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This study proposes a new tsunami prediction method using tsunami database calculated from 3480 fault models in the Nankai

Trough. We applied machine learning techniques to the database for predictions in tsunami inundation. We investigated two

machine learning models of multiple regressions using power law and multilayer perceptron. To speed up the analysis, we

reduced tsunami inundation prediction points by clustering before the predictions. The predictions were made for the Cabinet

Office 11-case earthquake scenarios as test data. The multilayer perceptron was superior to the power law regression in terms

of predicting tsunami inundation depth. It estimated RMSE from 0.3 to 1.1 m for the average tsunami inundation depth within

clustered area.

Keywords : Tsunami prediction, regression, power law, multilayer perceptron

1. Introduction

Yoshikawa et al.ll predicted the tsunami height at a point on
the coast by a regression model using power law, but did not
obtain the spatial distribution of the maximum tsunami flow
depth. Emergency response after a tsunami disaster requires
information on the flow depth distribution in the damaged area,
in addition to the tsunami height along the coast. To obtain it
using the regression models, we predict all the points in the
inundated area, but the number of predicted points is enormous,
and the processing time will be long. Hence, this study proposes
a method to reduce the number of prediction points by pre-
grouping the areas where the flow depths are always similar. The
analysis procedure was as follows. First, we calculated the
tsunamis of 3480 cases in the Nankai Trough(? for training data
to construct a regression model. Then, we applied cluster analysis
to the flow depths of the training data to identify areas with
similar flow depths for all tsunami events in the training data.
Regression relationships were estimated using the conjugate
gradient (CG), and the multilayer perceptron (MLP) methods, in
which objective valuables are the average flow depths in the
clustered areas, and the explanatory variables are the maximum
ocean bottom pressure deviations during a tsunami at DONET
stations. Finally, we used the constructed regression models to
predict the tsunami flow depths calculated from hypothetical
earthquake scenarios released by the Japanese government!! to
evaluate the prediction accuracy.

2. Analysis methods

Fujiwara et al.”?) proposed fault models with 3480 cases of
interplate earthquakes in the study area. We constructed the
training data by calculating all the tsunamis generated by 3480
fault models. Fault motion in each model caused seafloor

displacement assuming a semi-infinite homogeneous elastic
body. We estimated the initial tsunami water level using the
vertical component of the seafloor displacement, the effect of
tsunami excitation by horizontal displacement of the seafloor
slope, and the filter of the linear potential theory. Numerical
tsunami simulations used the rise time of the initial water level at
60s. The nonlinear long-wave equations solved by the staggered
grid leapfrog difference method estimated the tsunami
propagation from the initial water level and tsunami run-up on
land. The topographic data used in the tsunami calculations were
obtained from the local government in the study area, i.e.,
Tokushima Prefecture. Topographic nesting consisted of five
layers. The grid intervals in the layers were 810m, 270m, 90m,
30m, and 10m from the coarsest layer to the study area. The tide
level when the tsunami attack occurred was assumed to be the
mean tide level (Om in Tokyo Peil). Coastal tsunami defense
structures smaller than the grid intervals, such as breakwaters,
were modeled as line structures in the calculations. When a
tsunami overtops the coastal structures, we considered the
collapsed structures and continued the calculation by excluding
the line structures. The integral time was 6h, so that the maximum
tsunami waves arrived in all the evaluation areas. To satisfy the
stability condition of the computation, the computational time
step width was set to 0.1s.

The cabinet office of Japan® re-investigated geological and
geophysical features and historical inter-plate earthquakes in the
Nankai Trough. They released 11 earthquake scenarios (fault slip
distributions) with a magnitude of 9.1 (hereafter referred to as M9
scenarios) which may occur in the Nankai Trough. M9 scenarios
are realistic, which include the heterogeneity of the slip
distribution on the fault plane. This study calculated tsunamis
from the M9 scenarios using the above procedure and used them
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as test data.

We created clustered areas where the tsunami flow depth was
similar to the training data to reduce the prediction points.
Fourteen fault models that cause significant tsunami inundation
in the study area were randomly selected from the training data,
and the k-means method was applied to their flow depth
distributions. Of the 3480 cases, the selected fault model id
numbers were 101, 315, 884, 1562, 1596, 1816, 1838, 2125,
2512, 2645, 2668, 2725, 2842, and 2850 in Fujiwara et al.”?).

In the k-means method, an analyst should specify the number
of clustered areas in advance. This study determined the number
of clustered areas based on the variance in flow depth in the
clustered area. Additionally, a small number of clustered areas is
preferable because the purpose of this study is to predict tsunami
flow depths with low computational cost. We found that 18
clustered areas were optimal in this study, in which the standard
deviation of the flow depth data in one cluster was 0.46 m on

average.
The tsunami prediction equation used in this study is as

follows:
n

Vi = Z a;x; ;% (€Y
i=1

where, n = 51 is the number of offshore observation points, i
is the number of observation points, j is the number of tsunami
cases, a, b are the regression coefficients to be estimated. x is
the absolute value of the maximum deviation of seafloor water
pressure. y is the objective variable, which is the mean and
standard deviation of the tsunami flow depths in the clustered
area.

The CG estimated the regression coefficients (a, b) using all
the training data from 3480 cases. We used the function optim of
the statistical processing software R. The CG method included
the intercept (c), and gave O to @ andc,and 1 to b as the initial
conditions for iteration.

In addition to the power law regression in equation (1) solved
by the CG method, this study predicted the tsunami flow depth
for the clustered area using the MLP method with y as the output

z

M9 Scenario Number
Fig.1 Line graph of the RMSE between true (forward
calculations) and predicted values for the M9 scenario from
No.1 to No. 11. Solid and dashed lines indicate mean and
standard deviation, respectively.

layer and x as the input layer. We used Tessorflow libraries with
the following analysis settings. The number of the intermediate
layers was 9. The first intermediate layer had eight nodes, and the
number of nodes in the other intermediate layers was set to be a
power of 2. We applied the ReLU activation function and the L2
regularization in the intermediate layers. Adam algorithm was
used to minimize the loss function of the mean square error. We
also  performed

cross-validation tests by changing

hyperparameter values to avoid overfitting.

3. Results

Here, we show the performance of the tsunami flow depth
prediction using the test data of the 11 M9 scenarios'), which are
different Nankai Trough earthquake models from the training of
3480 cases. The absolute values of the seafloor water pressure
deviations at 51 DONET stations from the M9 scenarios are
explanatory variables that were substituted into the prediction
equations from the CG and MLP methods. The MLP method is
more accurate than the CG method in predicting the average flow
depth. The prediction of the standard deviation of the clustered
flow depth data was similar between the two methods.

Figure 1 shows more quantitative comparisons in the
prediction error by the root mean square of residual errors
(RMSE) between the predicted and the true value for each
scenario. The M9 scenarios No. 1, 2, 8, and 10 were better
predicted by the CG method, while the MLP method had better
prediction accuracy for the other M9 scenarios. The M9 scenarios
No. 4 and 5 had lower prediction accuracy than the other
scenarios.
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