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The M7.3 earthquake was observed 51 h before the 2011 M9.0 Tohoku-Oki earthquake near its hypocenter. To investigate

possibility of forecasting M ~ 9 mainshock from crustal displacements due to a M > 7 earthquake and its afterslip near the mainshock

hypocenter, we adopted a data assimilation method for crustal displacement data obtained from numerical simulations of earthquake

generation cycles along the Japan Trench. We used 50 scenarios, which successfully reproduced important characteristics such as the

coseismic slip distribution of the Tohoku-Oki mainshock, and a M > 7 earthquake near the mainshock area. We calculated crustal

deformations on onshore and offshore area for each scenario. Then, we evaluated likelihood based on a method of data assimilation.

We examined what scenario is expected before and after the M > 7 occurrence depending on the preparation level of the mainshock.

Keywords: Earthquake generation cycle, Tohoku-Oki earthquake, Foreshock, forecasting

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 sequential assimilation of crustal deformation
data due to slip on the plate interface using numerical
simulations of earthquake generation cycles along the Japan
Trench [1].

The M9.0 Tohoku-Oki earthquake occurred along the Japan
Trench, on 2011. The M7.3 earthquake was observed 51 h
before the Tohoku-Oki earthquake near its hypocenter. After the
M?7.3 earthquake, slow slips were observed [2]. To investigate
possibility of forecasting M ~ 9 mainshock from crustal
displacements due to a M > 7 earthquake and its afterslip near
the mainshock hypocenter, we conducted numerical simulations
of earthquake generation cycles, and adopted a data assimilation
method.

2. Crustal displacements obtained from numerical

simulations

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 [1]. Seismic and aseismic
events were modeled to represent the release of slip deficit or
backslip that accumulates during interseismic period [3]. 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-
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scale frictional behavior on the plate interface [4]. We used a
fault constitutive law [5] that determines the slip rate for a given
stress and a value of strength. In addition, we used an aging law
[4, 6], 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 [7].
Differential equations for slip rate and strength were solved with
an adaptive time step fifth-order Runge—Kutta algorithm [8].
Now, we obtained 50 scenarios, which successfully
reproduced important characteristics such as the coseismic
slip and afterslip distribution of the M9 earthquake, and a M
> 7 earthquake near the M9 hypocenter. Time period of each
scenario was prepared from 10 years before foreshocks to 10
years after M~9 earthquakes. For those scenarios, time interval
between the M > 7 earthquake and the mainshock were different
from each scenario, 1 day to 200 years. We calculated crustal
deformations at 272 points on onshore and offshore area for
each scenario, assuming elastic, homogeneous, and isotropic
half space. Then we interpolate linearly to one day sampling
data after calculations of crustal deformation from simulation
data with an adaptive time step. One of these deformation data

set is alternatively used as that of synthetic observations.

3. Numerical tests based on data assimilation

We evaluated likelihood by SIS (Sequential Importance
Sampling), a method of data assimilation. The method used in
this study was based on our previous study along the Nankai
Trough [9]. We searched time shift with minimum residuals

between observation data and the simulation data for each
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scenario. Residuals were calculated before and/or after the
M > 7 occurrence depending on the preparation level of the
mainshock using offshore and/or onshore stations.

Here, we used a scenario obtained from Nakata et al [1] as
the true scenario. Then, time interval between the foreshock and
the M~9 earthquake of the true scenario was 13 days. Time span
of observation data is one year immediately before the M~9
earthquake (including the foreshock), or 5-6 years before the
M~9 earthquake (also before the foreshock). From now, we call
the former as period 1 and the latter as period 2.

In all cases of test conditions, the true scenario showed the
minimum residuals (= maximum likelihood). In the case of
period 1 with offshore data, occurrence time of M~9 earthquake
in all scenarios was not varied so much. On the other hand, in
the case of period2 with offshore data, occurrence time of M~9
earthquake varied even in high likelihood scenarios. Scenarios
with low likelihood showed wide distributions of locked area
near the coming M~9 source area when a M~7 earthquake
occur.

It is suggested that information from offshore stations,
displacement data due to the foreshock, and the preparation
level near the mainshock area are important to forecast M ~ 9
mainshock along the Japan Trench. We will investigate with
various conditions such as sampling interval of displacement
data, time span of observation data, number of stations, vertical

and horizontal components, and the true scenario.
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