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Seafloor Geodetic Observation in 2015

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 2015.
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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. 2015). 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]
L2 KAMN 38-53.2 N 143-21.7E 2300
LAl KAMS 38-38.2N 143-15.8 E 2200
EIR 2 MYGW 38-09.0 N 142-26.0 E 1100
EIRP 1 MYGI 38-05.0N 142-55.0 E 1670

& FUKU 37-10.0 N 142-05.0 E 1200

k-7 CHOS 35-30.2 N 141-40.2 E 1500
TRAa it 2 BOSN 34-45.0 N 140-30.0 E 1900
a1 BOSS 34-25.8 N 139-51.9E 1450

KA SAGA 34-57.6 N 139-15.8 E 1340
T 1 TOK1 34-05.1 N 143-08.0 E 2400
T 2 TOK2 33-52.6 N 137-35.7E 1600
T 3 TOK3 34-10.8 N 137-23.2 E 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

T R e SIowW 33-09.6 N 135-34.3 E 1550
EEpp L MRT1 33-21.0N 134-56.7 E 1350
2 MRT2 32-52.3N 143-48.8 E 1400
TR 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
JEEH 2 ASZ2 31-55.9N 133-34.6 E 2940
H A 1 HYG1 32-23.0N 132-25.0 E 1640
H A 2 HYG2 31-58.4 N 132-29.7 E 1960
HAL K 08 TUO08 38-43.2N 143-38.6E 3479
#Ab K 10 TU10 38-18.0N 143-29.0E 3271
BAb K 12 TU12 38-01.2 N 143-32.0 E 4370
wib K 14 TU14 37-535N 142-46.5 E 1310
HAbK 17 TU17 36-54.0N 142-43.0E 4223
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Table 2. Number of ranging data obtained in each observation

2015
Site Code | 1/12~] 3/2~ [ 4/17~ | 5/25~ | 8/2~ | 8/21~ | 9/8~ | 10/13~ | 12/2~
1/29 | 3/19 | 51 6/8 | 8/18 | 9/6 | 9/25 | 10/29 | 12/15
22 | KAMN | 5395 4295 4133
L1 | KAMS | 5204 4279 3965
B2 | MYGW | 4764 3056 3510 3625
By L | MYGI | 5412 4043 4204 4086
& S 1 FUKU | 5149 3956 3709 3980
Bk CHOS 4058 4444 4280
AR 2 | BOSN 4216 4193 4380
a1 | BOSS 4840
FERELTE SAGA 3844 4000 | 2708 | 3895 | 1313 | 2863
g1 | TOK1 6260* 3686 | 3841 2580
Wy 2 | TOK2 5122 4419 | 4464 3704
Wy 3 | TOK3 4021 4077 4004
REEFHEL | KUML 5569 4525
Relp#E 2 | KUM2 4701 | 4736
REFFHE3 | KUMS 3345* 5572*
I e SIOW 4360
s=pFp1 | MRTL 4388
FF2 | MRT2 4643* 6911* 6973* | 5435
Tyl | TOSL 4255 4066 3803
A2 | TOS2 3925 3916 | 4059
Bl | ASZL 1380 3695 3747 | 3849
i 2 | ASZ2 3816 3850* 3816 | 3829 2883
A1 | HYGL 3594 3781 3273
A2 | HYG2 4257 4621 3684
#kk 08 | TUO8 4068 3976 3976
#Akk 10 | TU10 3648 3748 3631
WALk 12 | TUl12 3758 3159 3000
wmib k14 | TU4 | 3672 3812 3748
WALk 17 | TUL7 4109 3536 4037

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 Fukue station (GEONET).
The purple dashed lines indicate the occurrence time of the Tohoku-Oki earthquake (M9.0).

041

West <-> East (m)

South <-> North (m)

(m)

Down <-> Up

West <> East (m)

South <-> North (m)

Down <-> Up (m)

(KAMS)
0.10 T T

0.00 &

0.0 - .
020 e

030 e -

-0.50

<060 -
-0.70 1 1

2011 2012 2013

2016

030 T T
0.20

010 oo

0.00 |- ®-

020 -

-0.30 L
2011 2012

I
2014

2016

020 . :

010

-0.20

-0.30 -

.40
2011 2012 2013

BHH 2 (MYGW)

0.30

0.20

0.10

0.00

-0.10

-0.20

-0.30

-0.10

-0.20

-0.30

-040

2014

2016

2013

2014

2015

2016

L)

2011

0.10

0.00
-0.10
-0.20
-0.30
-0.40
-0.50
-0.80

0.70
2011

H AR O OIS YE I BT D RNRRS (FEF2RUER TH&{T) [EE) .

