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Envelope broadening of S-wave seismograms from earthquakes near the hypocenter

the 2011 Tohoku-Oki earthquake
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Since Aki proposed a new approach to estimate phase velocities of surface waves, spatial auto-correlation (SPAC) method h
been a very useful tool to estimate ground structure because of its simple post-process. After that, many reseachers both in a
out of Japan continued to publish papers on practical adaption of Aki's theory to microtremor exploration. However, in all those
improved methods, the layers under surface can only be assumed to be horizontal through the SPAC method while in fact, tf
layers are likely to be inclined slightly with certain angle. Hence, it is expected to obtain more detailed information of ground
structure such as inclination by making better use of the records.

In recent years, the seismic interferometry theory has also been widely used to estimate ground structure. It is proved that in
elastic medium the Fourier transform of azimuthal average of the cross correlation of motion between two sites is proportiona
to the imaginary part of the exact Green'’s function between these sites. Hence, it becomes possible to calculate the ratio
imaginary part of different Green’s function by taking the ratio of corresponding cross correlation to analyze ground

structure more particularly because Green’s function indicates intrinsic property of the medium. Actually, seismic interfer-
ometry is conditionally consistent with the SPAC method which offers the base of introducing seismic interferometry to SPAC
method.

SPAC method requires the multiplification calculation of Fourier transformation of records at two sites of center of an array
and a one site on the circular array. By taking the ratio of power spectral between two different sites, it is hoped to obtain the ratic
of imaginary part of Green’s function according to seismic interferometry theory correspondingly and analyze the difference of
ground structure through the ratio. More information such as the inclination of layers could be obtained.

Since this new concept has been proposed, some problems has been pointed out and the availablity of the combination rema
to be proved. Firstly, the ratio of power spectra is used to calculate the ratio of imaginary

part of Green’s function whicn means the wavefield is supposed to consist of mainly body wave. However, the SPAC methoc
requires the wavefield to be dominated by microtremors. It seems to be paradox but it is believed

that seismic interferometry theory itself satisfies wavefield of full wave. It is hoped that by taking the ratio of power spectra
between two sites, the surface wave content will be extinguished and the body wave content remains.

Secondly, under the assumption of body wave being dominating, it is said that power spectra itself of each site could be use
to analyze out the peak frequency of the ground structure (in simple case, the first layer) which tend to say that there is no nee
to take the ratio of them. Nevertheless, in wavefield dominated by microtremor and with the inclination of layers small enough,
it is hard to extract useful information from each power spectra alone and to compare between them.

In this paper, the concept of SPAC method, interferometry and the combination of them are firstly proposed comprehensively
Then, in order to solve the two problems mentioned above, we use finite-difference method to

simulate some 2-layered simple layered medium under the wavefield dominated by microtrmors. Next, SPAC method is ap
plied to certain array of observation sites to examine if this wavefield is effective for SPAC method. Finally, the availability of
seismic interferometry would be analyzed and the need to take the ratio of power spectra will be shown.
Keywords: Power spectra, seismic interferometry, SPAC method, Green’s function, layered medium
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Seismic interferometry imaging of seismograms observed in the Fujikawa-kako fault zone

- ISTL seismic reflection survey
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On July 5, 2011, an earthquake with a magnitude of 5.5 occurred off the Kii Peninsula in the northern Wakayama Prefecture
in southwest Japan within the subducting Philippine Sea (PHS) plate at a depth of around 10 km. The earthquake caused stro
shaking in the area near the epicenter. We analyzed the waveforms from this earthquake recorded at Hi-net and F-net stations
Japan. Such waveform analyses exhibit most of the earlier observations like dominance of low-frequeb@bHiz) onset and
following high-frequency (& 2 Hz) energy with long coda due to the stochastic waveguide effect of the subducting plate, pro-
posed earlier by Furumura and Kennett (2005). Interestingly, we observed a clear difference in wave propagation pattern betwee
east and west of the epicenter. For example, the waveforms for eastern part show S-coda are depleted with high frequency enel
as compared to the western part. The duration of S-coda varies alternatively between high and low from east to west throug
center of the epicenter. The central stations show loss of low-frequency precursor to P-waves and presence of converted pha:s
in P-coda. Such complexities in the observed waveforms are difficult to explain due to the radiation pattern of P- and S-wave:
and/or by anomalous propagation of seismic waves in existing plate model, indicating sudden lateral change in the wave guidin
properties of the subducting slab, such as caused by the splitting of the slab as proposed by Ide et al. (2010).

