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— Report —

Orientations of DONET seismometers estimated from seismic waveforms

Masaru Nakano'", Takashi Tonegawa’, and Yoshiyuki Kaneda'

DONET is a network of permanent ocean-bottom seismic stations aimed at improving the detection capability and earlier
detection of earthquakes and tsunamis off the Kii Peninsula, where the Tonankai mega-thrust earthquake is anticipated to occur in the
near future. DONET consists of 20 stations each of which seismometers and pressure gauges are installed. The orientation of the
horizontal components of the seismometer at each station has been measured by using video of a remotely operated vehicle (ROV),
which is difficult to measure again for the confirmations. We estimated the seismometer orientations by using the seismic observation
data based on three methods; correlation of long-period seismic waveforms with observations on land, direction of P-wave first motion
of distant earthquakes, and particle motion of airgun signal. The obtained results are well consistent with each other. The differences
between the estimations are at maximum 5 degrees. The difference from the measurement of the ROV video is up to about 10 degrees

for most stations, but in some stations the difference is about 50 degrees.
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Fig. 1. Map showing the distribution of DONET stations (dark gray
triangles) and F-net stations (dark gray squares) with station codes.
Thick lines indicate the optical fiber cables connecting the DONET
stations. Dashed lines are the seismic survey lines (KR11-09). Filled star
indicates the epicenter location of the earthquake that occurred on 14
September, 2011 (M4.2).

1. DONET (K&=MH) B X UF-net (WAE) BRHOSG
Ai. KREMIIDONETBM A2 o — 7o — b, B3
EHA (KR11-09) (2817 2 W EZ /R, 2FNX201149H14H
SR E7-HE (M4.2) OFERERT.

RIS SN TS, BERNI Sy F—VATY v
FIZEEE SN, 10EDNOERCHIUIEE L2 s> 7
kDI ETHESTEETH LS. HEFTOHIZOWT
ACEBR RG2S 3 L O RIS £ 9 1SRET 5 D)s—
A TdH HA%, ROVIC L HVEETIIMER 2 EX L7251
\ZHERE & S BRIET 2 O3S Tl TH 5, DONET B
MWEOHFIZBWTIE, HWEETEZE L 72 ROV DA A
TGRS, HIEERTO LA HIE L7z, Table 112, HIE S
72X, YA O R AR, WEL YRRGIZoWTTbi,
XBgr O fnE 2z REtEl ) (Z90EE MR L 72 CTh 5.
ROV HHIZY v 4 Ot =2 TR SN TWA 72
O, ZOFFECTHEFTOFMNEML I EDTESL. Ll
A TWUED S DI DOBEETZLT LOESH TIERL, %
72383 & o THREES 5 72901213 U ROV OEMASLEET
HY, EWIIZEOBN Y LELT 5.
HWEHEFOACER T, HiSE L BRI B
WCEELREREZ > TWD. Lzdts Tl T— % Off
WHIZ I BRI O A 2 12 LEDH 5. ARG TI,
DONET EHl E DR HIZDOWT, ACFEENS S DU %

Table 1. Orientation of seismometers obtained from the video of ROV.
The angles are clockwise from the North.

F1. ROV A TWGH 5% L7z T Ar (b S HEEHE D
% IE)

Station Y (deg) X (deg)
KMAOI1 50 140
KMA02 90 180
KMAO03 225 315
KMAO04 218 308
KMBO05 155 245
KMBO06 120 210
KMBO07 75 165
KMBO08 75 165
KMCO09 204 294
KMCI10 56 146
KMCl1 289 19
KMC12 195 285
KMD13 80 170
KMD14 285 15
KMD15 255 345
KMD16 130 220
KME17 204 294
KME18 210 300
KME19 45 135
KME20 120 210

"X =Y + 90 degree
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Fig. 2. Back azimuth (BAZ) distribution of events used for the
analysis. (a) The analysis based on cross-correlation of seismic
waveforms with observations on land. (b) That based on the direction of
P-wave first motion of teleseismic earthquakes. Stations are arranged
according to the number in the horizontal direction.
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Fig. 3. Displacement seismograms of an earthquake that occurred below the South Island of New Zealand on 3 September, 2010 (UTC) (M7.0, depth 12 km).
(a) Horizontal Y and X components of station KMAO3. (c) North and East components of F-net KMT station. (e) Horizontal seismograms of station KMAO3

rotated by 225 degree (Y and X' components). (b, d, f) Horizontal particle motions obtained from the seismograms shown in (a, c, €), respectively. Waveforms
are band-pass filtered between 0.008 and 0.1 Hz (100-125 s).
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Fig. 4. Cross-correlation coefficient R; (¢ ; ) defined by equation (2) computed for the horizontal seismograms of KMAO3 and F-net KMT (shown in Fig. 3),

plotted against the rotation angle.
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Fig. 5. (a) Relative orientations of F-net stations obtained from cross-
correlation of seismic waveforms. Error bar indicates the range of the
standard deviation. (b) Comparison of horizontal particle motions at F-net
stations KIS and KMT, plotted for the event shown in Fig. 3.
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Table 2. Orientation of seismometers estimated from the correlation of
seismograms with those on land.

