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ABSTRACT: In ocean areas, utilization of ocean bottom seismographs (OBSs) is effective for the quick
detection of the occurrence of an earthquake, and thus it is useful for allowing Earthquake Early Warnings
(EEW) to be issued earlier. However, careful handling of these data is required because the installation
environment of OBSs may be different from that of land stations. Tonankai OBSs were put into operation in
October 2008 by JMA for the prompt detection of earthquakes occurring in and around the anticipated
rupture area of the Tokai and the Tonankai earthquake. In this study, we examined travel-time correction and
magnitude correction to utilize Tonankai OBSs for EEW. Instead of the JMA2001 velocity model, we used a
velocity structure model estimated from previous surveys around the Tonankai OBSs region. The travel time
calculated from the velocity structure was longer than that from JMA2001 by 0-3 seconds for earthquakes
whose epicentral distance is less than 100 km. These travel-time corrections caused the territory boundaries

) at Tonankai OBSs estimated

of OBSs to change by about one grid (0.1 degrees). Also, we showed that M.,
from the maximum amplitude of whole wave duration was generally larger than M; by about 0.6. The
difference of magnitude difference can be explained by site-effects. In conclusion, we found that it is

effective to use the correction methods in this study for utilizing OBSs for EEW.
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al., 2011) 2B\ T, BOHBERERBIL, A5KNE
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Fig. 1 Station map of Tonankai OBSs (above) and
distribution of time reduction to detect an earthquake at
two stations by using OBSs (below). Red triangles
indicate Tonankai OBSs. Areas enclosed by the broken
line represent the anticipated rupture area of the Tokai,
Tonankai and Nankai earthquake.
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Bn, Zhb0EVWHAREOMBERBROLIICE X
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EFRFBL N~ =F 2— FOMEIZOWNTHREL,
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EEZOND. EFRMIEMEOHEICIE, BIRKEER
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ERAE O R (Nakanishi et al., 1998, Nakanishi et al.,
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OBS i CO Y2 — R U EMIE 2 RE L 7=
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Fig. 2 P-wave velocity structure model used for
calculating travel time correction (solid black line).
Gray lines denote velocity structures derived from
Nakanishi et al.(1998) and Nakanishi et al. (2002a),
and the broken line shows JMA2001.
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Fig. 3 Distribution of earthquakes used for picking
PS-converted waves. Blue broken circles show distance
from Tonankai 3.

2011/01/05 04:25:49.55 SE OFF KIl PENINSULA 33.16N 137.12E 57.53km M3.8

0.0001 PS A s
0.0000 " AUA AAV Nawteln ool AN

Tonankai1 [y WU\

-0.00014 Horizontal 1

0.0001

0.0000 1 i
Tonankai1
-0.0001 Horizontal 2

0.0001 P

0.0000

Tonankai1 v
-0.0001 Vertical

10
Lapse time from Origin Time [s]

Fig. 4 Examples of three component velocity

waveforms at Tonankai station 1. A distinct

PS-converted wave dominant on the horizontal

components is observed between direct P and S waves.
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Fig. 5 Comparison of P-wave travel time distribution
(left panels) and P-wave velocity structure model (right
panels) based on (a) a hypothetical structure and (b)
JMA2001. (c) Travel-time difference between
hypothetical structure and JMA2001.

Table 1 Travel-time corrections for installation depth of
stations.

Station Altitude P-wave correction

Depth (km)

Depth (km)

22 R
RE L= (Fig. 2) %, BEOBERES S
%LT%EéﬂtJMmmlkmﬁfék X

15km Z 55 & U C, BB B BNR WS FT TrdE <,
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5. DO, BERERFOZEIL, FRICEIBICBWT

%%%%Kmuk%ﬁ%ﬁﬁ%kﬁé(mg@.
RERE LB FOHRBEEOEZEL, fidolky
BWSEICHE L., REREOREBICX ZHEHE

