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SUMMARY:

The fault rupturing has been modeled differently and separately for the strong ground motions and tsunami
because of the differences of the analysis methods and the focussed periods, although both of the strong ground
motions and tsunami are the results of the common fault rupturing. We proposed a procedure for making a
consistent source model both for the strong ground motions and tsunami, and applied our new procedure to the
huge subduction earthquake (My 9.1) along the Nankai Trough, and showed two examples of the fault models
including some asperities. We simulated strong ground motions using the empirical Green’s functions in and
around Aichi Prefecture. And the JMA seismic intensities of the synthetic waveforms in case that the
short-period level was assumed to be equal to the average for crustal earthquakes were comparable to those in
the 1854 Ansei-Tokai earthquake.
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1. INTRODUCTION

The 2011 off the Pacific coast of Tohoku, Japan, earthquake (My 9.0) occurred on March 11. Since the
magnitude of this earthquake was much larger than expected, the Central Disaster Management
Council of Japan has re-evaluated the earthquake size along the Nankai Trough (Fig.1.1). This focal
area has a shallower part of the fault that increases tsunami as well as a deeper part of the fault that
causes strong ground motions and tsunami. Meanwhile, the fault rupturing has been modeled
differently and separately for the strong ground motions and tsunami because of the differences of the
analysis methods and the focussed periods. Hence, in this paper, we propose a consistent source model
both for the strong ground motions and tsunami of the huge subduction earthquake along the Nankai
Trough. And we simulate strong ground motions in and around Aichi Prefecture using the empirical
Green’s functions based on the fault models including some asperities.

2. SOURCE MODELING
2.1. Fault Parameters

The focal area along the Nankai Trough in Fig. 1.1 shows that a deeper part of the fault area which
causes strong ground motions and tsunami is about 110 thousand km? and that a shallower part of the
fault area which increases tsunami is about 30 thousand km?. Therefore, the total fault area is 140
thousand km? The fault length is about 750 km, then the fault width is 186 km on average. The flow
of setting parameters is shown in Fig. 2.1. We set parameters based on the flow in Fig. 2.1.

In Fig. 2.1, at first, the moment magnitude M,y and the seismic moment M, are given by the equations
below (Utsu, 2001):
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Figure 1.1. Focal area for the huge earthquake along the Nankai Trough
(Central Disaster Management Council, 2012).

M,, = log S[km*]+4.0, (2.1)

M, [dyne-cm] =10"Mw o4, (2.2)
The stress drop Ao is given by the following equation (Eshelby, 1957):

Ao =(T116)Mg(S /7). (2.3)

Here, S is the fault area. The stress drop Ao is calculated to be 30.7 bars from Eqgn. 2.1 to Eqgn. 2.3.

The short-period level A of the 2011 off the Pacific coast of Tohoku earthquake was twice the average
value to the seismic moment proposed by Dan et al. (2001) for crustal earthquakes. We assumed the
short-period level to be the average to the seismic moment for crustal earthquakes in Case 1 and twice

the average in Case 2 as follows:

Aldyne-cm/ 52] =2.46x10" x M[dyne-cm/ 32]1/3 x(lor2). (2.4)
The stress drop Ao and the short-period level A are related with other parameters as follows:
Ao =(Sasp 1 S)Aoagp (2.5)
2 12
A=47SGeep(Sasp | 7)"“ A0qgp - (2.6)

Here, Sa; is the area of the asperities, Ao ap i the stress drop on the asperities, and S, is the S-wave
velocity of the deeper part. The stress drop on the asperities Ac.s, and the area of the asperities S, can
be calculated by the following equations from Eqn. 2.5 and Eqn. 2.6:
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Figure 2.1. Flow of setting fault parameters



Sasp = ”(4ﬁdzeepSAU/ A)Z: (2.7)
AG sy = [A1 (4BGeep))’ 1175 401 (2.8)

The seismic moment My is expressed as follows:

Mo = LdeepSdeep Ddeep * £shallowSshatlow Dshatlow - (2.9)

Here, eep is the shear rigidity of the deeper part, Deeep is the slip on the deeper part, zshaiow iS the shear
rigidity of the shallower part, and Dspaiow IS the slip on the shallower part.

The ratio y between the slip on the deeper part and that on the shallower part is assumed be 3, because
the ratio was about 3 in the 2011 off the Pacific coast of Tohoku earthquake (Yoshida et al., 2011).

Dshatlow = 7 Ddeep (r=3). (2.10)

The slip on the deeper part Dgeep Can be calculated by the following equations from Eqn. 2.9 and Eqn.
2.10.

Ddeep = Mo / (Hshallow? Sshallow + HdeepSdeep) - (2.11)
The slip on the asperities D, can be set based on Somerville et al. (1999) as follows:
Dasp = 2Ddeep . (2.12)

The area, the seismic moment, and the slip on the background are related with other parameters as
follows:

Spack = Sdeep - Sasp ' (2.13)
Modeep = Moasp + Moback - (2.14)
Doack = (Sdeep Ddeep - Sasp Dasp) / Shack - (2.15)

The fault parameters of the huge earthquake along the Nankai Trough are shown in Table 2.1. The
locations of the asperities and the hypocenter are based on the fault model of the subduction
earthquake along the Nankai Trough proposed by the Central Disaster Management Council (2003).
The fault models of the huge earthquake along the Nankai Trough for predicting strong ground
motions and tsunami is shown in Fig. 2.2. The depth of the plate boundary was assumed according to
the crustal structure provided by Japan Agency for Marine-earth Science and Technology.

