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Abstract

The October 6/2000 Tottori earthquake that occurred in central Japan was an intermediate size strike-slip event that produced

a very large number of near field strong motion recordings. The large amount of recorded data provides a unique opportunity for

investigating a source asperity model of the Tottori earthquake that, combined with a hybrid strong motion simulation

technique, is able to reproduce the observed broadband frequency near-fault ground motion.

We investigated the optimum source asperity parameters of the Tottori earthquake, by applying a Genetic Algorithm

(GA) inversion scheme to optimise the fitting between simulated and observed response spectra and Peak Ground

Acceleration (PGA) values. We constrained the initial model of our inversion by using the heterogeneous slip distribution

obtained from a kinematic inversion of the source of previous studies. We used all the observed near-fault ground

motions (�100 m) from the borehole strong motion network of Japan (KiK-Net), which are little affected by surficial

geology (site effects).

The calculation of broadband frequency strong ground motion (0.1–10 Hz) is achieved by applying a hybrid technique that

combines a deterministic simulation of the wave propagation for the low frequencies and a semi-stochastic modelling approach

for the high frequencies. For the simulation of the high frequencies, we introduce a frequency-dependent radiation pattern

model that efficiently removes the dependence of the pattern coefficient on the azimuth and take-off angle as the frequency

increases. The good agreement between the observed and simulated broadband ground motions shows that our inversion

procedure is successful in estimating the optimum asperity parameters of the Tottori earthquake and provides a good test for the

strong ground motion simulation technique.

The ratio of background stress drop to average asperity stress drop from our inversion is nearly 50%, in agreement with the

theoretical asperity model of Das and Kostrov [Das, S., Kostrov, B.V., 1986. Fracture of a single asperity on a finite fault: a

model for weak earthquakes? Earthquake Source Mechanics, AGU, pp. 91–96.], and an empirical ratio of asperities to rupture

area [Seismol. Res. Lett. 70 (1999) 59–80.].

The simulated radiation pattern is very complex for epicentral distances within half the fault length, but it approaches the

radiation of a double-couple point source for larger distances.
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The rupture velocity and rise time have a significant influence on the Peak Ground Velocity (PGV) distribution around the

fault. An increase in rupture velocity produces a similar effect on the ground motion as a reduction in rise time.

D 2004 Elsevier B.V. All rights reserved.
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1. Introduction

The 2000 Western Tottori Prefecture earthquake

(Mw=6.8) is the largest earthquake to hit Japan since

the 1995 Hyogo-ken Nanbu (Kobe) earthquake. The

Tottori earthquake produced a very large amount of

near field strong ground motion recordings from the K-

Net and KiK-Net, which were deployed after 1995. In

particular, the KiK-Net, which is a nationwide network

of 500 instrumented boreholes with an average depth

of 100 m, is very useful for studying the contribution

from the source to the subsequent ground motion.

The simulation of near field ground motion

represents a very difficult problem since it is affected

by the complexity of source and site effects. Kine-

matic models have been widely developed in order to

account for heterogeneous source characteristics and

underground geology. These models are very efficient

in explaining source directivity effects as well as

effects of underground geology on ground motion

(Pitarka et al., 1998). However, the ground motion

simulation from those models is only practical for

frequencies below 1 Hz.

Recently, hybrid ground motion techniques have

been proposed to obtain broadband frequency near-

fault ground motions by combining deterministic

modelling for the low frequencies and the stochastic

approach for high frequencies. The hybrid ground

motion simulation technique, first proposed by Kamae

et al. (1990, 1998), combined a deterministic model-

ling of the low frequencies with the high-frequency

stochastic approach of Boore (1983), and the summa-

tion technique of Irikura (1986). These models were

successful in explaining the general characteristics of

ground motion near the fault during the Hyogo-ken

Nanbu earthquake (Kamae et al., 1998; Pitarka et al.,

2000). However, their representation of the radiation

pattern at high frequencies is not completely isotropic

(Pulido, 2002).

