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Synopsis

We developed the crustal structure model from the source region of the Nankai
trough to the Osaka basin in Kinki area for ground motion modeling by comparing
observed records and simulated long-period (>2s) ground motions using finite
difference method. We examined the records of an intermediate-size event (My4.3) and
the largest aftershock (M;7.0) of the 1946 Nankai earthquake occurred at the Nankai
trough. The simulations of the S-wave part by a constructed 3D underground structure
model reproduced well the observed records than the results by a simple 1D (flat layer)
model. We showed that the 3D structure model is applicable for the ground motion
simulation in the long period range, however it is needed more detail crustal velocity
structure information for a better reproduction of the whole observed records.

Keywords: Long period ground motion simulation; Crustal structure model;
Finite difference method; Kinki area

1. Introduction

Kinki area locates near the Nankai trough, which
M8-class earthquakes have occurred repeatedly. The
headquarters for earthquake promotion reported that
long-term evaluations of occurrence potentials of the
next earthquakes (Nankai and Tonankai) at the trough
are from 40% to 50% within 30 years from 2001. Our
recent mega-cities, such as Osaka, Kobe, and Kyoto
cities, that have many large buildings, bridges, and oil
tanks, have never experienced long-period ground
motions by the M8-class large earthquake. Therefore,
it is one of the important and urgent issues for the
earthquake disaster prevention to predict long-period
ground motions in the urban area during the
hypothetical large earthquakes of the Nankai trough.

For accomplishing precise strong ground motion
predictions, both of the source model and
propagation-path underground structure model are
needed (e.g. Kagawa et al., 1998). Here we pay
attention to construct the underground structure
model. For the long-period ground motion estimation
at the Osaka area for the large earthquakes of the

Nankai trough, we need to construct a crustal model
from the hypothetical source area to the Osaka basin.
The Osska basin was well investigated by many
exploration surveys mainly after the 1995 Hyogo-ken
Nanbu Earthquake, and a detail 3D basin model was
congtructed (e.g. Kagawa et al., 2002). The
constructed 3D basin model is confirmed by
comparing between the synthetic and the observed
ground motions (e.g. Zhao and Kagawa, 2002). On
the contrary, the crustal structure model of outside the
Osaka basin is not well examined. A simple 1D flat
layer model has been used most of cases in the
ground motion simulations.

In this study, we construct a 3D crustal model for
ground motion simulations by referring to the
previous studies. We also confirm the applicability of
the model by comparing the observed ground motions
and the synthetics in the long-period range (>2s) by
finite difference method during the two earthquakes
of Mw4.3 and M;7.0 in Kinki area. Our aim of this
study isshown in Fig. 1.



2. Underground Structure M odel

Analysis area in this study is Kinki area of
220km(NS)x 254km(EW), as shown in Fig. 2. This
area includes mega-cities as Osaka and Kaobe citiesin
the Osaka basin.

We prepared two underground structure models
of the crust for this analysis. One is a 1D structure
model. We referred the P-wave velocity model used
at Wakayama observatory for the hypocenter
determination (Nakamura et al., 1997). S-wave
velocity is assumed to be 1.0/1.73 times of P-wave
velocity. We aso assumed density and Q-values
referred to the previous studies. This 1D P-wave
velocity structure model and medium parameters are
shown in Fig. 3a) and Table 1. We call this model
‘1D model’. The other is a 3D structure model. The
each layer interface depth is referred to the depth
contour maps of Conrad, Moho, and upper boundary
of Philippine Sea plate (e.g., Zhao et al., 1994 and
Furumura et al., 2003). These contour maps are
shown in Fig. 3b). This model also consists a surface
flat layer with the thickness of 3km, which is the same
as the surface layer of ‘1D model’. The medium
parameters (Vp, Vs, and density) were referred to
Shibutani (2001), as shown in Table 2. We assumed
Q-values referred to the previous studies. We call this
model ‘3D model’. Fig. 4 shows some profiles of the
velocity structure models for ‘1D model’ and ‘3D
model’.

OsskaBasin Observatory
A A
U‘W% Intermediate size
tereinennen, et EQrthquake

°

Fig. 1. Our aim is to confirm the applicability
of the crustal structure model between the
source region of the Nankai trough and the
Osaka basin.

