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SUMMARY

We conducted the open simultaneous simulation for Hyogo-ken Nanbu (Kobe) earthquake as a
special effort for the second International Symposium on the Effects of Surface Geology (ESG) on
Strong Motion held in Yokohama in 1998. In this simulation voluntary participants were asked to
simulate strong motions at predefined locations in Kobe and Osaka. One half of the sites have
observed records during the mainshock as well as aftershocks, which are distributed before the
simulation. We received finally 19 group of participants, 16 of which succeeded to send us their
digital synthetics in a timely manner. We summarize here these submitted results in terms of their
methods and models, points of their main concern, peak ground velocity values, and velocity
waveforms in comparison to the observed data. These simulations cover the current state-of-the-art
of the simulation methodology for ESG. The most important conclusion is that the level of variation
among the simulated results is much higher for the blind sites at which no observed records were
available than for the open sites at which we distribute the observed records. This means that the
more we observe, the better we predict.

INTRODUCTION

We summarize here the results submitted by the participants of the Simultaneous Simulation (S.S.) experiment
for the Hyogo-ken Nanbu (Kobe) earthquake, which was conducted by the local organizing committee of the
second International Symposium on the Effects of Surface Geology on Strong Motions (ESG98) held in
Yokohama in December 1 to 3, 1998. The details of the simulation rules and distributed data are mentioned by
the accompanied paper [Iwata et al., 1999]. We defined two simulation lines, one in Kobe and the other in
Osaka, along which participants are requested to generate their own synthetics by their preferred methods and
models. We first briefly mention their methods, models, and points. Then we show peak ground velocities
(PGVs ) and velocity waveforms in comparison with the observed ones. The purpose of the S.S. is not the
competition, and therefore we do not put much emphasis on the matching of the individual simulation with the
observed. Rather, we focus our attention mainly the inter-site and inter-simulation variability. If only one method
tends to overestimate the ground motions for most of the sites or if at only one site most methods tend to
overestimate, then we should search the reason. From the comparison we can delineate what are the controlling
parameters on the near-field strong motion in Kobe or moderately-distant basin response in Osaka.

A BRIEF SUMMARY OF THE METHODS

As a final number we received simulations from 19 research groups in total. Among these 19 parties, 16 has
succeeded to send us their digital synthetics in a timely manner. This means that, to our regret, the results of the
three parties are not covered here. We divide all the 19 results into two groups, one of which (consists of 6
parties) focus their attention to the three-dimensional modeling of the ground, and the other of which (consists of
13 parties) uses variety of methods such as the empirical or statistical Green's function methods, hybrid methods,
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and 1-D or 2-D nonlinear response calculation.  A couple of participants do not cover all the stations at which we
asked to calculate synthetics, that is, six for Kobe and six for Osaka, but anybody who submitted their results for
more than one station are processed and presented here. Note that this S.S. is not a competition so that we did not
put high priority on treating everybody as fair as possible. Rather, we tried to encourage participants to submit
their simulations no matter how small percentage of the specified obligations they actually fulfilled. During the
symposium ESG98 a few participants complained our treatment on this regard, but we believe that our policy
resulted in many varieties of participants and simulated results shown here.

Among 16 parties, 15 of them simulate ground motions along the Kobe line and 5 simulate those along the
Osaka line. This is quite well understood since the level of shaking is stronger in the Kobe line and so people are
more concerned. Technically speaking responses in Kobe are easier to calculate by the domain-type method such
as 3-D finite difference since we need less analyzing space. This does not mean at all that the simulation along
the Kobe line is easier than the other. Since locations of the sites in the Kobe line are very close to the
seismogenic fault in Kobe, we must represent both the source and the ground response quantitatively. On the
other hand, along the Osaka line, which is about 50 km away from the fault, characteristics of strong motions
there are mainly controlled by the basin response and so its representation should be more important.

