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Abstract
In this study we present a characteristic kinematic rupture model for an intraslab earthquake of the
type of the 2001 Geiyo earthquake. The procedure for developing the characteristic rupture model follows the
recipe developed by IRIKURA and MIYAKE (Proceedings of the 8th US National Conference on Earthquake
Engineering, San Francisco, 2006) with a few modifications. We used the functional form of NAKAMURA and
MIYATAKE [Zisin (J Seism Soc Jpn), 53, 1–9, 2000] to model the spatial and temporal variability of the slip
rate function. In our procedure the earthquake source is specified by the kinematic description of the fault
model that incorporates spatial heterogeneity in slip and rise time and constant rupture velocity. In the
proposed characteristic model the asperity locations and rupture initiation point were the only parameters that
were constrained by the available earthquake rupture models of the target earthquake. The quality of the
characteristic rupture model was assessed by comparing recorded and synthetic ground motion time histories
from the 2001 Geiyo earthquake calculated with a standard broadband (0.1–10 Hz) ground motion simulation
technique. Our analyses show that the characteristic rupture model performs well in reproducing the recorded
ground motion, in spite of its simple representation of the fault geometry and kinematic rupture complexity.
The analyses of ground motion sensitivity to relative location of asperities, and their stress drop contrast
suggest that the overall ground motion goodness of fit remains the same at short periods, but decreases slightly
at periods longer than 1 s. We suspect that, due to the depth of the intraslab source (40–50 km), the higherfrequency ground motions are relatively insensitive to the details of the slip distribution and slip contrast. On
the other hand, even for intraslab events, the lower-frequency motions are influenced by rupture directivity
effects and slip distribution.

Keyword: Strong ground motion, broadband simulation technique, characteristic rupture model, intraslab
earthquake, 2001 Geiyo, Japan earthquake.
1. Introduction
The 2001 Geiyo, Japan, earthquake (Mw = 6.7) occurred on a normal fault in the Philippine Sea slab
subducting beneath the southwestern part of Japan. Although of moderate magnitude, this deep earthquake
generated very strong ground motion in a large area above the hypocenter. Studies of its source process based
on inversions of different types of data have provided important information about the rupture process and its
effect on the recorded near-fault ground motion. In this study we present a kinematic rupture model for a
characteristic slab earthquake of a type such as the Geiyo earthquake. The characteristic rupture model was
obtained by adopting a planar fault and variable slip with constant rake angle. The quality of the proposed
characteristic rupture model was assessed by comparing recorded and synthetic ground motion time histories
from the 2001 Geiyo earthquake calculated with a standard broadband (0.1–10 Hz) ground motion simulation
technique (GRAVES and PITARKA, 2004).

2. Characteristic Rupture Model
The 2001 Geiyo earthquake was recorded by a dense network of strong motion stations. The stations
we selected to use in this study are shown in Fig. 1. The network provided high-quality data that were essential
in obtaining reliable kinematic and dynamic models of the earthquake rupture (KAKEHI, 2004; SEKIGUCHI and
IWATA, 2002; YAGI and KIKUCHI, 2001; MIYATAKE et al., 2004). These models have been used in several

1

studies of the effects of rupture process and local crustal structure on strong ground motion from intraslab
earthquakes (e.g., ASANO et al., 2003). Here we describe the main aspects of a procedure we used to develop a
characteristic rupture model for the Geiyo earthquake. In our procedure the earthquake source is specified by
the kinematic description of the fault model that incorporates spatial heterogeneity in slip and rise time and
constant rupture velocity. We used the kinematic slip model of YAGI and KIKUCHI (2001), shown in Fig. 2a, to
constrain the fault geometry and the size and relative location of the asperities in our characteristic rupture
model. The fault is 24 km long and 10.5 km wide. The depth to top of the fault is 45.3 km. The strike is 180ﾟ,
dip is 55ﾟ, and the rake is -82ﾟ (MIYATAKE et al., 2004). We use a seismic moment of 1.51*1019 Nm obtained
from F-net, NIED, Japan.

