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We’ve conducted numerical calculations and parameter estimations that are reliable enough for seismic and tsunami hazard
prediction by introducing heterogeneity of subsurface structure and fault friction parameters considering uncertainty by
multiple-model calculations. Thus, we are promoting an integrated study of seismic and tsunami hazard prediction based on
fault rupture scenarios based on estimation and forecasting of spatio-temporal evolution of fault slips on the plate boundary.
Large-scale simulations of the dynamic rupture process considering realistic 3D fault geometry were performed for the 2016
Kaikoura earthquake. And, aiming at enhancing tsunami hazard prediction, the time difference between the 1854 Ansei-Tokai
and Ansei-Nankai earthquakes was estimated from a comparison of the observations of tide gauge stations at San Francisco
and San Diego and the simulated results of tsunami propagation. Furthermore, we performed a verification for a method to

introduce continuous slip on a finite fault more accurately to numerical simulation of long-period ground motions, by

comparing the result with the conventional method.

Keywords : Dynamic rupture simulation for earthquake, Ansei-Tokai and Ansei-Nankai earthquakes, tsunami

propagation simulation, long-period ground motions, finite fault

1. Introduction

Research and Development Center for Earthquake and
Tsunami is promoting research to understand the current status
and forecast spatio-temporal evolution of fault slip on the plate
boundary using land and seafloor observation of seismic wave
and crustal deformation, aiming at predicting seismic and
tsunami hazards based on earthquake fault scenarios more
reliably. In this project, we aim to develop reliable numerical
simulation and parameter estimation methods for hazard
prediction by introducing heterogeneity of subsurface structure
and fault friction parameters and considering uncertainty by
multiple model calculation using ES4. Computational
components involved in this study is listed below. A. Monitoring
spatio-temporal evolution of fault slip. B. Forecasting spatio-
temporal evolution of fault slip. C. Tsunami hazard predictions.
D. Seismic hazard predictions. Here, we report the results
obtained in FY2021 for " B. Forecasting spatio-temporal
evolution of fault slip," "C. Tsunami Hazard Prediction," and "D.
Seismic Hazard Prediction" in Chapters 2, 3, and 4, respectively.

2. Dynamic rupture simulation for earthquake in
realistic 3-D fault geometry (B. Forecasting spatio-
temporal evolution of fault slip)

We conducted large scale simulations to reproduce dynamic
rupture processes of natural earthquakes with realistic fault
geometry models [1]. The targeted earthquake event is the 2016,
Kaikoura, NZ, earthquake, where the detailed observations are

obtained. This year’s focus was the parameter study to clarify the
effect of observational uncertainty in the input parameters on the
resulting rupture processes. As the result, we find the slip amount
on the fault area marked by the red circle on the figure is affected
significantly but this quantitative difference does not affect on the
overall rupture process very much. For one run of the above
analyses is about one hour with 32 nodes of ES4CPU.

3. Time Difference Between the 1854 CE Ansei-Tokai
and Ansei-Nankai Earthquakes Estimated from
Distant Tsunami Waveforms on the West Coast of
North America (C. Tsunami hazard predictions)

In the study, the time difference between the 1854 Ansei-Tokai
and Ansei-Nankai earthquakes was estimated from a comparison
of the observations of tide gauge stations at San Francisco and
San Diego and the simulated results of tsunami propagation [2].
Numerical simulations were performed on Earth Simulator 4,
JAMSTEC. When a total of 100 processes with 50 nodes (2
processes per node) and 20 threads per processes were generated
and executed in OpenMP/MPI hybrid parallel computation, it
took about 18 hours to complete the calculation for 24 hours of
tsunami propagation. The data capacity was approximately 2TB
per scenarios. The first signals of the Ansei—Tokai tsunami were
apparent, whereas those of the Ansei—Nankai tsunami were
obscured by the later waves of the Ansei-—Tokai tsunami [3].
Waveforms of the Ansei-Nankai tsunami simulated with non-
linear dispersive wave theory by assuming an origin time of
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07:00 GMT on 24 Dec. arrived earlier than in the observations.
The normalized root mean square and the misfit between the
simulated and observed waveforms of the Ansei—Nankai tsunami
showed a time difference between them of approximately 0.4 h.
This finding suggests that the actual origin time of the Ansei—
Nankai tsunami was approximately 07:24 GMT on 24 Dec. A
previous study estimated the origin time of the Ansei—Tokai
tsunami to be about 00:30 GMT on 23 Dec. Thus, we concluded
that the time difference between the 1854 CE Ansei—Tokai and
Ansei-Nankai tsunamis was 30.9 h. Despite the significant
difference in the time resolution between the seasonal
timekeeping system used in Japan in 1854 and waveform
digitization, our result is roughly in agreement with historical
descriptions of the tsunamis [4], suggesting that such information
can be effectively used to determine the origin times of historical
earthquakes [5].

4. Basic for seismic hazard prediction using a large-
scale finite element calculation program, E-wave FEM
(D. Seismic hazard predictions)

Estimation of long-period ground motions caused by a
possible future giant subduction zone earthquake is important for
the countermeasures against seismic damage in urban areas. For
this purpose, it is necessary to numerically calculate seismic
wavefields in complex subsurface structures for an appropriate
source fault model. To model source faults, using a point source
is effective for targeting relatively small earthquakes. On the
other hand, it is necessary to consider finite fault and rupture
propagation for the calculation of long-period seismic motions
caused by a giant subduction zone earthquake. The following two
methods are available for introducing such a complex source
model in numerical simulation of ground motions. (i) Modeling
by using a collection of point source. (ii) Split node technique
[6]. E-wave FEM [7][8][9], a computer program that some
project members have been using for large-scale finite element
analysis of seismic ground motion, can handle both (i) and (ii).
Therefore, by comparing the two, we conducted an accuracy
verification on the modeling of source faults using (ii). Problem
settings that appropriately abstracts complex settings that appear
in real-world problems were adopted. Specifically, the
verification was conducted in two settings: the case where a
finite-fault source model is input to a curved surface and the case
where a finite-fault source model is input to a layer boundary of
seismic velocity structures. By obtaining results of numerical
simulation using ES4 and other environments, we confirmed that
the results of calculations using the split node technique and
multiple point sources agree sufficiently under appropriate
settings in both cases.
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