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Characteristic strain distribution following the 2011 Tohoku earthquake based on the kine:
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OREOMEREZ T, MREHIERFZENMICE DWW aikm Tldaw. AR TIRF =T ¢ v 7 BEEHINL (kinematic
Precise Point Positioning; kPPB)%Z F\\ T 1 #1150 GPSEHEIEEZH#EET 2 2 & T, TE LM E D MiKAHEZMHIL,
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[1] linuma et al., (JGR, 2012), [2] Ohzono et al., (EPS, 2012), [3] Ozawa and Fuijita, (JGR, 2013), [4] Shen et al., (JGR, 1996)
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1. SE30-D1-AM1-CA-001 (SE30-A016)

Rupture Process of The 2011 Tohoku-Oki Earthquake Inferred by an Inversion Using 3D Strong-Motion and 2.5D Teleseismic Green's
Tensor Waveforms
Taro OKAMOTO '#*, Hiroshi TAKENAKAZ, Tatsuhiko HARAS, Takeshi NAKAMURA?, Takayuki AOKI
1 Tokyo Institute of Technology, Japan, 2 Okayama University, Japan, 3 Building Research Institute, Japan, 4 Japan Agency for Marine-Earth Science and Technology, Japan
#Corresponding author: okamoto.t.ad@m.titech.ac.jp *Presenter

The March 11, 2011 Tohoku-Oki earthquake (GCMT Mw9.1) caused devastating damages in the northeastern Japan. We analyze the “seismic” rupture process of
this event by using a non-linear full-waveform inversion method. We incorporate the effect of the near-source laterally heterogeneous structure on the Green's
tensor waveforms because, if it is not considered, the analysis can result in erroneous solutions [1]. Also, in order to increase the resolution we use the teleseismic
and the strong motion seismograms simultaneously: the distribution of strong-motion station is one-sided and analysis with only the strong-motion records may
result in reduced resolution near the trench axis [2]. For the teleseismic P-wave synthetics we use a 2.5-dimensional finite-difference method [3]. For the strong
motion synthetics we use a full three-dimensional finite-difference method that incorporates topography, oceanic water layer, 3D heterogeneity and attenuation. Our
simulation is accelerated by GPUs [4] of the TSUBAME GPU supercomputer in Tokyo Institute of Technology.

The “seismically” inferred slip distribution has large slips near the JMA epicenter with the maximum slip of about 32 m. The amount of slips at the areas close to the
trench axis is smaller than that of the land-ward area near the JMA epicenter. These features would have important implications for the excitation mechanisms of
tsunamis. In order to verify the solution we will inspect the resolution by using simulations of inversion and the effect of the choice of the Green's tensor waveforms
on the solutions.

[1] Okamoto and Takenaka, EPS, 61, e17-e20, 2009.

[2] Yokota et al., GRL, 38, doi:10.1029/2011GL050098, 2011.

[3] Takenaka and Okamoto, in Seismic Waves, ed. K. Masaki, Intech, 305-326, 2012.

[4] Okamoto et al, in GPU Solutions to Multi-scale Problems in Science and Engineering, ed. D.A. Yuen et al., Springer, 375-389, 2013.

