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Abstract

Bathing beaches are usually the first to suffer disasters when tsunamis occur, owing to their proximity to the sea.
Several large seismic fault zones are located off the coast of China. The impact of each tsunami scenario on
Chinese bathing beaches is different. In this study, numerical models of the worst tsunami scenarios associated
with seismic fault zones were considered to assess the tsunami hazard of bathing beaches in China. Numerical
results show that tsunami waves from the Pacific Ocean could affect the East China Sea coast through gaps
between the Ryukyu Islands. The Zhejiang and Shanghai coasts would be threatened by a tsunami from Ryukyu
Trench, and the coasts of Hainan and Guangdong provinces would be threatened by a tsunami from the Manila
Trench. The tsunami hazard associated with the Philippine Trench scenario needs particular attention. Owing to
China’s offshore topography, the sequential order of tsunami arrival times to coastal provinces in several tsunami
scenarios is almost the same. According to the tsunami hazard analysis results, Yalongwan Beach and eight other
bathing beaches are at the highest hazard level. A high-resolution numerical calculation model was established to
analyze the tsunami physical characteristics for the high-risk bathing beaches. To explore mitigating effects of a
tsunami disaster, this study simulated tsunami propagation with the addition of seawalls. The experimental
results show that the tsunami prevention seawalls constructed in an appropriate shallow water location have
some effect on reducing tsunami hazard. Seawalls separated by a certain distance work even better. The analysis
results can provide a scientific reference for subsequent preventive measures such as facility construction and
evacuation.
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1  Introduction
Since the beginning of the 21st century, there have been sev-

eral major tsunamis around the world, resulting in catastrophic
loss of property and lives. Three tsunami events killed more than
2 000 people (NGDC, 2021). On December 26, 2004, the Sumat-
ran earthquake and tsunami killed more than 220 000 people and
caused significant damage to countries and regions along the In-
dian Ocean coast (Wang and Liu, 2006; Ioualalen et al., 2007). In
March 2011, more than 18 000 people were killed in the Tohoku
earthquake and tsunami. The maximum tsunami amplitude of
38.9 m was monitored and verified in the numerical simulation
(Wei et al., 2013). On December 22, 2018, Anak Krakatau erupted
and caused a tsunami (Ren et al., 2020). The tsunami severely af-
fected several beaches in Indonesia (Syamsidik et al., 2020).
When a tsunami occurs, bathing beaches are generally the first to
be hit. There are generally no seawalls on the beaches, so people
are completely defenseless when they are on the beach. There-
fore, it is necessary to evaluate the tsunami hazard of bathing
beaches.

Tsunamis are caused by the displacement of large amounts of
water. They travel as long waves in the deep ocean. As the waves
spread to the shallow waters near the shore, they usually turn in-
to a series of bores. Owing to the irregularity of nearshore terrain,

strong tsunami currents are unstable (Carrier et al., 2003). Previ-
ous experiments and analyses have studied the near-shore evolu-
tion of tsunamis. The tsunami wave characteristics, shelf slope,
and roughness are all factors that influence the tsunami runup
and tsunami flow. Apotsos et al. (2011) conducted more than
13 000 simulations to examine the effect of wave characteristics,
shelf slope, and bottom roughness on tsunami amplitude and
current. Madsen et al. (2008) simulated tsunami wave propaga-
tion on a gentle slope. After analyzing the one-dimensional effect
of shallow water obstacles on nonlinear long-wave runup, Lynett
(2007) found that the beach slope is the primary factor determin-
ing tsunami runup. Based on the theory of all-nonlinear shallow
water waves, Carrier et al. (2003) calculated the tsunami up and
down motion on a tilted beach. The results show that the maxim-
um tsunami velocity occurs on the moving coastline and the
maximum momentum flux appears near the extreme depth posi-
tion. Tsunami amplitude is an important factor in measuring the
degree of tsunami hazard (Løvholt et al., 2014; Feng et al., 2017;
Ren et al., 2017; Wang et al., 2021). Chan and Liu (2012) studied
the relationship between the maximum tsunami runup and the
dominant waveform. The results show that the acceleration
phase of the incident wave controls the maximum runup for a
single wave. In recent years, the effects of tsunami flows in ports  

Foundation item: The China-Indonesia Marine and Climate Center Development under contract No. 121152000000210003.
*Corresponding author, E-mail: wpt@nmefc.cn
 