Table 1. Model parameters of ‘1D model’.

layer p Vp Vs Q depth
(a/cm®)  (km/s)  (km/s) (km)
1 250 550 317 400 0.0
2 270 6.00 347 600 3.0
3 280 680 393 700 150
4 320 790 457 1000 30.0
5 340 810 470 1500 750

Table 2. Model parameters of ‘3D model’.

layer p Vp Vs Q  depth
(a/cm®)  (km/s)  (km/s) (km)
1 253 526 304 400 0.0
2 270 611 353 600 30
3 279 650 376 700 \variable
4 329 810 450 1500 variable
5 316 774 430 1000 variable
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Fig.2. Map of analysis area. Triangles (F-net)
and circles (CEORKA) are the locations of the
rock site stations. Star and sguare show an
epicenter of an earthquake My4.3 and the
location of Wakayama observatory. Broken
lines of A)~D) indicate the location of model
profiles shown in Fig. 4.
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Fig. 3. (8 P-wave velocity profile for ‘1D
model (Nakamura et al., 1997). (b) Contour
maps of the boundary depth for ‘3D model’. 1)
and 2) are Conrad and Moho discontinuity,
respectively (Zhao et al., 1994). 3) is upper
boundary depth of Philippine Sea plate
(Furumura et al., 2003).
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Fig. 4. Model profiles at the location of the
broken lines of A)~D) in Fig. 2. Top figureisa
profile of ‘1D model’, the others are profiles of
‘3D model’. Profile A)s cross the hypocenter.
Star shows the hypocenter of M4.3 event.

3. Long-period Ground Motion Simulation

We carried out the simulation of ground motions
during an intermediate-size earthquake occurred in
the source region of the Nankai trough using ‘1D
model’ and ‘3D model’, and estimated which model
is more applicable, by comparing observed ground
motions and synthetics.

3.1 Observed Records of a My4.3 event

An intermediate-size earthquake of My4.3
occurred at south of Kii peninsula (33.41N, 135.33E,
depth: 18km) was analyzed. The origin time is
21:14:21.8 on October 2, 2001 (J.S.T.). We used the
source mechanism that is determined by F-net of
National research Institute for Earth science and
Disaster prevention (NIED). Fig. 5 shows the
observed velocity records on the rock site of the
stations by broadband seismogram network (F-net) of
NIED and the Committee of Earthquake Observation
and Research in the Kansai area (CEORKA), as
shown in Fig. 2. Fig. 6 is Fourier amplitude spectra of
the waveformsin Fig. 5 at five stations. These spectra
are calculated for 40s after the S-wave onset in the
waveform. We also estimated the noise level of 40s
data length window that starts at 80s before the origin
time at three stations of F-net. The amplitude spectra
after the onset of S-wave in this figure show that the
predominant period range is shorter than about 3s.
The noise amplitude spectra show the peak around
the period of 5s. These amplitudes before the event
are equivalent to the amplitude after the onset at

around the period of 5s. This indicates that S/N ratio
is sufficient except for the period of about 5s for both
horizontal components.
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Fig. 5 Observed records of the target
earthquake of October 2, 2001 on the rock sites
in Fig. 2. These waveforms are radia and
transverse components of long-period (1-20s)
velocities. The number of right side of the
waveforms is maximum amplitude in crm/s.
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Fig. 6. Fourier velocity amplitude spectra of the
waveforms for 40s after the S-wave onset at
five stations and ones for 40s that is 80s before
the origin time at three stations (KI1S-, NOK-
and ABU-pre) by F-net.



3.2 Finite Difference Simulation

The underground structure model is discretized
with 1km grid spacing to resolve the minimum S
wave wavelength, in case of the fourth-order schemes
(e.g., Levander, 1988) which corresponds to the
minimum resolved period of about 2s. The total
nodes are 5.07 million in this simulation. Absorbing
boundary (Clayton and Engquist, 1977) and a zone of
attenuative material (Sochacki et al., 1987) are
applied to the sides of the computational model to
mute the artificial boundary-generated waves. The
medium attenuation formulation developed by
Shimoyama and Koketsu (1997) in the medium is
used, that is no distinction between Qp and Qs. The
source is treated by adding the moment tensor in the
finite difference grid (Graves, 1996). These finite
difference simulation schemes in this study are
developed by Yamada and Y amanaka (2001).

The source model of this earthquake is assumed

to be a point source based on the information by F-net.

The source time function is simple triangle pulse of
0.5s time window. This pulse width was determined
by comparing the initial S-wave pulse width of the
observed and synthetics. These parameters are listed
in Tables3 and 4.