Tables 1 and 2 summarize paper titles, methods and models used, sites and types of waveforms (acc. or vel.)
simulated, and main foci of simulation for all the 16 parties. Note that ID number of each party starts from SS04
and that we do not have digital data for SS10 to SS12. Detailed description of the simulations is found in the
corresponding paper collected in the third volume of the ESG98 proceedings [Irikura et al. 1999]. Among six
simulation using 3-D basin models (SS04 to SS09), only one (SS04) is for Osaka and the remaining five are for
Kobe. We can directly compare these five simulations. Among ten simulations not based on the 3-D modeling
(SS13 to SS22), four of them incorporate the nonlinear site response due to liquefaction and so comparison among
them will be quite interesting. Note that not all the parties provide three component synthetics at each site.

PEAK VELOCITY AND ACCELERATION

Next we summarize peak ground velocities (PGVs) and peak ground accelerations (PGAs) of 16 simulated
results. Accelerograms are used only if participants provided them, while velocity synthetics are calculated if
only accelerations are provided. We must note that several simulations, including most of the simulations with 3-
D basin models, do not cover sufficient high frequency range to obtain quantified acceleration, but here we plot
their nominal values no matter how low or high their frequency limits are. Fig.1 shows PGVs of all the submitted
synthetics at KBU, a rock (exactly speaking, very close to rock) site in the Kobe line. Stars denote the observed
values for different component and thick horizontal lines with shaded bands denote the average PGVs and
average plus/minus one standard deviation. As mentioned above, parties from SS05 to SS09 used 3-D basin
models while parties from SS13 to SS18 used their own variation of stochastic or empirical Green's function
methods. Note that because of the stochastic nature of the method PGVs and PGAs of SS13 should be
considered as one sample realization among possible cases.

On the average simulated PGVs shown in Fig.1 are very close to the observed (with one exception, EW
component of SS14) and the standard deviations of all the simulated results are much smaller than we expected
before the S.S., especially in the NS component. The reason why most of the simulations succeeded to reproduce
PGV values at KBU may be a) source processes assumed are probably well calibrated by the KBU record and b)
site effects at KBU must be minimal since it lies inside a tunnel the bottom of which is very close to the surface
of the Rokko granite [Iwata et al., 1999]. As is the case of SS18, participants can also tune-up their results by
using the observed record as a control motion. This can only be done for "postdiction" like the S.S. here , in
which the observed data are provided for the target earthquake as well as its aftershocks.

Fig.2 shows PGVs at RKI, a southmost reclaimed-land site in the Kobe line, in the same manner as in Fig.1. In
this case inter-simulation variation is much larger than that at KBU as an absolute velocity value. But if we look
at the coefficients of variation (C.O.V. = standard deviation / the average) for two horizontal components, they
are similar to KBU and are about 30 to 40 percent as shown in Table 3. The averaged values are close to the
observed for two horizontal components while it is about two times larger than the observed for the vertical
component. We found that simulations with 2-D or 3-D basin structure tend to overestimate the observed PGV in
the UD component at RKI. As seen in Table 3 C.O.V. tends to be higher for vertical component.

If we look at PGVs for blind prediction sites in the Kobe line, namely, KB1, KB2, KB3, and KB4, we can see
that averaged PGVs for NS component are increasing from KBU (44 cm/s) to KB3 (102 cm/s) and then
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decreasing to RKI (84 cm/s). This corresponds to the damage distribution found in Nada-ku and Higashinada-ku
in Kobe and should be caused by the edge effect [Kawase 1996, Kawase et al. 1999] if the method used is
incorporated with 2-D or 3-D basin structures. The simulations not incorporated with basin structures, namely,
SS13, SS14, SS21, and SS22 do not show such clear spatial deviation along the Kobe line, although some inter-
station variation exists because of their different sedimentary layers used in the analyses . Inter-simulation
variations at these four blind sites are apparently larger than open (observed) sites, especially among parties from
SS13 to SS22. Please refer to the averaged C.O.V. in Table 3 for open and blind sites including the Osaka line.

