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An outer-rise earthquake, which is a series of earthquakes from the 2011 Tohoku earthquake, has not been occurred

yet. This study aims to predict tsunami from the outer-rise earthquake using faults well-modeled by the marine

seismic surveys and observations. We created 33 fault models for possible outer-rise earthquakes in a region from
36.5° to 40.5° in latitude and from 143.0° to 145.2° in longitude in the Japan Trench. The maximum tsunami of 27.0
m at the Tohoku coast was calculated from fault ID 9 which fault length is 332 km, Mw is 8.7. We also conducted
a sensitivity test by varying fault parameters. The calculated tsunami height was changed very much from the

original fault model when using different fault scaling laws. Slip heterogeneity and tsunami dispersion effect also

have a large impact on the predicted tsunami.

Keywords : Outer-rise earthquake, Tsunami simulation, Sensitivity Analysis, Japan Trench

1. Introduction

In this study, we predicted tsunamis on the basis of numerical
simulations from the set of 33 outer-rise faults along the Japan
Trench. Because actual earthquakes do not exactly match the
assumed fault parameters, we conducted a sensitivity analysis to
explore the effects of uncertainties in the assumed fault
parameters, using the reliability indicators!'l. We focused in
particular on the effects on tsunami propagation of uncertainties
in dip angle and rake angle of the faults, the scaling law used to
determine slip amounts, wave dispersion, and slip heterogeneity.

2. Tsunami simulation using 33 basic faults

Intensive marine surveys were carried out in the outer-rise area
of the Japan Trench region. The important findings of the surveys
are these: (1) the upper edges of outer-rise faults are consistent
with the horst-and-graben topography at the seafloor; (2) dip
angles of these faults are steep, reaching a maximum of 75° at
shallow subseafloor depths; (3) dip angles are more likely to be
moderate at greater depths, ranging from 45° to 60°; and (4) the
seismogenic zone for outer-rise earthquakes is approximately 40
km thick. We mapped the seafloor traces of outer-rise faults using
the survey data to obtain 33 seafloor traces (Figure 1).

The 33 seafloor traces were extended below the seafloor into
rectangular fault planes, referred to here as “basic faults”, for
tsunami calculations. The upper edge of the basic faults was
placed at 0.1km below the seafloor. Dip angles of the basic fault
planes were set at 60°. The rake angle was set at 270° under the
assumption of pure normal faulting. The width of the basic faults
was the same as the fault length (L = ) unless the lower edge of
the basic fault was deeper than the base of the seismogenic zone
(40 km), in which case the width was shortened to match the 40
km depth. The slip amount on the basic fault was determined by

the scaling law(?. The tsunamis from the basic faults were
calculated by the non-linear shallow water equations. The
maximum tsunami of 27.0 m at the Tohoku coast was calculated

40°

39°

38"

37

]
143" 144" 145° 146°

Figure 1. Shaded-relief bathymetric map of the Japan
Trench study region (location on Figure 1) showing
modeled outer-rise normal fault traces. Green and red lines
indicate faults dipping landward (west) and seaward (east),
respectively. Basic faults are identified by the encircled
numbers.
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Table 1. Derived models

Derived Difference from basic fault

model ID

1 Dip angle is 45°

2 Dip angle is 70°

3 Dip angle of the upper half of the fault plane
is 70° and dip angle of the lower halfis 45°

4 Modeled by a set of subfaults

5 Rake angle is 245°

6 Rake angle is 285°

7 Use the other scaling law in Alvarez-
Goémez et al. (2012)2

8 Use a scaling law in Blaster et al. (2010)P!

9 Solve the dispersive tsunami equations

10 Define a large slip area in the northern 1/3
part

11 Define a large slip area in the middle 1/3
part

12 Define a large slip area in the southern 1/3
part

from fault ID 9 which fault length is 332 km, Mw is 8.7.

3. Sensitivity analysis using 12 derived models

For simplicity, the dip and the rake angles were set at 60° and
270°, respectively, in the basic faults. However, actual outer-rise
earthquakes would vary from these fixed values. To understand
how differences in the fault parameters would affect the accuracy
of'the tsunami predictions, we conducted a sensitivity analysis by
changing the values of selected parameters to derive 12 models
from each basic fault model (Table 1).

The results were evaluated using the reliability indicators!'], K
and x (Figure 2). K is the geometric average of the ratio between
the maximum tsunami heights of derived model and those of the
basic model; values above 1 signify that the maximum tsunami
heights from the derived model are larger on average than those
of the basic model. x is the geometric standard deviation
indicating the variance of K; values close to 1 are better. The most
influential factor in the prediction of the maximum tsunami
height was the choice of scaling law. The maximum tsunami
height calculated by the derived model 7 was as much as 1.5
times greater compared to the basic model, and the derived model
8 produced tsunamis about 30% smaller on average than the
basic model. The heterogeneous slip models increased the
maximum tsunami height by 10-15% on average over the basic
model. Consideration of dispersion increased the maximum
tsunami height by about 10% at the offshore stations and about
5% at the coastal tide stations. Changes in dip angle caused both
increases and decreases in tsunami height, depending on the case,
but the average difference was less than 5% except for the
derived model 2 (75° dip), in which the tsunami height was

systematically reduced by about 10% on average at the coastal
stations. The compound model, the subfaults model, and the
different rake angle models changed tsunami heights by no more
than about 3%.
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Figure 2. Values of K and « for the 12 derived models. (a) K
for offshore stations of pressure gauges and GPS buoys
(PG+GPS). (b) K for coastal tide gauges (TG). (c) « for
offshore stations. (d) «k for coastal tide gauges.
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