Acta Oceanol. Sin., 2022, Vol. 41, No. 12, P. 27–37

https://doi.org/10.1007/s13131-022-2027-z

http://www.aosocean.com

E-mail: ocean2@hyxb.org.cn



have been observed and documented in several locations around
the world. The Mw 9.1 Japan earthquake in March 2011 triggered
a tsunami that affected the entire Pacific Ocean (Borrero et al.,
2015). Ports close to the tsunami source area were severely dam-
aged and many marine installations were completely destroyed.
A tsunami flow velocity of 3–10 m/s was obtained by analyzing
the video of survivors (Fritz et al., 2012). It is well known that
tsunami waves may cause severe erosion and scouring of coast-
lines. Tsunami wave flow damage was also reported in Crescent
City and Santa Cruz (Wilson et al., 2012). Tonkin et al. (2003)
studied the destructive effect of tsunamis on buildings by analyz-
ing the tsunami scour process around a cylinder.

Previous studies have investigated some methods to mitigate
the effects of tsunamis. Research on the use of vegetation and
seawalls to protect against tsunamis is increasing. When a
tsunami passes over coastal vegetation and seawalls, the tsunami
energy is significantly weakened (Zhang et al., 2020). The mitigat-
ive effect of artificial hills on tsunami waves was studied by
Lunghino et al. (2020). Their results show that artificial hills can
reflect part of the tsunami energy and play an important role in
tsunami reduction. Lopez (2009) discussed tsunami prevention
methods for coastal areas, including natural prevention such as
topography and vegetation, as well as artificial features such as
seawalls.

China is located on the west coast of the Pacific Ocean. The
coastal waters of southeastern China lie at the boundary of the
Eurasian Plate and the Philippine Sea Plate, where local tsuna-
mis and regional tsunamis are likely to occur. Several scholars
have analyzed the impact of tsunamis in China (Liu et al., 2007;
Hou et al., 2020a). Li et al. (2018) found that the effects of a
tsunami on Macau would double with a mean sea level rise of 0.5 m.
Sun et al. (2013) analyzed the impact of ancient tsunamis on the
islands in the South China Sea. The areas that may be hit by
tsunamis in China are the coasts of the East China Sea and the
South China Sea (Zhao et al., 2013; Li et al., 2016). There are a lot
of bathing beaches along the southeast coast of China. The aim of
this study is to analyze the tsunami hazard for bathing beaches in
China by analyzing the effects of tsunami wave amplitude and
tsunami flow on bathing beaches. Using this information,
tsunami prevention and mitigation measures for bathing beaches
were studied and discussed.

2  Methods
China has a long coastline with many bathing beaches. A

weekly report on bathing beaches by the Ministry of Ecology and
Environment of China contains a water quality analysis for 31
major bathing beaches. This study analyzes the tsunami hazard
for these bathing beaches. These bathing beaches are distributed
from south to north. The northernmost is Sunjiawan bathing
beach in Jinzhou City, and the southernmost is Yalongwan
bathing beach in Sanya City. The locations of the bathing
beaches are shown in Fig. 1.

A tsunami numerical simulation method was used in this
study to analyze tsunami hazard. Potential tsunami sources were
determined and the tsunamis were numerically calculated. By
analyzing parameters such as tsunami travel time and tsunami
amplitude at the time the tsunami affects the bathing beach, we
studied tsunami hazard characteristics for the coast of China.
The hazard levels for bathing beaches were analyzed based on a
numerical simulation of worst-case scenarios. For high-risk
bathing beaches, high resolution numerical calculations were
conducted to analyze the tsunami current. Using the topograph-
ical environment of the bathing beaches, an additional numeric-

al simulation of tsunami prevention measures, such as seawalls,
was conducted. The research flowchart of this study is shown in
Fig. 2.

There are several geological tectonic zones along the south-
east coast of China, any of which could trigger a tsunami. This
study considers the potential tsunami sources of previous re-
search (Hou et al., 2020b; Qiu et al., 2019; Megawati et al., 2009;
Hsu et al., 2016), as shown in Table 1. The magnitudes were set to
9.0 as the worst-case scenario.

The tsunami numerical simulation was conducted using the
COMCOT model (Wang, 2009). This model is widely used in
tsunami simulation and hazard analysis. Several scholars have
conducted numerical simulations of global tsunamis in recent
years using this model. The simulation results are in good agree-
ment with monitoring data (Lynett et al., 2012; Wang et al., 2012).