Our methodology is an improvement of Kamae et

al. (1990, 1998) and Pitarka et al. (2000). In this
paper, we introduce a frequency-dependent radiation

pattern model for the simulation of high frequencies,

which efficiently removes the dependence of the

radiation pattern coefficient on the source–receiver

azimuth and take-off angle as the frequency increases.

Our model applies a smooth transition between the

theoretical non-spherical radiation at low frequencies

(double couple) to a complete spherical (isotropic)

radiation at high frequencies.

We performed a systematic search for the optimum

asperity and high-frequency attenuation parameters

(asperity and background stress drops and Q( f)), by

applying a non-linear inversion scheme to optimise

the fitting between observed and simulated broadband

frequency ground motions.
2. Ground motion estimation methodology

We estimate the broadband frequency (0.1–10 Hz)

near-fault ground motion from a hybrid simulation

technique that combines deterministic wave propaga-

tion modelling for the low frequencies with a

stochastic technique for the high frequencies. The

basic idea of the simulation methodology is to evaluate

the strong ground motion radiated from a finite fault

source model composed of asperities embedded in a

flat layered velocity structure. The ground motion at a

particular site is obtained from the contributions of the

seismic radiation from all the asperities in the fault

plane that are assumed to have a finite area.

2.1. Low-frequency ground motion

To calculate low-frequency ground motion (0.1–1.0

Hz), we subdivide the asperity into several subfaults or

point sources and simply add the time delayed ground

motion from them by applying a constant rupture

velocity. The seismogram from each point source is

obtained numerically by the Discrete Wave Number

method of Bouchon (1981), which computes the wave
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propagation in a flat-layered crustal velocity structure,

for a particular focal mechanism and source moment

function. The point source moment function is defined

as a smoothed ramp as follows:

M tð Þ ¼ M0

2
4 1þ tanh

44 t � s=2ð Þ
s

�� ��
ð1Þ

where M0 is the point source seismic moment, t is the

rupture time, and s is the asperity rise time.

2.2. High-frequency ground motion

High-frequency ground motion (1–10 Hz) is

calculated from a finite asperity as before, but the

point source ground motions are obtained from the

stochastic approach of Boore (1983). The procedure

of summation of the point source contributions differ

from the one applied for the low frequencies; for high

frequencies, the summation is obtained by applying

the empirical Green’s function method proposed by

Irikura (1986), which is very efficient for the

radiation of high-frequency ground motion from finite

faults.

We introduce a frequency-dependent radiation

pattern Rpi(h,/,f) in order to account for the effect of

the pattern on intermediate frequency ground motions

(1–3 Hz). The i component of acceleration Fourier

spectra for a point source is obtained as follows:

Ai fð Þ ¼ Rpi h;/; fð ÞM0S f ; fcð ÞFse
�pf R=Q fð ÞbP f ; fmaxð Þ

4pqb3R

ð2Þ

fc ¼ 49000b Dr=M0ð Þ1=3 ð3Þ

P f ; fmaxð Þ ¼ 1ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
1þ f =fmaxð Þ

p ð4Þ

whereM0 is the point source seismic moment (in N m;

Eq. (3)), S( f,fc) is the omega square source model

(Brune, 1970) with corner frequency fc (Eq. (3)), Dr is

the point source stress drop (in MPa), Fs is the ampli-

fication factor due to the free surface, R is the station-

point source distance and q and b are the average

density and S-wave velocity of the media. The expo-

nential term accounts for the regional attenuation of Q

which increases with the frequency as a power law of

the form af b, where a and b determine the strength of
attenuation. P is the high-frequency cut-off of the

point-source acceleration spectra for frequencies above

fmax (Eq. (4)).

2.3. High-frequency radiation pattern

It has been traditionally assumed that the

radiation pattern at high frequencies does not follow

the theoretical radiation pattern of a double couple.

