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Rapid coseismic displacement detection/estimation algorithm and its application to the

2011 Tohoku-Oki earthquake

oooo Loooo',oooo Lhooo?,oooolt,oooos30000Y,oooot!
KOBAYASHI, Tatsuya, OHTA, Yusakd*, HINO, Ryota, MIURA, Satosht, FUJIMOTO, Hiromi, TSUSHIMA, Hiroak#,
DEMACHI, Tomotsugd, Kenji Tachibana

0000000 00000000000000,2000000000,300000000
'RCPEVE, Tohoku UniversityERI, The University of Tokyo?Meteorological Research Institute, Japan Meteorological Agency

Real-time crustal deformation monitoring is extremely important for achieving rapid understanding of actual earthquake scales
because the measured permanent displacement directly gives us the true earthquake size (seismic moment, Mw) information. \
have developed an algorithm to detect/estimate static ground displacements due to earthquake faulting from real-time kinemat
GPS time series. Our algorithm identifies permanent displacements by monitoring the difference of a short-term average to
long-term average of the GPS time series [1]. We applied the algorithm to data obtained in the 2011 off the Pacific coast o
Tohoku earthquake (Mw 9.0) to test the possibility of coseismic displacement detections, and further, we inverted the obtaine
displacement fields for a fault model. Estimated a fault model with Mw 8.7, which is close to the actual Mw of 9.0. We also
applied the algorithm to data of aftershocks of the 2011 M9 earthquake. We succeed in detecting the coseismic step caused
Iwate-oki earthquake (March 11, 15:08 (JST), Mw 7.4) and lbaraki-oki earthquake (March 11, 15:15 (JST), Mw 7.7). For the
Ibaraki-oki earthquake, we evaluated the coseismic fault model estimation. The inversion estimated a fault model with Mw 7.7,
which is same with the actual one determined by the seismic data [e.qg. 2].

The false detection of the permanent displacement should avoid for reliable warning system. Based on the long-term varie
baselines and different reference sites posterior processing, we estimated the false detection rate reached "0.25% with 4-sig
confidential limit in single baseline. This false detection rate is inadequate to work for practical use in dense GPS network (man
baselines) such as GEONET. We improved permanent displacement detection algorithm for reduction of the false detection rat
In the improved algorithm, the earthquake occurrence is defined as all neighboring GPS sites must be detected the displaceme
including oneself. We applied the improved algorithm to actual data set. The false detection rate clearly decreases with our im
proved algorithm, which is little more than zero. When we can use the several reference sites for the RTK-GPS data processir
and compared with each reference site result, the false detection rate will become almost zero. The improved algorithm is als
useful for small displacement detection because the threshold value is possible to cut down to 2 or 3-sigma confidential limit.

[1] Ohta et al., JGR, 2012 [2] Hirose et al., EPS, 2011
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Global tsunami simulations from seismic CMT solutions: Developing a real time tsunami
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Huge tsunami, which was generated by the 2011 off the Pacific Coast of Tohoku Earthquake of M9 subduction zone earth
guake, attacked the coastal areas in the north-eastern Japan and gave severe causalities and property damages in the areas
present tsunami warning system, based on land seismic observation data, did not work effectively in the case of the M9 eartt
guake. Itis strongly acknowledged that marine observation data is necessary to make tsunami height estimation more accurate
Therefore, new ocean bottom observation project has started in 2011 that advances the countermeasures against earthquake
tsunami disaster related to subduction zone earthquake and outer rise earthquake around Japan Trench and Chishima Trenct
large scale ocean bottom cabled observation network is scheduled to be deployed around Japan Trench and Chishima Trench
2015. The network is consisted of 154 ocean bottom observation stations. Ocean bottom fiber optic cables, about 5100 km in tot
length, connect the stations to land. Observation stations with tsunami meters and seismometers will be placed on the seaflc
off Hokkaido, off Tohoku and off Kanto, in a spacing of about 30 km almost in the direction of East-West (perpendicular to the
trench axis) and in a spacing of about 50 - 60 km almost in the direction of North-South (parallel to the trench axis).
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An Offshore Experiment of Tsunami Monitoring System using GPS Buoy
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Sea-level observation with ultra-low power radio telemetry for the last minutes tsunami

warning
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Tsunami induced ionospheric disturbances detected by GPS-TEC observation after tr