% Table 112, HERGE DO EIC X M EfE% Table 2
IZ/aRY. 22T, MY 3 1 PS-P RER A o> B S
KV EWD, M 3 OWEIBEE TIE, PEARE
NHET, P L PSEBE OGN AHARTH - 7.
ZDOEH, MOBR ALY PS-P Hf 0 FE A B0 K
345 508, W 3 IXMEHIE O E > TV S 5T
WIAELTHEY, MoBHIA LY HEFEEIES o
TWAHIENRBEIND.
BHSHEOMEME N2 2RO EREZ M -
WZHERT DL, Fig. 6 DX O D. 2 2 TIEEHA
“\\Fﬁﬁ@jﬁﬁﬂz1 DENREHREVHEEE 3 &R HE S
IZDWWT, S 10km & 50km TOEREEZ /R L.
DX O, EREIEEWVIEEERERCECTK
L, BWIEEERASEE B D N,
BB ERIZBNTEOBRENZ T oL
W S 45 288 100km LN O FEIRIZ BV THE, 0~3
WAERNEL 25,

23 EZ
Tonankai 1 -2068m -0.69s 2.3.1 FU Ry —SBEOETILE
Tonankai 2 -2010m -0.67s .
, R L RS T TR % B OBS (i
Tonankai 3 -1000m -0.33s oy B 2 P 5
el , 2R i D=
Tonankai 4 -1836m -0.61s RLE@a ERORRRAELBICTX D
B ~2 5 ey
Tonankai 5 -1019m -0.34s A BT D MR OBEN 1~2 OB T
M S L 72BRITIE, BIHMAELFETH D B-AE - &
Table 2 Travel-time corrections for sedimentary layer.
. Average of Standard . Thickness of P-wave
Station . .. Pick num. . .
PS-P time deviation sedimentary layer correction
Tonankai 1 1.45s 0.22 32 1.31 km +1.09 s
Tonankai 2 1.19 s 0.27 32 1.07 km +0.89 s
Tonankai 3 0.29 s 0.16 28 0.26 km +0.22's
Tonankai 4 0.79 s 0.15 49 0.71 km +0.59 s
Tonankai 5 1.35s 0.15 48 1.22 km +1.02 s
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Fig. 6 Spatial distribution of the travel-time difference between the hypothetical structure with station correction and
JMA2001. The pink broken circle indicates a distance of 100km from the station.
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Fig. 7 Distribution of territory grid of Tonankai OBSs.
Square marks with red frames denote grids rearranged
by travel time correction.
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MEWC L > TEMLLEZ Y v RERNMA THEA TY
L. WIEEITH>ZET, 7V MY —fEEIE, Wi -
HFE M HL R OB E BRI N TR/ L, OBS 1T b Hf
FEEOZEICE Y BT ED, Wb bRiTl 2
Uy R (0.1°) BETHY, 1~2 JIRIEFTOER
WRELEOKEE % BERT D L&, MEM» G2 2 EH
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(a) Grid search with corr.
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(b) Grid search without corr.
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(c) JMA catalogue
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Fig. 8 Hypocenter distributions determined by the grid search method. Hypocentral location determined by grid
search method (a) with travel time correction by five stations. (b) Without travel time correction. (¢) Hypocentral

location of the JMA catalogue.
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Fig. 9 Comparison of hypocenters. (a) Comparison between grid search with travel
time correction and grid search without the correction. (b) Comparison between
grid search with the correction and the JMA catalogue. (¢) Comparison between
grid search without the correction and the JMA catalogue. The arrow denotes the
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Fig. 10 Time series of depth distribution of earthquakes
of the JMA catalogue in a rectangular area of Fig. 8(c).
The red broken line indicates Oct. 2008, when JMA
started to use Tonankai OBSs data for hypocenter
determination.
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BWOWBIZb AL D X DT, BELSEENMES 2
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EFEE B B (Fig. 5 2) b s, Bl
ERFEFALID U » R 52 L HEROD |
2L LTEZLND. 72720, BEROBEIIZEET
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Fig. 11 Distribution of earthquakes used in magnitude
estimation.
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LAg s 72 2008 4 10 A LABE, #4E TE D ER 10
~20km [ ZEELSPED LI R o RN
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A U7 BIRRE T, BIROE IR 2R E S
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(Sakai et al., 2005, [l » fl, 2008). 7'V v N
—FNTRNT, Rl I A 3 o MR D 7R
SELVHENPDE LWRENLELSTIHERD .

3 Y- Fa—FHEOKEH
3.1 F&
BREHBHERHO~ 7 =F 2 —F (L, M, #
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IZIE, PG S BN E TORKEREFVD
P M (LI, M) &, WIEEEORKREZ
VB2 M (B, M) EnEFEEL ml e
fth, 2010, JEA - L, 2010), THZNKKXTRKD 5
ns.

