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While quick prediction of coastal tsunami height along the Tohoku coast, some of coastal residents did not evacuate and lost their
lives due to possibly normalization bias or insufficient knowledge of tsunami risk during the 2011 Tohoku earthquake. Accordingly,
we investigate a new tsunami prediction scheme that can provide information of not only coastal tsunami height but also tsunami
inundation map in real time. We applied a database-driven system because it appears high reliability during even in emergency time,
just picking up an appropriate scenario from the database. However, huge computational resources are required for preparation of all
tsunamis that could occur in the Nankai trough. We used Earth Simulator to construct a simulation database of tsunami inundation in
coastal area of Wakayama prefecture including about 1500 scenario tsunamis with high spatial resolution. It was already embedded
in a tsunami prediction system operated by Wakayama prefecture. By using Earth Simulator, creating database was finished by about

25 times faster in comparison with processing on a mid-scale cluster computer.

Keywords: Tsunami, Nankai trough, tsunami early warning, simulation database

1. Introduction 2. Simulation database of tsunami inundation
An early tsunami warning is working in Japan operated by We used a tsunami calculation code called JAGURS that
Japan Meteorological Agency (JMA). It continuously monitors solves nonlinear long-wave equations with a nested algorithm

seismic and tsunami data to choose an appropriate scenario for on a staggered, leap-frog finite differential scheme (Baba et al.,
coastal tsunami heights from pre-computed tsunami database 2015[2]). This code was paralleled by using OpenMP and MPI.
based on result of quick analysis of epicenter and earthquake In this study, we constructed a simulation database for
magnitude. They can provide issues very quick, within 3 minutes Wakayama prefecture which is located in facing to the Nankai
after earthquakes occur. It is one of the world-most advanced subduction zones. For earthquakes possibly occur in the Nankai
tsunami warning systems. However, some of coastal residents trough subduction zone, at first, we constructed about 1500
who needed to evacuate from the 2011 Tohoku tsunami did not earthquake scenarios by referring tectonics and historical
follow the evacuation order from JMA. This might be caused subduction zone earthquakes in the Nankai trough. The
by normalization bias or lack of sense of tsunami risk. We magnitude of the scenario earthquakes ranged from 7.2 to 8.4.
accordingly started to investigate how to disseminate tsunami The fault length and width and amount of slip were determined
information that enhance tsunami evacuation actions. from the magnitude by a scaling law (Utsu 2001[5]). In order to
Information of the coastal tsunami height may be insufficient calculate efficiently, the coastal region in Wakayama prefecture
for residents living slightly away from the coast, but there is still was divided to 24 sub-regions, that is 24 sets of nested grids.
tsunami risk, because they do not know whether tsunami reach By using this population of fault models and sub-regions, we
their houses. This fact may be leading to the normalization repeatedly calculated tsunami inundation by 1500 scenarios x
bias. We therefore propose to predict not only coastal tsunami 24 sub-regions times on Earth Simulator. Spatial resolution of
height but also inundation on land so that the residents could topographic data was set to be 5Sm interval near the coast. All
know if tsunami reaches or not to their houses. Database-driven computed inundation maps and tsunami waveforms at the coastal
tsunami prediction is a candidate to provide inundation map in tide gauges and the offshore GPS buoy and bottom pressure
real time. However, we ask huge computational resources to gauges (BPGs) in the Nankai trough were stored in a database.
prepare inundation maps with high spatial resolution for many This simulation database have already been embedded in
earthquake (tsunami) scenarios possibly occur in the Nankai a regional tsunami prediction system operated by Wakayama
trough. In this study, Earth simulator contributes constructing a prefecture. This system uses offshore tsunami data observed by
simulation database for real-time tsunami inundation prediction BPGs of DONET (Dense Ocean-floor Network for Earthquakes
in a local government in Japan. and Tsunamis, Kaneda et al, 2015[4]) and amplification

relationship between coastal and offshore tsunami heights (Baba
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Fig. 1 Research framework

et al., 2014[1]) to select the best scenario from the simulation
database (Fig. 1). Because this prediction method depends on
tsunami data itself, not seismic data, it has an advantage in case
of tsunami earthquakes (Kanamori, 1972[3]) which generate
unexpectedly large tsunami with weak seismic shaking. While
many tsunami early warnings around the world rely on the
seismic data because it travels faster than tsunami, but these
systems cannot predict accurately tsunami generated from

tsunami earthquakes.

3. Speed-up in constructing database by using

Earth Simulator

We have used a cluster computer of JAMSTEC (SC-ICE) to
create the database before this study. Wall-clock time was about
three months to calculate for 1500 scenarios per one sub-region
including data preparations, executions on SC-ICE consist of job
waiting time and calculation time, and time for post processing.
Calculations remaining 23 regions were finished in only two
and half months with Earth Simulator. It was practically fast.
Creating simulation database of tsunami inundation for all
possible scenarios is key to come true real-time prediction of
tsunami inundation area. We hope our achievement will lead
tsunami early warning systems to next generation scheme that

enhances evacuation actions among residents.

4. Conclusion

We used Earth Simulator for mitigation of tsunami disaster
from a point of view of development of advanced tsunami
early prediction. Earth Simulator contributed creating pre-
computed tsunami database which includes not only coastal
tsunami height, but also predicted inundation area. We took into
account about 1500 scenario tsunamis and calculated tsunami
inundation with high-spatial resolution of 5m interval for all
coast of Wakayama prefecture. Huge computational cost was

required but we could finish the calculations in two and half
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months by using Earth Simulator. It is reasonable wall-clock
time. Although we have to still investigate an effective method
to choose an appropriate scenario from the database, the tsunami
database system created in this study is a basis needed in any

selection algorithms.
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