However, analysis from various near-fault record-

ings have shown that the radiation pattern at the

intermediate frequency range (1–4 Hz) is not purely

stochastic but is characterized by a transition from

the theoretical double-couple radiation pattern at low

frequencies to a completely stochastic isotropic

radiation pattern at high frequencies (Liu and

Helmberger, 1985; Akazawa et al., 2000; Satoh,

2002a,b; Takenaka et al., 2003). From an analysis of

the aftershocks of the March 26 and May 13, 1997

Kagoshima earthquake sequence MJMA=6.5 and

MJMA=6.3 (Japan), it has been observed that the

energy contribution from the SH and SV waves to

the total S-wave radiation is almost equal at high

frequencies (Takenaka, 2003). A similar result was

found by Satoh (2002a) from an analysis of

aftershocks of an earthquake in Northern Japan

(Mw=5.0).

Considering the previous observations, we elabo-

rated a radiation pattern model that makes a smooth

transition between the theoretical double-couple radi-

ation for frequencies lower than 1 Hz to an isotropic

spherical radiation for frequencies larger than 3 Hz.

The radiation pattern coefficient Rpi at a particular

receiver for the i component of ground motion, is

obtained as follows:

Rpi h;/; fð Þ ¼ Fi /s; d; k; h;/ð Þ for f V f1

Rpi h;/; fð Þ ¼ Fi /s; d; k; h;/ð Þ þ f � f1ð Þ
f2 � f1ð Þ

� 1ffiffiffi
2

p RS;ave � Fi /s; d; k; h;/ð Þ
��

for f1b f b f2

Rpi h;/; fð Þ ¼ 1ffiffiffi
2

p RS;ave for f z f2 ð5Þ
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where Fi(/s,d,k,h,/) is the i component (ns, ew or

ud) of the theoretical radiation pattern coefficient of a

double couple with strike /s, dip d and rake k, at
receiver with take-off angle h and azimuth / (Aki and

Richards, 2002, Eqs. 4.88, 4.90 and 4.91). We only

consider contributions from the SH and SV radiation

pattern coefficients. The basic idea in Eq. (5) is to

apply a smooth transition from Fi to an average

radiation pattern coefficient (RS,ave) as the frequency
Fig. 1. Radiation pattern coefficient distribution across the fault plane (

frequencies of 1.0, 1.5, 2.5 and 3.0 Hz. We can observe the regions loca

frequencies near 1.0 Hz. The azimuth and take-off angle dependence of the

increases to 3 Hz.
increase. We assume a linear variation of Rpi from a

frequency f1 to a frequency f2, with f1=1 Hz and

f2= 3 Hz.

RS,ave is the average radiation pattern coefficient

for the total S-wave, calculated for all rays

departing in the upper focal sphere (h from 908
to 1808) which corresponds to the near-fault

region, and divided by
ffiffiffi
2

p
to account for the S-

wave partition in two components. RS,ave is cal-
only asperities) at SMNH01, TTRH07 and OKYH07 stations, for

ted at a nodal plane and maximum radiation plane of S-waves, for

radiation pattern coefficient is efficiently removed as the frequency



Fig. 2. Simulated S-wave radiation pattern from asperity 1 at 1.0 Hz

For distances within half a fault length, the pattern has a uniform

value of 0.55. For larger distances, the pattern approaches the

radiation of a double couple.
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culated by using the approach of Boore and

Boatwright (1984) as follows:

RS;ave ¼

2
66664

X
i¼SH ;SV

�

Z p

p=2

Z 2p

0

Fi /s; k; d; h;/ð Þsinhd/dh
Z p

p=2

Z 2p

0

sinhd/dh

0
BBB@

1
CCCA

2
3
77775

1=2

ð6Þ

See Eq. (5) for parameter definitions. From Eq. (6),

we obtained a RS,ave value of 0.55 for a vertical,

strike-slip fault.

