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Site name Lat. Lon. Velocity Period Data  Update -0.10 L 2 . L L
(°N) (°E)  (em/yr) (deg) T T T T T T 0.10 — - - - - -
(9) TOK1 3408  138.13 34 3119 08/13/2018 - 09/09/2022 20 * 0.2 0.05
(10) TOK2  33.88 137.60 3.6 3029 07/10/2018 - 08/04/2022 19 g 0.0 F- )
(11) TOK3  34.18 137.30 4.1 203.8  07/09/2018 - 08/04/2022 17 g_ . 0.00
(12) ZENW  33.09 137.55 - - 02/20/2020 - 09/09,/2022 10 * 5 02 0.05
(13) KUM1 33.67  137.00 4.1 201.7  07/09/2018 - 08/04/2022 19 [, I SR —————
(14) KUM2 3343 136.67 3.5 202.6  07/08/2018 - 08/03/2022 21 2()'12 2{;14 2{;16 2{;18 2{;20 2{;22 010 20I12 2()'14 20I16 2{;13 2{;20 2(;22 ) EITAEEEE)
(15) KUM3  33.33  136.36 T 284.4  08/12/2018 - 09/14/2022 20 #2730 :
(16) KUM4  33.08 136.64 - - 02/21/2020 - 09/14/2022 11 ¥a72mE
(17) SIOW  33.16  135.57 3.6 300.7  08/12/2018 - 09/13/2022 22
(18) S102 3298 135.99 - - 03/18/2020 - 09/13/2022 12

(10) MRT1  33.35 134.04 4.2 2065  08/11/2018 - 09/12/2022 20

(20) MRT2  32.87 13481 47 2019  08/11/2018 - 09/12/2022 24
(21) MRT3 3280 13535 - - 08/10/2019 - 09/12/2022 16
(22) TOS1 3282 133.67 4.7 306.2  08/10/2018 - 09/11,/2022 19
m) TOS2 3243 13403 3.0 3046 00/07/2018 - 09/11,/2022 18

(24) ASZ1 3237  133.22 4.6 2004 08/10/2018 - 09/02,/2022 17
(25) ASZ2 3193 133.58 4.9 3184 09/08/2018 - 09/10,/2022 16
(26) HYGL 3238 13242 3.4 201.9  08/09/2018 - 09,/03,/2022 18
(27) HYG2 3107 13249 3.0 312.8  08/00/2018 - 09/03,/2022 19
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RALPHERFDZF) | Sato et al. (2011) AL tERITRDZE) | Watanabe et al. (2021) EEN S TNDEFEZE) | Yokota et al. (2016)

A Horizontal displacements B Vertical displacements a. Before 2011 b. Apr. 2011 - Apr. 2014

T 7 28° N Amur plate L
bt /7 1994 (M, T.7): \ 4
/ :“\\
A0°N Y 1 1896 (M,8.1) |
W e §
1968 (M B8.3)
- V]
s Ve 4| 240 N - L
‘; KAMN
‘] T\KAMS
P i i N
I8°N 5 TN - p 1 -
MYGW  payg) |
Pacific % i &F 32°N
L E N= -
ol (¥ Fuku § 3
&
&
4,(’
36°N Table 1 | Velocity of each site with respect to the Amur plate
Table S1. ¢ of Site Standard deviation and
. . - . - . f Positi Vel B lati !
Estimated coordinates of seafloor reference points before and after the 2011 Tohoku-oki o S S name o elocly (emyear ) coneletion (e year )
. Latitude Longitude Absolute East(E) Morth(N) o(E) o(N) Corr(EN)

earthquake. The coordinates are the averaged positions of grouped transponders.

