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Chapter 1  Earth Science

Our research group aims to develop a physics-based predictive simulation system for crustal activities in and around Japan,

which consists of a combined simulation model for quasi-static stress accumulation and dynamic rupture propagation and the

associated data assimilation software. In the first phase (2003–2005), we constructed a prototype of the combined simulation

model on a realistic 3-D structure model. In the second phase (2006–2008), we test the validity and applicability of the com-

bined simulation model, and develop the associated data assimilation software. In 2007, we performed a combined simulation

of quasi-static stress accumulation, dynamic rupture, and seismic wave propagation for the 2003 Tokachi-oki earthquake

(M8.0). The good agreement between simulation results and observations demonstrates that the physics-based computer simu-

lation is useful for the quantitative evaluation of strong ground motions that will be produced by potential interplate earth-

quakes. For the data assimilation software, we developed two inversion methods, one of which is to estimate interplate cou-

pling rates from GPS data, and another is to estimate crustal stress fields from CMT data of seismic events. From the inver-

sion analysis of GPS data, we revealed the potential source regions of next interplate earthquakes along the Kuril-Japan

trench. From the inversion analysis of CMT data, we obtained the precise 3-D stress pattern in and around Japan.

Keywords: combined simulation, strong motion prediction, geodetic data inversion, interplate coupling, CMT data inversion,

crustal stress fields

1. Introduction
The aim of this project is to develop a physics-based pre-

dictive simulation system for crustal activities in and around

Japan, where the four plates of Pacific, North American,

Philippine Sea and Eurasian are interacting with each other

in a complicated way. The total system is constructed on a

common 3-D structure model called CAMP Standard Model

[1]. In the first three years (2003–2005) of the project, we

completed a prototype of the combined simulation model

for quasi-static stress accumulation and dynamic rupture

propagation [2]. In 2006, we tested the validity and applica-

bility of the combined simulation model [3], and began to

develop the software to assimilate massive observed data

from nation-wide seismic/geodetic networks into computer

simulation. 

2. Validity tests of the combined simulation for strong
ground motions 
In 2006, we performed the combined simulation of quasi-

static stress accumulation, dynamic rupture propagation and

seismic wave propagation for the 2003 Tokachi-oki earth-

quake (M8.0), which occurred at the the North American-

Pacific plate interface [4]. The simulation results are summa-

rized in Fig. 1, where the left panel shows the source region

of the 2003 event and the observation stations distributed

along coastline. The center panel shows the snapshots of

dynamic rupture propagation and seismic wave radiation.

The right panel shows the computed and observed ground

motions. The good agreement between the simulation results

and the observations demonstrates that the physics-based

computer simulation is useful for the quantitative evaluation

of strong ground motions that will be produced by potential

interplate earthquakes. 
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Fig. 2  Snapshots of slip velocity changes for five source models with different rupture initiation points [5]. The yellow arrow at each

panel shows a typical rupture propagation direction. At the right bottom of each panel the final slip distribution is shown.

One of uncertainties in this simulation is the location of

rupture initiation point. In 2007, we performed a series of

numerical experiments to examine the effects of rupture ini-

tiation point on ground motions [5]. We considered the five

source models with different rupture initiation points: the

real hypocenter (S) and the southernmost (A), northernmost

(B), easternmost (C) and westernmost (D) of the source

region. The results of numerical experiments are shown in

Fig. 2. The normalized velocity response spectrums for

Models A-D were less than 4. This means that the amplifica-

tion due to different rupture initiation points is 4 times at a

maximum, which is smaller than 3-D site effects. 

3. Interplate coupling along the Kuril-Japan trench,
inferred from GPS data inversion 
On the basis of elastic-viscoelastic dislocation theory, we

can determine the functional form of a stochastic model to

extract information about unknown fault slip distribution

from observed surface displacement data. In addition to

observed data we usually have direct prior information that

bounds the values of model parameters within certain ranges

and indirect prior information that regulates the structure of

stochastic models. Recently, incorporating both direct and

indirect prior information into observed data and using

Akaike's Bayesian Information Criterion, we derived an

inversion formula that unifies the Jackson-Matsu'ura formula

with direct prior information and the Yabuki-Matsu'ura for-

mula with indirect prior information, and developed a gener-

alized method of geodetic data inversion [6]. We applied this

inversion method to interseismic GPS data (1996–2000) in

the Hokkaido-Tohoku region, and obtained the precise slip-

deficit rate distribution on the North American-Pacific plate

Fig. 1  Combined simulation of quasi-static stress accumulation, dynamic rupture propagation and seismic wave radiation for the

2003 Tokachi-oki earthquake [4]. Left: The location map showing the source region of the 2003 event and the observation

stations distributed along coastline. Center: Snapshots of dynamic rupture propagation and seismic wave radiation. Right:

Comparison of computed (red) and observed (black) velocity waveforms at the stations.
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interface. The left panel of Fig. 3 shows the GPS horizontal

velocity vectors used for inversion analysis. The right panel

is the inversion result showing a trench-parallel slip-deficit

zone with five peaks located in the depth range of 10-30 km.

These slip-deficit peaks coincide with the source regions of

past large interplate earthquakes (M > 7.5) along the Kuril-

Japan trench. Given the occurrence time and seismic

moment of the last event and the current slip-deficit rate at

the potential source region, we can roughly estimate the

occurrence time of the next large interplate earthquake along

the Kuril-Japan trench.

4. 3-D patterns of tectonic stress fields in and around
Japan, inferred from CMT data inversion
We developed an inversion method to estimate tectonic

stress fields from CMT data of seismic events by using

Akaike's Bayesian information criterion [7]. We applied the

method of CMT data inversion to 15,000 moment tensors of

seismic events (NIED; Seismic Moment Tensor Catalogue),

and estimated the 3-D patterns of tectonic stress fields in and

around Japan. The left panel of Fig. 4 shows the horizontal

pattern of the inverted stress field at 10 km in depth, which

accords with complex tectonic features in and around Japan.

The right panel shows three across-arc vertical sections of

Fig. 3  The distribution of slip-deficit rates on the North American-Pacific plate interface, inferred from GPS data

(Hashimoto et al., 2007). Left: GPS horizontal velocity vectors (1996–2000). The plate interface geometry is

represented by the iso-depth contours with 10 km-intervals. Right: The distribution of slip-deficit rates. The

blue and read contours show the rate of slip-deficit and slip-excess, respectively. The contour intervals are 4

cm/yr. The stars indicate the epicenters of large interplate earthquakes (M > 7.5) in the last 50 years.

Fig. 4  3-D tectonic stress fields in and around Japan, inferred from CMT data inversion [8]. Left: The hori-

zontal pattern of inverted stress fields at 10 km in depth. The stress pattern is represented with the

lower hemisphere projections of focal spheres. Right: The across-arc vertical sections of stress fields

at northeast Japan, southwest Japan, and Ryukyu Islands. The stress pattern is represented with the

backside projections of focal spheres.
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the inverted stress fields at northeast Japan, southwest Japan

and Ryukyu Islands, which are remarkably different in back-

arc stress patterns from one another: arc-normal compression

in northeast Japan, arc-normal extension in Ryukyu Islands,

and neutral in southwest Japan. 
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