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1. Outline of the Project
The aim of this research project (2005–2010) is to devel-

op an integrated simulation system for the prediction of

earthquake and tsunami disasters using the Earth Simulator,

which covers the entire multi-scale processes related to

earthquakes, such as tectonic stress accumulation due to 

relative plate motion, earthquake generation, seismic

wave/tsunami propagation, and building oscillation [1]. The

computer simulations are combined with a large number of

observed data from the nation-wide seismic and GPS net-

works for realistic prediction. The developed simulation sys-

tem will make a major contribution toward the reduction of

earthquake and tsunami disasters.

In 2005 we introduced facilities for computation, such as

PC clusters (2 × 64core Opteron processors) and data servers

(48core G5 processors with 15 TB storage and 8core Opteron

processors with 20 TB storage), and made fundamental

design of the entire system. In 2006–2007, integrating six

existent basic models, we develop three coupled simulation

sub-systems for earthquake generation, strong ground

motion/tsunami propagation, and building oscillation. We

also develop a platform and data grid which support coupled

simulations and parallel data management. In 2008–2010 we

will integrate the three coupled sub-systems into the final

unified system, and make simulations for the prediction of

earthquakes and tsunami disasters in realistic scenarios.

2. Contents of Research Work
The integrated simulation system to be developed in this

projects consists of six basic simulation models (plate

motion, crustal stress accumulation, dynamic fault rupture,

seismic wave propagation, tsunami wave propagation, and

building oscillation), three data analysis programs (geodetic

data, seismic activity data, and strong ground motion data),

and a platform which supports coupled simulations and par-

allel data management, as shown in Fig. 1. Prototype models

and programs have been already developed and tested on the

Earth Simulator for all of the basic simulation models and

data analysis programs except tsunami wave propagation. 

In the first phase of this project (2005–2007), we develop

a simulation model for tsunami generation and propagation.

We develop three coupled simulation sub-systems for earth-

quake generation, strong ground motion/tsunami propaga-

tion, and building oscillation. Each of the three coupled sim-

ulation sub-systems consists of closely related two or three

of the six basic simulation models. We also develop a plat-

form and data grid which support coupled simulations and

parallel data management.

In the second phase of the project (2008–2010), we will

integrate three coupled sub-systems into the final unified

system, and make simulations for the prediction of earth-

quakes and tsunami disasters in realistic scenarios.

Our project team has the following five research groups:

(1) Matsu'ura Group (Graduate School of Science, The

University of Tokyo)

·  Simulations for crustal stress accumulation due to plate

motion

·  Predictive simulations for earthquake generation

(2) Furumura Group (Earthquake Research Institute, The

University of Tokyo)

·  Simulations for seismic wave propagation in a 3D realis-

tic medium

·  Simulations for tsunami generation and propagation

(3) Okuda Group (Research Center for Artifact Engineering,

The University of Tokyo)

·  Development of a platform for coupled simulations and

parallel data management

(4) Ichimura Group (Graduate School of Science and
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Engineering, Tokyo Institute of Technology)

·  Coupled simulation of seismic wave propagation and

building oscillation

(5) Nagashima Group (Faculty of Science and Engineering,

Sophia University)

·  Coupled simulation of seismic wave propagation and oil-

tank sloshing

(6) Fukuyama Group (Solid Earth Research Division,

National Research Institute for Earth Science and

Disaster Prevention)

·  Coupled simulation of dynamic fault rupture  and seismic

wave propagation

3. Progress in 2005
Matsu'ura Group and Furumura Group in Tokyo

University have installed PC clusters with 64core Opteron

processors. A data files server with 48core G5 processors

and 15 TB storage has been installed in National Research

Institute for Earth Science and Disaster Prevention

(Fukuyama Group). Geographical Survey Institute (GSI),

collaborating with Matsu'ua Group in Tokyo University, has

also installed a data file server with 8core Opteron proces-

sors and 20 TB storage. Construction of a grid system that

connects the four institutions has been initiated. Each group

started preliminary studies and tuning up the basic simula-

tion models shown in Fig. 1.

In Matsu'ura Group, advanced simulation models for

crustal deformation and stress accumulation at plate bound-

aries have been completed for large-scale coupled simula-

tions [2]. A prototype system for inversion analysis of geo-

detic data in and around Japanese Islands has been devel-

oped under collaboration with GSI [3]. The prototype system

has been applied to Kanto Region, and the diversity in stress

release mode at the North American-Philippine Sea plate

interface has been revealed, as shown in Fig. 2.

In Furumura Group, strong ground motion simulations for

the 2004 Chuetsu Niigata earthquake and the 2005 off

Miyagi prefecture earthquake have been conducted on the

Earth Simulator with an accurate subsurface structure model

of Japanese Islands and the fault-slip model estimated from

seismic waveform inversion, as shown in Fig. 3. The simula-

tion results were compared with observed waveform data in

K-NET and KiK-net of NIED to demonstrate the efficiency

and validity of the large-scale simulation of seismic wave

propagation [4]. Strong ground motion simulation for the

1944 Tonankai earthquake have been also carried out with a

realistic model of subsurface structure, and the amplification

of seismic waves in Kanto Region has been evaluated [5]. 

In Okuda Group, the fundamental design of data reservoir

for hierarchical analysis, multi-hierarchical visualization

modules, library for coupled simulation, and library for par-

allel iterative solvers, have been conducted [1].

In Ichimura Group, a methodology for constructing a

numerical city model based on GIS/CAD data has been

developed. Earthquake disaster simulation has been conduct-

ed by using a prototype numerical city model. A basic

numerical shaking-table test was also conducted to evaluate

the oscillation of large-scale complicated structures [6].
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Fig. 1  Overview of Integrated Predictive Simulation System for Earthquake and Tsunami Disaster [1].
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In Nagashima Group, two types of prototype software

packages have been developed. One is a structural analysis

program based on the finite element method (FEM) for

dynamic response of thin-walled structures. Another is a

program for potential flow analysis by FEM, which can cal-

culate the dynamic response of liquid with free surface. The

validity of each code has been tested for linear problems [1]. 

In Fukuyama Group, the fundamental design of coupling

interfaces for transition processes from tectonic stress accu-

mulation to dynamic rupture propagation with seismic wave

radiation has been carried out.
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Fig. 2  Partitioning the NAM-PHS plate interface based on difference in

stress release mode [3]. A) steady slip without stress accumula-

tion, B) intermittent stress release by slow slip events, C) sudden

stress release by large interplate earthquakes, and D) tectonic

stress release by inelastic crustal deformation. The blue color-

scale contours show the interseismic slip-deficit rates. The red

contours at 2 m intervals show the coseismic slip of the 1923

Kanto earthquake. The green contours at 5 mm/yr intervals show

the average slow-slip rates estimated from the slip distribution of

the 1996 and 2002 east off-Boso events. The stars indicate the

epicenters of the 1703 Genroku-Kanto earthquake and the 1923

Taisho-Kanto earthquake.

Fig. 3  3D simulation of seismic wave propagation for the 2004 Chuetsu

Niigata earthquake using the Earth Simulator [4].
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