The linear governing equations of spherical coordinates in
the COMCOT model are as follows:
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The nonlinear equations adopted in this paper are shown be-
low:
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where H is the total depth, h is the water depth, η denotes the free
surface displacement, f represents the Coriolis force coefficient,
Fx and Fy represents the bottom friction in x and y directions, re-
spectively; R is the radius of the Earth, g stands for the gravita-
tional acceleration, and P and Q are the volume flux components
in the longitudinal  and latitudinal  directions, respectively.

3  Numerical simulation
Our tsunami hazard analysis for bathing beaches considered

both tsunami amplitude and tsunami current. The numerical
simulation was conducted using two models: Model A and Mod-
el B. Model A, with two layers, was used to calculate the tsunami
amplitude at coastal bathing beaches. Model B added a third lay-
er to the Model A, and we performed tsunami wave current simu-
lation at high-risk bathing beaches to further evaluate the
tsunami hazard.

3.1  Tsunami hazard analysis of coastal waters
In this section, a numerical calculation of potential tsunamis

was conducted using Model A. The tsunami maximum amp-
litudes from the numerical calculations were used to analyze the
impact of each tsunami scenario on coastal areas and bathing
beaches and identify the high-risk bathing beaches.
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The numerical simulation settings for Model A are shown in
Table 2. Since the potential tsunami sources are located south-
east of China, the first layer of tsunami numerical simulation cov-
ers the Northwest Pacific region. The bathymetric data used in
the first layer were ETOPO2 with a resolution of 2' (NGDC, 2006).
The second layer contains three parts. The first part covers the
Bohai Sea and Yellow Sea, including the coastal waters of Liaon-
ing, Hebei, Tianjin, and Shandong provinces (city). The second
part covers the coast of the East China Sea, including Jiangsu,
Shanghai, Zhejiang, and Fujian provinces (city). The third part
covers the coast of the South China Sea, including Guangdong,
Guangxi, and Hainan provinces. The bathymetric data used in
the second layer were SRTM plus15 with a resolution of (1/4)'
(Tozer et al., 2019). The spatial extent of the second layer is
shown in Fig. 3. When the tsunami propagates in the ocean, dis-
persion and Coriolis force are relatively important. Therefore, a
linear shallow water equation in spherical coordinates was used
to simulate the propagation of the tsunami wave in the first layer
of Model A. When the tsunami reaches the continental shelf, the
linear shallow water equation is no longer applicable. In the
second layer, a nonlinear equation is adopted.

Sixty-one tsunami wave characteristic output points were es-
tablished along the coast of China in Model A. The output points
are 100 km offshore. The location of the output points are shown
in Fig. 3.

The maximum tsunami amplitudes at the 61 output points
(from north to south) are shown in Fig. 4. This figure shows the
amplitude values and amplitude difference of each tsunami
source. The maximum tsunami amplitude exceeds 3 m. The
tsunami sources affecting the coast of the East China Sea include
the Ryukyu Trench, the Mariana Trench, and the Philippine
Trench. A tsunami from the Manila Trench has the potential for a
significant impact on the coast of the South China Sea. The
tsunami amplitude in the waters of Fujian Province is relatively
small due to the blocking effect of Taiwan.

Tsunami arrival times at 61 the output points (from north to
south) are shown in Fig. 5. This figure visually shows the tsunami
travel time and difference of each tsunami source. From this fig-
ure, we can see that the tsunami arrival time curves for different
tsunami sources are very similar because the tsunami propaga-
tion speed depends mainly on the water depth. As a result of the
bathymetry off the coast of China, a tsunami slows down when it
reaches the Hainan–Taiwan–Ryukyu line. From north to the
south, the tsunami arrival times decrease and then increase. The
tsunami arrival time for southeast of Hainan Island is relatively
small. In the Manila Trench scenario, the tsunami wave can
reach offshore Hainan Island in about 1.7 h.