e LALE Lave TOKI 3408 13814 50 —49 09 02 01 00

Site name Observation ) Latitude Longitude Height Table 2 Displacements with respect to the Okhatsk plate from the fitted curves with variance-covariance information TOKZ 3388 13761 49 48 o 02 01 -01
date o ' " @ ! " m Site Displacement rate {cm/year) Varlance-covariance ([em/year)) TOK3 3418 13739 51 -5.1 08 04 05 -01
KAMN  11/16:2010 38 53 16.740 143 21 43.869 -2306.51 Eward Novard Uaeard VER VEN Vil Vo KUM1 3367 13700 36 36 07 01 02 01
4/3/2011 38 53 16.551 143 21 44.443 -2304.90 3 Average velody before 011 KUM2 3343 13667 43 42 10 05 09 -05
KAMS 11/19/2010 3% 38 11271 143 15 48.021 -2193.21 - -3 o o w2 KUM3 3333 13636 40 -39 10 02 02 -01
_ 4/52011 38 38 10981 143 15 48893  -2191.72 e - e ’ o SIOW 3316 13557 47 44 16 02 02 00
MYGI 2/21/2011 38 4 51.388 142 54 59.881 -1645.83 froen a 12 —a1e MRTL 3335 13494 34 33 10 04 04 09
3/28/2011 38 4 51051 142 55 0.788 -1642.69 R mil 13 0 017 s MRT2 3287 13481 39 -38 10 02 02 -01
MYGW  2/21/2011 38§ 55807 142 25 59327 -1044.71 Site Displacement fem) Variancecovariznce cr) TOS1 3282 13367 55 47 28 06 04 04
3/27/2011 38 8§ 55734 142 25 59919 -1045.49 Eward Noward Yuard VES VIEN Vit b ToS2 3243 13403 48 42 24 05 05 -04
FUKU 22372011 37 9 58002 142 4 51233 -1209.47 YR ETS Sseemen e e  e hee e . ASZ1 3237 13322 45 -41 19 03 04 -02
3/29/2011 3 9 57948 142 4 51412 -1208.61 s s 161 ' : e 1605 AS72 3193 13358 42 -39 17 06 04 —05
. o o o - HYGI 3238 13242 38 -31 21 04 03 -01
FUKL £04 —a3 —159 834 HYG2 3187 13249 20 -20 03 06 07 -08&

CHOS 598 =Xl i 744
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A Horizontal displacements B Vertical displacements e. FUKU
o T | T 2011311

(M9.0)
020 —

ulubnm i DR

Oshlka
Peninsula

Eastward [m]
COoO0O0OooCoOoOPHE

Peninsula }

West <-> East (m)

11 '12 '13 14 '1s '16 '17 '18 'la 'Z0 '21

2016

Pacific §

41586_2016_BFnaturel7f

Plate
. LAPOh B T8 HE
143°E 143°E
—0.84 - [oes [ E232 = £ || -0.0176
11 12 13 '14 '15 ) ) )
Table S1. Time series of seafloor displacermnent at GNSS- g B¢ 0 £ F é
Estimated coordinates of seafloor reference points before and after the 2011 Tohoku-oki A sites along the Japan Trench: from March Epoch Eastward Northwar Eastn | Northy,
earthquake. The coordinates are the averaged positions of grouped transponders. . 2011 to June 2020 and before the 2017 : 2&]??33 () - s 0 @) G
. Tohoku-oki earthguake s 2007238 00513 00173
I = B : 5 § . 8 = a 5 | 2008.54 0:0011 —O:GGSI
Site name Observation Latitude Longitude Height 6 1 200034 0026 001
i ) date ° ' " 2 ! " m ; 72000545 0.0001 -0.0035
KAMN 11/16/2010 38 53 16.740 143 21 43 869 -2306.51 .9 S gg?:g;; V.E(Jdg'l’; jg'ggg';*
4/3/2011 38 53 16551 143 21 44443 -2304.90 S PR S P 10 2010948 00800 -0.0015
KAMS  11/19/2010 38 38 11271 143 15 48021 219321 e . e — 112011068 -0.068 -0.0099 )
CwsAn 3 s ol 1515 4 2L -- o o cn oner onas orn v
MYGI 2/21/2011 38 4 51.388 142 54 59.881 -1645.83 ) - 142012419 0.0517 -0.043 00232 0.0069
3/28/2011 38 4 51051 142 55 0788 -1642.69 e P Trr ey e
162013085 -0.1327 00213 -0.0539  0.0408
MYGW 2/21/2011 38 8 55.897 142 25 59327 -1044.71 = 17/ 2013403 -0.1482 -0.0461 -00674  0.0205
3/27/2011 33 8 55734 142 25 59919 -1045.49 e 18] 2013501] 0125200054 D037 00585
- 324E i 2013.879 -0.1395 -0.0256 -0.0536 0.047
FUKU 21232011 37 9 58.002 122 4 51233 120947 amy 0463 0135 01037 00698 00333
3/29/2011 37 9 57948 142 4 51412 -1208.61 o 21 2015205 01733 00263 00813 00581
. 22
https://doi.org/10.5281/zenod0.4628550 2 o0
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F—HAEwY | Scientific Data
Yokota, Ishikawa & Watanabe (2018) F—H)IRI KN | PANGAEA
doi: 10.1038/sdata.2018.182 doi: 10.1594/PANGAEA.885139 FUIFIVT—4

B EEREweb 1

BERNINCOLT
PANGAEA. T et :
1101 nlsher ar Eat & Evwironmental Sdence SERCA ST AZOUT  CONTAET
SC'EN | |F|C DA | o GNSS-A data

11011°

0111?

