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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 afterslip propagation in our simulation, we reflected heterogeneity of spatial distributions obtained from observation data
of gravity anomaly to frictional model. Furthermore, in order to narrow down the frictional parameters to be input,
numerical experiments were conducted on the propagation velocity of the afterslip following a large earthquake, and the

validity of the theoretical formula was evaluated.

Keywords : Afterslip, propagation velocity, frictional properties

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.

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 gravity
anomaly to those of frictional parameters. Furthermore, in
order to narrow down the frictional parameters to be input,
numerical experiments were conducted on the propagation
velocity of the afterslip following a large earthquake, and the
validity of the theoretical formula was evaluated.

2. Earthquake cycle simulation along the Japan
Trench

Based on our previous study [1], we conducted numerical
simulations of earthquake generation cycles by using realistic
three-dimensional (3D) geometry of the subducting Pacific
Plate along the Japan Trench. 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.

ogrLL), Lotbem

100km

Fig. 1 Frictional parameters assumed in this study.

In our previous study [1], we approximated the spatial
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. Here, we reflected heterogeneous
distribution, which estimated from observed data of gravity
anomaly [6] to the surrounding area. For example, we
assumed larger value of L at the southern and northern area of
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M~9 source area where the gravity anomaly, AGA > -20 than
those of M~9 source area (Fig. 1). Another frictional
parameters, A-B remains the same as that of our previous
study. As a result, we obtained that afterslip dominated at
Fukushima-Oki region (Fig. 2), and longer duration of
afterslip than our previous study (Fig. 3).

Fig. 2 Spatial distribution of coseismic (warm color) slip and
afterslip (blue) obtained using frictional parameters shown in
Figure 1..
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Fig. 3 Time development of cumulative slip obtained in this
study.

3. Effect of frictional properties on earthquake cycle

To understand the reason why the larger value of L makes
the longer duration time of afterslip, we set up simplified
model with homogeneous frictional property in the afterslip
region on the basis of previous study [7]. In this study, we
revised original model [7] by dividing mesh size twice in
order to introduce the process zone of afterslip (As).

Our simulation results show that As is proportional to L and
that the propagation speed of afterslip is proportional to
(As/L)exp(At/A) (Fig. 4). This means that the afterslip
propagation speed is independent of L, which means that the
duration time of afterslip is expected to be proportional to L.

We could find this analytical solution owing to
approximation based on numerical simulation results by Earth
Simulator.

- Earth Simulator JAMSTEC Proposed Project

100
/\ point (I) int (Il IV ] point (V)
) point (Il) Q© point (I V) </ point (V1)
58 7 O
~=
F | agidy o® B o
8 % A
VAN
A
0.01

30 40
As/Ly (= ba/kL)

Fig. 4 Comparison of afterslip propagation speed between
analytical solution (=exp(At/A)) and simulated results.
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