3.3 Results of the Simulation

In this section, we showed the applicability of the
models for ground motion simulation by comparing
the observed and the synthetic ground motions by ‘1D
model’ and ‘3D model’. We analyzed the period
ranges of 2-5s and 5-20s, because the S/N ratio is low
at around the period of 5s, as shown in Fig. 6.

The comparisons of the observed waveforms and
synthetic ones at five stations are shown in Fig. 7. In
the period range of 2-5s, the direct S-wave part and
its duration by ‘3D model’ reproduce observed ones
better than those by ‘1D model’ at KIS, IS| and ABU.
However, the synthetic durations of both models are
much shorter than the observed one at HSD. From
this result of that period range, the shallow crustal
velocity structure model within several kilometers is
thought to affect the ground motion characteristics.
More detail information in the shallower part of the
crustal structure is needed for getting the better fits.

In the period range of 5-20s, the results by ‘1D
model’ and ‘3D model’ are amost same. The
synthetic waveforms by the two models reproduce the
observed records at ABU and HSD. However, the
synthetics at KIS, NOK and ISl don't reproduce the
observation. Although both models are different, we
get similar synthetic waveforms. Therefore, we need
to examine the source effects such as the source
mechanism and south depth.

The comparisons of the observed maximum
amplitudes and synthetic ones at al stations in the
period range 2-5s and 5-20s are shown in Fig. 8. The
maximum amplitudes (A) are estimated by the

equation (1).

A=/(RA) +(TAY 1)

RA and TA mean the maximum amplitudes of
radial component and transverse component,
respectively. In the period range of 2-5s, the
maximum amplitudes from ‘3D model’ are closer
than those from ‘1D model’ to observed ones at most
of stations. The maximum amplitudes in the period
range of 5-20s show the same tendency as the case of
2-5s period range, although the difference between
the maximum amplitudes by ‘1D model’ and ‘3D
model’ isvery small.

As the other comparison, we estimated the group
velocity from the source to the each station by
picking up the peak time of the envelope waveforms.
Fig. 9 shows the envelopes of observations and
synthetics of horizontal components at five stations in
the period range of 2-5s. The observed and synthetics
group velocities in the period range 2-5s and 5-20s
are listed Table 5. The group velocity values by ‘3D
model’ are closer to those of the observed than those
by ‘1D model’.

These comparisons of the waveforms, maximum
amplitudes, and group velocities, indicate that ‘3D
model’ is a better model for simulation of ground
motionsin the period range of 2-20s.

To see the gpatial difference of waveforms
between two models, we defined the difference D(i,j)
by the equation (2). WA1(i,j,k) and W2(i,j,k) indicate
the amplitude of the synthetic waveforms by ‘1D
model’ and ‘3D model’, respectively. Thei and j are
gpatial indices, and the k is a time index in the
equation (2). We took the summation in the 30s
window after the S-wave onset. The S-wave onset is
estimated with assuming S-wave velocity of 4.5km/s.
Fig. 10 shows the spatial distribution of the difference
of the average of the three components of the D(i,j) in
the period range of 2-5s.
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Generally, the difference is increasing with the
epicentral distance. The large difference is observed
in the area with the epicentral distance of about
100km. The differences between the synthetics seem
to be occurred by the integration effects of the model
difference from the source to observation sites.
Table 3. Simulation parameters.
Model area NS:220km, EW:254km, Z:98km
Grid points 221x 255x 99

duration 100s
dx 1.0km

Table 4. Source parameters.
strike N276° E
dip 72°
rake -75°
My  3.49x 10"Nm
pulse width 0.5s
point source

D(i.j) =
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Fig. 9. Comparison of the envelope waveforms

of observed and two synthetics of horizontal
components. Black circles are peak point of the
envelope waveforms in the period range of 2-5s.

Table 5. Lists of group velocity of observed
data and synthetic one by ‘1D model’ and ‘3D
model’ at five stations. Upper table is the
period range of 2-5s and bottom table is the
period range of 5-20s.

T:2-5s Radial comp. Transverse comp.
delta{ OBS 1D 3D { OBS 1D 3D
(km) 1t (km/s) (km/s) (km/s)} (km/s) (km/s) (km/s)

Fig. 7. Comparison of the observed waveforms
and synthetic ones at five stations. (a) The
period range of 2-5s. (b) The period range of 5-
20s. Top waveform is observed, middle and
bottom ones are synthetics by ‘1D model’ and
‘3D model’. All waveforms are velocities. The
lower right number of each trace is maximum
amplitude in cnvs.
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Fig. 8. Comparison of the maximum amplitude
(A) of the observed and two synthetic motions
al stations in Fig. 2. The left bars indicate the
maximum amplitude in the period range of 2-5s,
and the right bars indicate one in the period
range of 5-20s.
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Fig. 10. Distribution map of the waveform
difference (D) in the period range of 2-5s. Star
indicates the location of epicenter. Circles and
triangles are location of observatories of
CEORKA and F-net.




