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INTRODUCTION

Extreme external forces such as associated with strong
cyclones have often caused severe coastal erosions.
Numerical simulation models have been employed for
evaluating these coastal morphological changes
(Roelvink et al., 2009). However, few studies focused on
the morphological response caused by tropical cyclones
under expected climate change. In this study, field
surveys and numerical simulations were conducted to
evaluate morphological changes caused by typhoon
Lupit (2021) on Niigata coast. PGW (Pseudo Global
Warming) methods under the SSP scenarios of IPCC
AR6 were used to simulate morphological responses
under expected climate change.

STUDY AREA

Fig. 1 shows various information such as typhoon track,
observed stations, and simulated ranges in the study
area. Niigata coast has long been noted for its coastal
erosion problem mainly because high wave events have
occurred in winter season. Therefore, the
countermeasures to coastal erosion have been carried
out by constructing detached breakwaters. However,
authors confirmed from the previous studies that erosion
trend still clearly occurred during high wave events
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Figure 1 - Study area on Aoyama beach in Niigata coast

(Ohizumi et al., 2022; Ito et al., 2022; Ito et al., 2021). In
this study, we focused the morphological change before
and after the passages of the typhoon at Aoyama beach
with detached breakwaters (Ito et al., 2022).

METHODOLOGY

Fig. 2 shows the numerical model configuration in this
study. Based on the dates of the surveys conducted,
numerical simulation period was set from August 7 to
August 13 in 2021. Firstly, WRF (Skamarock et al., 2008)
simulated wind boundary condition. Next, SWAN (Booji
et al., 1999) simulated wave field by using the simulated
wind forcing fields by WRF. Finally, XBeach (Roelvink et
al., 2009) simulated morphological change based on the
field survey data and the simulated wave boundary
condition. In addition, XBeach simulation used Surfbeat
(XB-SB) and Non-hydrostatic (XB-NH) modes.

After quantitative evaluation of hindcast simulation, PGW
experiments were conducted in WRF using 26 GCMs
multi-model ensembles. The PGW method used is the
same as in the previous studies (Nakamura et al., 2016,
2021). Here, Fig. 3 shows PGW fields under SSP5-8.5
and SSP3-7.0 used by WRF simulation. The PGW fields
were constructed with considering the difference
between present (2015-2024) and future (2081-2100)
climate of sea surface temperature (SST), air
temperature (AT), relative humidity (RH), and
geopotential height (GPH).
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Figure 2 - Numerical model configuration
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Figure 3 - PGW fields under SSP5-8.5 and SSP3-7.0 of ST(a), AT(b), RH

RESULTS

The typhoon track and the minimum sea level pressure
(MSLP) simulated by WRF were in good agreement with
the best track information (Fig. 4 (a)). Further, SWAN
simulated the wave field well as the correlation coefficient
(R) and the root mean squared error (RMSE) of significant
wave height (Hs) were 0.833 and 0.459 m, respectively

(Fig. 4 (b)).

Then, we validated the simulated results of XBeach (Fig.
5) by confirming Brier Skill Score (BSS) for cross-shore
lines (Sutherland et al., 2004). As a result, the BSS for
each cross-section line (P1-P6) indicated that XB-NH
agreed better with the results of field survey than XB-SB
(Fig. 6). Indeed, the average of BSS in all lines (P1-P6)
was 0.5206 for XB-NH and -0.5977 for XB-SB, respectively.
Therefore, XB-NH was employed for evaluating the
morphological changes under future conditions.

DISCUSSIONS

Figure 7 shows the difference of bed level between present
and future simulations. The future simulation indicated that
Hs increases with increasing typhoon strength (Fig. 4). As
a result, the severe erosion near shoreline and
development of salient were more pronounced near the
detached breakwaters under future expected external
forces (Fig. 6 and Fig. 7).

Future tasks are the upgrading of historical simulation by
conducting sensitivity analysis of parameters and
considering the storm surges. Further, it is also important
to conduct PGW experiments for the different climate
change scenarios due to assume uncertainty.
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Figure 4 - Simulated typhoon tracks & MSLP(a) and Hs (b)
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Figure 6 - Observed and simulated bed level in each cross-section line
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Figure 7 - Difference of bed Ievel between present and future

CONCLUSIONS

It is expected that the morphological change caused by
future typhoons become more severe even on the beaches
behind detached breakwaters. Therefore, it can be said
that coastal protection will be future needed to deal with
severe morphological changes under climate change
expected in the future.
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