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Results of continuous crustal strain observation in vicinity of Mozumi-sukenobe fault
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A strain behavior before and after the 2009 Suruga-Bay earthquake (M6.5)
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On 11 August 2009 the intraslab earthquake (M6.5) struck the Tokai area. The largest seismic intensity observed was VI- ii
JMA scale, and it was a felt earthquake in a wide area including the Kanto and Koshin’estu Regions. Tsunamis were observe
at and around the Suruga Bay. In the Tokai area, the Japan Meteorological Agency (JMA) continuously monitors strain dat:
by the real time automated processing in the Tokai network. According to JMA, it is unconnected to the anticipated Tokai
Earthquake (M8) judging from the acceptable reasons. For instance, it is an intraslab earthquake in the Philippine Sea plat
while the anticipated earthquake is a plate boundary earthquake on the upper side of the Philippine Sea plate. We consider
as an appropriate earthquake for validation of the Tokai network, though the feature of earthquake is different from one of the
anticipated earthquake. We here tried to investigate the strain behavior before and after the 2009 Suruga Bay earthquake occur
in the fault zone of the anticipated Tokai earthquake. In actual, the Tokai network of strainmeters has been monitoring the shor
term slow slip events (SSE) synchronized with nearby low frequency earthquakes or tremors since 2005 (Kobayashi et al., 2006
However, the earth’s surface is always under the continuous influence of a variety of natural forces such as earthquakes, wax
wind, tide, air pressure, precipitation and a variety of human induced sources, which create noise when monitoring geodeti
strain. Eliminating these noise inputs from the raw strain data requires proper statistical modeling, for automatic processing
of geodetic strain data. It is desirable to apply the state space method to noisy Tokai strain data in order to detect precurso
of the anticipated Tokai earthquake. The method is based on the general state space method, recursive filtering and smoothi
algorithms (Kitagawa and Matsumoto, 1996). The first attempt to apply this method to actual strain data was made using dat
from the 2003 Tokachi-oki earthquake (M8.0) recorded by the Sacks-Evertson strainmeter, which has been operating since 19¢
at Urakawa Seismological Observatory (KMU) of Hokkaido University in the southern part of the Hidaka Mountains (Takanami
etal., 2009). KMU is far 105 km NW of the epicenter of the 2003 Tokachi-oki earthquake. After the earthquake, the data showec
a clear episode of contraction for 4 days followed by expansion for 23 days. These signals correlate with increased aftershoc
seismicity for events greater than M4. The strain changes, together with surface displacements detected by the GPS netwol
are indicative of propagation of slow slip at depth (e.g. Geographical Survey Institute, 2004). We here review the computationa
approach to state space method and the results of its application to the strain data from the 2009 earthquakes (M6.5) occurr
off Sagami in the Tokai area. Interestingly, for the 2011 Tohoku Earthquake off the Pacific coast no pre-slip was detected by
land-based observations even though its magnitude was M9. In order to detect the nucleation of such an earthquake occurring
offshore, high-precision strain data is necessary but was not available.

oo000:2000000000 (M6.5),000,000000,0000000
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Vertical Crustal Movements in the vicinity of Hanaori fault nearby the campus of Kyoto
University(Subsequent Report)
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Fig.1 Leveling net in and around the campus of Fig.2 Height difference change between the bench marks (1) and (4).
Kyoto Unversity and Yoshidayama.
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3D Analysis of crustal motions of Japan
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Spatial variations in Fault Coupling on the northern portion of the Great Sumatran Fault

0000 ™ EndraGunawan00 00 ', 000 00O 2,00 OO0 2, Meilano Irwart, Agstar?, Nurdin Irwandf
ITO, Taked*, ENDRA, Gunawah, KIMATA, Fumiaki', TABEI, Takad, OHTA, Yusaki#, MEILANO, Irwan*, Agstar?, Ir-
wandi Nurdirf

l0ooo0o,2000000000000,30000,4TB, °BPPT,’Syah Kala University
I'Nagoya University?Faculty of Science, Kochi Universit§Tohoku University2ITB, SBPPT,5Syah Kala University

000000D0O000000oD O 1200cmO0000000000OD0ODO00OO0ODOODO0OOOOODOOOOn
00000 DOO00DO00bO000o0bOO0o0obOO0o0oOoOooobOOooDb 100000 bO0o0bODOo0oooOoooOoobOooog
000000 0oooOooo200kmO000000oOooooOoo 17000000000000000DO000O 20040000
O-0000000 (Mw9.2)0 00000 GPSO O OO Ache GPS Network for the Sumatran fault System : AGNeS &)
00000000 0OD0AGNeSSO OO GPSODODOODOD GPSOOODODOD 2400000000 00O0AGNeSS
gobooobooooobooooboooooboooob oo oooobooooobooo
ooooooooobobooooooobobbooooooobbooooooooobooa