2013

2015

2016

L

1

2012

2013

2014

2015



BEH (FUKU)

Bk (CHOS)

0.80 T T T 0.60 T T T
= 0.70 . . oo
0.60 - .
= - * e . .® E 0.40 i . .
B 050 o S S ——— — g & - -
2 . ¥ 2 . . *
I w030 .
A A .
R l;ll lllliiiipi 4 b oos b i
@ 020 [ = B
I . g o ®
= o010 o =
0.00 [-» 4 0.00
-0.10 L L ! ! 010 L 1 L L
2011 2012 2013 2014 2015 2016 2011 2012 2013 2014 2015 2016
010 - T T 020 T T T T
g o000 e . o L e e B 4
£ - =
£ 00 s =
s 5 7
Z 020 L] 8 =4
A * A
v 030 T . . = v
< . o = R—
S 040 .0 — =1 . .
2 . LI =4 .
[ B (5 T 1T T e —. 2 4
-0.60 1 1 1 L -0.40 1 1 1 1
2011 2012 2013 2014 2015 2016 2011 2012 2013 2014 2015 2016
0.10 - : T T 0.30 T T T T
_ooope b — 020 |
E o1w0}-* E
a o 0410 B
Y B g . > . ., . .
L T 4 N oooolleey & - i
v v - .
£ od0 g 010 bt .
<}
-0.50 [ L J— . IS
e . * 020 F 8
-0.80
0.70 1 1 1 1 .0.30 1 L 1 1
2011 2012 2013 2014 2015 2016 201 2012 2013 2014 2015 2016
0.20 T T T T 0.30 T T T T
= o0t - = 020 B
E E
w000 % 010 N
o . o
w i
A 010 A 000 .
v . v
w020 - . % 040 -
1] @ "
= -0.30 g = 0.20 .
L
0.40 | L L 1 -0.30 1 1 Il L e '
2011 2012 2013 2014 2015 2016 2011 2012 2013 2014 2015 2016
0.30 | . 0.30 . . .
E o2 - E o2t e
£ R =
B 040 b .- . £ o10f-
S <}
zZ z
A 000 .o ~ A 000 | .0
v v . .
£ 010 £ 010 | B
3 3
(=] [«
G0 R0 |t 4 @ 020 -
0.30 L ) ) 1 030 1 L | |
2011 2012 2018 2014 2015 2016 2011 2012 2013 2014 2015 2016
0.30 T - 0.20 T T T
- - L . -
= 0.20 5 0.10 . .
o otof 4 o 000 [ —
=] o .
A . ... LA L ° N
§ oo . . y oo
§ 0.10 $ o020
o . g :
[=] . [=]
0.20 [ e 0.30 i o
.30 1 1 Il 1 0.40 1 1 1 L
2011 2012 2013 2014 2015 2016 2011 2012 2013 2014 2015 2016

B3R HAMHEIR WO EEERIZB T 2B RERS (AR TRIL) BEE). 77 7 holk
BRIT AT R R 2 7n

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 Fukue station (GEONET)
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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 Fukue station (GEONET)
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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 Fukue station (GEONET). The purple
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 along the
Sagami Trench and the Nankai Trench relative to the Fukue station (GEONET) (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 Fukue station (GEONET) (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 Fukue station (GEONET) (continued).
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Table 3. Displacements at the seafloor sites along the Japan Trench relative to the Fukue
station (GEONET)

BRI KAMN KAMS MYGI MYGW FUKU CHOS BFEER
RAETRY 7 2011/4/3 | 2011/4/5 | 2011/3/28 | 2011/3/27 | 2011/3/29 | 2011/4/18 | 2011/3/29-4/4
kTR w4 | 2015/10/16] 2015/10/15] 20156/10/18] 2015/10/19| 2015/10/14 | 2015/10/26(2015/10/8-10/14
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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 Fukue station
(GEONET). 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.
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