2.1. Slip Parameterization
The fault slip in the YAGI and KIKUCHI model (2001) is dominated by two regions of large slip
(asperities), the largest of which is located in the area of rupture initiation. The hypocenter is within this
asperity. In our model the two asperities are represented by two rectangular areas with larger stress drop. The
fault geometry and asperity locations are depicted in Fig. 2b. The total fault area S was estimated from the
seismic moment and fitting the source spectrum amplitude A’, derived from the effective stress drop, to the
source spectral amplitude estimated from near-fault strong motion (SATOH, 2006). A’ was calculated using the
high-frequency levels of amplitude spectra for both asperities and background area Aa1, Aa2, and Ab,
respectively:

A ' = Aa12 + Aa12 + Ab 2
where :
Aa1 = 4π × ( S a1 / π ) 1 / 2 × ∆σ a1 × β 2
Aa 2 = 4π × ( S a 2 / π ) 1 / 2 × ∆σ a 2 × β 2
Ab = 4π × ( S b / π ) 1 / 2 × ∆σ b × β 2

Sa1, Sa2, and Sb are the asperity and fault background areas, respectively. ∆σa1, ∆σa2, and ∆σb are the
stress drops in the asperities and fault background areas, respectively.
Based on the earthquake magnitude and following the IRIKURA and MIYAKE (2006) recipe, the ratio
between the areas of the large asperity, Sa1, and small asperity, Sa2, was estimated to be 16:6. We used
SOMERVILLE et al. (1999) criteria to estimate the total asperity area and total fault area. Based on YAGI and
KIKUCHI’s kinematic rupture model, and the estimated ratio of ASANO et al. (2004) for the Geiyo earthquake,
the ratio between the total asperities area and total fault area was fixed at 10% throughout the study. This ratio
is smaller than the generalized ratio proposed by SASATANI et al. (2006) for intraslab earthquakes. The
SASATANI et al. (2006) recipe suggests that the total asperity area for intraslab earthquakes is four times larger
than the total asperity area predicted by empirical models for crustal earthquakes (e.g., DAN et al., 2001). The
SASATANI et al. (2006) model is based on data from intraslab earthquakes on both normal and reverse faults in
and around Japan. However recent studies have shown that normal and reverse fault ruptures during slab
earthquakes have different characteristics in terms of stress drop and asperity area; for example, ASANO et al.
(2004) found that normal-fault earthquakes on Philippines Sea slab have smaller stress drop than reverse-fault
earthquakes on the Pacific slab. In general, low-stress-drop slab earthquakes have larger total asperity area than
do high-stress-drop slab earthquakes. It appears that, for intraslab earthquakes, the faulting type as well as the
regional tectonic conditions have a significant role in controlling the strong motion generation area. These
observations explain why the Geiyo earthquake, which happened on a normal fault, and consequently the
characteristic rupture model proposed here, had a total asperity area smaller than that predicted by SASATANI et
al.’s recipe (2006).
The slip in each asperity Da is twice the fault average slip D. The seismic moment for each asperity is:
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M 0 a1 = M 0 a ×

S a1
S a1

1.5

1.5

+ S a2

1.5

M 0 a 2 = M 0 a − M 0 a1

where M0a is the total moment of asperity regions. M0a is calculated as follows:

M 0a = µ × Sa × Da
The slip in both asperities and fault background region are:

Da1 =

M 0a
µ × Sa1

Da 2 =

M 0a
µ × Sa 2

Db =

M 0b
µ × Sb

where Sb=S-Sa is the area of fault background region.
The effective stress drop ∆σe for each asperity is assumed to be the same, and is estimated as follows:

∆σe =

S
∆σ
Se

where the average stress drop ∆σ is calculated using the circular crack approximation

∆σ =

M0
7 M0
7
× 3 = ×
16 R
16 ( S / π )1.5

The background effective stress drop ∆σb is estimated using the approach of DAN et al. (2002) as
∆σb=(Db/Sb1/2)×(Sa11/2/Da1)×∆σa1
By applying this procedure the fault area S was estimated to be 242 km2. This yields a fault length of 24 km for
a fault width of 10.5 km. The rupture initiation is centered in the larger asperity. Following Yagi and Kikuchi’s
model, the depth to top of the fault is 45.3 km. The parameters of the characteristic model are shown in Table 1.