2011 Tohoku earthquake

oo oo *oo0o00Yhoooohooothoooolt,oooo?oooOos,0004000Y00001
TSUGAWA, Takuya*, NISHIOKA, Michi!, SHINAGAWA, Hiroyuki', MARUYAMA, Takashi', OGAWA, Tadahikd, SAITO,
Akinori2, OTSUKA, Yuich?, MATSUMURA, Mitsuru*, NAGATSUMA, Tsutomd, MURATA, Ken T

l00000000,?0000000000000000,300000000000000,400000000000
gooooo
INICT, 2SPEL, Kyoto Univ.>STEL, Nagoya Univ.;University of Electro-Communications

20110 3011000000 00000O0OOOOO0000O00O0OODOODOO0OO0OODODOOODOOOOOO
oo GpPSOOOOOTECOODOOODOOOOOOODOOOOOOODODOOOO TECOOODOODOOOOOOODO Y
OO0 05:54UTH 0.5-1TECUD OO0 DO OOOODO0O TECOODOOSS56UTHOODOD TECODODOODOODOODO 2000
O0oOo0oooo0 TECOO0O 00 100000oooo0oU0oooo0o0UooooOboOoOoO TECODODODOOOOO
OMoooOoomousesooooooogi1vokmo 000 0000000000000 O00ooooOooOoOOoOOOO
Oooooooooooooeo0oUTOO 3000OOO0O0O0ODOODOODOOOOODODODOODODOOODODOOOOOO
Oo000oO0OogopoooooO35kms0000O0O0O0000O0OO0O0O000D0OoOOoOOO00UOOOoOoOOOOoooO
loom/s00 0000000000000 000C0O00000O000OO0O00ODOOO0OOoOoeG:00UTO TECODO
ooooo0 40000000000000000O0O0O0O0O0O0O0 3000000000000 O0O0O0OO0O0O0O0O0O0O
goo0oopooooOoOoooooOoOoopoooOooOooO  TECOOODOUOODOOODOODODOOOOODOOOODODO
oboooooooboboboooooooboboooooboooooboobobooboooooooboobobooooon
obooooooobOobobooooooooobobooooooooboOoboboOoooboooobOobobooon
O0O00oooDooo GPS-TECOOOO0OODODOOOOOOODOOOOO00O0OOOOOOODOOOOOOODOD
00000000 10000000000000000000000000OO00O0 100kMOOOOODO 100m/sOOO0O
goooooooobooboooooooobobooooboooobDobobOoobooooooDobDobboooOoo
0 1000kmb00000000O0000O0OCCOOOODOOOOOOOOOOO0OOOOODOOOOOOOOOOOODODOO
OooooObo0o0ooDOo0oooDoOoOooDb GPS-TECHODOOOOO0ODOOOOODODOOODOODOOODOOOO

goodo:ooob,bo,b00,00,0booo,oon
Keywords: ionosphere, earthquake, tsunami, acoustic wave, atmospheric gravity wave, concentric wave

1/1



Japan Geoscience Union Meeting 2012 2 ) ;
(May 20-25 2012 at Makuhari, Chiba, Japan) °
©2012. Japan Geoscience Union. All Rights Reserved. ]“ gon

Geoscience
Union

HDS26-10 0 0:102B 00:50 210 11:45-12:00

Jobogobuoboboobtoobuobbooboobuobboooboood

oo
Generation and propagation of the 2011 Tohoku earthquake tsunami inferred from th

OBEM array in the North-West Pacific
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HAMANO, Yozo'*, SUGIOKA, Hiroko', ICHIHARA, Hiroshi', TADA, Noriko!, TOH, Hiroak?

lopoooooo,2o0o0o00
LJAMSTEC,2Kyoto University

The 2011 Tohoku earthquake tsunami caused a destructive damage along the shoreline from the Tohoku to Kanto district
Because many of the tide gauge stations along the Tohoku coast were damaged by the tsunami, source process of the tsun:
has not been well determined yet. After the Tohoku earthquake, several cruises of JAMSTEC research vessels recovered Oce
Bottom ElectroMagnetometers (OBEMSs) from the seafloor sites in the North-West Pacific area, where the OBEMs had beel
installed before the earthquake. These sites are BM14 (39.058N, 144.808E, 5830m; recovered by NT11-08), NWP (41.103N
159.952E, 5816m; recovered by KR11-07), and NM04 (38.211N, 154.190E, 5940m; recovered by KR11-10). OBEMSs from these
sites clearly recorded the ElectroMagnetic(EM) tsunami signals.