Yokota, Yusuke; Ishik Tadashi; hurrichi (2018): . HEFBIZES
ata of seafloor crustal nernl manan alc\'\gme subduction | Satellite

#The data released in this page is for researchers,

................................................................................................... LOMEE 3 Uapancsc 5l
210,15 * For the dotais of tha shesvation, soo this page (in Japanasa).

OPEN | Data Descriptor: Seafloor crustal
deformation data along the e e e e e e

subduction zones around Japan e When using thetime seiss data

obtained by GNSS-A observations S __ e e et e G ot o st e

Abinoxs S the w1950 * In our data analysis rautine, ald data are reanalyzed when nevw ohesrvation data are updated. Please be careful of the
dnre e the i 1940, data file wersion,

s Wokata, ¥ er al. (2008) S2aflees crustal determation
ion zonas around Japan obtained Dy G5
e BO1ED,

GNSS-A time series data

Raceived: 2 March 318 Havigation setsl
: 3 R 3y e 3 §
Arcepted: 21 Juve 2018 | Yusuke Yokota®, Tadashi Ishikawa™ & Shun-ichi Watanabe

Publishad: 11 Septernber 7MB - . . . . ) o )
¢ Crustal deformation data obtained by geodetic ohsenation networks are four ions in the fields of

* geodesy and ssismokgy. These data are essential for understanding plate motion and earthquake sources
 and for simulating earthquake and tsunarni scenarios. Although relatively scance, seafloor geodetic data are
¢ particularly important for monitoring the behaviour of undersea interplate boundary regions. Since the

- rnid-19905 we have been developing the combined Global Navigation Satellite System-Acor ranging
© (GNSS-A) technigue for realizing seafloor gecdesy. This technigue allows s to collect time ssries of seafloor
- crustal deformation. Our published data can be vsed to investigate seversl sesmalegical phenomena along
© the subduction zenes around Japan, namely the Wankai Trough, Sagami Trough and Japan Trench, Thesa
+ regions are globally important places in geodesy and sesmelogy and are also suitable for comparison with
- other geophysical datasets. Our intention is for these data to promote further understanding of

¢ megathrust zones.

—V 9 I [e) \ A\Y I _\\
N time series design + data collection and processing abjective = T —_— ;2 o J '\ J ( 'I 9
Lot =] sbearvational design - VAN \

Szt chzzined from 2007
Aamely the Harka
vl v b slalidn i

Notes on the data

* Cossismic and oostseismic SSpRcOMEnts ar not correctod.

BT — %X Eweb 1 b

ianats an 5poce, GG, e

Masayushi; Matsmeto, Yoshi = u. aws, Tadashi

Measurement Type(s) geodetic datum

Techmology Typels) data acquisition systern —\\ — Q
— =

Factor Type(s) terrporal_interval » monitoring o nm

Sample Characteristicis) Maorth West Pacific Ocean » aceanic crust

JCG
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RIS X7 LDERE

—\\

YeEICHIATESLDICTDHDERRZET Dim

Data Records
F—5 T4 =YD

a Fole system

b Hull-mounted system

et

STnEETInT
=

l Sealior Unk.

Lin-cantain sakiy

B EEAR AR AT (D3RR

Data Processing

The 3P is determined using linearized i based on the least-squares formulation, combining the

obtained data. This inversion software "SGOBS version 3637 is essentially that constructed by ref. 23,
The basic construction of this mversion can be represented wsing the general formulation of an

observation equation using an s-dimensional observation vector ¥V and an se-dimensional true model

parameter vector X:

iz

¥ =f(X]+e (1)
where ¢ is the observation error vector that varies around zero in a Gaussian distribution characterized by
the variance-covariance matrix £, To estimate via linearized inversion, this usually nonlinear relationship
should be transiormed 1o a linear formulation. Using small perturbations x around initial value x,,
Faquation (1) can be replaced with

Y=flxutx)+e (2)
When x is sufficiently small, the right-hand side of Equation (2] can be rewritten as a Taylor expansion:

ar or‘r

¥ =flxa) +—x— .- +e (3}

Line number Cantents

Lt e Dhate o updating

ted bre Site name; reference oordinate systes
3nd kre:

1 line

alter S line

Lable 4. Published ENU data format including metadata.