F2. B RBEE & O EANRE A SHEE L 72 IR AL

Station Y (deg) X' (deg) S.D. N
KMAO1 39 129 4 14
KMA02 67 157 5 34
KMAO03 225 315 6 63
KMAO4 219 309 8 24
KMBO05 156 246 4 18
KMBO06 114 204 5 24
KMBO07 66 156 5 13
KMBO08 73 163 6 21
KMC09 155 245 6 8
KMCI10 0
KMCl1 - - -

KMC12 189 279 3 5
KMD13 62 152 7 21
KMD14 - - -

KMDI15 - - -

KMDI16 121 211 7 10
KME17 199 289 6 33
KME18 - - - 0
KME19 23 113 1

KME20 122 212 1

"X =Y + 90 degree
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Fig. 6. Three-component velocity seismograms at P-wave arrival
obtained from the broadband seismometer of station KMAO4, of the
earthquake that occurred below the Kermadec Islands, New Zealand on
21 October, 2011 (UTC) (M7.4, depth 32 km). The time is measured
from the theoretical arrival time of the direct P-wave. The waveforms of
40 sec from the P arrival are used for the estimation of the seismometer
orientation. Waveforms are band-passed between 0.02 and 0.05 Hz (20-
50 s).
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Table 3. Orientation of seismometers estimated from the direction of
P-wave first motion.

F3. EMMWEOPEANEIDIREY 5107 SHEE L 72 HEERT I L.

Station Y (deg) X’ (deg) S.D. N
KMAO1 36 126 5 8
KMAO02 65 155 6 21
KMAO03 224 314 4 19
KMAO04 221 311 6 10
KMBO05 156 246 4 18
KMB06 114 204 5 32
KMBO07 65 155 5 11
KMBO08 74 164 5 23
KMC09 158 248 6 15
KMC10 - - - 0
KMC11 - - - 0
KMC12 197 287 9 10
KMDI13 67 157 4 17
KMD14 265 355 7 3
KMD15 268 358 3 8
KMDI16 119 209 1 9
KME17 201 291 6 24
KME18" 203 293 3 2
KME19 26 116 4 9
KME20 123 213 3 10

"X =Y + 90 degree
" Angle is obtained from strong-motion seismometer
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% (Table3). 52X DORTVWEIISIZEL LA, BRI
BDI)ARXLNIVDENE ZAICRIET S, L5,
FAEEI T AEFHOEIZITE ALV EEZ LN
5.

23, TT7H Ik BEEDIIEE O =i

DONET £&BHA SO EASE T L7212 D20114F9H 2 510
BizhFC, AptEEio DONETEBHIFEE LI BT
TH v w T RERELS T O (KR11-09[ 22\ i |
PRI ZELIZE [RAHEE MBI 2 EEEB L O
HAMEBIIFNANIZE 20114F9H 13H — 10A 10H). =74
N & BIARRF ISR A & iRk A ST L CHE 122
XN DDT, KEFETTh L HEFTTEOIRE) % B
TAHIENTEL., TT7 BN K BKPEWRIEHEES T
HBHDT, WOEREZDOIRE AN E W ORI L7218
Eh. HEERTOHIE, KBS ORTHIRE, =7
W2 FAG T L B R OB 15 5 LA P ORI 51] (BAZ)
FHWTHEETE 5. wHRETHEOMEIX22. HiTifo
72 PEAIEIE BTV BDS, 7 H DY 7 FIVidii He
U bEoEBRgRs S F Y 5. 22 TRUTOL I, K
B T ORLT- B A EAR T 2 2 & THER %
HeET %

ITH N B iFHDOY 7 FIVOKFEIEIZDOWT,
TR 2 RO X 5 IZER TS 5.

YO =a,X,®+b (4)

T A UL BIREIEIE X, (0, Y.() 12OV, DCH
7ty MIHOALOEEELTBL. R EIZL IR
Ba, b ZHEL, B aPHROTUZLH>TZTH DY
7PV OHEFHI T AIRE A HEET 5.

w,=tan" g (5)

IT7HREEIIBETLIOT, Yay FNTEORES
JEE R VT BAZREH L, MWERIOFEHEE L. &
B, b IITFEICIZ0E 2 5.