Seafloor measurement of the EM signals due to tsunamis had not been attained until very recently (Toh et al., 2011) because
their low signal levels. However, recent advances in technology enabled the seafloor measurements of the tsunami EM signals |
using OBEMs. First simultaneous measurements of EM signals and bottom pressure during the passage of 2010 Chile earthque
tsunami in the French-Polynesia region (Hamano et al.,2011), proved that seafloor observation of EM signals is powerful too
to investigate the generation and propagation of tsunamis in the open sea, in which temporal variations of the vertical magneti
field, Bz, reproduce the variations of the sea level change due to the passage of tsunami wave, and two horizontal magnet
fields, Bx and By, indicate the propagation direction of tsunamis. As for the Tohoku earthquake, combination of the three OBEM
stations with the tsunami monitoring stations ST2418 (38.718N, 148.698E, 5500m), ST21413 (30.528N, 152.123E, 5874m), an
ST21419 (44.455N, 155.735E, 5285m) operated by NOAA, comprises an observational network for the tsunami located in the
east of the fault plane of the Tohoku earthquake, which provides valuable information on the generation and propagation of th
2011 Tohoku earthquake tsunami. Among the network stations, the OBEM at site BM14 recorded the tsunami arrival after 4
minutes of the origin time of the Tohoku earthquake. This early observation at the closest place to the tsunami source enab
reliable estimate of the source process of the tsunami (Ichihara et al., 2011). Here, we report the propagation process of tt
tsunami inferred from this tsunami observational network. By taking cross-spectra of the 24 hours signals of sea level chang
from each station correspond to the signals from BM14 ( closest site to the tsunami source) , dispersion relations of the tsunan
wave across the network were calculated. The result indicates that the tsunami generated just west to site BM14 propagat
across the line from BM14 through ST21418 to NM14. This west to east propagated tsunami wave shows a dispersion relatio
consistent with the theoretical estimate of gravity waves corresponding to the water depth of 5500 m. The dispersion shows ths
the decrease of phase velocity by about 15 % from the period of 20 minutes to 3 minutes. Cross-spectra of the records fror
ST21413 and ST21418 to that from BM14 indicate that the tsunami arrived at these sites propagate along west-east directio
suggesting the sources for the tsunami passing through these two stations are different from the source responsible for the tsune
propagated along the BM14-ST21418-NM14 line.

oooodD:00,00000,0000,00000000,20110000
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Magnitudes of the Aleutian Tsunamis in Nov. 2003 and Jun. 2011 — Deviation of Tsunami

Heights on the Pacific Region

oo ooog
HATORI, Tokutard*

loooooooo
Lex. Earthquake Research Institute

20030 110 170 060 430 (UTCO)DDOODODUODODDOODDOO0OOODOODODOUOOODOO (00O:51.40NJ1178.608]
Mw7.70USGS 00 0000000000000 0OB2cnD0000000O0OOOOOOOOODODOO (WC/IATWC)O
0000000000000 (DOoo2003000020110 60 240 000000000000 (52.008NJ 171.860W.
Mw7.2) D0 O00OO0O0O000000OCO000O0OOOO0O0OO0OOO0O0OO0Oz20030000000000 300omouoono
00000 130knJ 2011000000000 60kmOOOOO0OO0OOOOOOOODO 1965001957000 (m=3)00O
0000000000000 00000o0o0o0o0o0oooooOoOoooonO 2003000mM=102011000 mM=0000
000000000000 000000D000000020070 8020000000000 (Mwe.7)DDO0OO0O0OO
oo

460000000 0O00DODOOOOOOOOODOOOODOOOODOODOOOODOODOOSO0DOODOOOOO
obooooooobOoboboboooooooboboboboooooooboooboobOoboboboooooooDbo
0000o00O000oO0O0O00ooO0O0 20300 (o000 sS0100)0 0000000 ODOOO30000000O
goooOoOoOo loooooooOO(@DODODODO)DOD0O0O0O000O0O0O00O0OO0O0OODODOOOODODOOOODODOODOO
gbooobooooboboooboooooon

goodbo:0bo00000pbobobobo,000opobboog,0boboood
Keywords: Aleutian-Alaska tsunamis, Tsunami magnitude, Directivity of tsunamis

