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In preparation for sequential assimilation of crustal deformation data due to slip on the plate interface, we conducted numerical

simulations of earthquake generation cycles by using realistic three-dimensional (3D) geometry of the subducting Pacific Plate along

the Japan Trench. As a result, we generally reproduced important characteristics such as the recurrence of M~7 Miyagi-ken-Oki
earthquakes, coseismic slip distribution of the 2011 M9.0 Tohoku-Oki earthquake (also, the foreshock, the largest aftershock), and

the afterslip by using realistic numerical simulation.

Keywords: Earthquake generation cycle, Tohoku-Oki earthquake, Miyagi-ken-Oki earthquake, recurrence interval

1. Introduction

We are developing a program for data assimilation method
to be aimed at slip on the subducting plate interface. Here, we
briefly report on numerical simulations of earthquake generation
cycles along the Japan Trench [1] to prepare for sequential
assimilation of crustal deformation data due to slip on the plate
interface.

In response to subduction of the Pacific Plate beneath
northeast Japan, M7.1-7.4 earthquakes have occurred with
recurrence intervals of approximately 30-40 years off the east
coast of Miyagi Prefecture. These earthquakes referred to as
Miyagi-ken-Oki earthquakes, and their maximum seismic slips
were less than 3 m.

A M9.0 earthquake occurred along the Japan Trench, on
2011. The source regions of past Miyagi-ken-Oki earthquakes
ruptured again during the M9.0 earthquake, with coseismic slip
in the Miyagi-ken-Oki segment estimated to be approximately
5-15 m. These slips are larger than that of past Miyagi-ken-Oki
earthquakes.

If we consider only cumulative slip in the Miyagi-ken-Oki
segment, we may expect that the Miyagi-ken-Oki earthquake
will not occur for at least the past recurrence interval. However,
after the M~9 earthquake, spatiotemporal development of stress
accumulation and release as preparation process of the next
Miyagi-ken-Oki earthquake may be different from that of past
observations. In this study, we reproduce the observational
characteristics prior to, during, and following the M~9
earthquake by using numerical simulation to discuss the time

interval to the next Miyagi-ken-Oki earthquake.
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2. Methods

Seismic and aseismic events were modeled to represent
the release of slip deficit or backslip that accumulates during
interseismic period. We discretized the three-dimensional
subducting plate into small subfaults (total 127,367 subfaults).
The model area is 480 km along the strike, and 7-77 km in
the depth range. Length of subfaults in the strike direction
(N21.5°E) varied with depth or strike and ranged from 1.0 km
to 9.0 km. Frictional parameters A, B, and L on each subfaults
are mathematical fitting parameters, which were assumed to be
constant over the earthquake cycle in our simulations.

Space-time variations in slip velocity are assumed to be
an unstable slip with a frictional interface. We used a fault
constitutive law [2] that determines the slip rate for a given
stress and a value of strength. The parameter A (= ac) controls
the slip increase rate at which the stress reaches the strength. In
addition, we used an aging law [3, 4], which can be considered
as an evolution law for strength change, which varies depending
on the prior slip history. The parameters B (= bo) and L control
strength recovery and slip weakening. Differential equations
for slip rate and strength were solved with an adaptive time step
fifth-order Runge-Kutta algorithm [5].

3. Results

To reproduce a shorter coseismic propagation time during the
M~9 earthquake, we used the seismic radiation damping term [6]
of 0.3G/2B, G is the rigidity (30 GPa); and B is the shear wave
speed (3.27 km/s). We assumed that the frictional heterogeneity
for the M~9 source area at the shallower part was slightly
stronger (L = 0.20 m, A-B = -0.181 MPa) than the surrounding
area (L = 0.30 m, A-B = -0.10 MPa) over a wide range of 150
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km long along the strike and 8-22 km in depth, and we used
circular patches as the past sources of the M~7 earthquakes
(Fig. 1).

We calculated spatiotemporal development of slips on
the plate interface during 2,000 years in the simulation. The
coseismic slips in the Miyagi-ken-Oki segment during the
M~9 earthquake was approximately 10-20 m. M7.1-7.4
earthquakes occurred in the Miyagi-ken-Oki circular patch
during interseismic periods of M~9 earthquakes with maximum
coseismic slips of 3—5 m and the average recurrence interval of
54 years.

We reproduced observational characteristics both M~9
and M~7 earthquakes by using numerical simulation. In our
future study, we will conduct a data assimilation of crustal

displacement data by using these simulations.
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Fig. 1 Spatial distribution of frictional parameters [Modified from
Nakata et al. [1]]. (a) A-B (MPa). Contours indicate depth (km)
to the upper surface of the descending plate. (b) Characteristic
slip distance (L).
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