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To assess the risk of tsunamis from outer-rise events, we proposed 33 models for normal faults along the Japan Trench based

on seismic observations and surveys in the previous report. The 1933 Showa-Sanriku earthquake, a large (M 8.3) outer-rise

event, occurred in the area of the fault models. If our modeling procedure is reasonable, one of the fault models should explain

the 1933 tsunami. Therefore, we compared the calculated and observed tsunami heights from this event in the tsunami database

compiled by Tohoku University and the Nuclear Regulation Authority. Our fault model ID 10 was comparable with the

previously proposed fault models for the 1933 Showa-Sanriku earthquake. This paper also demonstrates that frequency

dispersion effects amplified the 1933 Showa-Sanriku tsunami.

Keywords : Outer-rise earthquake, 1933 Showa-Sanriku earthquake, Tsunami simulation, Dispersion, Japan Trench

1. Introduction

Outer-rise earthquakes sometimes occur soon after large
interplate earthquakes. An outer-rise earthquake off the Kuril
Islands in 2007 was probably relevant to an adjacent interplate
earthquake in 2006. After the 2011 Tohoku earthquake in Japan
Trench, outer-rise earthquakes accompanied by tsunamis may
happen shortly. We, therefore, carried out marine topographic
and seismic surveys and proposed 33 normal fault models in the
previous paper’. The current report assesses the reliability of the
proposed 33 fault models by comparing observed tsunami
heights at the coast by the 1933 Showa-Sanriku tsunami that
occurred in the area of the fault models. We used the nonlinear
long-wave equations and nonlinear dispersive equations for the
tsunami calculations. We found a vital implication during the
tsunami calculations that the non-dispersive model does not
always provide larger tsunami heights than the dispersive model.

2. Tsunami Calculation Methods

We performed tsunami calculations using the following
procedure. Vertical crustal displacement at the seafloor was
calculated assuming that the crust is a homogeneous elastic half-
space?, and horizontal movement effects® were included. A
hydraulic filter based on linear potential theory* was applied to
estimate the initial sea-surface displacement, which assumed a
rise time of 30 s. To model tsunami propagation, we used
nonlinear long-wave (non-dispersive) equations and nonlinear
dispersive equations. The time integrations were solved using
JAGURS, open-source software that solves either the non-
dispersive or dispersive equations with a nesting algorithm using
a leapfrog, staggered-grid, finite-difference method. For
bathymetry, we used the Global tsunami Terrain Model® (GtTM),
which compiled open data around Japan to make gridded data

with an interval of 2 arc-sec.

We compared the calculated and observed tsunami heights
from the 1933 Showa-Sanriku tsunami in the Japan tsunami trace
database compiled by Tohoku University and the Nuclear
Regulation Authority. Using the database, we calculated Aida’s®
K and «, as follow, for all of the calculated tsunamis in this study
to find the best-fit fault model for the 1933 Showa-Sanriku
carthquake.

n

1
logK = —Z logM 6V
n o Neal
i=1
N Topo\2 Yy
logk = |- (lo 0b5) —n(logK)? @
9 TL{; g Neal g
3. Results

The outer-rise tsunamis were calculated from the 33 fault
models by solving the nonlinear long-wave (non-dispersive)
equations in a finite difference scheme. Fault model 10 (L =218
km, Mw = 8.31) best simulated the observed tsunami inundation
heights of the 1933 tsunami with K= 1.09 and x = 1.49 (Fig. 1
and Table. 1). We applied the same procedure to evaluate several
previously proposed fault models of the 1933 Showa-Sanriku
earthquake. Fault model 10 was comparable with the previously
proposed fault models for the 1933 Showa-Sanriku earthquake™
°. Whereas the previous studies adjusted the fault parameters to
predict the observed 1933 tsunami, we implemented the tsunami
calculations using a completely forward-looking method. We
conclude that our tsunami prediction procedures, including the
method to construct the fault models, are appropriate for
predicting tsunamis caused by future outer-rise earthquakes in the
Japan Trench.

We recalculated the outer-rise tsunamis from fault models
using the dispersive equations. In the dispersive tsunami
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Figure 1 Correlation between the observed inundation heights of the 1933 Showa-Sanriku tsunami and the calculated heights for

fault model 10 using (a, b) non-dispersive equations and (c, d) dispersive equations

modeling, the tsunami caused by fault model 10 showed the best
match with the observed inundation heights of the 1933 tsunami
(Fig. 1 and Table 1; K = 0.97 and « = 1.49). The decrease in K
from 1.09 to 0.97 indicates that the tsunami inundation heights in
the dispersive calculations were about 10 % larger than those in
the non-dispersive calculations, resulting in better agreement
with the observed data. Contrary to conventional practice, we
conclude that dispersive calculations are essential when
preparing hazard maps for outer-rise tsunamis.

Table 1. Calculated K and x

Fault models Long-wave eq Dispersive eq.
K K K K

Baba et al!

(Fault ID 10) 1.09 1.49 0.97 1.49
Kanamori’ 1.17 1.55 1.13 1.57
Uchida et al®

(Compound 0.72 1.57 0.69 1.58
model)

Aida’ 1.03 1.50 0.91 1.49
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