2.2. Slip Rate Function
The slip velocity function s(t) of the characteristic model was constructed using a functional form that
was derived from dynamic rupture simulations (NAKAMURA and MIYATAKE, 2000). An example of a slip
velocity function with a peak of 4 m/s and duration 0.75 s is shown in Fig. 3. The functional form is given in
three consecutive time intervals as follows:
0 < t < tb :

s (t ) =

2Vmt 
t 
1 −

td  2td 

where td is the time corresponding to maximum slip velocity Vm, which is calculated as follows:
Vm = (∆σ/µ)(2wVrfc)1/2
Vr and fc are the rupture velocity and corner frequency of the source spectrum, and w is the asperity width.
Throughout our modeling we assume a value for fc of 6 Hz in the asperity regions, which results in a value of 2
Hz in the background fault region due to the factor of 3 ratio of total fault width to asperity width.
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tb < t < tr :

s(t) =

b
t −ε

where

ε=(5tb-6td)/(1-td/tb)/2
b=2Vm/td*tb*(tb -ε)1/2(1-t b /t d/2)
t r < t < ts :

s(t) = s(tr) −

s(tr)(t − tr)
ts − tr

The parameters of this function are constrained using a two-step procedure. In step 1 we generate the
shape of the slip velocity time function s(t). In the function the rate of slip velocity increase at the beginning of
the slip is controlled by td. As suggested by rupture dynamics modeling (e.g., NAKAMURA and MIYATAKE,
2000), td is very small. In our simulations we fixed it at 0.1, and used tb = 1.25*td. In the asperity areas the
effective rise time tr is calculated using tr = w/Vr/2 where w is the asperity width and Vr is the local rupture
velocity. In the background fault area tr = W/Vr/2, where W is the fault width. The total duration of the slip
velocity function ts is assumed to be ts = 1.4*tr.
In step 2, at each grid point on the fault we calculate the slip by integrating the slip velocity time
function. The slip is scaled in order to match the slip assigned by the model. The scaling factor c, obtained to
fit the target final slip, is then used to scale the slip velocity function from step 1. Consequently, in our model,
the maximum slip velocity Vmax is controlled by the seismic moment and can be calculated by the equation
Vmax= c(∆σ/µ)(2wVrfc)1/2.
The slip velocity functions corresponding to areas of background, large asperity, and small asperity of the
characteristic earthquake rupture model are shown in Fig. 3.

3. Ground Motion Simulation
The quality of the proposed characteristic rupture model was analyzed by simulating near-fault ground
motion at selected stations that recorded the Geiyo earthquake using a broadband simulation technique. Our
simulation procedure is a hybrid technique that computes the low-frequency and high-frequency ranges
separately and then combines the two to produce a single time history (GRAVES and PITARKA, 2004). At
frequencies below 1 Hz, the methodology is deterministic and contains a theoretically rigorous representation
of fault rupture and wave propagation effects which attempts to reproduce recorded ground motion waveforms
and amplitudes. At frequencies above 1 Hz, it uses a stochastic representation of source radiation which is
combined with a simplified theoretical representation of wave propagation and scattering effects. The use of
different simulation approaches for the different frequency bands results from the seismological observation
that source radiation and wave propagation effects tend to become stochastic at frequencies of 1 Hz and higher.
The low-frequency simulation methodology uses a deterministic representation of source and wave
propagation effects and is based on the approach described by HARTZELL and HEATON (1983). The basic
calculation is carried out using either a three-dimensional (3D) viscoelastic finite-difference algorithm
(GRAVES, 1996; PITARKA, 1999), which incorporates both complex source rupture as well as wave propagation
effects within arbitrarily heterogeneous 3D geologic structure, or a wavenumber integration method using a
one-dimensional (1D) velocity model. The earthquake source is specified by the slip distribution, rupture
velocity, and rise time. Following HARTZELL and HEATON (1983), the fault is divided into a number of
subfaults. The slip and rise time are constant across each individual subfault. The rupture initiation time is
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determined by dividing the distance from the hypocenter to the subfault center by the constant rupture velocity
of 2.88 km/s.
The high-frequency ( f > 1 Hz) simulation methodology computes the response assuming a random
phase, an omega-squared source spectrum, and simplified Green’s functions (e.g., PITARKA et al., 2000). The
methodology follows from BOORE (1983) with the extension to finite faults given by FRANKEL (1995) and
HARTZELL et al. (1999). The source is represented by one or more subfaults, each of which ruptures with a
moment proportional to the final slip given by the original source model. The subfault moment values are
scaled uniformly so that the total moment matches that of the original source model. The subfault corner
frequency ( fc) is defined by