1/1



Japan Geoscience Union Meeting 2012 ~® ’
(May 20-25 2012 at Makuhari, Chiba, Japan) °
©2012. Japan Geoscience Union. All Rights Reserved. ]’upm'

Geoscience
Union

HDS26-12 0 0:102B 00:50 210 14:00-14:15

0000 10090 (16770 110 40)00000000000DO0O0O0OO
Heights of the tsunami of the Empo Boso-Oki earthquake of November 4th, 1677

0000 ™ 0000032,0003%00003%500004000040000°50000 2
TSUJI, Yoshinobli*, KENTARO, Ima?, YANUMA, Takash?, MABUCHI, Yukio®, OOIE, Takayuki, OKADA, Kiyohiro*,
IWABUCHI, Yoko®, IMAMURA, Fumihiko?

lgp,2000,3000,400000000000000,°000000000
'none,2Tohoku U.,?Pasco?Pacific ConsultantSJNES

0000 10000 (16770 110 140)0000000000000000O197511979,20080 00 (1994100
ooo00o0 (20070 0000000000000 00O0OQOQOOOOOOOOOOOODODOODOODOOOOOOOOO
boooboboooboobooooboooobooboooboobobo ooobooboooobOobooOobOobooonog
uoboooboooooboobooboobooboobooooboooboooobooobo0oooooboobooobooon
goooobooooooboobooooobooooboboboooobobo oo oboboooboboboobDobooog
cooooOooooooo0oOoooOoOoooOooOooooooOoDboOoooDeWooooooooooooooo
oooooDbOoo0ooooooooo0ooooooooOooDbo25MOoOOODOOCOOOOOOODOOOOOODOO
obooobOoboooobooboooon

00000000000 0O0O00@oooomOoO,e46,000 p880 0000000000000 0ODOODOOO
gooooooooooobooooooobooboooogobooooboooO0obO0@moobODoobooDobobogoo
omooboboooooobooboboooboooobobobooooooobobobooboooobobooboOomoboo
obooooooOobobooooooooboboboooooooobOobobooobooooboobOOobooobooooon
gbooobooooboboooboooooon

Oooooooooobo 1200000000000 0000O0000D 1350000000 60MIOOOOO
006400000000 0O0OOS/YMODOODOOODOODOOODODODOO

00000:0000,0000,00000,0000
Keywords: historical earthquake, historical tsunami, Boso-oki earthquake, tsunami earthquake

AT

:
g 1z
B

1/1



Japan Geoscience Union Meeting 2012 ~® ’
(May 20-25 2012 at Makuhari, Chiba, Japan) °
©2012. Japan Geoscience Union. All Rights Reserved. ]’upm'

Geoscience
Union

HDS26-13 0 0:102B 00:50 210 14:15-14:30

20110 000000000 0000000000000000000000000
Observation of azimuth dependence in dominant periods of the 2011 Tohoku Earthquak

Tsunami

oooog
ABE, Kuniaki'*

l0o0oo0ooOooOoOoooo
INippon Dental University College at Niigata

oood

goooogooooboboboooooooooobooboobooboooobooboboboobobooboDbOoboo
obooooooobOoboboobooooobOobobooooooooobooboobooooooobooboboooon
ooooooooo0oOoooooo0oOooboobOOOo0OoOoboDbObOOobOOOO 2011030 11000000 Mwo.0OO
boooooooboobobobobooooooobobobobooboooooOoobOoboboboooooobooon
ubooooooobobooooobooboboboooooooboobobobooooooobOoboobooooooboOon
goooboboooobooobooooboooooboooobobbooooboboboooobooooboboboonoog

oo

0000000000000 00DO0O0000ONOAADDODODDODOODOOODOOODODOOODDOOODDO
boocoooooboboboooooooboobobooooooooobobooooooooboOoboobooooon
oboobooobooooobooooobooooobooobooooboooboboobOoooobooobooobooooon
goooboooooboooobogoobooboobooobooooboooobooboobooooboooobOooo
coooooo0mooooooomooooooooodb o000 12000DooOoODOCOOOoO0OOOoOOO
obooooooboboobooobooboboboooooooboobooboooooooobooboboooboooooOon
oooooooboooooooooOoo0ooooDboOoo 3xyoooooooOoooooOoooOoooooDoboOoooooDoD
ocooooooooooooooooooooobooooobbO0oooobO 10000 oO0ooo0oDbObOOooooOooOoooDoboOon
goooobooboooooboooooobooooooboooobooboooDoOooooo

