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Annual Report of the Earth Simulator April 2020 - February 2021
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It is important to develop a model that can predict and analyze the multi-hazard due to heavy rainfall, storm
surge, and tsunami to assess and reduce the risk of disasters that may occur in the future. The goal of this study
is to develop a unified model to validate the multi-hazard and to improve the real-time prediction accuracy.
However, the computer load is heavy to perform these calculations simultaneously due to the wide range of
spatial-temporal scales, and the key typhoon prediction accuracy depends on the boundary conditions and
physical options. In this year's study, the typhoon path and heavy rainfall prediction accuracy were mainly
examined. The results showed that the typhoon path prediction error was about 70 km two days ahead and about
120 km three days ahead on average, which was almost the same as the accuracy of the JMA typhoon prediction.
In terms of intensity prediction, within the range of the physical option combinations examined in this study,
there was almost no difference between the different physical option combinations. For the rainfall area, the
results are comparatively reasonable. In the future, we plan to perform superimposed inundation calculations.

Keywords : heavy rain, storm surge, tsunami, large simulation, multi hazard risk

1. Introduction

It is important to develop a model that can predict and analyze
the superposition of heavy rainfall, storm surge, and tsunami to
examine the risk of natural disasters that have occurred
frequently in recent years and complex natural disasters that may
occur in the future. On the other hand, previous studies have been
developed separately for the river and the coastal sides, and few
studies on a unified model. In this study, a unified model is
developed to verify the superposition phenomenon and improve
real-time prediction accuracy as the goal. However, the computer
load is heavy to perform these calculations simultaneously due to
the wide spatial-temporal scale, and the key typhoon prediction
accuracy depends on the boundary conditions and physical
options. Therefore, in this paper, we focus on verifying typhoon
path and heavy rainfall prediction accuracy.

2. Accuracy of Typhoon Predictions

The overview of the calculation system is shown in Fig-1. The
WRFV is used as a model of the meteorological field, and STOC?
is used for storm surge, tsunami and associated inundation
analysis. For parameters used in WREF, a database using
reproduction simulations is constructed, and parameters are set
from there?. In this chapter, the effects of physical parameters on
typhoon prediction are investigated.

In WRE, the user can arbitrarily select parameterizations
(called "physics options" in WRF) for sub grid-scale phenomena
that cannot be represented by equations, such as cloud physics
and ground-atmosphere interaction, as well as various

computational conditions such as grid conditions. Since
changing these computational conditions can significantly
change the typhoon forecast results, sensitivity analysis of WRF
has been conducted to investigate the optimal computational
conditions for typhoons®. In particular, the effects of physical
options, grid resolution, domain size, and meteorological data
used in the initial bounds of WRF on the accuracy of typhoon
forecasts are particularly important. However, there have been
only a few studies on typhoons that have landed in Japan, and it
is difficult to set up appropriate conditions for typhoon
forecasting in Japan. Therefore, in this study, sensitivity analysis
calculations are performed for a typhoon that landed in Japan
using WRE, and the calculation conditions are examined to
improve the forecast accuracy.

Development of Data Base for typhoon,
heavy rain and tsunami forecasting system

Application to evacuation support for storm
surge, flood, and tsunami

&

Fig-1 Overview of the prediction system
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Fig-2 shows the relationship between the forecast period and
forecast error for the typhoon path. The average forecast error
was about 70 km two days ahead and about 120 km three days
ahead, which was almost the same as the accuracy of the JMA
typhoon forecast. For the typhoon path, the best sets based on
the error of the typhoon landfall position were verified. The
mean error and the variability of the typhoon path were the
smallest when WSMS5 or WSM6 (opt=4 or 6) was used for MP
(cloud microphysics) and MYJ (opt=2) was used for PBL
(planetary boundary layer) in Japan (The average error was
about 25 km, and the largest average error was about 50 km in
Case 9), so these were selected as the best sets in this study.

3. Accuracy of rainfall prediction

Rainfall forecast simulations were performed for three cases:
Typhoon No. 19 in 2019, heavy rainfall in July 2018, and heavy
rainfall in July 2020. Three physical options, that are cloud
microphysics (MP), cumulus parameterization (CU), and
planetary boundary layer (PBL), are varied to calculate.

In Typhoon No. 19 of 2019 case, the forecast start time was
calculated every 12 hours from about 3.5 days to 1 day before
the typhoon landed. Considering the time required for the release
of meteorological data and the computation time, it was found
that the rainfall prediction could be made more than 1.5 days in
advance, and sufficient lead time could be expected (see Fig-3).
However, it is important to improve the accuracy of the typhoon
path.

In the case of frontal rainfall, the combination of CU14 and
PBL2 is relatively accurate, independent of MP. In terms of
cumulative rainfall, relatively good results are also obtained. As
shown in Fig-4, the rainfall distribution for each heavy rainfall
event is well reproduced in the linear precipitation zone.
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Fig-2 Relationship between the forecast start time and typhoon path

error (red line is the mean value). For example, 48h means that the

calculation is started 2 days before the landing.
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Fig-3 Comparison of predicted rainfall at each computation start time
and AMeDAS (Urayama, Saitama, Japan) (No. 19,2019): left: time

series comparison, right: cumulative rainfall comparison
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Fig-4 Rainfall distribution for each event: The upper figure shows the
July 2018 event, and the lower figure shows the July 2020 event.