LT A Y DFEBWEE 5 ZB I BT 2 OEERE
EMEL, IRENEIEZAY 0 Y. IRENEIZICN L, 420Hz
DINF ) — ARHSER T 4 VY BEAT A, 7TV
R D2~ OB OIRIROFMEFZE o #FHRL, >
7 FVEREREZ 2 6 S LN DOV, 30 & ) IRIE
DORECXHTIRE) R ZHEE L7z, Fig SIHRTIC V72
WIEOBI %R, A B S A DHEEIC BT,
LT YDy T FNVORKIERED B 5 BIEL. E oS E R
BrHW L, 2 7H 0y 7 FARTHEEIL,

I A R EOFBI X o THEEEDLIE L 2\ 720 TH 5.
I ARV NV S SRR 50T, FRICEIEE %
E L7

COFFETEONE HIEIR G 5005 L9112, 180
EOEEM DL, Lo CLEBLO22. 8il2B1T5
HEFRE RN NI AR L7z, EEEEME SN TR
V KMC10, KMCHEHH A2 DWW T, ROV 7 A T MG X
LU (Table 1) 2B CTHMZHE LT

O N BN S G E A R, SRERTE B
DWW, Table 438 X U Table 5IRE. 7 4 12 & B58HRIZ
WET— 7 2 HOGE LD b T— 7 BD5NE 5 I L W8,
EHDOEOREICKEREIRONT, BARSEREL -
TW5h, FT—=EDENE, A XLV OENE EIZ L
% . KMDISELH SRR M OHEEHEDOIX S D E AR &
WS, 22 BEOHEE L 11ZE U AMES LTV B,

0 —
0;=261°
=1.3 sec

c BAZ=138.4°

[\¥]
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Rotated angle 6, (degree)
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Fig. 7. Contour map of the function S; ( 7, 8 ,) defined by eq. (3)
computed for the waveforms shown in Fig. 6. Plus symbol indicates the
location of the maximum value of the function.

X7. Fig. 6CRTWIRITHT 5, QB TEHRSNLHES (7.0)
DAYY —. +EBERANEOEFTERT.
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Fig. 8. (a) Horizontal waveforms of airgun signal obtained from the strong-motion seismometer of station KMC10. (b) Horizontal particle motion of the
airgun signal shown in Fig. 8a for the range indicated by an arrow. Black dashed line indicates the line fitted to the particle motion. Waveforms are band-pass
filtered between 4 and 20 Hz.

(8. (a) KMCIOBLHI s OIRERHI BT 2 L7 7 Y RE) O R FEIEIE. (b) Fig. 8alI/m T REIOHFIZ OV CORFBUER. B3k FEECE
Me 74y bL72b O, EIITIZ4-20 HzD /N Y RISAT 1)V 5 % 5.

Table 4. Orientation of seismometers estimated from the particle Table 5. Orientation of seismometers estimated from the particle

motion of airgun signal (broad-band seismometer). motion of airgun signal (strong-motion seismometer).

T, ITH X BRE O TR A S M L 72 B E AL RS, T AL LR OR T B S HEE L 7B E

(R ERD) . (=R .

Station Y(deg) X (deg) S.D. N Station Y(deg) X (deg) S.D. N
KMAO1 41 131 1 1187 KMAO1 41 131 2 1233
KMAOQ2 69 159 3 1467 KMAO02 68 158 2 1508
KMAO3 227 317 3 1635 KMAO3 229 319 3 1671
KMAO04 221 311 2 1221 KMAO04 221 311 2 1221
KMBO05 154 244 7 1326 KMBO5 155 245 6 1326
KMBO06 112 202 5 1489 KMBO06 110 200 3 1523
KMBO07 64 154 4 934 KMBO07 65 155 4 749
KMBO08 75 165 3 1342 KMBO08 76 166 3 1375
KMC09 152 242 5 1036 KMC09 153 243 7 1045
KMCI10 32 122 6 1178 KMCI10 33 123 4 1205
KMC11 277 7 9 362 KMC11 281 11 6 872
KMC12 190 280 6 982 KMC12 191 281 6 1039
KMD13 64 154 5 1033 KMD13 64 154 3 1068
KMD14 263 353 4 352 KMD14 264 354 3 515
KMD15 262 352 4 421 KMDI15 270 0 29 195
KMD16 121 211 4 1980 KMDI16 121 211 2 1979
KME17 202 292 1 1537 KME17 204 294 1 1535
KME18 - - - 0 KME18 202 292 3 1989
KME19 27 117 5 1513 KME19 27 117 5 1513
KME20 125 215 3 1393 KME20 125 215 3 1393

*X =Y + 90 degree *X =Y + 90 degree
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3. dEamilEl®