f c = sz st

Vr
πd

where d is the subfault dimension, sz scales the corner frequency with depth, and st relates the corner frequency
to the rise time of the subfault source. For application to crustal earthquakes, we use a uniform value of st = 1.6.
From the surface to a depth of 5 km, the depth scaling factor is set to a constant value, sz = 1.0. This value
increases linearly with depth to a value of sz = 1.4 at 10 km. From 10 km depth to the Moho, sz is constant at
1.4. This parameterization follows from the observation in crustal earthquakes that slip rate is relatively low
for shallow ruptures and increases with rupture depth (KAGAWA et al., 2004). For application to high-stressdrop intraslab events such as the Geiyo earthquake, the factor sz is increased by another 50% to a value of 2.1.
We note that, although this formulation reduces the number of free parameters, it is not unique and probably
has tradeoffs with other parameters in the stochastic model. In particular, allowing the subfault stress
parameters to vary across the fault would accommodate a similar slip rate scaling. Finally, the convolution
operator of FRANKEL (1995) scales the subevent corner frequency to the corner frequency of the target event.
The formulation requires the specification of a 1D layered velocity model in calculating simplified
Green’s functions and impedance effects. In this study, we use a 1D velocity model that roughly follows the
average depth variations in the 3D structure, and we include both direct and Moho-reflected rays, which are
attenuated by 1/Rp, where Rp is the total path length traveled by the particular ray. For each ray we compute a
radiation pattern coefficient by averaging over a range of slip mechanisms and takeoff angles. Anelasticity is
incorporated via a travel-time weighted average of the Q values for each of the material layers and a generic
rock site spectral decay operator, κ = 0.05. Finally, gross impedance effects are included using quarterwavelength theory (BOORE and JOYNER, 1997) to derive amplification functions that are consistent with the
specified 1D velocity structure.
The synthetic seismograms are corrected for local site conditions using the technique proposed by
GRAVES and PITARKA (2004) as updated by GRAVES et al. (2008), which requires Vs30 at the site of interest.
Finally, the individual responses are combined into broadband response using a set of matched Butterworth
filters. The filters are fourth order and zero phase, with a low-pass corner at 1 Hz for the deterministic response
and a high-pass corner at 1 Hz for the stochastic response. The filters sum to unity for all frequencies. After
applying the filters to the individual responses, they are summed together to produce a single broadband time
history.

3.1. One-Dimensional Velocity Models and Correction for Site Effects
Slab earthquakes are largely influenced by the heterogeneity of the deep crustal structure and the
velocity contrast between the lower crust and upper mantle (e.g., KAKEHI, 2004). In this study a common
crustal velocity model among all stations is assumed. The velocity model of the crust used in this study is
shown in Table 2. It is based on the work by KAKEHI (2004) except for the top four layers. For the highfrequency simulations the top two layers are replaced by a series of thin layers in which the shear wave
velocity gradually increases from 0.865 km/s at the free surface to 2.8 km/s at 200 m depth.
For each of the 22 strong motion sites, site category and Vs30 (travel-time averaged shear wave
velocity to a depth of 30 m) values are obtained from the available shallow soil profile at the station site (Table
3). The available soil and velocity profiles at the K-NET recording sites only extend to a depth of 20 m. Based
on this limited information, approximate Vs30 values have been estimated for use in the simulation. For
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simplicity, for all sites we used the crustal velocity model (Table 3) and applied site corrections for Vs30 using
frequency-dependent amplification functions calculated using the technique of GRAVES and PITARKA (2004).
The frequency-dependent amplification functions are applied to the results of the deterministic and stochastic
simulations obtained with the crustal velocity model. The final simulated broadband time histories are
computed using the match-filter and summation procedure described earlier.