#updated at 11/30/2017

#MYGI for ITRF2005

#reference LAT 38.0833N LON 142.9166E HEIGHT 30.0000[m]

#position Eastward ©.5019[m] Northward 40.2703[m] Upward -1668.9117[m]
#Start_mm/dd/YYYY Eastward[m] Northward[m] Upward[m] Method Vessel End_mm/dd/YYYY
03/28/2011 0.0000 ©0.0000 0.0000 C M 03/28/2011

04/12/2011 -0.0183 0.0255 0.0283 C M 04/12/2011

04/29/2011 -0.0418 -0.0086 0.0053 C M 04/29/2011

08/30/2011 -0.1810 0.0469 -0.0443 C M 08/30/2011

11/18/2011 -0.2081 0.0058 -0.0299 C M 11/26/2011
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GARPOS: Analysis Software for the
GNSS-A Seafloor Positioning With

Simultaneous Estimation of Sound

Speed Structure

Shun-ichi Watanabe ", Tadashi Ishikewa’, Yusuke Yokota™ and Yuto Nakamura’

Thekey issue for analyzing the GNSS-4 data is how to comect the effect of sound speed
var@alion in tha seawalar. We corslructed a ganeralized obsarvation eguation and
developed a method to directly extract the gradient sound speed structure by
introducng spproprate statistical properties n the cbsanation aguation, espacialy
the data comslation term. In the proposed scheme. we calculate the posterior
oach using the Akaike's Bayesian
proach enabled us to suppress the
tract simpler spund spead fisld and

prabability based on the empircal Bayes &
Infarmation Criterion for model selection. Thi
Edited by:  povarfitting of sound spaed varables and thus
stable seafloor postions from the GNSS-A dataset. The proposed procedure is
implemented 1 the Pylhon-cased software “GARPOS® (GNSS-Acoustic Ranging
comiined POsitioning Sobeer).
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| 7095 L0FAIESEST

* *70O045AICIE GNU General Public License version 3 St > AhERAENET.
* Readme&Z BZM L. SIABEREERICHRELTIABLEZW, (—avicd>TooIEEEbhIFdoTI3EmEE .

s
2

17



BT —y e fZAT R T — 5w BT — 5 mep LIS E T — 4

T—YDREIRS | GARPOSER AT —Y DLAFH

«  GARPOSOFNX THIEUTRWEERIT—4% - sRET71ILENFH

. HTE. T4 EEUBRITEAE L GNSSTLS £ 22 DRINEXDE S BED
=74 i

Watanabe et al. (2020) 10.5281/zenodo.3993912

doi:10.3389/feart.2020.597532 S BT TEBIE LT L 2 DT — s

in Earth Science TRETET

=

August 20, 2020

GARPOS: Analysis Softw f th . . 1] n
GNSS-A Seafloor Positioning With GNSS-A data obtained at the sites "TOS2" and
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Speed Structure

Shun-ichi Watanabe; (B Tadashi Ishikawa; {{ Yusuke Yokota; Yuto Nakamura

Shun-ichi Watanabe ", Tadashi Ishikewa’, Yusuke Yokota™ and Yuto Nakamura’

Contains the GNSS-A data cbtained at the sites "TOS2" and "MYGI"in 2011-2012

Initial datasets are stored in the following directories

-lobsdatal: contains initial acoustic observation files
Thekey issue for analyzing the GNSS-4 data is how to comect the effect of sound speed - . - -

var@alion in tha seawalar. We corslructed a ganeralized obsarvation eguation and Da haetp aft
developed a method to directly extract the gradient sound speed structure by
introducng spproprate statistical properties n the cbsanation aguation, espacialy
the data comslation term. In the proposed scheme. we calculate the posterior

prabability based on the empircal Bayes approach using the Akaike's Bayesian
OFEN ACCESS

Infarmation Criterion for maodel selection. This approach enabled us to suppress the
Edtetby:  pvarfitting of sound spaed variables and thus to extract simpler sound spead field and

it Taisn:

stable seafloor postions from the GNSS-A dataset. The proposed procedure is Files (134
implemented 1 the Pylhon-cased software “GARPOS® (GNSS-Acoustic Ranging B
comiined POsitioning Sobeer).