The maximum amplitudes are shown in Fig. 6. Panels a–f are
the maximum amplitudes of Japan Trench, Nankai Trough, Ry-
ukyu Trench, Manila Trench, Philippine Trench and Mariana
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Fig. 1.   Locations of bathing beaches.
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Trench, respectively. The figure shows the results of the first lay-
er of numerical simulation, with a maximum amplitude of more
than 3 m. The results show that six modeled tsunamis have an
important impact on the coast of China. The provinces (city) af-
fected by these tsunamis include Jiangsu, Shanghai, Zhejiang,
Fujian, Guangdong, and Hainan. The tsunami most hazardous to
the coast of East China Sea would be one that originates in the
Ryukyu Trench because the direction of tsunami energy is to-
ward the coastal areas of Jiangsu Province, Shanghai City, and
Zhejiang Province. A Manila Trench tsunami would affect the
coasts of Hainan, Fujian, and Guangdong provinces. Tsunamis
from the Nankai Trough, the Philippine Trench, and the Mariana
Trench could pass through the gaps of the Ryukyu Islands to af-
fect the eastern coast of China.

In Table 3, the tsunami hazard for bathing beaches along the
coast of China is classified by the maximum tsunami amplitude.
The analysis results are shown in Fig. 7. Nine bathing beaches are
classified as tsunami hazard level 1. The Manila Trench is one of
the most important tsunami sources affecting China. It should be
noted that there is tsunami possibility in both southern and
northern parts of the Manila Trench. The most dangerous scen-
ario is considered in this paper, the source is set in the north of
Manila Trench.

3.2  High resolution tsunami simulation
Tsunami wave currents at high-risk bathing beaches were cal-

culated to further analyze the disaster-causing factors of tsuna-
mis. Starting with Model A, the third layer of Model B was added
to simulate wave current at 4 of 9 level-1 bathing beaches includ-
ing Zhujiajian Beach, Dajiaowan Beach, Feishatan Beach, and
Yalongwan Beach. The third layer adopted a nonlinear equation
with a resolution of (1/32)'. Water depths for the third layer were
chart data processed with reference plane adjustment and inter-
polation. The land/water boundary was modified using satellite
data. The third layer settings are shown in Table 4.

In this section, eight output locations, 0.5 km offshore, were
selected to show tsunami wave characteristics at four bathing
beaches. The water depth of output locations is about 5 m. The
tsunami wave curves for these eight output locations are shown
in Fig. 8. Locations A and B, at Zhujiajian Beach, had a maxim-
um amplitude of 4.5 m. Locations C and D, at Dajiaowan Beach,
had a maximum amplitude of 5.8 m. Locations E and F, at
Feishatan Beach, had a maximum amplitude of 5.7 m. Locations
G and H, at Yalongbay Beach, had a maximum amplitude of 2.4 m.
The numerical values in the figure show that the tsunami amp-
litude increases as the water depth decreases when the tsunami
wave reaches the nearshore, compared with Fig. 4.

Tsunami flow velocity and flow direction are also important
indicators of the physical characteristics and disaster-causing
capability of tsunami waves. Figure 9 shows the flow direction
corresponding to the maximum flow velocity at each grid point of
four bathing beaches. Panel a shows the tsunami flow at Zhujiaji-
an Beach in the Ryukyu Trench tsunami scenario. Panels b–d
represent the tsunami flow of Feishatan Beach, Dajiaowan Beach
and Yalongwan Beach in the Manila Trench scenario. From the
figure we can see that the maximum velocity occurs when the
tsunami wave flows into the bathing beach in most cases. But
there are also a few flow directions showing the water retreat pro-
cess. Therefore, attention should also be paid to prevent the haz-
ard of tsunami wave retreat.

Based on the numerical simulation results, the maximum
amplitude and maximum flow velocity at four bathing beaches
are shown in Table 5. A tsunami with maximum amplitude of 7.1 m
or maximum flow velocity of 4.8 m/s would be very dangerous to
bathing beaches. Some measures should be taken to mitigate the
effects of tsunamis in these areas. Because of the direction of
tsunami energy and the short distance to tsunami source, the
maximum amplitude and flow velocity of tsunamis are the
greatest at the Zhujiajian bathing beach. The Manila Trench is
the most dangerous tsunami source for the Dajiaowan bathing
beach, Feishatan bathing beach, and Yalongwan bathing beach.
As can be seen from Table 5, larger amplitudes correspond to
greater flow velocity. Bathing beaches usually have a gentle off-
shore slope. When tsunami waves propagate to the shore, the
gentle slope terrain makes the energy aggregate, resulting in an
increase in the tsunami amplitude.
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Fig. 2.   Flowchart of tsunami hazard and mitigation research.

