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Time correction and clock stability of ocean bottom seismometer using

recorded seismograms

Takehi Issel*, Akiko Takeo!?, and Hajime Shiobara'

Ocean bottom seismometer records seismograms using a clock in a recorder. The recorder has a very precise clock
although a few seconds of time shift occurs during a one-year seafloor observation. Usually, we measure time difference
between a recorder’s clock and a GPS clock before and after an observation and calibrate recordings. Recently, we could
not apply this method because of some trouble in a recorder. In this report, we show that we can estimate a time drift
of recorder’s clock using observed seismograms and calibrate recordings. One easy method to estimate a time drift is to
measure a temporal change of differential travel time residuals of first P-wave between two stations. Other method is to
measure a temporal change of ambient noise cross correlation function of two stations. In our recent seafloor observation
by “Normal Oceanic Mantle project”, we had two troubled recorders of broadband ocean bottom seismometers (NMO02,
NM20). We have applied these methods and estimated time drifts of these two recorder’s clocks as —10.49 ms/day, and
—1.9 ms/day, respectively. We have also found that clock stability of these recorder’s clocks is very well during seafloor
observation from recordings by temporal change of cross correlation function and that a precision of the recorder’s clock is

well less than 100 ms.
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Fig. 1. Geographical map of station distributions of the Normal
Oceanic Mantle Project. Solid triangles show stations used in this study.
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Fig. 2. Vertical components of velocity seismograms recorded at
NMO02, NMO03, NMO04, and NMOS5. Earthquakes occurred at
(a) 2010/06/26 05:30:19.49 and (b) 2011/04/23 04:16:54.72 in the
Solomon Islands. Time corrections based on table 1 and band-pass filter
between 0.01 and 0.12 Hz are applied for seismograms of all stations.
Solid lines show theoretical P-wave arrival time calculated by iasp91.
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Table 1.

A A,

Time difference on deployment and recovery in each station.

iasp91 €7 )V & M L7z, Fig. 312 KBS O ERS &

1. RERNEOFHIRZAR ORLAZL 1TASHZVOF) 7 FL— . 77 213 L 3= VRFORZPIERE R L L ) EA T HERT.

Station name | measurement date on deployment (UTC) | difference(ms) | measurement date on recovery (UTC) | difference (ms) | drift (ms/day)
NM02 2010/06/18 00:22:40 -429 2012/08/21 22:17:00 +71112 +88.6

NMO3 2010/06/12 00:04:00 -678 2012/08/23 09:17:00 +1938 +2.0

NMO04 2010/06/15 00:29:30 -185 2011/11/27 09:53:50 +1592 +3.4

NMO5 2010/06/19 01:11:40 -496 2012/08/20 20:09:00 +3833 +4.2

22 JAMSTEC Rep. Res. Dev., Volume 19, September 2014, 19-28




T. Isse et al.

B i D FERFFR A DR 2 7R T

Fig. 31278 L 728k 12 NMO02 O E 7% 22 A3 o B 1 o
ERRE L B2, BUIIE ORERIZ 2 5 12OR 4 12
INEL B TOBFN DD DL, HAWSZPHEOE —2
DREDHIFRFFN T B By ERRAEDIX S D E PR E L,
COF F TR BRELEZ RO L HPHETH 5.
Z ZCEIME AR T IS EREREZDOZEEY L 572 b D% Fig.
4R

L a0 — FEEEHAYIEH 7% NM04-NMO03, NMO05-NMO03
NMO5-NMO4 DB 1T DR D FERFR A= D 7= DREREZEAL
POHIEEENZFY 7 b L— MIFNRZN+0.86, —0.84,
—~1.7ms/day TH > 7z, 5 OERME AT IS BEICREZI
ExZfToTWEZERSLRFY) 7 ML —MIOTHBHRE
THLENS, HoNZFY 7 ML — MIRHEZ T
BUsmErEzons. 2%, SEoOKF) 7ML —
MEEDREII 2ms/day TH D EEZBNL. DR
ZOHPFANTEDORT HEEIRRVE VL 5,

—J L a— FEEEHIEE AR 5 72 NMO2 % & 4 E1H
RHART7 OEFIIHEIC N 7 LTBY, FUZ7 ML=}
1£-9.18, —8.35, —10.04 ms/day T&H 5. Fig. 4D EDXT
LT — 7 OMIMER B WEY S, BIHR oL a— 7K
FTOFBHIETHREL TWAZ Wb b, LI— ¥
FIASIE R 72 NM04-NMO03, NMO5-NMO03, NMO05-NM04
DEHERT OEFERZEDZEDITS D ED 2N TH
B, NMO2 & &8 RT OERKREZEDEIIZIDIES DX
FHZTERHLTOLIHENSNM2D L I — FHEF O
FOR) 7 MIFETHL., FUT ML= DBETHS
&) FHIINMO2 D P OFZERZI S AT R 25T
WA, OF )L a—SEEIORZENL TV T 5
HOERLTWVD,

AN T — ¥ OIEHEAFE O —F/N & W NM02-NM04
RT7DFY) 7 ML —hTH5-10ms/day # NM02D K1)
ThL—hEHEELZ, ZOF) 7 ML= bEHWTHE
IR IE % i L 72 NMO2 DFLk % iV TP DO HEARLD
w107, BHEAND BT — 5 %2 V7o NMO2 % & T8

40 *NMO05
S 90 o = : *NM04
%1o:j§3 B i °NMO03

0o H— et *NMO02

10/07/01  10/10/01  11/01/01  11/04/01

Fig. 3. Residuals of hand-picked P-wave from synthetic P-wave
arrival time as a function of day. Time calibration is applied for data at
NMO03, NM04, and NMO5. In NM02, constant time shift on deployment
was corrected.

3. BRI B 5 PEOBGRELEER & AR i NM021Z
BUNBA AR ORI O AHIE, Mo BUI AU LR IE T

W7 DERIRZEDZDFERZEAL % Fig. SITRT. 1%
LN F) 7 ML — MI2ms/day LT TH D, iREDH
FIANTCIE L CIRHEIHIE SN/ EZ NS, UErSHN
Ay MEAITONMO2® K1) 7 + L — bix-10ms/day
THo/zliftETE S, 2ms/dayd K1) 7 b L— F Dk

4 NMO03-NNI04
2 —1.70 ms/day
S A i » A : 0.45 sec
Lal
Y e o - F SN
-2
-4
4 NMO3-N
2 —0.84 ms/da;
: £).46 sec.
g o fal A N A&
2 Yy " A ah=«
-2
-4
4 NMO04-NNI03
2 0.86 ms/day
s Al a &0 : .45 sec
@ 0 - Al A4 2
-2
-4
4
NM02-N
2 —10.04 ms/da;
S = : 0.37 sec.
2 0 i =, A
-2 A T A
AT ——aplA
-4 —
4 NMOZ=NNI03
2 —8.35 ms/day]
S SD: 0.52 sec,
O 0 g N
aa V. [ a
2 aaaal, | 4
4 A —
4 NMOZ-N
2 —9.18 ms/da;
S : 0.52 sec.
0 (Al
e Vi SN
-2 — A &
1 =L
-4
10/07/01 10/10/01 11/01/01 11/04/01

Fig. 4. Differential residuals of every station pair as a function of day.
Black lines show linear regression lines. Drift rate is shown beneath
each station pair name. SD means standard deviation.
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Fig. 5. Same as fig. 4 but ones between NMO02 and other stations after
calibration. In NMO02, time drift of —10 ms/day has been corrected.
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Fig. 6. Cross-correlation function against distances between station
pairs. From top to down, distances become large.
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