oo

0000000000000 1010000 2020000 2030000 3040000 3060000 100000000
990000000DO0O000DO D OOIOIDLOOOODOOOODODOOODOOOSOUDDOOOOODOODOS0O0
oboboobooobooooooboooobobooooboooobooooOooobooooboooobooobooOoooboooobooon
oboooooobooboboooboooooobooobooboooboobooooOooobooOoooboOoobogoon
gooooobiliooooooooboboobooooooobobooboooooDobobOoboobobOoDOoDbOobOO
000000000000 00D0000 Yamashitaand Sato(1978)0 0000000000000 QCOOOOOOOO
00000000000 0O0O00000C0O0O0000000O0 N20EDDOO0ODCOOODOOOOOO 450knid O 200k
Oo0o9o00O00O0O8I0DO00OOOOO2000kmECOCCOOOOOOOOOOOOOOOOOOOOOODODOODOO
Oo00000000000000000000000o0OooOOOe0OOMI00O0O0O0OO0ODOOOOODODODOOOOO
goooooooobobobooooooooobobooooooooobooooboooDobDobOobDoboboooOoo
oooooobooboboooooboooboboboooooobooboboboooboooboobobOoboboobooooon
cooooooOooooooOoooDooo0ooooooOooooo oOMbObOOoOoOooooOboOoOoobobooOoooD
ocooooooooooooboobooool1oboooooooooooooobooOoooooboOoooooboOoo
uboboobobooboobooboooooboooobooboobooboboooooboobooooon

00000:00000,20110000000000000,0000,0000
Keywords: azimuth dependence, 2011 Tohoku Earthquake Tsunami, dominant period, tide gage records

1/2



Japan Geoscience Union Meeting 2012 /0)
(May 20-25 2012 at Makuhari, Chiba, Japan) o
©2012. Japan Geoscience Union. All Rights Reserved. Iapﬂ n

Geoscience
nion

HDS26-13 0 0:102B 00:50 210 14:15-14:30

dominant period
min
160

# seiche
& 2011 tsunami

.
H
*

20— * > %
a"&l .

o 50 100 150 200 deg
azimuth angle from narth
Figure 1

2/2



Japan Geoscience Union Meeting 2012 @ ;«
(May 20-25 2012 at Makuhari, Chiba, Japan) °
©2012. Japan Geoscience Union. All Rights Reserved. ]“ pen

Geoscience
Union

HDS26-14 0 0:102B 00:50 210 14:30-14:45

000o00000oooooooQ _ _
Origin of the reversed initial amplitude of distant tsunami

0000 ooooo?,o000!
WATADA, Shingo'*, FUJII, Yushir@, SATAKE, Kenijit

logooooOooo,?2o0000
LERI, University of Tokyo2Building research Institute

Distant tsunami waveforms recorded at deep open sea from the 2010 Chile earthquake and the 2011 Tohoku-Oki earthqua
show a reversed prolonged small initial tsunami phase arrival, which is easily identified by the reversed polarity of the large
amplitude tsunami arrival following the small-amplitude initial phase arrival. The small reversed polarity before the main peak is
visible in the original tidal pressure data and not introduced during the de-tide process. Thanks to the low noise DART data from
large earthquakes, the arrival of the small initial phases at distant buoys are identified as early as 1 hour before the arrival of larg
amplitude tsunami with a reversed polarity. The small initial amplitude is as large as 10 % of the amplitude of the main phase a
largest distances. Such an initial phase is not observed at buoys near the earthquakes.

The synthetic tsunami for 1D PREM earth model including the effect of the elastic crust, mantle, and core of the earth, and
the effect of the compressibility of the ocean water, and the effect of the gravity potential change caused by the motion of the
mass of the water and the solid earth during the tsunami propagation, has been computed. Compared with the tsunami synthet
waveforms computed based on a conventional non-dispersive long-wavelength water waves, the tsunami for 1D earth shows
delayed arrival of the main amplitude peak of the tsunami, in addition to a prolonged small initial amplitude phase with reversed
polarity before the main peak.

Two features, delayed arrival of the main amplitude peak and the small amplitude initial phase with a reversed polarity, are
successfully re-produced by the tsunami computation for 1D PREM earth model.

The small initial tsunami with a reversed polarity observed at distant locations is caused by the dispersion of the long-
wavelength tsunami, and should not be misinterpreted as an evidence of a precursory crustal movement prior to the large eart
guakes.