As for the PGAs again we omit figures here, but we found that even for accelerations agreement with the
observed PGAs at KBU and RKI is very good on the average and the deviation from the average is relatively
small. As is the case for PGVs variations for the blind sites are much larger than the open (observed) sites.

As for the Osaka line, we show here in Fig.3 PGVs at four sites, namely, OS5, FKS, OSA, and YAE aligned
from west to east. We take the EW component as a representative one here. Among six sites in the Osaka line at
most only five results are present and at least only three results are. Therefore, statistically valid judgment is
difficult to derive from the submitted results. However, among these five simulations we can see the same degree
of matching to the observed PGVs and the same degree of inter-simulation variation in the Kobe line. We found
that with high probability the observed PGVs are very close to the PGVs averaged for SS4 and SS13.  If this is
the case for OS5, then the averaged PGV in the EW component shown here, 35 cm/s, may be too high due to one
outlier, SS18 whose prediction is 60 cm/s. On the other hand, the averaged PGV for the vertical component at
OS5, 20 cm/s, may be too high because of one outlier, SS04 whose prediction is 41 cm/s. SS04 tends to
overestimate the vertical component as the site moves from east to west. We speculate that this may be caused
by the relatively stiff shallow basin structure in the simulation, which results in a different H/V mode shape for
Rayleigh wave. The similar phenomenon can be seen in the Kobe line, although propagation distance is rather
short in Kobe.

COMPARISON OF VELOCITY WAVEFORMS

Next we compare velocity waveforms of the submitted synthetics with each other and with the observed ones.
First the results of the Kobe line are shown. Fig.4 shows velocity waveforms observed (thick line) and simulated
(thin line) for KBU, NS component. Synthetics are aligned to have a similar timing in the beginning of
waveforms determined by sight, although sometimes our choice was not perfect. In such a case please find the
best matching by your own judgement. As is the PGV values, velocity waveforms from SS05 to SS09 are
remarkably similar to each other. If we look at them closely, we notice that each simulation has its own
character. Among the other simulations from SS13 to SS18, SS15 and SS17 show very good fit to the observed
waveforms. SS15 does so with good reason since its source model is specifically tuned for the records including
KBU [Kamae and Irikura, 1998]. However, SS17 is based on the source process slightly modified from that of
Sekiguchi et al. [1996] as shown in the proceedings, there must be another reason for this level of good fit. For
EW component SS16 shows also good fit. As mentioned above, SS13 shown here is just one sample of the
whole stochastic prediction and so we should not pay much attention to its individual phase matching.

As for the blind "postdiction" results at KB1 to KB4, which is omitted here, simulations from SS05 to SS09 give
very similar waveform to each other, among which SS07 has the largest amplitude. This is probably caused by
the softest and thickest surface layer assumed in this simulation, whose S-wave velocity is 333 m/s. Simulations
from SS18 to SS22 generally give high velocity amplitude as has already mentioned in the previous section.

Fig.5 shows results at RKI with the observed waveform for NS component. In this case even among simulations
from SS05 to SS09 differences become apparent after a couple of second from the onset  of S-wave. Especially,
SS06 and SS07 have stronger and higher-frequency arrivals of later phases than the observed. In general these
simulations tend to generate waveforms with shorter predominant period which may be a direct consequence of
nonlinearity not considered in these simulations. If we look at other simulations variations become more
pronounced. We understand that those with 1-D soil models, namely SS13, SS14, and SS17 tend to
underestimate the observed long duration, while those convolved with 2-D basin response, namely SS16, SS18,
SS19, and SS20 have longer duration similar to the observed. As is the case with 3-D basin models, later phases
in these simulations have shorter predominant periods than the observed. The long-period later phases can be
seen in SS21 and SS22 where 1-D nonlinear soil response is considered.  Note that SS21 has long-lasting and
long-period later phases  very similar to the observed. This matching is achieved primarily because they used an
input motion deconvolved from the observed borehole record at Port Island, another site on the reclaimed land.
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In Fig.6 we show EW component velocity waveforms along the Osaka line, at OS5, FKS, OSA, and YAE. When
we compare these simulation with the observed we found that SS04 give quite similar results, which used a 3-D
basin structure of Miyakoshi et al. [1997] distributed by the organizer [Iwata et al. 1999]. Especially at FKS and
YAE overall matching is very good for the whole duration.  At OSA, which is very close to the Uemachi fault,
SS04 gives shorter-period, stronger later phases than the observed. In general SS04 tends to underestimate S-
wave part and overestimate surface wave part, which probably comes from infinite Q values of the basin layers
assumed by SS04. SS22 also reproduces overall characteristics of the observed waveforms, especially for sites in
the eastern side (i.e., OSA and YAE) , since they used the empirical Green's function method, together with
nonlinear surface soil response. SS13 captures the main characteristics of the S-wave part of the observed
records and SS18 tends to overestimate the S-wave part amplitude in the western-side stations such as OS5 and
FKS.