3. SYNTHESIS
3.1. Strong Ground Motion Data

We used observed strong ground motions at 4 stations (NGY, AICP12, SZ0024, and MIEP02) in and
around Aichi Prefecture as empirical Green's functions during 4 small events near the source area.
NGY is the station of Nagoya City, AICP12 is the station of Aichi Prefecture, SZO024 is the station of
K-NET, and MIEPQ?2 is the station of Mie Prefecture. Figure 3.1 shows the locations of these stations
together with the epicenters and the focal mechanisms of the small events. Table 3.1 lists the fault
parameters of the small events used as the empirical Green’s functions. Figure 3.2 shows the observed
waveforms of the small events at NGY.



Table 2.1. Fault parameters of the huge earthquake along the Nankai Trough

area of area of total moment seismic stress dro
deeper part shallower part faultarea  magnitude = moment P
Sdeep Sshallow S Mw Mo Ac
[km?2] [km?2] [km?2] [dyne -cm] [bar]
110x103 30x103 140x103 9.1 6.59x1029 30.7
short-period area of stress drop slip on slip on slip on slip on effective stress
level asperities  on asperities deeper part asperities background shallower part on background
A Sasp AcGasp Ddeep Dasp Dback Dshallow Gbhack
[dyne +cm/s?] [km?2] [bar] [m] [m] [m] [m] [bar]

Case 1: the short-period level is assumed to be equal to the average for crustal earthquakes

2.14x1027 43000 100 10 20 3.6 30 11

Case 2: the short-period level is assumed to be twice the average for crustal earthquakes

4.28x1027 10800 400 10 20 8.9 30 56

y=Dshallow/Ddeep=3, ushallom/zz.34x 101 1dyne/cm2, Bshallow=3.00 km/s, Hdeep=4.10>< 101 1dyne/cm2, and
ﬁdeep:?).gz km/s.
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Figure 2.2. Fault models of the huge earthquake along the Nankai Trough for predicting strong ground motion
and tsunami. The star is the hypocenter. The black sub-faults are the shallower part which increases tsunami.
Others are the deeper part, and the red shaded sub-faults are the asperities.

We assigned ground motion records of the small event to the nearest sub-faults.
3.2 Results

Figure 3.3 shows the synthetic waveforms, and Fig. 3.4 shows the pseudo velocity response spectra of
the synthetic waveforms. The thin dashed line in Fig. 3.4 is the level 2 spectra by Japanese
government notification, which is the design response spectrum in Japan, and the return period of
which is more than 500 years. The pseudo velocity response spectra of Case 1 are larger than the level
2 spectra in the period range larger than about 1 sec.

The pseudo velocity response spectrum of Case 2 are about twice as large as those of Case 1 in the
entire period range. This is because the short-period level in Case 1 is twice larger than that in Case 2.
Table 3.2 summarizes the instrumental seismic intensities and the JMA seismic intensities of the
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Figure 3.1. Locations of the sites and the epicenters and the focal mechanisms of the events for the empirical
Green’s functions.

Table 3.1. Fault parameter of the empirical Green’s functions

moment . . seismic . short
No. date magnitade latitude longitude depth moment slip  faultarea  stress drop period level
My My D S Ac A
[km] [dyne -cm] [m] [km2] [bar] [dyne -cm/s?]
EQO1 2000.10.31 5.4 342N 1364 E 38.0 1.70E+24 0.59 4.65 413 1.23E+26
EQO02 2001.02.23 4.9 348N 1375 E 32.0 2.43E+23 0.39 0.99 600 8.24E+25
EQ03 2001.04.03 52 350N 138.1E 35.0  8.17E+23 0.3 4.32 222 6.36E+25
EQ04 2004.01.06 5.2 342N 136.7E 40.0 6.74E+23 0.17 6.46 100 3.51E+25
p=3.2 g/em3, p=4.41 km/s, and u=6.22x10!1dyne/cm?.
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Figure 3.2. Observed waveforms of the small events used as the empirical Green’s functions at NGY.
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Figure 3.3. Synthetic waveforms at NGY.

synthetic waveforms. The seismic intensities of the 1854 Ansei-Tokai earthquake are estimated from
the damage by lida (1985). The JMA seismic intensities of the synthetic waveforms in Case 1 are
comparable to those of the 1854 Ansei-Tokai earthquake, and the JMA seismic intensities of the
synthetic waveforms in Case 2 are larger than those of the 1854 Ansei-Tokai earthquake.

4. CONCLUSIONS

We proposed a consistent source model both for the strong ground motions and tsunami of the huge
subduction earthquake along the Nankai Trough. And we simulated the strong ground motions in and
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Figure 3.4. Pseudo velocity response spectra of the synthetic waveforms at NGY (h=5%).

Table 3.2. Instrumental seismic intensities and JMA seismic intensities of the synthetic waves and the
JMA seismic intensities in the 1854 Ansei-Tokai earthquake

NGY AICP12 SZ20024 MIEP02
Case 1 57  6-lower 65 7 58 6-lower 65 7
Case 2 6.4 6-upper 73 7 6.4 6-upper 73 7
The 1854 Ansei- 6 6-7 6-7 6-7

Tokai earthquake™
* Estimated from damage by lida (1985).

around Aichi Prefecture using the empirical Green’s functions based on the fault models including

some asperities. In case that short-period level was assumed to be equal to the average for crustal
earthquakes, the JMA seismic intensities of the synthetic waves were comparable to those of the 1854
Ansei-Tokai earthquake.
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