2.4. Radiation pattern coefficient of asperities

We calculated the radiation pattern coefficient for

every point source within asperities (Eq. (5)), at all the

simulation points (Fig. 4). We used the crustal

velocity model of the Tottori region (DPRI, 2000) to

estimate the take-off angle of the direct S-wave, at

every source–station raypath. In Fig. 1, we show the

radiation pattern coefficient distribution across the

fault plane (asperities only) at SMNH01, TTRH04

and OKYH07 stations, for 1.0, 1.5, 2.5 and 3 Hz. The

S-wave radiation pattern coefficient has a large

variability across the fault plane near 1 Hz (Fig. 1).

We can observe the regions in the fault plane that

correspond to an S-wave nodal plane, when the

pattern coefficient approaches 0 (SMNH01 and

OKYH07 stations), as well as regions corresponding

to a plane of maximum S-wave radiation, when the

coefficient approaches 1 (SMNH01 and TTRH04

stations). Our model efficiently removes the depend-

ence of the radiation pattern coefficient on the azimuth

and take-off angle (or subfault depth) as the frequency

increases (Fig. 1). For frequencies larger than 3 Hz,

the radiation of S-waves is completely isotropic, in

agreement with analyses of earthquake data (Taken-

aka, 2003; Satoh, 2002a,b).

For the simulation of high-frequency ground

motion at a given receiver, we calculated an average

asperity radiation pattern coefficient for all point
.

source–receiver raypaths within the asperity, at every

frequency. Then we calculated the ground motion by

using a site, asperity and frequency-specific radiation

pattern coefficient (Eq. (2)). In Fig. 2, we show the

spatial distribution of the average radiation pattern

coefficient of asperity 1 (complete S-wave) at 1 Hz.

For distances within half a fault length from the

epicentre, the radiation pattern has a uniform value of

0.55. However, for larger distances, the pattern

approaches the radiation of a double-couple point

source (Fig. 2). The pattern distribution is completely

uniform at 3 Hz.
3. Velocity structure Tottori region

For the calculation of the low-frequency ground

motion, we use a flat-layered velocity structure

obtained by overlapping the crustal velocity model

of the Tottori region (DPRI, 2000) with the KiK-Net

borehole information. The crustal model was slightly

modified at every station (except SMNH02 and

OKYH09) to improve the agreement of the wave-

forms for periods larger than 5 s (Fig. 3).



Fig. 3. (a) Shallow velocity structure at OKYH09 station obtained from the KiK-Net borehole database. (b) Crustal velocity model of the Tottori

region (DPRI, 2000). The crustal model was slightly modified at every station (except SMNH02 and OKYH09) for Vs and Vp values within the

gray area.
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We simulated the ground motion at all the KiK-

Net borehole stations in near-fault region (Fig. 4).

We used the waveforms recorded at the bottom
Fig. 4. Near-fault strong motion stations used for the hybrid ground motio

an average depth of 100m. The 2000 Tottori earthquake was a left-lateral str

1508, dip 908, slip 08). The assumed fault plane is shown by a thick line.
of the borehole, at an average depth of 100 m.

In this way, we avoided shallow site effects

and could concentrate on studying the contribution
n simulation (shown by triangles). The accelerometers are located at

ike-slip earthquake (Mw=6.8). The fault mechanism is shown (strike



Table 1

Asperity parameters of the 2000 Tottori earthquake, unchanged fo
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of the heterogeneous source to the recorded ground

motion.

all the ground motion simulations

Asperity Area (km2) Mo (N m) fmax (Hz) Number o

subfaults

1 9�6 3.1e18 6.1 24

2 10.5�10.5 7.2e18 6.1 36

Background 33�21 9.0e18 6.1 77
4. Asperities and attenuation parameters

We estimated the asperity and attenuation param-

eters by optimizing the agreement between observed

and simulated low-frequency waveforms and broad-

band frequency spectra, as shown in Fig. 5. We

defined an initial asperity model by using the

heterogeneous slip distribution of the Tottori earth-

quake obtained by a kinematic inversion of the source

of previous studies (Iwata et al., 2000). Asperities

were defined as regions in the fault plane enclosing an

average slip 50% larger than the total fault average

slip (Somerville et al., 1999). We estimated the area,

location and seismic moment of asperities from the

slip model of Iwata et al. (2000) (Table 1). The

TTRH02 station was not used for the estimation of the
Fig. 5. Flow chart diagram of the asperities and attenuation

parameters estimation procedure.