COMPARISON OF RESPONSE SPECTRA

Finally we compare pseudo velocity response spectra of 5% damping.  Here pseudo velocity response spectra are
calculated from the absolute acceleration response spectra. Since our space is limited we only describe what we
have obtained. At KBU the peak value of the observed response spectra reaches about 200 cm/sec at 1.2 second
in the NS component, while at RKI peak values are the same level, 200 cm/s, for both components at about 2.5
second. It should note that for most of the 3-D simulations, SS05 to SS09, simulated response spectra at RKI
have very prominent peaks, which is at slightly shorter period than the observed, around 2 seconds. In the
response spectra SS16, SS17, SS21, and SS22 did a better job than the others. At RKI we found that majority of
them tend to overestimate the peak level of the observed spectra. Since response spectra are the indicator of the
peak value, they are basically proportional to the PGVs shown in Figs. 1 and 2.

For the Osaka line we also check the response spectra of all the observed waveforms and the simulated ones.
Observed peak levels are about 50 cm/s to 100 cm/s with wider period range from 0.8 to 5 seconds. As is the
waveform, SS04 and SS13 give quite similar results to the observed, however, they provide quite different
results for the blind sites, namely, OS5 and OS6. SS18 tends to overestimate longer period component and SS20
gives common 1 second peak period for all the stations since they used FKS as a reference. SS22 gives high
amplitude at the western sites but reasonable amplitude at the eastern sites, again as shown in the waveforms .

CONCLUSIONS

We show a part of the results of the Simultaneous Simulation for Kobe and summarize the most important points of
the outcome. We found that the simulated results have small deviations in general and even smaller ones if the
methods and models used are similar to each other. We also found that the deviations are smaller and the matching
is better for sites with the observed data. This is encouraging because this means that our simulation is under the
control of observed data. On the other hand this also sends us a warning signal; without the control of data we can
get anything in the blind prediction. One thing we would like to emphasize here is that we should try to clarify the
mechanisms of the waveform generation, propagation, and amplification as much as we can in order to fully
understand the strong motion characteristics and to quantitatively predict strong motions from future destructive
earthquakes. Just the final products presented are not sufficient to improve our knowledge and techniques  for strong
motion prediction. This is the beginning toward the goal of the ESG study.
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SS ##
Titleof the paper

(first author)
MethodandModel

Simulatedsites

(values)

Main focus

of the simulation

SS04

Long period 3D finite 
difference modeling of the 
Kobe mainshock (R.W.  
Graves)

Long-period:3-DFDM
Short-period:semi-empirical
source:Wald(1996)
basin: Miyakoshi(1997)

OS5, FKS, OSA,
MRG, YAE,  OS6
(vel.)

long-period,  long-duration
3-Dbasin arrivals

SS05

3D waveform simulation in 
Kobe of the 1995 
Hyogoken-nanbuearthquakeby
FDM using with 
discontinuousgrids (S. Aoi)

Long-period: 3-D FDM with
variablegrid
source:Sekiguchi et al (1998)
basin: Iwataet al. (1998)

KBU, KB1-KB4,RKI
(acc.& vel.)