AR TI1d DONET #HIEET D% E HILIC DWW, =FiE
OFFEEHOTHEEERT- 72, 55RO % Fig.
NIRRT, WA IV CHEE SN HERTO H N, e
IZBIFZIELOXOHBTLL—H LTS, Bohlk
7l ROVEHEIC X 2HIEE E B A ->T0DED, W o
OB TIZI0ELD L, FRS0ESLV$ AR 5172 ROV
MUYRIC & 2 HEERRIE T OMZEIIENTH L 0D, il
EMEOTREERERIIES TIdR , T L CHlE
RATHIIER G IA M ERET B, RGO RIL, HE
B A 7RI ML OHEE E BGRESSLETH ), F
BN THAZ L #R LTV,

KMC1038 & O KMCUBIM S FAnid = 7 77 >~ O3REN )

JEIZHS DS, ZHURIBOEDEEN S 5. HEEmRE L
T ROV BHYEIZ X 22 AL (Table 1) AR L 72
A5, COHEBIREF Y 7 PR THL. LzdTo T,
UE LM R RSO SR 2 W CORGE R 1T o 72, 2.2, B
TRL72ED 12, PEAIENC BT ETEIG & R OW
AL E 22 0, IEOMBIZEED. 20114F9 H 14 H 7R3
A ICHEE i, DONETBIHIFE O 1F IZE T Tl & -
(M42, E&#)36km, EH% Fig 112R7) DOWIE% Fg
1017”3, IR & B p OB & R O 71 (BAZ)
ZEHE L, B OHEEE % VT RGO % 5
B WEIBICIE, 220Hz DN R/SA T 4 V% %A L
72, EHELOBHIEIZEBWTH ETEI RO REGHEIZEOW
B TH D, OB EED. L72hS> THIRE
FREOWEEEIZ N TI N D05, RIIRS W78,

360 | | | |
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Fig. 9. Comparison of estimated orientations of DONET seismometers (direction of Y axis, clockwise from the North). Stations are arranged according to

the number in the horizontal direction. Stars indicate the direction obtained from the video of ROV (Table 1). Circles, diamonds, triangles, and inverted

triangles indicate the directions estimated by using the correlation of seismograms (Table 2), P-wave first motion (Table 3), airgun particle motion (broad-

band seismometer, Table 4), and airgun particle motion (strong-motion seismometer, Table 5), respectively. Error bar indicates the range of the standard

deviation (S.D.).

[X9. DONET#&EUA S OMBESHA (YH, b SEEtR Y 21E) O EMEO i, EEIIROVILEIC X 2 HIEM (Table 1) ZR7. AL,
#, =f, gs=MikrneiEiEorE FENEE L OM A (Table 2) , mHMBEOPEMB (Table 3) , T7 H 12 X 5IRE)
(RHIEHTERT, Table4) , BLXOFTT7H X HRE) GREERN, Table5) IS X AHEEHNERYT. T —N—RBZHEEICBITLHIEHDED

#iPH (S.D.) &R
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MDOELR SOV b FIFFEOMGEE TV, HEE LI RE Table 6. Orientation of seismometers. Average of the estimations listed
e ERHRELL. o, T 24 Table 51RO & 5 BEHS
C Z TIREBIR OB OWT, R4 DIEE .
EAFEON. RO OEERRE HALFI L2 0%
Table 617K . 4D DOHEFERELR DG DS DT IUITASE, Station Y (deg) X (deg)
FLALIBEDATHS. IULFRIED (2003) (2B1) KMAO1 39 129
% Hi-net/KiK-net Mt MiER RT3 E H OB ICBIT LR L KMAO02 67 157
FRETHSH. 72720, AKFEZ FAV 7B ERTIC BV KMA03 226 316
TAMENTRE R L I T 23S BB L, TR KMAO4 220 310
Ao 2D G SLETH B, KMBO05 155 245
KMBO06 112 202
KMBO07 65 155
= KMBO08 74 164
wﬁ KMC09 155 245
KMCI10 33 123

FHH O—E H RN OEA OATE |3 EROUEE

B o RAATR B EE LI ARRIFCH et 2 ’
O VAN :j :/ K/ 3 : : : =
11:4 25 R AV b L7z AfETCL KMC12 19 -~
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Fig. 10. The radial and vertical components obtained from the
broad-band seismometers of stations KMC10 (a) and KMC11 (b), for
the event that occurred off the Kii Peninsula (M4.2). The radial
component is computed by using the estimated direction of the
seismometers shown in Table 6. The velocity seismograms are band-
pass filtered between 2 and 20 Hz.

B10. AFERBMP TR S 22HE (M4.2) 12815 2K TFEEIE
(radial) TS5 & O L TEIBSMETR. (a) KMCIOBHA A,
(b) KMC1IBMl st BYEETTIAST OFAIZIE, Table 612735 {8
WA 72 WIRIZI1E2-20 Hz2D /N> 2SR T7 4 V8 %

W L7z
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