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Study on the cause of beach erosion using spatio—temporal variable analysis
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(Winant et al., 1975, Aubrey, 1979, Clarke and Eliot, 1982, Dick and Dalrymple,
1984, Clarke and Eliot, 1988, Bosma and Dalrymple, 1996).
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Storm surge is determined by the attributes of the storm and several other factors.
The forward speed of a storm is known to increase the wave height, but its effect on
storm surges has not yet been studied in detail. This study focused on the forward
speed of storms approaching the Korean peninsula, which has been getting slower due
to climate change. The forward speed continued to change along the track of the storm
until extinction. Despite the difficulties caused by the changes in the moving direction
and forward speed of storms, this study investigates the effects of their forward speed
on the storm surge using the ADCIRC numerical model. Variations in storm surge due
to the forward speed of real and virtual storms were studied by simplifying the other
factors. Many test simulations were conducted under various conditions, such as steady
and accelerated forward speeds and routes along an artificial straight track of the
storm. The results were analyzed to determine the characteristics of the storm surge in
terms of forward speed. Some of these were compared with actual cases. Based on
the model results, it was found that the forward speed of the storm was inversely
proportional to the duration of the storm, and their ratios produced different forms of
storm surges. When the forward speed decreases, a storm surge is induced for a
longer time. The results also showed that the maximum storm surge increased as the
forward speed increased.
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Parl, Y.H. and Youn, D., 2021. Characteristics of storm surge based on the forward speed of the storm. /»: Lee, J.L.;
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Storm surge 1s determined by the attributes of the storm and several other factors. The forward speed of a storm
is known to increase the wave height, but its effect on storm surges has not yet been studied in detail. This study
focused on the forward speed of storms approaching the Korean Peninsula, which has been getting slower due
to climate change. The forward speed continued to change along the track of the storm until extinction. Despite
the difficulties caused by the changes in the moving direction and forward speed of storms, this study investigates
the effects of their forward speed on the storm surge using the ADCIRC numerical model. Variations in storm
surge due to the forward speed of real and virtual storms were studied by simplifying the other factors. Many
test simulations were conducted under various conditions, such as steady and accelerated forward speeds and
routes along an artificial straight track of the storm. The results were analyzed to determine the characteristics
of the storm surge in terms of forward speed. Some of these were compared with actual cases. Based on the
model results, it was found that the forward speed of the storm was inversely proportional to the duration of the
storm, and their ratios produced different forms of storm surges. When the forward speed decreases, a storm
surge is induced for a longer time. The results also showed that the maximum storm surge increased as the

forward speed increased.

ADDITIONAL INDEX WORDS: Forward speed, storm surge, typhoon, ADCIRC, Korean Peninsula.

INTRODUCTION

Tropical cyclones are the most dangerous natural phenomenon
and are recurred annually. The number and intensity of storms are
gradually increasing owing to higher sea temperatures caused by
climate change. Numerous researchers have studied the
characteristics of storms for a long time, and many funded
research projects have investigated reducing damage caused by
storms. Storms have caused extensive damage to coastal areas
with large populations due to storm surges, which can be
determined by various factors. The major factors causing a storm
surge include central pressure, wind speed, duration, storm size,
forward speed, angle of approach, and slope of the coastline.

Prandle and Wolf (1978) mentioned that the increase in tide
and storm surge is caused by bottom friction in shallow water.
Westerink et al. (1992a) simulated storm surges with tides in a
GWCE (Generalized Wave Continuity Equation)-based finite
element model. Rego and Li (2009) studied nonlinear tide-surge
interaction with Hurricane Rita on a continental shelf, and Zhang
et al (2010) demonstrated the intensification of tide-storm surge
interaction through the strait of Taiwan. Park and Suh (2012)
examined the interaction between storm surges and extreme tides
in the coastal region of the Korean Peninsula. Strom surge
increases in inverse proportion to water depth and thus becomes

DOI 10.2112/JCR-SI114-015.1 received 20 November 2020;
accepted in revision 18 January 2021.

*Corresponding author: dyoun@chungbuk.ac kr

©Coastal Education and Research Foundation, Inc. 2021

smaller at high tide.

Irish, Resio, and Ratchliff (2008) idealized the coastline of the
Gulf of Mexico and performed simulations for various factors
using the ADCIRC (Advanced Circulation) model, and showed
that the size of the storm should be considered when calculating
the flood risk. Rego and Li (2009) studied the effect of each storm
factor on inundation along the coastline using the FVCOM model.
The forward speed and duration of the storm were inversely
related to the storm surge. Zhang (2012) studied how storm surges
vary according to the approach angle to the coastline and forward
speed. Lee (2006) predicted a storm surge based on factors using
aneural network technique, a simple type of artificial intelligence.

Peng, Xie, and Pietrafesa (2004) mentioned that slower
translation speeds generated higher storm surges and more
inundation areas. Weisberg and Zheng (2006) used the FVCOM
model to study storm surge changes caused by hurricanes
approaching the Gulf of Mexico coast at various angles. When the
translation speed is fast, the storm surge decreases, and vice versa.
Thomas et al. (2019) studied Hurricane Matthew, which reached
Category 5 in 2016 and showed that faster moving hurricanes
produced a higher storm surge on the coastline, but a slower one
generated more inundation.

With respect to the faster forward speed of the storm, the
relative wind speed shows a greater increase on the right side of
a storm and a smaller decrease on the left side in the Northern
Hemisphere. When the forward speed is relatively high, the
damage caused by both strong wind speeds and high wave heights
is accelerated. However, in the opposite case of low forward
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but it was clearly shown in those with a simplified artificial storm.
In the actual typhoon simulations, the slow typhoons showed a
significant storm surge increase even a small forward speed
increase. [t can be seen that the storm surge change in the typhoon
landing on the southwest coast was not greater than that of the
typhoon landing on the middle of the south coast. Because the
typhoon landed on the southwest coast at the point where the
West Sea and the South Sea meet, it is suspected that much of the
energy caused by the typhoon was not fully transferred to the
storm surge and that much of it leaked to the west coast.

As the storm moved faster, storm surges increased. The same
results were also observed in the offshore observation and were
not related to the water depth. The shape of the storm surge was
a mild rise and broad curve at slow forward speeds, but it rapidly
increased at speeds over 30 km/h, which was the average forward
speed in real typhoons around the Korean Peninsula. The shapes
of the storm surge were broad and steep at low and high forward
speeds, respectively. For slow forward speeds, the peak storm
surge was lower, but the prolonged duration could cause greater
damage, similar to the results of other researchers using real
storms. Slow-moving typhoons increased the damage caused by
rainfall and wind and the potential risks of inundation by water
accumulation over a prolonged duration.

In this study, only the results of a typhoon with a powerful wind
speed of 167 kiv/h were analyzed; hence, it is necessary to extend
the study on storms with various wind speeds and conditions for
future studies.
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