3-D basin effects in the
seismograms

SS06

Simulations of long-period 
ground motions during the 
1995 Hyogoken-nanbu (Kobe) 
earthquake using 3D finite 
elementmethod(Y. Hisada)

Long-period: 3-D FEM by
Baoet al. (1998)
source: original 3 point
sources
basin: Sano (1998)

KBU, KB1-KB4,RKI
(acc.& vel.)
[KBU is used for
sourcecalibration]

3-D basin effects in
velocityseismograms

SS07

The 1995 Hyogo-ken Nanbu,  
Japan, earthquake simulated by 
the 3D finite difference method 
(J. Kristek)

Long-period: 3-D FDM with
variablegrid
source:Sekiguchi et al (1998)
basin: Iwataet al. (1998)

KBU, KB1-KB4,RKI
(acc.& vel.)

3-D simulation of velocity 
seismograms

SS08

Ground motion simulation in 
the Kobe area during the 1995 
Hyogo-ken Nanbu earthquake 
(T.Iwata)

Long-period: 3-D FDM by
Pitarkaet al. (1998)
source:Sekiguchi et al (1998)
basin: Iwataet al. (1998)

KBU, KB1-KB4,RKI
(acc.& vel.)

3-D basin effects and
source effects on ground
motions in near-source
area

SS09

3-D wave propagation analysis 
in Kobe referring to "The 
basin-edge effect" (S.  
Matsushima)

Long-period: 3-D FDM by
Graves(1996)
source:original 4 asperities
basin: reflection surveys
(Kawase& Matsushima1998)

KBU, KB1-KB4,RKI
(acc.& vel.)

3-D basin-edge effect and
source effect in velocity
seismograms

SS13

Stochastic simulations based 
on statistics of strong ground 
motions(A.G. Tumarkin)

Whole-period: stochastic me-
thodwith multi asperities
Source: original from Kamae
& Irikura(1998)andothers
Ground: 1-Dtheory+observed

KBU, KB1-KB4,RKI
OS5, FKS, OSA,
MRG, YAE,  OS6
(acc.& vel.)

to test applicability of the
modified stochastic
approach

Table 1  List of submitted papers of S.S. for Kobe from SS04 to SS13 and their simulation outline
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Table 2  List of submitted papers of S.S. for Kobe from SS14 to SS22 and their simulation outline

SS ##
Titleof the paper

(first author)
MethodandModel

Simulatedsites

(values)

Main focus

of the simulation

SS14

Computation of the strong 
motions during the 1995 
Hyogo-ken Nanbu earthquake, 
combining the k-square 
spectral source model and the 
discrete wavenumber technique 
(C. Berge-Thierry)

Whole-period: k 2̂ source
model with DWM Green's
function
Source: Sekiguchi et al (1998)
Ground: Iwata et al (1996) &
shallow part from N-value
(Ohta& Goto, 1970)

KBU,KB1-KB4,RKI
(acc.)

Broadband accelerogram
simulation; accelerogram
with omega-square spectral 
shape; nonlinearity of
shallow sediments
accounted for horizontal
stroungmotionin Kobe

SS15

Simulation of strong ground 
motion using  empirical 
Green's function method (K. 
Kamae)

Whole-period: Empirical
Green'sfunctionmethod
Source: original3 asperities
Ground:in aftershockrecords

KBU(acc.) (Not available from the
authors)

SS16

The empirical Green's function 
method by using simulated 
waveforms(Z.X.Zhao)

Whole-period: stochastic
Green's function method with
Herrman's(1979)sourcetime
Source: original3 asperities
Ground:original 2-D

KBU,KB1-KB4,RKI
(acc.& vel.)

(Not available from the
authors)

SS17

Simultaneous simulation test 
against observed ground 
motions of the 1995 Hyogo- 
ken Nanbu earthquake on the 
basis of wave propagation in 
multi-layered half space (M. 
Kawano)

Whole-period: theoretical
Green's function of random
media+ 1-Dsurfaceresponse
Source: modified from
Sekiguchi et al (1998)
Ground: Iwata et al. (1996) &
others,nonlinearityconsidered

KBU,KB2, RKI
(acc.)