3.2. Simulated Ground Motion Using the Characteristic Rupture Model
We analyzed the effectiveness of the characteristic rupture model by comparing the simulated and
recorded ground motion data. Figure 4 compares the observed and simulated three-component ground
velocities and accelerations at the 22 sites. These sites include near-fault locations. In general, the waveform
character, amplitude, and duration of the observed data are matched reasonably well by the simulation. The
simulation does not exactly match the phasing and amplitude of particular phases in the observed waveforms,
as we expect, since we have used a simplified representation of the rupture process. In addition, we do not
predict several of the large-amplitude high-frequency pulses seen in the data (e.g., HRSH01, HRSH02) due to
the use of random phasing in the stochastic calculations.
Figure 5 compares the observed and simulated acceleration response spectra for the sites. In general
the agreement between the observed and simulated spectra is very good at all periods. We also compare the
data and simulations using goodness-of-fit measures for 5% damped spectral acceleration calculated from the
broadband time histories. For an individual station, the residual r(Ti) at each period Ti is given by r(Ti)=
ln[saO(Ti)=saS(Ti)], where saO(Ti) and saS(Ti) are the observed and simulated spectral acceleration values,
respectively. The model bias is obtained by averaging the residuals for all stations and both horizontal
components at each period. A model bias of zero indicates that the simulation, on average, matches the
observed ground motion level. A negative model bias indicates overprediction and a positive model bias
indicates underprediction of the observations. Figure 6 shows the model bias and standard error for the 22
simulations. The simulation result has a small bias in the period range 0.1–10 s, indicating that the simulation
model adequately captures the main characteristics of the ground motion response. A slight bias is observed in
the E–W component. At sites located east of the fault our model slightly overpredicts the ground motion in the
period range 2–5 s. This is a consequence of the simple representation of slip complexities in the characteristic
model that tend to accentuate rupture directivity effects. The very good agreement between the simulated and
recorded ground motions is encouraging, given the simplicity of the characteristic model.

4. Model Sensitivity Analyses
The geometrical aspects of the characteristic model proposed here, including the asperity location and
their relative size, were driven by the kinematic model of YAGI and KIKUCHI (2001). Their model is based on
the assumption that rupture propagates on a planar fault. We observed that the simple planar geometry favors
strong rupture directivity which, in our simulated waveforms, is manifested by two long-period pulses with
enhanced amplitude at stations located in the rupture propagation direction and much weaker motion at the
other stations. As expected, due to the planar fault assumption and simplifications of the characteristic model,
the characteristic model does not reproduce the waveform complexities, especially at stations located on a
direction perpendicular to the fault plane.
In order to assess the sensitivity of the simulated ground motion to slip complexity we calculated
ground motion from two additional characteristic rupture models, named model A and model B. These models
were produced by altering the relative strength of the two asperities in the original characteristic rupture model.
In model A we increased the contrast of slip between the southern asperity and fault background by a factor of
3. The seismic moment increased by 10%. In model B we switched the asperity locations. The slip
distributions for both models are shown in Fig. 7. Comparisons between the recorded and simulated velocity
time histories for both models are shown in Fig. 8. Comparisons between the recorded and simulated
acceleration response spectra for both models are shown in Fig. 9. These models produce roughly similar
ground motions, particularly at high frequencies. The slip contrast increase in model A mainly affects the long
periods at stations affected by the rupture directivity. The discrepancy is clearly seen in the response spectra,
for example, at stations EHM005, EHM006, and EHM007 in Fig. 9. The goodness of fit, shown in Fig. 10,
indicates that model A generates somewhat larger ground motion in the E-W component, partly due to stronger
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directivity effects and higher slip at the southern asperity. Model B produces weaker long-period ground
motions at near-fault sites to the north of the rupture compared with those for both the characteristic rupture
model and model A. Since model B has much lower slip on the northern asperity than the other rupture models,
this indicates the importance of large slip near the hypocenter for the Geiyo earthquake in order to satisfy the
near-fault ground motion observations. This result is also consistent with the slip inversion results of YAGI and
KIKUCHI (2001) shown in Fig. 1.

