Figure 4. Time series of the estimated positions of array centroid at the seafloor sites along the

Sagami Trench and the Nankai Trench relative to the stable part of the Eurasian plate

(continued).

B3R AU T REPEM P HUER O KEENL (BT A Y 7 L — MEE)
Table 3. Displacements at the seafloor sites along the Japan Trench relative to the North

American plate

B a—k HEIRYY HETIRYY KEEMNE
Station Code Reference Epoch Latest Epoch  Horizontal Displacement
EH%2  KAMN 2011/ 4/ 3 2014/ 8/ 1 14 cm
SEH1 KAMS 2011/4/5  2014/7/31  3om
EWR1 MYal 2011/3/28  2014/8/7  4lom
EH2  MYGW 2011/3/27  2014/6/14  19om
=B FUKU 2011/3/29  2014/8/3  Tiem
$F#H CHOS 2011/4/18  2014/6/8  Shom
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Figure 5. 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.