Fig. 6. Asperity model of the 2000 Western Tottori Prefecture

earthquake. The model consists of two asperities and a background

region as shown by the black rectangles. The heterogeneous slip

distribution from a kinematic inversion of the source is shown in a

gray scale (Iwata et al., 2000).
r

f

asperity parameters, but we calculated the broadband

ground motion to pick up the corresponding Peak

Ground Acceleration (PGA) and Peak Ground Veloc-

ity (PGV) values. Our asperity model consists of two

large asperities located above the hypocenter, embed-

ded in a background slip that corresponds to the entire

fault rupture area (Fig. 6). The point sources within

asperities and background region have the following

focal mechanism: strike 1508, dip 908 and rake 08.
We estimated the rise time and rupture velocity of

asperities and background region by a trial-and-error

procedure, to optimize the fitting in the low-frequency

waveforms at the near-fault KiK-Net underground

stations.

4.1. High-frequency parameters

The high-frequency content of the simulated

ground motions is mainly controlled by three factors:

the asperity and background stress drops, Q( f)=af b

and fmax. In order to investigate the optimum values



Table 2

Preferred asperity parameters of the 2000 Tottori earthquake,

obtained by optimizing the agreement to observed broadband

frequency ground motion

Asperity Rise

time (s)

Rupture

velocity (km/s)

Stress

drop (bar)

Q( f)

1 1.6 2.25 103 146f0.67

2 1.6 2.05 196 146f0.67

Background 1.7 2.25 71 146f0.67
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for these parameters, we inverted the observed

acceleration response spectra at all KiK-Net near-fault

stations (horizontal components). We applied a

Genetic Algorithm (GA) inversion scheme (Houck

et al., 1995) in order to maximize the fitting between

the simulated and observed spectra. We used the

rupture velocity and rise time values obtained

previously. We decided to constraint fmax in order to

eliminate the trade-off with Q( f). We used an fmax

value of 6.1 Hz, obtained from analyses of near-fault

ground motion spectra of the Tottori earthquake

(Satoh, 2002b). We included the free surface coef-

ficient (Fs) as a model parameter, in order to

investigate the effect of downgoing S-waves to the

borehole ground motion. The model parameters of our

inversion are the following: Dr1,2,3 (stress drop

asperity 1, asperity 2 and background region, respec-

tively), Fs, a and b. We used the acceleration response

spectra and the PGA values at every horizontal

component to evaluate the fitness of the inversion:

fitspectra ¼
1

2n

X
i¼1;n

1�

Z
Saobs � Sasimð Þ2dTZ

Sa2obsdT

3
775

2
664

ð7Þ

fitPGA ¼ 1

2n

X
i¼1;n

1� jPGAobs � PGAsimj
jPGAobsj

��
ð8Þ

where n is the total number of stations, and Saobs and

Sasim are the observed and simulated acceleration

response spectra evaluated at 100 values of period (T).

PGAobs and PGAsim are the observed and simulated

PGA values. The fitness of the inversion is evaluated

from the average of Eqs. (7) and (8).

4.2. Resolved asperity and attenuation parameters

We obtained an inversion fitness value of 70%

(Eqs. (7) and (8)) for our preferred asperity model.

The preferred asperity and attenuation parameters are

shown in Table 2.