Figure Left: shows synthetic tsunami waveforms of dispersed tsunami and non-dispersive tsunami. Right: observed tsunan

waveform at DART buoys after the 2011 Tohoku-Oki earthquake.

goooD:0000,000000,00000000,0000,GPSOO0O,00000
Keywords: tsunami propagation, initial amplitude anomalies, Tohoku-oki earthquake, Chile earthquake, GPS wave gauge, ocez:
bottom pressure gauge
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Effects of rupture process in the source inversion of 2011 off the Pacific coast of Tohoku

Earthquake Tsunami
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The 2011 off the Pacific coast of Tohoku Earthquake (Mw 9.0) and Tsunamis attacked and severely damaged the east coc
of Japan. Inverse analysis on the tsunami source was conducted on the basis of sea-level observation of GPS buoys and wze
pressure gauges located near the source area. Observed data are inverted to determine the initial sea-surface height distribu
and its time development that are generated by the rupture motion of inter-plate faults and the related sea-floor deformations. W
use an inversion method of synthesizing tsunami Green’s functions. To compute the Green’s functions, tsunami wave propagatic
was calculated on the basis of the finite-difference approximation of linear long-wave equations in a spherical coordinate systen
Such inversions are usually ill-posed problem mainly because of limited observation. To avoid the ill-posedness, smoothing ani
rupture constrains are imposed. The rupture constraint is based on a priori information about the tsunami source region. TF
region at a given time is estimated by the distance from epicenter and a rupture velocity. According to the seismic wave analysi
by Japan Meteorology Agency, epicenter is located at’38, E14251.6’, 24 km deep and the rupture velocity and the rupture
duration is assumed as 2.0 km/sec and 3 minutes respectively. The inversion result shows that the peak of surface elevation mov
eastward from epicenter for first 1 minute to reach close to the Japan Trench and moved northward along the trench axis for ne
two minutes. The maximum elevation of tsunami source is +6.9 m in total and is located at northeast of epicenter in the west sid
of the trench axis. The crest of initial wave form is distributed in the west side of the trench. To investigate the effect of rupture
process, we perform another inversion with the assumption of rupture velocity as infinity. A major difference between the two
inversions is the location of the wave form crest. In the infinite rupture velocity case, the crest penetrates into east side of th
trench. The tsunami source model of finite rupture velocity show a better accuracy for the prediction of waveforms which were
temporally and/or spatially different from waveforms used in the source inversion. Therefore, it is concluded that the effect of
rupture time lag is not negligible in the 2011 off the Pacific coast of Tohoku Tsunami case and the effect should be included in
the validation of inundation or damage on the coastal area and the assessment for future risk.

oooodD:201l00000000000,00,00000,0000000
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Issues specific to offshore tsunami observation in near-field

oooo,oooo!
HIRATA, Kenji'*, Hiroaki TSUSHIMA!
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IMeteorological Research Institute

The March 11 Tohoku earthquake (M9.0) destroyed vast costal zone of the northern Japan together with many coastal tid
gauges. It also did offshore tsunami observation stations off Tohoku. A part of them, like GPS tsunami buoys, was already recov
ered but the others are not. In 2011, JMA and MEXT started their plans to construct new offshore tsunami observation network
off Tohoku. When these networks will be built up once, it is possible that the offshore data, which will be transmitted to the land
on real-time base, may improve the reliability of the regional forecast for near-field tsunamis. However, there seem be issues t
be overcome for achieving precise near-field tsunami forecast. We would like to discuss two of them below.

