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We can regard the occurrence of earthquakes as release of tectonically accumulated
stress through dynamic fault rupture. Given this, the entire process of earthquake
generation consists of tectonic loading, quasi-static rupture nucleation, dynamic rup-
ture propagation and stop, and fault strength recovery. The entire earthquake gen-
eration process can be quantitatively described by coupled nonlinear equations, con-
sisting of a slip-response function, a fault constitutive law, and relative plate motion
as driving force. On the basis of such an idea, we developed a computer simu-
lation model for earthquake generation at plate interfaces by combining two basic
simulation models for quasi-static tectonic loading and dynamic rupture propagation
constructed on a common structure model [Hashimoto et al., GJI, 2010]. In order
to predict earthquake generation with this computer simulation model, we need to
incorporate various sorts of information extracted from observations into theoreti-
cal computation. For this purpose we developed an inversion method to estimate
the spatiotemporal variation of interplate coupling from GPS data [Matsuura et al.,
GJI, 2007]. Applying the inversion method to GPS data in the Hokkaido-Tohoku
region, we estimated the slip-deficit rate distribution on the North American-Pacific
plate interface, and revealed that the inverted slip-deficit peaks almost completely
coincide with the source regions of large interplate earthquakes occurred along the
Kuril-Japan trench in the last century [Hashimoto et al., Nature Geoscience, 2009].
On the basis of the inversion results, we performed a joint simulation of quasi-static
stress accumulation, dynamic rupture expansion, and seismic wave propagation for
the 2003 Tokachi-oki earthquake, and demonstrated that strong ground motions pro-
duced by potential interplate earthquakes can be quantitatively evaluated through
the physics-based computer simulation of earthquake generation [Fukuyama et al.,
BSSA, 2009]. With the same inversion method, we estimated slip-deficit rate distribu-
tion on the Eurasian-Philippine Sea plate interface in southwest Japan, and revealed
that a high slip-deficit rate belt extends from Suruga Bay to Bungo Channel along
the Nankai trough. Incorporating the inversion results into the computer simulation,
we examined the dynamic rupture propagation of hypothetical Nankai trough earth-
quakes. The development of the dynamic rupture strongly depends on the strength
distribution as well as the initial stress distribution.