4. Long-period Ground Motion Simulation during
The Largest Aftershock (M;7.0) of The 1946
Nankai Earthquake

In the previous chapter, we found that ‘3D
model’ was better for simulating ground motions of
an intermediate-size earthquake (M4.3) in the period
range of 2-20s. In Kinki area, there are no other
records to examine the underground structure models
in the longer period range, especialy in the present
broadband seismic network. We found a valuable
record of the April 18, 1948 event (M;7.0) at ABU,

which is known as the largest aftershock of the 1946

Nankai earthquake. This record was observed by the

strong motion seismograph and can be used for

estimating the long period ground motions. Although
there is only one station record, we could carry out
the simulations during this event to examine the
applicability of ‘3D model’ as described in the
previous chapter. Fig. 11 shows the location of
epicenter, the focal mechanism (Iwata and Hamada,
1984), and some JMA aobservatories. As the observed
waveforms at ABU (A triangle in Fig. 11) were
recorded on smoked-paper, we had to digitize the
records. We estimated the natural period and the
damping ratio of seismographs using the response
waveforms (Fig. 12). The natural period was
estimated to 20.5s and 21.0s, the damping ratio was
decided 0.50 and 0.41 for the NS component and the

EW components, respectively. We convoluted these

seismograph characteristics to synthetic waveforms.

The numerical condition and underground structure

models are the same in case of intermediate-size

earthquake simulation. The source parameters are
listed in Table 6 (Iwata and Hamada, 1984 and

Ichikawa, 1971). Fig. 13 shows the result of the

ground motion simulations at ABU. Although the

absolute time of the observed record is not clear, the
remarkable phase in the synthetic waveforms by ‘3D
model’ well reproduced the observed waveforms.

This result suggests that 3D model’ is appropriate for

estimation of long-period ground motions. This kind

of historical seismograms are found to be very useful
for thiskind of analysis.

0 20 40 60

Fig. 12. Comparison of the response waveform
(solid line) of EW component seismogram at
ABU aobservatory and synthetic waveform
(broken line) by the response of single degree-
of freedom system with a natural period of
21.0s and adamping ratio of 0.41.
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Fig. 11 Anadysis area for the long-period
ground motion simulation during the largest
aftershock (Mj7.0) of the 1946 Nankai
Earthquake. This figure shows the epicenter
(star), focal mechanism and location of
observatories of JMA (black circles). The
triangle shows the location of ABU (Abuyama)
observatory.
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Fig. 13. Comparison of the waveforms between
observed and synthetics. Asthe absolutetimeis
not clear, these waveforms are fitted by the
remarkable phase. The synthetics are well
reproduced  observed  waveforms. The
synthetics of NS component is convoluted to
the seismograph characteristics with a natural
period of 20.5s and a damping ratio of 0.50.
The parameters of 21.0s and 0.41 are used for
the EW component.

Table 6. Source parameters.
(Aftershock of the 1946 Nankai Earthquake)

epicenter 33.1N,135.6E
depth 27km
strike, dip, rake N218E , 10, 90 (degree)
Mo 6.3x 10" Nm

point source

5. Conclusions

We carried out some simulations of long-period
ground motion and compared with observed records
and synthetic results to estimate the validation of the
crustal structure model in Kinki area. We constructed
two crustal models, ‘1D model’ and ‘3D model’. In
case of the long-period ground motion simulation of
an intermediate-size earthquake (Mw4.3), the
synthetic ground motions by ‘3D model’ were fairly
agree with the observed ones at some stations in the
period range of 2-20s, athough there were poor
reproductions at some stations. The other, validation
of ‘3D model’ in the longer-period range (about 20s)
was also done with using the historical records of the
largest aftershock (M;7.0) of the 1946 Nankai



earthquake. To improve the fitting, we need
information in the shallower crustal structure.

There was a regional characteristic in the spatial
difference of waveforms between the two models.
Large differences were appeared in the area of the
epicentral distance of 100km, where the Osaka basin
just exists. This implies that there is a possibility of
influencing the simulation results of this period range
by used underground structure model. It is important
to construct more realistic underground structure
model with model validations, as shown here, for the
ground motion prediction in the longer period range.
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