To explain the observations, we employ two-dimensional finite-difference method (FDM) simulations of complete high-
frequency P-SV wave propagation taking thinning of the PHS slab into account. In the plate model we included stochastic
random heterogeneities described by exponential distribution function with a longer correlation length of 10 km in horizontal di-
rection and much shorter correlation length of 0.5 km in depth and standard deviation from background P- and S-wave velocitie
of 5 % following the study of Furumura and Kennett (2007). We expect that the observed guided wave energy decouples fron
the waveguide where the slab is split. Low frequency energy leaks out of the slab in the low velocity mantle surrounding the
slab. Taking into account the distribution of seismicity and focal mechanisms (lde et al., 2010), and receiver function analyse:
(Shiomi et al., 2004) in the PHS plate, we expect a local velocity discontinuity or splitting of the plate at least to a depth of 30 km.
Such a split in the PHS plate structure could also be manifested as non-volcanic tremor sources in the southwest Japan (Oba
2002). The preliminary results, which suggest that the Philippine Sea slab is strongly split or partitioned beneath the |zu-wester
Nankai Trough in southwestern Japan, is the cause of the complicated waves from shallow inslab events. These effects need
be tested further with a 3-D FDM simulation employing high-performance computers with a variety of possible slab geometries.
We finally discuss the implications of the new split plate model on the seismogenic potential of the area and the dynamics of the
Nankai subduction in southwest Japan.

0 0000 : Philippine Sea Plate, Scattering, Plate Tear, Wave Propagation
Keywords: Philippine Sea Plate, Scattering, Plate Tear, Wave Propagation
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T-waves from the nuclear test in North Korea
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North Korea conducted 3rd nuclear test on 12 February 2013. P-waves from the explosion were observed widely in the Japane
Island. We examined seismic T-waves observed by the seismometers of Hi-net stations because T-waves have been effectivi
used to detect explosions in the context of the Comprehensive Nuclear Test Ban Treaty (CTBT). We found that the T-waves wer
clearly observed in the Japan Sea side of northern Japan, while the waves are obscure along the coast from Yamagata to Fukut
prefectures. This is probably due to the topography of ocean bottom. Along the paths of T-waves from the source to northert
Japan the depth of ocean bottom is almost deeper then 3000 m. Thus there is few topographic high to prevent the propagati
of sonic waves in the SOFAR channel. On the other hand, shallower and complex bathymetry causes incoherent arrival of T
wave energy along the paths to the southern Tohoku to Kyushu. We investigated the characteristics of T-waves by seismograrn
envelopes, and spectrograms. At some stations in Hokkaido and northern Tohoku the amplitude of T-waves is much larger tha
P-wave. The peak frequency of T-waves reaches about 4 Hz. The most notable feature is the duration of T-waves; the duration
longer at stations in Hokkaido than at stations in northern Tohoku. Longer duration in Hokkaido is attributed to the contribution
of reflected/scattered T-waves from the northern edge of the Yamato Bank situated at the middle part of the Japan Sea. Thus t
T-waves from the nuclear test provide unique opportunity to investigate the lateral variation of the SOFAR channel and scatterin
characteristics of sonic waves in the Japan Sea.

Acknowledgement: We thank the National Research Institute for Earth Science and Disaster Prevention (NIED) for providing
waveform data from Hi-net.
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Possibility of apparent velocity fluctuation caused by changes of the Hi-net instrument
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An attempt to detect seismic velocity change due to tidal strain based on autocorrelatiol

analysis of ambient noise
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with seismic interferometry
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