2. SE30-D1-AM1-CA-002 (SE30-A008)

Postdiction of Source Model and Ground Motions for the 2011 Tohoku Earthquake

Hiroe MIYAKE#+, Kazuki KOKETSU
The University of Tokyo, Japan

#Corresponding author: hiroe@eri.u-tokyo.ac.jp *Presenter

There are many studies on strong ground motion validation for past earthquakes, applicability of the methodology of strong ground motion prediction, and strong
ground motion prediction for forthcoming earthquakes. We here define postdiction (= prediction after the fact) as a method of ground motion prediction posterior to
the earthquake based on the knowledge prior to the earthquake. We performed the postdiction of source model and ground motions for the 2011 Tohoku
earthquake, and validated by observed ground motions. We assumed a fault plane with multiple regions as a single megathrust event, however, excluded the
central Sanriku-oki region with aseismic information and offshore regions with tsunami earthquakes and normal faulting information. The rupture area was
estimated to be around 35,000 km”*2 with Mw 8.3 to 8.5 (Murotani et al., 2008). We set a characterized source model (Miyake et al., 2003) based on the recipe for
strong ground motion prediction (Irikura and Miyake, 2011). We also incorporated with the double-corner source spectral model (Miyake and Koketsu, 2010) for
plate-boundary earthquakes. In this model, size and stress drop for strong motion generation areas are respectively half and double of that for asperities. After the
Tohoku earthquake, we learned different locations and sizes between asperities for long-period components and strong motion generation areas for short-period
components. In this postdiction, the strong motion generation areas were forced to be inside the asperities. Based on the knowledge prior to the earthquake, the
source model for the 2011 Tohoku earthquake seems to be limited to that for the 869 Jogan earthquake. However ground motion postdiction fairly matched with the
observations, suggesting magnitude saturation of ground motions. Since the rupture area for the Tohoku earthquake resulted in a standard deviation of source
scaling, rupture area with variability for a given magnitude may work for forthcoming megathrust source modeling.

3. SE30-D1-AM1-CA-003 (SE30-A006)

Modelling of the Postseismic Deformation Associated with the 2011 Off the Pacific Coast of Tohoku Earthquake Based on Terrestrial
and Seafloor Geodetic Observations
Takeshi INUMAT#* Ryota HINO', Motoyuki KIDO?, Tianhaozhe SUN2, Kelin WANG3, Yusaku OHTA', Yukihito OSADAT, Hiromi FUJIMOTO, Daisuke INAZU#

1 Tohoku University, Japan, 2 University of Victoria, Canada, 3 Geological Survey of Canada, Canada, 4 National Research Institute for Earth Science and Disaster
Prevention, Japan

#Corresponding author: iinuma@irides.tohoku.ac.jp *Presenter

On 11 March 2011, the M 9.0Tohoku Earthquake occurred on the plate boundary between the subducting Pacific and overriding continental plates. Three years
have passed, but terrestrial and seafloor geodetic observations on and around the Japanese Islands are still detecting postseismic deformation . linuma et al.
(2013, IAG Scientific Assembly) reported that just considering elastic response to the interplate coupling and postseismic slip on the plate boundary is insufficient in
explaining the mechanical process of the postseismic deformation. We must take into account inelastic deformation such as viscoelastic relaxation.

To tackle this problem, we estimate the displacement due to the viscoelastic relaxation by using a FEM model that includes subducting oceanic slab, viscous
continental and oceanic mantle, and an elastic cold-and-stagnant mantle wedge corner. The coseismic slip model of linuma et al. (2012) based on terrestrial and
seafloor geodetic data is used to initialize the viscoelastic relaxation process. After subtracting displacements due to large aftershocks and viscoelastic relaxation
from the original displacement time series from terrestrial GPS and GPS/Acoustic ranging and vertical displacements inferred from Ocean bottom pressure gauges,
we estimated the spatial and temporal evolution of the postseismic slip distribution on the plate interface by applying a time-dependent inversion method devised by
Yagi and Kikuchi (2003).

The result of FEM calculation shows that westward postseismic displacements of some seafloor GPS sites are accounted for by viscoelastic relaxation process.



G11B-0482 Reuvisiting the Interplate Coupling Beneath Northeast Japan Before the
2011 Tohoku Earthquake (M9.0) Based on Terrestrial and Seafloor Geodetic
Observations

Monday, December 15, 2014 08:00 AM - 12:20 PM
Moscone West
Poster Hall

Large coseismic slip along the Japan Trench during the 2011 Tohoku Earthquake (M9.0)
highlighted the necessity of the re-examination of the interplate coupling on the boundary
between the subducting Pacific and overriding continental plates beneath the
northeastern Japanese Islands. Interplate coupling along the shallowest portion of the
megathrust before the Tohoku Earthquake must have been persistent, but spatial
resolution of the inversion analysis based only on terrestrial geodetic data is generally
not high enough to constrain the coupling state in the far offshore area.

