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This study was conducted with the following goals: 1) to carry out calculations based on variations in wave sources and

cyclones, 2) to obtain knowledge to improve the model for better forecasting accuracy, and 3) to improve knowledge on the

relationship between forecasting accuracy and the time to start evacuation. In this study, the sensitivity analysis of WRF to the

calculation domain setting, initial and boundary values, and physical options was conducted, as these settings tend to differ

among users and have a large impact on typhoon forecasting. The results showed that (1) horizontal resolution has a greater

impact on typhoon forecasting than area location, (2) the choice of analysis values used for initial values has a greater impact

on typhoon forecasting than lateral boundary values, and (3) the relationship between the variation in storm surge forecasting

and forecast start time due to different choices of physical options.

Keywords : Tropical Cyclone, Forecast, Tsunami, Evacuation, Inundation simulation

1. Introduction

The Sendai Framework for DRR 2015-2030 was adopted by
187 United Nations (UN) Member States and endorsed by the
UN Secretary-General at the Third United Nations World
Conference on Disaster Risk Reduction (WCDRR) in Sendai,
Japan, on March 18, 2015. Countries called for further
development and investment in effective and nationally
compatible regional multi-hazard early warning. The Global
Target (g) of the Sendai Framework for Disaster Reduction was
adopted to address this need. This is to "significantly improve the
availability of and access to multi-hazard early warning systems
and disaster risk information and assessment by 2030.

As for multi-hazards, various studies have been conducted on
individual events, such as improving the prediction accuracy of
typhoons and torrential rains, and on the mechanism of
destruction of protective facilities by tsunamis. However, few
studies have been conducted on the superimposed phenomena of
natural disasters such as those mentioned above. Therefore, we
believe that it is necessary to develop a model that can predict
and analyze heavy rainfall, floods, storm surges, and tsunamis in
a composite manner in order to study the damage risk in the event
of such a compound disaster.

Therefore, this study was conducted with the following goals:

1. To perform calculations based on variations in wave sources
and cyclones.

2. To obtain knowledge to improve the model for better
prediction accuracy.

3. To deepen the knowledge of the relationship between
prediction accuracy and the start time of evacuation.

2. Effects of WRF calculation conditions”
In recent years, several studies have been conducted to

improve the accuracy of weather forecasting in the Weather
Research and Forecasting (WRF) model, which is often used in
typhoon forecasting research, by optimizing and improving the
input data and computational condition settings, which have a
very high degree of freedom. Shirai et al. focused on the fact that
the combination of WRF physics options (a scheme to estimate
the amount of variability that subgrid-scale phenomena such as
convection, cloud physics, and radiation have on the grid mean
of model physics) that results in the highest forecast accuracy for
each typhoon is different, and used machine learning to develop
a mechanism was established to select combinations of WRF
physics options that would result in high typhoon forecasting
accuracy using machine learning.

In order to improve the accuracy of typhoon forecasting using
WRE, it is necessary to accumulate more knowledge on the
impact of different WRF calculation conditions on typhoon
forecasting. This research aims to collect data and knowledge by
conducting sensitivity analysis as a case study on the effects of
various settings of WRF on typhoon forecasting, focusing on
multiple settings of WRF calculation conditions. We will also
organize and discuss the data from previous research on the
impact of the disparate typhoon forecast results due to the
different WRF calculation conditions on storm surge forecasting.

3. Discussion on sensitivity analysis results for WRF
region setting and initial and boundary values and
physical options.

In this study, the effect of changing the location of the area on
typhoon intensity was small. On the other hand, when the
horizontal resolution was coarsened to about 12 km, the
underestimation tendency of the predicted maximum wind speed
increased by about 23% (T1919) and 35% (T1721) in the RMSE
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compared to the 5 km case.

For the sensitivity analysis on initial and boundary values,
differences were found in the forecast results for both paths and
typhoon intensity by using two types of analysis values, JMA-
GSM and NCEP-FNL. In this study, the path error at T1919 was
84 km (98 km) when FNL was used as the initial value (initial
and boundary values) and 146 km (191 km) when GSM was used,
indicating that using FNL improved the accuracy of path
prediction.

As shown in Figure 2, the WRF calculation conditions, such
as computational domain, grid resolution, initial and boundary
values, and physical option settings, result in approximately the
same degree of variation in the prediction of typhoon location
and intensity. The following discussion of this research and the
results of Shirai et al.l)'s sensitivity analysis of the physical
options (Figure-1) will provide insight into the actual forecast
errors and uncertainties that can occur in actual typhoon and
storm surge forecasting.

Regarding the influence of WRF region location and
resolution settings on the typhoon intensity forecast, the influence
of grid resolution is more significant than region location. As for
the typhoon path, the results show that the region position also
has an effect at T1919. On the other hand, the influence of area
position in T1721 was slight compared to the influence of
resolution.

For the initial and boundary values, there was a clear difference
in the forecast results for both typhoon intensity and path between
the IMA GSM and NCEP-FNL analyses. For T1919 and T1721,
the impact on typhoon forecasting was greater for which
analytical value was used as the initial value than for whether the
WREF lateral boundary values were given directly from these
analytical values or from the global WRF calculation results with
these analytical values as initial values This is due to the
dependence on the initial values of the WRF. This is presumably
due to the dependence of the WRF on the initial values.

For the physical option sensitivity analysis, it was difficult to
narrow down to one optimal combination of physical options.
One of the reasons for this is that each of the physical options,
such as cloud microphysics, boundary layer, and cumulus
scheme, interact with each other, resulting in different model

behavior for each combination.
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Figure-1 Sensitivity analysis results for the physical option.
For comparison, the figure for T1919 is taken from Shirai

etal?.
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Figure-2  a), b): Typhoon center position error, c), d):
Typhoon minimum central pressure error (AMCP) and
maximum wind speed error (AWIND) for all cases and
every 6 hours. Domain, IBCs, and Physics Option
correspond to the calculation conditions. “ave" is the mean

and o is the standard deviation.