Himpmrrets: GHES-A, anallior iy, sourd e suclins, GNES-A masdob sy, CMBS-A aiwars o sty



ST —5 w2 T — 5 e (B EHE T — 5wt E T —

T—YDREIRS | GARPOSER AT —Y DLAFH

« FREDHXTERALTVDREDZ L webT 1 bH KU ZenodolZ TR
o RNHERDER IREEH AIEE

s [ fEF LJZ GNSS-A @il —45twY b

X [CERA Lz GNSS-ADBR —F v FTT.
HEENSFT—HOFHICDOWTIL. Watanabe et al. (2020, Front. Earth Sci.) #CEF &L

| BAF—5DFIBICHEDT

* FF—H[C(d Creative Commons Attribution Non Commercial 4.0 International F-r > AERsNET.
» SIRESETRCBERLTCHALESEW, 7%y ck>TooiEEEhhEdoeoaamsitasln.
s BEOERAT 5 & FNBOFERERS 6. BEFARSCERUEBEVNSICTEELES N,

20114EH520196FTOTOS2 - MYGIE ZP

(120 doi:10.5281/7zenodo.3993912 doi:10.3389/feart.2020.597532
e [ =]
i MB}
zip doi:10.1186/540623-021-01487
. . . doi:10.1186/s40623-021-01487-
RitthEmoB+EE S\ERI= (102 doi:10.5281/zenodo.4528990
MB) i
£ - 3 F LiE .
=1£2020 G \ -10. . . o
idtﬂ!&t& EFToEEEEEVLER S T e e B T gm 10.1186/540623-021-01487
SN MB] =

)
)°



BORE T —5 w2 T — 5w (B EHE T — 5 e HhS I E T —

F—SDREIRS | GNSS-ARH 7 —5 DRI (SH)

o FEDETY I I7 (GARPOS) [TIRTFLRLY, KW —MREVR T 7+ —y M iRET
- EMEOBEDETDT—IERRAL BITAT —9DT IR ERETTE

T =Y DIRTF REICDWTIL, KGHERFHIMT S ENDT—YURI K EUTEEEESE Y —H1 T WARPDFI A ZIRE

F—HBEXIE . WARP CDEAHENETT—IZ KGRI RE 26
F—HDEESH - F—HRAY BEEIE=HSEE BREEME

SR Dweb 1 b ERHEENERANICT —H1 T UAKUL TV S D TXKEIRURI KNI & U THIFAREE

AUICETTANMIEW T =907 —hATINZED
https://warp.ndl.go.jp/info:ndljp/pid/12354009/www1.kaiho.mlit.go.jp/KOHO/dataservice/DATA/gnss-a/obsdata/

KRR F EATRE D

-

~
0
®



BT — i 2T T — 5w (B REEE T —5 mp LIS E T — 4

T—YDREWRR | HRADET—H

KR IEDT—5

5E7—%

o ERNET—YEUNIEUFRERIFGARPOSHET —YICHHAIAENTLS
o TOET—HIFEARMICIELNE

rNSS t% JEETDDE‘ULJ: 2
FERTRY O DFEIHEIX
GARPOSH7T—%ICHAAA R
NnNcL\sd

EBRIDT—41FIODCIC EExk
LTaETINTLS

et g BSEFS AT

XCTDAXBT i

FERAALIBZ U CKeDT=1E1EE
BFIXGARPOSHT—% [CHHA
AENTLS

BRI IFERZER S RN &
ST —5 XIEAR

—V

GNSS7T—%
o SAEMDYINMIERIER

. PPPEEATDFERMGARPOSH
T—HNITHHAAFTN TS

«  RINEXBE{KIZIEAFH

o BEOKEIJSHEREGPS
[RFEFCHAMEN B DH
EHEULNZZLN

MR EE—%
o SHEMDYZAMMIEZMER
FURAT 1T DAEICETR

«  GARPOSHT—%IZHHAE
Nncusd

BB cnssivmr

JCG
D>

21



F&® | BLERZETOBRERMMIT IV —TICKDIA—T 7 —I DM

*  GNSS-AZAIE. GNSSELAIIC EENRIGIARR P EUABRRDME 7 EFER T NI REN Z <\
SEROPADERDEFN TS

* GNSS-AERIE, BUAIDTzH D LTS5y b T+ — AR EAR) BB TERAID/\—R LI
<. ERNATERSNIZHEUNERTETRVH ARIZI 1T 1 HVINRRICEERS

« SETLULOMRDERZBIET LT &ET—ICEBITAY b0 17 % /5 - HEIduA

B ERZTOBEANMT IIV—TTIX, 7T—5/V T I 7 DBEYIBH, TORRH - HEAEZRE

#ET—4 RINEX. fMADENE, FEREF. KR5S e

RS
ATy | T e B Rl 3 — SR T A
GNSS-AfRHT FRENEM + GitHub T
. gg’g&f_ 5 SBIERBEE F—IHX
et

T T EENATEEES. JEEREE). BT ey -
WREET—Y senmm ne <= B KHER FAI/Supplements

s
”

22