Fig. 12 Distribution of stations used in magnitude
estimation.
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Fig. 13 Noise spectra and waveform of acceleration records for one hour from 03:00 on July 3, 2011 at the
Tonankai 1, Donet 02 and ISE stations. The area with yellow hatch lines represents the frequency range where the
noise of Tonankai OBS is large. The peak seen in 0.2-0.3Hz shows microseisms recorded at OBS.
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Fig. 14 Examples of three dimensional vector summation of the displacement before and after applying the filter
(M4.8, A=150km and M6.5, A=93km), and spectra of acceleration of both events at Tonankai 5.
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2010) TH L. ZDHH, BIHENIRIET 2D DO,
SINOHENL O &R L, 45 HOHE (Fig. 11) |
DWT, BAED My, ZHEE L7, PO E SN
ZNXW G B HEAIY, S WOBREEZL P
W OB ERLNCHG S-P M ZMA-EE Lz, H
FHE OBS @ M, & & BT, EDFL DR FEOEN
o (Fig. 12) 12T H Mooy, OHEEZITVY, [RST
D LEEOM (M) L O ZEIT- 7.
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=
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Fig. 15 Distribution of differences between M...,> and
M;. Error bars indicate the range within +lo.
NEENTHWDZ ERbMD (Fig. 13). /A4 X E

DAY MV EKEET D E, 0.1Hz LV b EFHH
THOMBEEZFORLEL VL ) A ANKEL ST
W, 2D A XIXHFEEHE OBS it L Ta b
v, JE o E o BLH S OBS IZIE A Bt u.
A RXDFERIZOWTFRERER LD L THD
D, B A X ThDLIFRENEW. v =F a—
ROHEED Tz DICEMBER~LE AT DI 0K
W A XM E R D20, AR TR, EMEE
WS B RIIZ 0.05Hz DANA 7R Z T 4 VB (2D
NWHE =T =2 T 4 )VE) ZNTHIELETIDI/ AR
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Fig. 16 Correlation diagram between estimated Mg,
circles show land stations. The red broken line indicates the average difference between Meew™

and M;. Open circles denote Tonankai OBS and pink solid

and M;.
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Fig. 17 Correlation diagram between the magnitude difference (Meey'> -

hypocentral distance, and (3) back azimuth.
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Fig. 18 Correlation diagram between estimated MCCW(P)
and M; (above), and distribution of differences between
Meew" and M; (below). Error bars indicate the range
within £+ 1o.

EREL, v/ =F2—FfEEICHWD Z & & LTz,
HEEE S I2B1F D, 20094 8 A 11 A OBEWE O H
% (M6.5, A=93km) &, 20114E7 H 24 HOZH IR
FEES DO HIEE (M4.8, A=150km) D 7 ¢ /L % ji F w4
D 3 Ry B REMW Y % Fig. 14 1R . /NMRIE R C
i, NANRRT 4 FICLYREY ) A XNRRES
n, EEIREEAEONTVWAS I ERNERTE 5.

0 200 400 600 800 1000 O 90 180 270 360
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F, KIREFRFICIIREBMO S 7 Fradk e LT
LEIBENDRH D, M6.5 ODHIEIZONTEH, 7
ANV Z @M LTS 3 oy & BN O Rk RIRIE
ICIEEAEERRN ERDND.

33 #R

B AE D Mo, & My & O Lk % Fig. 15, Fig. 16
R, B2 EOBLAIA O Mo, OB RGT O — Tt E
BOM (M) &IFE—BT2012x L, K OBS
D Meey 1M £V BFEHTO6IFEREL D, &
72 Meo®E M EDEIF, v/ =Fa—FOKkEX
0, EIRHEE, B ~O NS ALK, —
BRIC0.6FRERE <> TWA (Fig. 17). T2 b b,
SRR LA R R B M 1T & D HUER I o 1A TR Ae
<, BAEHEDOT A MEMEICL D M, MK &L
oTWbHEEZLND.

A Meew DI22W0N T, My & DLk % Fig. 18 12
TT . Meew POV TIL, 50um %8 2 5 IR 18 % F %
LizF =2 BRo, £, HEESHTE My V0 1E
LOXNRKEVN, 2 M THELNTELS> 72 M D
Y7 MEROAT, M M =BT L2 Enbh
% .