5. Conclusions
The procedure for developing the characteristic rupture model for an intraslab earthquake presented
here follows the recipe developed by IRIKURA and MIYAKE (2006). We used the functional form of NAKAMURA
and MIYATAKE (2000) to model the spatial and temporal variability of the slip rate function. The performance
of the proposed kinematic rupture model and ground motion simulation methodology was tested against
recorded ground motions from the 2001 Geiyo earthquake. The IRIKURA and MIYAKE (2006) methodology is
designed to simulate ground motion for future earthquakes and allows for free selection of relative location of
asperities and rupture initiation. In our model the asperity locations and rupture initiation point were the only
parameters that were constrained by the available earthquake rupture models of the target earthquake. Our
analyses show that the characteristic rupture model performs well in reproducing the recorded ground motions
from the 2001 Geiyo earthquake, despite its simple representation of the fault geometry and kinematic rupture
complexity. We recognize that both the aftershock distribution and the aftershock mechanisms of the Geiyo
earthquake suggest that the strike and dip angles differ between the northern and southern parts of the fault.
This suggests that a more complex fault geometry that incorporates these variations may provide an improved
fit to the ground motion observations; this is a topic for future research.
The analyses of ground motion sensitivity to relative location of asperities and their stress drop
contrast performed here suggest that the overall ground motion goodness of fit remains the same at short
periods but differs slightly at periods longer than 1 s. We suspect that, due to the depth of the intraslab source
(40–50 km), the higher-frequency ground motions are relatively insensitive to the details of the slip
distribution and slip contrast. On the other hand, even for intraslab events, the lower-frequency motions are
influenced by source radiation pattern, rupture directivity effects, and slip distribution. These characteristics
are clearly seen in Fig. 11 where we compare the spatial distributions of peak ground velocity (PGV) and peak
ground acceleration (PGA) on Vs30 of 760 m/s in the fault-normal component of simulated ground motion for
the characteristic earthquake. This result suggests that future applications of the characteristic model to
intraslab events should consider parametric variability of the asperities, particularly if the bandwidth of interest
includes the lower-frequency range ( f < 1 Hz).
The broadband simulation methodology employed in this study has been successfully tested against
crustal earthquakes (GRAVES and PITARKA, 2004). This is our first attempt to apply it in association with the
IRIKURA and MIYAKE (2006) recipe to simulate ground motion from intraslab earthquakes by the decrease of
asperity size down to 10% of total rupture area. We are encouraged that the methodology produces favorable
results when compared against the strong ground motions recorded during the 2001 Geiyo earthquake. The
main adjustment of the methodology for application to intraslab events is an increase of the high-frequency
subevent corner frequency to account for the higher stress drops observed for intraslab events compared with
crustal events. The 50% increase in corner frequency used in this study produces favorable results; however,
analyses of additional intraslab earthquakes are needed to constrain this value better. In any case, the
broadband simulation methodology presented here provides a general framework for synthesizing ground
motion time histories for future intraslab scenario earthquakes.
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Table 1 Characteristic earthquake rupture model

Mo
Rigidity
Vs
Vr

Total
1.51E+19 N*m
5.28E+10 N/m2
4.0 km/s
2.88 km/s

Mo
Area
Dislocation
Stress Drop

Large Asperity
2.46E+18 N*m
17.6 km2
265 cm
97.8 MPa

Small Asperity
5.65E+17 N*m
6.6 km2
162 cm
97.8 Mpa

Background Area
1.21E+19N*m
217.8km2
105 cm
11.0 MPa

Table 2 One-dimensional velocity model of the crust
Thickness
(km)
0.01
0.19
1.8
14.0
24.0
2.0
4.0

Vp
(km/s)
5.3
5.5
5.7
6.1
6.7
6.6
6.7
8.0

Vs
(km/s)
2.6
2.7
2.8
3.5
3.87
3.82
3.87
4.62

Density
(g/cm3)
3.0
3.0
3.0
3.0
2.8
2.8
2.9
3.2

Qp

Qs
100
100
380
460
800
800
800
2,400

50
50
190
230
400
400
400
1,200

Table 3 Vs30 at strong motion sites
Station
EHM002
EHM005
EHMH05
EHM006
EHM007
EHM008
EHM011
EHM015
HRSH01
HRSH02
HRSH07
HRSH08
HRS009
HRS011
HRS012
HRS013
HRS016
HRS020
KOCH02
YMGH03
YMGH04
YMG019