We found that the ratio of background stress drop

to average asperity stress drop is nearly 50%. This

value is in agreement with the theoretical asperity

model of Das and Kostrov (1986) (circular asperity

embedded in a broken crack), namely that the
average stress drop of an asperity (with radius r) is

increased by the ratio (R/r) over the average stress

drop on the surrounding annular crack area (with

radius R). This result combined with an empirical

ratio of total asperity area to fault rupture area

(Somerville et al., 1999), gives a stress drop ratio

value of about 0.47.

The effect of Q on high-frequency ground motion

is significant in the near-fault region. We found an

attenuation of Q( f )=146f 0.67, for a region within 50

km from the epicenter of the Tottori earthquake. We

found an Fs value of nearly 1. This value suggests that

the effect of downgoing S-waves is negligible at the

borehole depth (100 m).
5. Near-fault ground motion

The velocity waveforms obtained from our pre-

ferred asperity model generally agrees very well with

the observations (Fig. 7). The acceleration waveforms

fit is acceptable as well (Fig. 8). The acceleration

response spectra (Fig. 9) also generally agree with the

observations. There is a discrepancy for the fault

normal component of stations OKYH07 and

OKYH14. In the later case, the simulation under-

estimates the observations for frequencies larger than

5 Hz. We do not have a clear explanation for this

discrepancy. We note, however, that station OKYH14

is located exactly on a maximum axis of radiation of

SH waves, which is responsible for the very large

fault normal component compared with the fault

parallel component.

5.1. Ground motion distribution around the fault

In Figs. 10 and 11, we show a comparison

between the observed and simulated PGV and PGA



Fig. 7. Comparison between the simulated and observed velocity waveforms (preferred solution). All the data have been bandpassed filtered

between 0.1 and 10 Hz.
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Fig. 8. Comparison between the simulated and observed acceleration waveform (preferred solution). All the data have been bandpassed filtered

between 0.1 and 10 Hz.
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Fig. 9. (a) Comparison between the simulated and observed acceleration response spectra for the Fault Normal component (preferred solution).

(b) Same comparison for the Fault Parallel component.
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distributions around the fault, plotted by using the

KiK-Net stations. We can observe that the agreement

is very good in either case. However, the sparse

location of the KiK-Net stations do not allow us to

retrieve the details of very near-fault ground motion.

For that purpose, we performed a forward simulation

of the ground motion at a larger number of points
around the fault by using the asperity model obtained

previously. We performed the simulation at every 10

km within a region of 90�90 km2 around the fault.

We estimated the velocity model at every receiver

from the nearest KiK-Net station. The simulated

PGV distribution around the fault reveals a strong

propagation along the Northern and Southern exten-



Fig. 10. (a) Simulated Peak Ground Velocity distribution around the fault (only KiK-Net stations). (b) Observed PGV distribution from the KiK-

Net borehole stations. Station location are shown by triangles. KiK-Net station locations are shown by small triangles. All the data have been

bandpassed filtered between 0.1 and 10 Hz.

Fig. 11. (a) Simulated Peak Ground Acceleration distribution around the fault (only KiK-Net stations). (b) Observed PGA distribution from the

KiK-Net underground stations. Station locations are shown by triangles. KiK-Net station locations are shown by small triangles. All the data

have been bandpassed filtered between 0.1 and 10 Hz.
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Fig. 13. Simulated PGA distribution for all the simulation points

(small circles). KiK-Net stations are also included (small triangles)
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sion of the fault line, in addition to a large ground

motion concentration near the epicenter (Fig. 12).

Our simulated bedrock PGV values towards the

North-West are in agreement with the JMA intensity

values from 5 to 6 obtained in the Yumigahama

Peninsula (region within the dash line in Fig. 12),

from a detailed post-earthquake damage survey in

the area (AIJ, 2001).

We can observe that the propagation towards the

North-West of the fault is stronger than the South-

East propagation. One possible explanation is that

for distances close to the fault, asperity 1 (that

controls the North-West ground motion) radiates S-

waves more efficiently than asperity 2 (that controls

the South-East ground motion). This is based on the

observation that the S-wave radiation pattern coef-

ficient in the fault plane decreases with increasing

depth, which favors the S-wave radiation of asperity

1 compared with the radiation of asperity 2 (Figs. 1

and 6).