First issue is pressure resolution in ocean-bottom pressure gauge (OBPG). When a large earthquake occurs, offshore oce
bottom pressure gauges (OBPG) usually record tsunami and preceding pressure fluctuations with frequencies much shorter th
the period of the tsunami. The pressure fluctuations are primarily attributed to seismic Rayleigh waves traveling through oceani
lithosphere from a distant earthquake (Fillioux, 1982). In some cases, such pressure fluctuation masks tsunami signals for near
earthquakes (Okada, 1995; Tsushima et al.,2009). In the 2003 Tokachi-oki earthquake (Mw8.0), however, a pressure signal wi
an amplitude of a few hundreds of kPa (equivalent to several tens of meters H20) was observed with the near-field OBPGs
while tsunami amplitude was estimated only an order of a few kPa (equivalent to only a few tens of centimeters H20). The
period of the main energy of the observed pressure signals was several seconds that are much shorter than tsunami period
addition, the tsunami and pressure signals were completely overlapped. The large pressure signals observed is considered mo:
low-frequency hydroacoustic waves reverberating between the sea surface and ocean bottom through water layer, which w
theoretically predicted by Kajiura (1970), and these are closely related to ocean-bottom vertical motion due to an earthquak
(Matsumoto and Mikada, 2005; Nosov et al., 2007) and remain mostly in the source region (Nosov, 2000). The near-field experi
ence in 2003 suggests that to extract tsunami information precisely from OBPG records for coastal tsunami forecast, we will hav
to observe ocean-bottom pressure in much wider range of amplitude from an order of millimeters H2O to an order of, at least
several tens of meters H20 and in much broader frequency range from an order of 0.1 seconds to an hour. Pressure resoluti
of OBPGs attached on the existing Japanese cabled observatories is not so fine to satisfy the above conditions. In near-futul
near-field OBPG measurement will require finer pressure resolution than the present.

Second issue is sudden temperature change on deep ocean floor. In the 2003 Tokachi-oki earthquake, we found that the te
perature within OBPGs in the source region suddenly decreased by an order of 0.1 degree C per ten minutes, which was mu
rapid change in the deep ocean floor environment off Tokachi (Hirata et al., 2003). Such sudden change in temperature caus
artificial pressure signal that distort tsunami waveforms owing to a transient thermal response of OBPGs (Takahasi, 1983; Hirat
and Baba, 2006). The mechanism of such sudden temperature change remains unresolved so that we cannot decide whet
this is local phenomena or not. Any near-field tsunami forecast based on records monitored with OBPGs, experienced a sudd
temperature change, may include not small prediction error unless the transient thermal effect of OBPGs is properly corrected.

ooooo:00,00,00,0000
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Early warning system with GPS-TEC observation
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Traveling ionospheric disturbances generated by an epicentral ground/sea surface motion, ionospheric disturbances assc
ated with Rayleigh-waves as well as post-seismic 4-minute monoperiodic atmospheric resonances and other-period atmosphe
oscillations have been observed in large earthquakes. In addition, a giant tsunami after the subduction earthquake produces
ionospheric hole which is widely a sudden depletion of ionospheric total electron content (TEC) in the hundred kilometer scale
and lasts for a few tens of minutes. The tsunamigenic ionospheric hole detected by the TEC measurement with Global Pos
tion System (GPS) was found only in huge subduction earthquakes. This occurs because plasma is descending at the low
thermosphere where the recombination of ions and electrons is high through the meter-scale downwelling of sea surface at tt
tsunami source area, and is highly depleted due to the chemical processes. The results imply that magnitude of the tsunamigel
ionospheric hole is related to that of the tsunami. It means that we can directly observe the tsunami several minutes after tr
subduction earthquake occurs.

ooooDo:0pooo,0o0p000ooo, GPS
Keywords: Early warning system, Tsunamigenic ionospheric disturbance, GPS

1/1



Japan Geoscience Union Meeting 2012 ~® ’
(May 20-25 2012 at Makuhari, Chiba, Japan) °
©2012. Japan Geoscience Union. All Rights Reserved. ]“P““

Geoscience
Union

HDS26-P07 go:booboboobo 00:50 210 17:15-18:30

goboobotooboobuobobooboood

00
Quantitative Analysis of Magnetic Signals induced by the 2011 Tohoku Tsunami Flow

around Chichijima Island(Part 2).
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Tsunami source estimation of the 2011 Tohoku-oki earthquake (M9.0) and its foreshocl

(M7.3) using ocean bottom magnetic
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ICHIHARA, Hiroshi'*, HAMANO, Yozo!, BABA, Kiyoshi?, KASAYA, Takafumi'
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1Japan Agency for Marine-Earth Science and Technolfiggrthquake Research Institute, University of Tokyo

The electromagnetic induction theory predicts that motion of conductive seawater in the geomagnetic field induces variation o
electromagnetic fields as known as dynamo effect. Thus electromagnetic observation is expected to be a novel tsunami meter tt
can detect propagated direction of tsunamis in addition to the sea level change (e.g. Toh et al., 2011). When the 2011 Tohoku-o
earthquake (M9.0, March 11) occurred, an ocean bottom electromagnetometer (here after OBEM) settled near the Japan Tren
(39.0N latitude, 144.8E longitude, 5830m deep) clearly recorded tsunami induced magnetic signals.