Table 1.   Magnitudes and locations of tsunami sources
Location Latitude, longitude Mw

Japan Trench 38.24°N, 142.37°E 9.0

Nankai Trough 31.83°N, 133.50°E 9.0

Ryukyu Trench 25.68°N, 128.81°E 9.0

Manila Trench 18.97°N, 120.57°E 9.0

Philippine Trench 13.70°N, 125.33°E 9.0

Mariana Trench 12.50°N, 142.50°E 9.0

Table 2.   Parameters of Model A

Layer
Bathymetric

data
Regional extent

Governing
equation

Spatial
resolution

Layer 1 ETOPO2 5.0°–52.0°N, linear 2'

99.0°–157.0°E

Layer 2 SRTM plus15 34.7°–41.6°N, nonlinear (1/4)'

117.2°–124.9°E;

23.1°–34.7°N,

117.2°–123.5°E;

17.4°–24.1°N,

107.3°–117.1°E
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4  Numerical experiment on tsunami mitigation
The occurrence of tsunamis cannot be predicted, but dis-

asters caused by tsunamis can be mitigated through reasonable
prevention measures. The analysis in the above sections shows

that some bathing beaches of China are at risk of being affected
by tsunamis. Therefore, we conducted research on tsunami mit-
igation for bathing beaches.

Tsunami disaster prevention and mitigation include natural
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Fig. 3.   Location of the second layers and output points.
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Fig. 4.   Tsunami amplitudes at output points.
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Fig. 5.   Tsunami arrival times at output points.
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elements and designed elements. The designed elements in-
clude artificial structures such as dams or seawalls, whereas nat-
ural elements refer to vegetation such as mangroves. In recent
years, new concepts in coastal protection have been proposed.
The use of a combination of natural elements and designed ele-
ments is becoming an increasingly important component of
coastal risk management.

In general, there is no vegetation near the shore of a bathing
beach. A tsunami wave is the fluctuation of the entire water body
from the surface to the seabed. Offshore seawalls with artificial
vegetation built on the sea floor have been used to mitigate the
effects of tsunamis. Based on the above analysis, we know that
the amplitude and flow velocity of a tsunami wave will increase
when it encounters obstacles. Therefore, seawalls should be
placed at a certain distance from the beach. Seawall experiments
were conducted near Dajiaowan Beach in the Manila Trench
tsunami scenario. Three different schemes were used (Table 6).
The height in Table 6 refers to the seawall height above the mean
sea level, excluding the part below the sea level. Scheme 1 had no
seawall elements. Scheme 2 had four concrete cuboids. Scheme 3
had one cuboid whose length was equal to the sum of the lengths
of the four cuboids in Scheme 2.

The tsunami prevention experiment was conducted using a

numerical model with four layers. The model settings are shown
in Table 7.

The results of the numerical calculations are shown in Fig. 10.
Panels a–c show the tsunami amplitudes for Schemes 1–3, re-
spectively. Panels d–f show the flow velocities for Schemes 1–3.

As can be seen from Fig. 10, the tsunami amplitude distribu-
tion changed significantly after the addition of seawalls. Scheme
2 reduced the tsunami amplitude at the beaches. Scheme 3 re-
duced tsunami amplitude in some areas, but it also caused an in-
crease of tsunami amplitude in the western part of the beach. The
seawalls blocked the tsunami waves and weakened the tsunami
wave. However, the tsunami amplitude at the seawalls increased.
Therefore, the seawall should be located away from the bathing
beach.

According to Fig. 10, the flow velocity also changed obviously
after the addition of seawalls. Scheme 2 had some effect on redu-
cing the flow velocity. Areas with larger flow velocity were formed
between adjacent seawalls. The flow velocity behind the seawall
was reduced. Scheme 3 reduced the flow velocity in front of the
seawall, but caused an increase of flow velocity on both sides and
behind the seawall. The maximum flow velocity value of Scheme
3 was larger than that of Scheme 2, making the seawall bear a lar-
ger tsunami force. A tsunami has a long wavelength, which can
diffract as it passes through the seawall. The separate seawalls ac-
tually increase the effective length. In general, the four separate
seawalls in Scheme 2 are better at reducing the force of the
tsunami wave than using a single seawall.

