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To adopt a data assimilation method for crustal displacement data obtained from numerical simulation, we conducted additional

numerical simulations of earthquake generation cycles along the Japan Trench. To improve the reproducibility of our simulation,

we reflected spatial distributions obtained from observation data of slow slips and gravity anomaly to frictional model. In order

to understand slow slips around the M~9 source area, it seems to be important to accurately reproduce the spatial extent of M~9

coseismic rupture area.
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1. Introduction

We are developing a program for data assimilation method
to be aimed at slip on the subducting plate interface along the
Nankai Trough and Japan Trench. As part of this study, we
have conducted numerical simulations of earthquake generation
cycles along the Japan Trench [1]. By using these simulation data
base, we have also conducted sequential assimilation of crustal
deformation data due to slip on the plate interface, which adopted a
data assimilation method (SIS; Sequential Importance Sampling).

Here, we conducted additional numerical simulation of
earthquake generation cycle along the Japan Trench. To improve
the reproducibility of our simulation, we reflected spatial
distributions obtained from observation data of slow slips and

gravity anomaly to those of frictional parameters.

2. Methods

We conducted numerical simulations of earthquake
generation cycles by using realistic three-dimensional (3D)
geometry of the subducting Pacific Plate along the Japan Trench
[1]. Seismic and aseismic events were modeled to represent
the release of slip deficit or backslip that accumulates during
interseismic period [2]. Such space-time variations in slip
velocity are assumed to be an unstable slip with a frictional
interface. We used a rate- and state-dependent friction law as
an approximated mathematical model for large-scale frictional
behavior on the plate interface [3]. We used a fault constitutive
law [4] that determines the slip rate for a given stress and a
value of strength. In addition, we used an aging law [3, 5],
which can be considered as an evolution law for strength
change, which varies depending on the prior slip history. We
used a small value for the seismic radiation damping term [6].

In our previous study [1], we approximated the spatial

316

distributions of frictional parameters for seismic sources with
circular patches for M~7 earthquakes, and the M ~ 9 coseismic
rupture area with a rectangle region. These area were assumed
to be more unstable condition than the surrounding area. We
assumed uniform frictional condition for the surrounding area.
In this paper, we reflected heterogeneous distribution, which
estimated from observed data such as periodic slow slip [7] and
gravity anomaly [8] to the surrounding area. For Model 1, we
changed model parameters depending on periodicity of slow slip
[7]. At both the M~9 area and the surrounding area, we assumed
smaller values of characteristic slip distances L with shorter
periods of slow slips (Fig. 1b). Another frictional parameters,
A-B remains the same as that of our previous study [1] (Fig. 1a).
For Model 2, we assumed unstable frictional condition at the
shallow area where the gravity anomaly [8], AGA > -10 (Fig. 2).

Frictional parameters of the surrounding area remained uniform.
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Fig. 1 Frictional parameters assumed in Model 1.

3. Results and Discussion
In Model 1, we obtained larger M~9 earthquake than our

previous study [1], because coseismic slip extended to north

and south. Recurrence interval of M~9 earthquakes was
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Fig. 2 Frictional parameters assumed in Model 2.

approximately 40 years longer than the previous study [1]
(Fig. 3). For 250 years after the M~9 earthquake, shallow area
on the plate interface was almost locked (Fig. 3 (1)). After that,
fluctuation of slip velocity occurred at the northern and southern
area of the M~9 source area (Fig. 3 (2), red and green lines).
However, many of these fluctuation at the southern area caused
by afterslips of M~7 earthquake at the off-Fukushima. In other
words, we could not reproduce the observed slow slips [7] in
Model 1. After that, large magnitude of two slow slips occurred
and it made the plate interface locked during 100 years (Fig. 3 (3)
(4)) before the next M~9 earthquake.

In Model 2, we obtained smaller M~9 earthquakes than our
previous study [1]. Recurrence interval of M~9 earthquakes
was approximately 170 years shorter than the previous study [1]
(Fig. 4). After these M~9 earthquakes, characteristics of time
development of slip velocity were nearly the same as that in
Model 1. However, slow slip and locked area such as Fig. 3 (3)
and (4) before the M~9 earthquake did not appear in Model 2.

Then, in order to understand slow slips around the M~9
source area, it seems to be important to accurately reproduce the

spatial extent of M~9 coseismic rupture area.
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Fig. 3 Time development of slip velocity obtained in Model 1.
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