The variations in the magnetic field after the main shock show a unipolar impulsive wave for a short duration (about 4 min)
in all three components. The vertical magnetic field indicates the tsunami travel time to the OBEM station (4 minutes from the
initial rupture). Amplitude of the vertical impulse (15 nT) corresponds to 2.3 m of sea level change. In addition, the horizontal
magnetic field components indicate propagated direction of tsunami to the OBEM station (WNW). Based on this information,
the tsunami source of the main shock was determined along the Japan Trench but at about 100 km north from main rupture zor
of the main shock (around 39.0-39.5N latitude, 144.8E longitude). Joint analysis of OBEM data and offshore sea-level gage dat
(GPS gages and deep pressure gages) supports this location and constrained the tsunami source to a narrow east3@est area |
km in width). On the other hand, the tsunami induced vertical magnetic signal associated with the foreshock was detected after 1
minutes from the rupture initiation. Based on the back propagation curves of the arrival time of tsunami to the OBEM station and
the offshore sea-level stations, the tsunami source of the fore shock was determined around 38.4N latitude and about 80km we
from the Japan trench, almost same location of the epicenter. Thus the estimated tsunami sources of the fore and main shocks
quite different although the epicenters of main and fore shocks are determined in the almost same location. In addition, elasti
fault models are hard to explain observed tsunami waveforms by the main shock including OBEM data although it can explair
observed tsunami waveforms by the fore shock. They imply different source mechanism of these tsunamis and thus detailed stut
of the tsunami source model is required especially for the main shock.

Keywords: tsunami electromagnetism, OBEM, 2011 Tohoku-oki earthquake
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Tsunami heights of the North Sanriku-Oki earthquake of August 23rd, 1856
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Atmospheric boundary waves excited by the tsunami generation - the great Sumatre

Andaman Islands Earthquake in 2004 -

00000 * 0000 4%h%W00002%,00002,000030000YY00001
IWAKUNI, Makiko!*, ARAI, Nobuo', IMANISHI, Yuichi?, WATADA, Shinge®, Takuma Of, MURAYAMA, Takahiko',
NOGAMI, Mami*

l00o0000,2000000000,30000000000000
1 Japan Weather AssociatiotEarthquake Research Institute, University of Tok¥igho Mercantile CO., LTD

The sudden and strong vertical displacements of ocean surface are known to be the source of the long-period acoustic-gravi
waves including the boundary waves in the atmosphere. Arai et al. (2011) observed atmospheric pressure changes caused
the tsunami generation of the 2011 Off the Pacific Coast of Tohoku earthquake, and identified them as "atmospheric boundar
waves” on the basis of the waveform characteristics. The sudden and strong vertical displacements of ocean surface caused
the Sumatra-Andaman earthquake in 2004 also had produced long-period acoustic-gravity waves (Mikumo et al. 2008).

We re-explore barograph data observed around the source region of the Sumatra earthquake in 2004. Atmospheric presst
changes caused by the ocean uplift and subsidence were detected at 4 IMS (International Monitoring System for CTBT verifi
cation regime) stations. IMS stations provide two kinds of data, one is the band pass filtered (0.02-4Hz) output and the other i
the absolute pressure output. Band pass filtered data are archived and used for CTBT’s monitoring purpose. Absolute presst
data are not archived at all IMS stations. If the absolute data is not available, the band pass filtered data have been corrected
deconvolving the filter response and original records have been restored.

Long-period atmospheric pressure disturbance signals which were excited by uplift and subsidence related to the tsunami ge
eration were observed at IS52 (Diego Garcia), IS33 (Madagascar), 1S32 (Kenya) and 1S35 (Namibia). The pressure signals we
identified as atmospheric boundary waves based on their characteristics.

Earth orbiter "Jason-1" measures ocean surface topography. When the tsunami caused by the earthquake had been propaga
through the Indian Ocean, Jason-1 flew over the propagating area. Jason-1 detected the two propagating tsunami wave frol
as the elevated ocean surface topography which indicates two isolated peaks. Detected atmospheric boundary waves also h
the same characteristics. Atmospheric boundary waves retain the initial shape of the tsunami, because they are little dispersi\
Observed signals suggest the Sumatra-Andaman earthquake had two isolated tsunami source regions.
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