34 EE

Meew®T 0.6 DHIIN, F72b 5, RIEICLT4MHH
DR H 5721 b DL 5T, M, TiEEnIFE
g DBEM B R OoNho Tt Z LIXTEERFFETH
. T, HAIRRED T T, REMKHEREICES
VD Hu R e SR O ) A FERR L 72, Fig. 19D X 9 1T,
Bl 2 Rk EAEE A OE L, ShiE N0 AR
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Fig. 19 Schema of double-layer stratification model.
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Fig. 20 Amplification of Haskell's matrix method.
Yellow arrows show the period estimated from the
quarter wavelength law.

HWaEE AL E, AHBEORIE Ay 22D, #FEOE
MR TSN DIRE A OBEN (T) LRz

(Ay/A) X, 1/4 ¥ E-HI| (Tazime, 1956, 75|+, 2008)
WXy, UFrolXctkans.
4H
T= (5)
A PoVo
— =2
Ay p1Vy (6)
ZIZT, HEEOBS ODREINTWVWDIIEIKES X D.
22 HiOEFMIECTCORMERLY, F1 BORERE
% 1lkm, Vp=18km/s, Vp/Vs=23.0, & 2 J& %

Vp=3.0km/s, Vp/Vs=1.73 & L, BEIL P HEE L %
EoBRA (Ludwig et al.,1970), B L OH RS
# (2006) OfEE B E1Z, pl=1.9g/cm’, p0=2.1g/cm’
EARE LTz, Z O T o Bk R ) & i R

SH wave

B R KM EATT A OO OEFMIE « ~ 7 =F o — NHIEORH

SH I 0354, [Ts=6.67s, A/A=6.37], P I DEA,
[Tp=2.22s, A/A¢=3.68] &72%. 1/4 JREAITRX
L% fEIX, Haskell ®~ kU v 7 A3k (Haskell, 1953)
EREAKNTDIICHEA LS RE (Fig. 200 © 1K
ORBEBICR S LHRATE S, ORICBWT, P
We SWOEEEICL > THEHBBAMNREDLY, Sk
T~/ =F a— K~OFEOKEWEAY 6 BE0
TRESHEINE Z LIZhD. £, REROHE
Ehcix Vp/Vs k&L b EHic, 6)XD
Vo/Vi B SIETRY REL 20, HEENKE 2
L. DX DT, O A EEHERE T oo R ik
P, $HIC M OB KREL R —NEBEZXLND.
HHAHA, PSEBE N AR TH o 72 HEEE 3 12D
WTHHHIERHAKR TH D X912, EEORREIZIZO
X 9 ICHHETIL A2 VY. Nakanishi et al. (2002b) D X 9
12, FEEYE OBS OHh T T, fHMEFa v R HE
BLTWDZEBRmbNTWD. HEEHE OBS DAL
IR L S W LLK: D % f5e I D IR IE A R < Fi < B b
52 &, 7, K OBS OFEAIIER LICFEET S,
# MR (SAGARA) OBBIAETYH, OBSIE LY T

RV, 0.3~0.41FED Moo, DB KRR I AL T
52 80E, ZOMNEIC X DHEE, HDVITaHAe
R T 1T X 2 B0 (1 20F, S, 1993) B Mee,®
HRIZHFEGLTWDIZEEZRLTVDINE LIV,

4 F&DH

HEEE OBS % % & HHIIEHT 5 ETo, #
E#%ﬁfbk?ﬁz%:~wﬁ£ IOWVWTHFZITo7Z.
MEHMEFICBIT 2N S LWEE T ToERE L,
IMA2001 & DERAZL Y, BHIRE2LTIE 0~3 B
FEERPENLIMBMICHD Z ERNbhrolz. Z0
EREAMEMETHZET, 7Y MU=
TR ERFIANT 1 7Y » R (0.1 ) ifﬁiﬁm
INT B Ty RY—FIC LB EBEREMRIL, H
i OBS L0 bRl EEF®RANTIZIEE AL
BIlLIZR bR oT-. 7z, AT i/ﬂi/ﬁﬂ]ﬁ
DIEEZF D LIRS ~EEL T MR
XMﬂn%Lﬁﬁﬁmﬂﬁﬁf@ﬁ)ykﬁ~%k
RBIMAEOHEIZOWTIE, BHRORBEICL > T
EHE2ENKREL RDIBEENH -7, OBS MOHE
b d 252 &, BllAREICLHEL S
Uy Ry —FFEICHNREIEDLZ LoV TITkE
DRMPRH Y, SHOBELEZD.
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