The simulated PGA distribution around the fault

shows a weaker propagation along the fault line,

compared to the PGV distribution (Fig. 13). This may

be explained because the PGA values are largely
Fig. 12. Simulated PGV distribution for all the simulation points

(small circles). KiK-Net stations are also included (small triangles).
.

controlled by high frequencies, and therefore they

have a weaker dependence on the radiation pattern

compared with the PGV values.

If we look at the simulated and observed velocity

particle motion around the fault (Fig. 14), we see that

at epicentral distances larger than half the fault length,

the radiation pattern corresponds well to the radiation

of S-waves by a double-couple point source. Near the

fault, the particle motion is very complex and does not

correspond to the radiation from a single point source.

The latter would correspond to the fault bnear fieldQ.

5.2. Influence of the rupture parameters on the near-

fault ground motion

We examined the influence of the asperities and

background region rupture velocity and rise time on

the ground motion. We performed a forward simu-

lation of ground motion considering two cases: (a)

increasing the rupture velocity (Vr) of the asperities

and background region by 25%; and (b) reducing the

rise time (s) 25% with respect to the values of the

preferred asperity model, hereinafter referred to as

bbase modelQ. The remaining asperity parameters

were unchanged in either case.



Fig. 15. (a) PGV distribution for a rupture velocity 25% larger than the valu

time 25% smaller than the value of the preferred parameters. The simulated

asperity model for either case.

Fig. 14. Velocity particle motion of the observed (red) and simulated

(black) stations. The data have been bandpassed filtered between 0.1

and 1.0 Hz. Note that the radiation from a double-couple point

source is observed for epicentral distances larger than half the fault

length but not for smaller distances.
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A 25% increase in the rupture velocity resulted in

an increase of up to 50% in the PGV distribution

respect to the base model (Fig. 15a). We observed a

similar increase in the PGV distribution from a 25%

reduction in the rise time (Fig. 15b). From the

previous comparisons, we infer that an increase in

the rupture velocity produces a similar effect on the

ground motion as a reduction in the rise time.

Furthermore, fault models with the same Vr/s ratio

for a given seismic moment will produce a very

similar PGV distribution around the fault (Fig. 15).
6. Conclusions

We investigated the broadband asperity parameters

of the 2000 Tottori earthquake by applying a non-

linear inversion scheme combined with a hybrid

strong motion simulation method. The good agree-

ment between observed and simulated waveforms and

spectra provides a good test for our inversion scheme

as well as for the hybrid simulation technique.
e of the preferred asperity parameters. (b) PGV distribution for a rise

PGV values are up to a 50% larger than the PGV from the preferred
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The ratio of background stress drop to average

asperity stress drop from our inversion is nearly

50%, in agreement with the theoretical asperity

model of Das and Kostrov (1986), and an empirical

ratio of asperities to rupture area (Somerville et al.,

1999). We obtained an attenuation value for the

Tottori earthquake near-fault region of Q( f )=

146f 0.67. Our results suggest that the effect of

downgoing S-waves completely disappears at the

borehole depth.

The ground motion radiation towards the North-

West of the fault is larger than the radiation towards

the South-East, despite the smaller seismic moment of

asperity 1 compared with asperity 2. A possible

explanation is that in the vicinity of the fault, asperity

1 radiates S-waves more efficiently than asperity 2, as

inferred from the radiation pattern coefficient distri-

bution within asperities.

The simulated PGA values have a weaker depend-

ence on the radiation pattern compared with the PGV

values, in the near-fault region.

The simulated radiation pattern is very complex for

epicentral distances within half the fault length but it

approaches the radiation of a double-couple point

source for larger distances.

The rupture velocity and rise time have significant

influence on the PGV distribution around the fault. An

increase in rupture velocity produces a similar effect on

the ground motion as a reduction in rise time.
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