Meanwhile, seafloor geodetic observation has been developed and applied off the Pacific
coast of Tohoku district in this decade, and the secular displacement rates before the
2011 Tohoku Earthquake are reported by Japan Coast Guard and Tohoku University.
These seafloor geodetic observation data are invaluable to estimate the interplate
coupling beneath the northeastern Japan, but have been difficult to be included in the
inversion analyses, because the measurements contain large uncertainties and are more
sparsely sampled both in temporal and spatial domains than the terrestrial observations.
To overcome this difficulty, we have taken into account the correlations between the
observed displacement rates at terrestrial GPS stations in the inversion analyisis. We
assumed that the covariance between the displacement rates at two different GPS sites
depends on the distance, and configured the covariance between the different
components, such as EW, NS and UD, by applying the result of raw GPS data
processing.

We performed numerical test to examine the advantage of involving the covariance
matrix, and concluded that the covariance between the observations should be taken into
account in the inversion analysis. We appied the inversion to the actual displacement
field data obtained before the 2011 Tohoku Earthquake. The results show that evident
temporal change of the slip deficit had occurred after an M7.2 earthquake near off coast
of Miyagi Prefecture in 2005 and continued as a slow slip event in far off Fukushima and
Ibaraki Prefectures regions in 2008. However, almost full coupling was estimated along
the shallowest portion of the plate interface where extremely large (> 50 m) coseismic
slip occurrred during the M9.0 Tohoku Earthquake.
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On March 9, 2011 at 2:45 (UTC), an M7.3 interplate earthquake (hereafter
foreshock) occurred ~45 km northeast of the epicenter of the M9.0 2011 Tohoku
earthquake. This foreshock preceded the 2011 Tohoku earthquake by 51 hours. Ohta et
al., (2012, GRL) estimated co- and postseismic afterslip distribution based on a dense
GPS network and ocean bottom pressure gauge sites. They found the afterslip
distribution was mainly concentrated in the up-dip extension of the coseismic slip. The
coseismic slip and afterslip distribution of the foreshock were also located in the slip
deficit region (between 20-40m slip) of the coiseismic slip of the M9.0 mainshock. The
slip amount for the afterslip is roughly consistent with that determined by repeating
earthquake analysis carried out in a previous study (Kato et al., 2012, Science). The
estimated moment release for the afterslip reached magnitude 6.8, even within a short
time period of 51 hours. They also pointed out that a volumetric strainmeter time series
suggests that this event advanced with a rapid decay time constant (4.8 h) compared
with other typical large earthquakes. The decay time constant of the afterslip may reflect
the frictional property of the plate interface, especially effective normal stress controlled
by fluid.

For more detailed spatio- and tempral afterslip distribution, we use the re-anlized
OBP time series by Hino et al. (MGR, 2013). We divide re-anlized OBP time series into
two time periods. First time period is between just after the foreshock and the largest
aftershock (M6.5) of the foreshock. Second one is between just after the largest
aftershock of the foreshock and thejust before the M9 mainshock. Based on these time
period, we estimate the afterslip distribution in the plate interface. Estimated afterslip
distribution mainly concentrate the southward of the coseismic slip distribution in the
first time period. In contrast, the afterslip distribution locate the up-dip extension of the
co- and postseismic slip distribution in the second time period. This result sugges that
the afterslip of the foreshock reached to the M9 mainoshock epicenter in the early stage
of the postsemisc.

Furthermore, for verification of the short decay time constant of the foreshock, we
investigated the postseismic deformation characteristic following the 1989 and 1992
Sanriku-Oki earthquakes (M7.1 and M6.9), 2003 and 2005 Miyagi-Oki earthquakes
(M6.8 and M7.2), and 2008 Fukushima-Oki earthquake (M6.9). We used four
components extensometer at Miyako (39.59N, 141.98E) on the Sanriku coast for 1989
and 1992 event. For 2003, 2005 and 2008 events, we used volumetric strainmeter at



Kinka-zan (38.27N, 141.58E) and Enoshima (38.27N, 141.60E). To extract the
characteristics of the postseismic deformation, we fitted the logarithmic function. The
estimated decay time constants for each earthquake had almost similar range (1-15 h)
with the foreshock of the 2011 Tohoku earthquake (4.8h), but relatively small compared
with the typical interplate earthquakes. The comparison of decay time constant with
other typical large interplate earthquakes is slightly difficult because of difference in the
observation sensors such as GPS and strainmeter. However, the extracted short decay
time constatnt suggested that the foreshock of the 2011 Tohoku earthquake is not
anomalous compared with other events in this region.