O AGNeSSOOO0OOOOOOODOODO 200400000-0000000000000000DOOOODOOOOO
goooooobbobbotooooooooboboboboboboooD bbb bbb ooooD b O
goododdooddddddoooddddddUoUoUbbUdddUULoULOLObbooUoooOobo OO
gobooooboooooooobooooob oo oo oo b oo oobooa
00000000000 15kmO0000000000000000000O000000O 16cm/yrO000000OOOO
00000000000 DO0000000bO0O 7000D000ODOODOODOODOOOOODOOODODOOOODOODOOOnOO

gooob:b0boooo,bbboog,bbbooog
Keywords: Sumatran fault, fault coupling, Monte Carlo method

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

SSS32-07 0 0:201A O00:50 200 14:00-14:15

GPSOODOdOOOooOOoDUOOoOooooooOoO
Surface motions prior to mega earthquakes by using GPS data
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Effects to the crustal movements of the Tokai region by 2011 Tohoku Earthquake
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Plate Coupling and Deformation of Forearc Sliver in Southwest Japan
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A new interpretation of the slow slip event in the Tokai region
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In the Tokai region, central Japan, anomalous displacements had been detected by GEONET during the period from mid-20C
to mid-2005 and they seem to have been caused by a slow slip event (SSE) beneath the Lake Hamana and have been callec
“Tokai SSE”. Previous studies introduced the Tokai SSE by the inversion of data which is the difference between the observe
displacements and the displacements due to the continuous plate coupling. However, this model has no physical meaning. Tl
present study claims that the combined effects of the slow slip events (or forward slip) and the plate coupling (or so-called bacl
slip) should represent the state of the plate interface. In addition, the temporal change of the plate coupling has not been take
into account in the previous studies. In this study, we estimated the state of the plate interface by the geodetic inversion methc
without the assumption of the steady state coupling in order to estimate the temporal change of the coupling and slip process ¢
the plate interface.

The data used in this study are the GPS data taken from the GEONET and the leveling data published by GSI for the perio
from July 1996 to June 2009. In order to examine the temporal change, we divided the entire period into 12 epochs. The duratio
of each epoch is two years and the neighboring two epochs overlap one year. The two-year averaged rate of crustal deformatit
are derived from the GPS data and the leveling data separately and are taken into the geodetic inversion simultaneously.

The estimated distributions of the strain accumulating and releasing areas, by which “strain accumulating area” indicates a are
of slip deficit and accumulates in the continental wedge and vice versa, suggested that the whole period was able to be divide
into three sub-periods depending on the emergence of the strain releasing area. The strain releasing area emerged in the pel
from 2000 to 2005, which is consistent with the duration of the Tokai SSE in the previous studies. The maximum value of the
strain releasing was about 20 mm/yr and the depth was around 30-40 km, while the maximum value of the Tokai SSE was abol
35-50 mm/yr in the previous studies. Compared with the previous studies, the present study showed that only the deeper portic
of the Tokai SSE really released the strain. The total amount of the released strain was equivalent to the seismic moment of M\
” 6.6, while the Tokai SSE was equivalent to Mw ~ 7.0 to 7.1. Therefore the previous studies overestimated the released strain.

The spatial distribution of the interplate coupling also changed temporally, whereas the coupling of the area had been assume
to be time invariant in the previous studies. It had extended along the plate interface to a point beneath the Lake Hamana befo
the emergence of the strain releasing area, and then became narrower with the emergence of the strain releasing area, and t
had not recover the original distribution after the end of strain releasing process. Although the distribution of coupling changec
with time, the maximum value of the interplate coupling did not change; 35 mm/yr through the entire period from July 1996
to June 2009. The maximum value estimated in this study were almost the same as the maximum coupling estimated by tf
previous studies.

The results also revealed that the distribution of the strain releasing area well coincide with the hypocenters of the low frequenc
events which occurred repeatedly near the plate boundary. The previous studies inferred that the distribution of the Tokai SSE
shallower than that of the strain releasing area in the present study.

Therefore the Tokai slow slip and the low frequency events were thought to be spatially segregated. The results of preser
study may require a change of the view about the relationship between these two sorts of strain releasing processes, which m
be important for the study of background physics.
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