Latitude
33.9216
33.7974
33.7079
33.6410
33.9621
33.8199
33.4496
33.6105
34.3704
34.5450
34.2850
34.3903
34.4926
34.5676
34.4276
34.3768
34.4198
31.3027
34.7046
34.1858
34.0237
33.8388

Longitude
133.3074
132.9141
132.8057
133.0082
132.7722
132.7280
132.4336
132.4814
133.0259
132.9506
132.6436
132.1636
132.2794
133.2362
132.7422
132.4505
133.1971
133.1693
133.3667
132.1285
132.0651
132.1205

Vs30
600
600
600
600
270
500
400
400
650
865
450
790
700
865
560
200
760
400
865
720
800
1000
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Network
K-NET
K-NET
KiK-net
K-NET
K-NET
K-NET
K-NET
K-NET
KiK-net
KiK-net
KiK-net
KiK-net
K-NET
K-NET
K-NET
K-NET
K-NET
K-NET
KiK-net
KiK-net
KiK-net
K-NET

Full Station Name
Nihama
Kawauchi
Tobe
Mikawa
Hohjoh
Matsuyama
Yawatahama
Nagahama
Mihara
Daiwa
Kure
Saiki
Yuki
Fuchuh
Higashihiroshima
Hiroshima
Onomichi
Innoshima
Gohoku
Iwakuni
Syuutou
Kaminoseki

Figure 1. Map showing the fault projection of the 2001 Geiyo earthquake, and location of stations used in this study

Figure 2. Left Panel: Slip model of the 2001 Geiyo earthquake proposed by Yagi and Kikuchi (2001). Right Panel: Slip model
for a characteristic intraslab earthquake, similar to Geiyo earthquake, used in this study
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Figure 3. Left Panel: Slip rate function used in the deterministic simulation of rupture kinematics for the characteristic
earthquake (Nakamura and Miyatake, 2000). Right Panel: Slip velocity functions for the background, large asperity, and small
asperity areas of the characteristic earthquake rupture model.The peak slip velocity in cm/s is indicated on the right side of each
slip velocity function.

Figure 4. Comparison of three-component time histories of broadband acceleration (left panel) and velocity (right panel). Black
traces indicate recorded wave forms, and red traces indicate synthetic waveforms calculated for the characteristic earthquake.
The station name is shown on the left side of each set of traces, and the maximum amplitude for each component is shown above
the traces.
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Figure 5. Comparison of recorded (black) and calculated (red) acceleration response spectra at 22 stations.
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Figure 7. Characteristic slip models obtained based on
modifications of the original characteristic model shown in
Figure 2b. Top: Model A, obtained by increasing the slip
contrast between the upper asperity and the background fault
region. Bottom: Model B, obtained by switching the asperity
locations.

Figure 6. Spectral acceleration goodness-of-fit computed for
the average of both horizontal components for the
characteristic earthquake. Red line is mean model bias
averaged over 22 sites. Gray shading denotes 90% confidence
interval of the mean and green shading denotes interval of one
standard deviation. Upper, middle and lower panels are
average horizontal, N–Ｓ and E–W components, respectively.
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Figure 8. Comparison between recorded (black) and simulated (red) velocity time histories for the characteristic Model A (left)
and characteristic Model B (right). Peak velocity in cm/s is shown on top of the corresponding time history.
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Figure 9. Comparison between recorded (black) and simulated (red) acceleration response spectra for the characteristic Model A
(top panels) and characteristic Model B (bottom panels).

15

Figure 10. Spectral acceleration goodness-of-fit computed for the average of both horizontal components for the characteristic
Model A and B simulations. Red line is mean model bias averaged over 22 sites. Gray shading denotes 90% confidence interval
of the mean, and green shading denotes interval of one standard deviation.

Figure 11. Surface distributions of fault-normal broadband peak ground velocity (left panel) and peak ground acceleration (right
panel) simulated for the Characteristic rupture model. The peak ground velocity distribution shows the effect of source radiation
pattern, which causes the increase of ground velocity in a large are east of the fault. The concentration of areas of larger peak
acceleration symmetrically around the fault trace demonstrates that the effects of rupture directivity and focal mechanism on
surface distribution of peak acceleration are not significant.
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