(Not available from the
authors)

SS18

Kobe simulation by hybrid 
methods(I. Oprsal)

Whole-period: hybrid method
of stochastic Green's function
and2-DFDM
Source: Kamae & Irikura
(1998)
Ground: Pitarka et al. (1997)
& Horikeet al. (1996)

KBU,KB1-KB4,RKI
(vel.)
[KBU & MRG are
usedas reference]

Combination of the 3
asperity source,  1-D
crustal path, and 2-D
basin-edgeeffects

SS19

Simulation of strong ground 
motions during the 1995 
Hyogo- ken Nanbu earthquake 
using 2-D seismic profiles at 
six sections in Kobe City (K. 
Koyamada)

Whole-period: 2-D FEM +
1-Deffective-stressmethodfor
surfaceresponse
Source: (deconvolved)
Ground: original based on
reflectionsurveys

KB1-KB4,  RKI (acc.
& vel. ) [KBU is used
as reference]

2-D basin effects on the
strong motion; Com-
parison of PGA and PGV
distribution with damage
ratiosof structures

SS20

Simulation of ground motion 
at Kobe case using the 
non-linear dynamic response 
(T.Kuriyama)

Whole-period: 2-D FEM +
1-D equivalent linear method
for surfaceresponse
Source: (deconvolved)
Ground:original

KB1-KB4,  RKI, OS5, 
OSA, MRG,  YAE,
OS6 (acc. & vel. )
[KBU& FKS areused
as reference]

2-D basin effects and 1-D
nonlinear response of
shallow soil layer in the
accelerationseismograms

SS21

Earthquake response evaluation 
of sites in liquefied area (S. 
Miwa)

Whole-period: 1-D effective
stress and equivalent linear
method
Source: (deconvolved)
Ground:CAGDK (1998)

KB1-KB4,  RKI (acc.
& vel. ) [borhole PIS
is used as reference]

(Not available from the
authors)

SS22

Simulations of Kobe case and 
Osaka case by the empirical 
Green's function method 
considering nonlinear behavior 
of surfaceground(I. Suetomi)

Whole-period: Kobe=1-D
equivalent l inear; Osaka=
empirical Green's function
method+1-D equivalentlinear
Source: Kobe=deconvolved;
Osaka=Kamae& Irikura(1997)
Ground: boring data and
Miyakoshi(1997)

KB1-KB4,  RKI, RKI, 
OS5, OSA, MRG,
YAE, OS6  (vel. )
[KBU is used as
reference]

(Not available from the
authors)
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Fig.1  PGVs of all the submitted synthetics at
KBU.

Fig.2  PGVs of all the submitted synthetics at
RKI.

Fig.3  PGVs of all the submitted synthetics at
four sites in the Osaka line, EW component.

Table 3  Observed and averaged PGVs, standard
deviations, and coefficient of variation (NS/EW/UD).

Site Obs.  Ave.   S.D. C.O.V.
(cm/) (cm/s) (cm/s)   (%)

                                                                                                       
KBU 55/31/22 44/30/14   9/18/  6 20/60/43

KB1 - 72/52/55 28/12/31 40/23/56

KB2 - 87/59/60 30/24/36 34/41/60

KB3 - 102/60/57 30/25/30 29/42/53

KB4 - 82/61/60 29/18/43 35/30/72

RKI 55/68/24 84/55/55 23/20/55 27/36/100

OS5 - 32/35/20   7/14/13 22/40/65

FKS 31/30/10 32/36/17   5/11/  1 16/30/  6
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Fig.4  Velocity waveforms observed (thick line) and simulated (thin line) at KBU, NS component.

Fig.5  Velocity waveforms observed (thick line) and simulated (thin line) at RKI, NS component.

Fig.6  Velocity waveforms observed (thick line) and simulated (thin line) along the Osaka line, at
OS5, FKS, OSA, and YAE, EW component.

OS5 FKS

OSA YAE