Tsunami inundation occurred in the seawalls experiment.
Due to the lack of accurate topography data, the tsunami inunda-
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Fig. 6.   Maximum tsunami amplitudes of the Layer 1.

Table 3.   Tsunami hazard level criteria
Hazard level Amplitude/m Color

1 >3 red

2 1–3 orange

3 0.3–1 yellow

4 <0.3 blue
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tion was not analyzed in detailed. But tsunami inundation should

be considered in tsunami disaster prevention and mitigation for

the bathing beaches. Although we analyzed the effect of seawalls,

the construction difficulty was not taken into account. The con-

struction of seawalls needs further discussion with respect to ar-

chitecture, mechanics, and other aspects. The shape, length,

width, number, and location of seawalls for maximum effect also

need further research. The separate seawalls can reduce the

tsunami velocity in front and behind the seawalls to some extent,

it should be noted that the tsunami velocity on both sides of sea-

walls and along the coastline may increase. Before the construc-

tion of seawalls, the impact of seawall on coastal sediment trans-

port and beach erosion should also be studied.
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Fig. 7.   Tsunami hazard levels of bathing beaches.

Table 4.   The parameters of Layer 3

Layer
Bathymetric

data
Regional extent

Governing
equations

Spatial
resolution

Layer 3 nautical
chart

29.8°–29.9°N,
122.4°–122.5°E;

nonlinear (1/32)'

21.8°–22.0°N,
113.2°–113.3°E;

21.5°–21.6°N,
111.8°–111.9°E;

18.1°–18.3°N,
109.5°–109.7°E
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5  Discussion
When a tsunami wave propagates to the nearshore, the amp-

litude increases as the water becomes shallower. Tsunami amp-

litude and flow velocity will increase when a tsunami encounters
obstacles. The tsunami hazard at bathing beaches needs atten-
tion and prevention. In this study, a numerical model was used to
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Fig. 8.   Tsunami curves for output Locations A–H, after an earthquake.
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Fig. 9.   The flow direction of tsunami waves.

Table 5.   The maximum amplitude and flow velocity of tsunami scenarios
Bathing beach City Parameters Japan Trench Nankai Trough Ryukyu Trench Manila Trench Philippine Trench Mariana Trench

Zhujiajian Zhoushan Amplitude/m 1.1 4.4 5.2 0.8 3.2 5.0

Velocity/(m·s−1) 0.5 0.6 3.9 0.1 1.2 2.4

Dajiaowan Yangjiang Amplitude/m 0.4 0.9 1.4 6.5 1.4 2.2

Velocity/(m·s−1) 0.1 0.3 0.5 4.3 0.4 0.5

Feishatan Zhuhai Amplitude/m 0.5 0.7 1.1 7.1 1.2 1.4

Velocity/(m·s−1) 0.2 0.1 0.2 4.8 0.2 0.5

Yalongwan Sanya Amplitude/m 0.3 1.0 1.2 3.5 0.8 1.1

Velocity/(m·s−1) 0.1 0.4 0.5 2.2 0.2 0.5
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test artificial concrete seawalls off the coast of bathing beaches.
The results indicate that artificial seawalls can block a tsunami
wave to a certain extent. To maximize the reflection of tsunami
energy, the locations and shapes of the seawalls need to be de-
termined based on the shape of the coastline and the direction of
potential tsunami waves.

Tsunami mitigation elements include natural landscapes and
artificial constructions. The experiment in this study focuses on a
numerical simulation of the interaction between seawalls and
tsunamis, providing ideas for follow-up research. The design of
tsunami mitigation seawalls is important, because the spacing
and shape of the seawalls may have a significant impact on the
results. In addition, vegetation is an important supplementary
component of a seawall that could beautify the seawalls and play
a role in blocking tsunami waves.

There are some limitations in this study. The deterministic
method was used to analyze the tsunami hazard of the worst
tsunami scenario, without considering the tsunami probability of
each scenarios. The probabilistic tsunami analysis will be con-
sidered in future research. Due to the lack of accurate topo-
graphy data, the tsunami inundation was not analyzed in detail.
It is necessary to consider tsunami inundation and tsunami evac-

uation in the future.
The above analysis of tsunami waves characteristics at

bathing beaches lays a foundation for further analysis of tsunami
wave mitigation. Before the tsunami arrives, disaster prevention
and mitigation can be conducted through tsunami mitigation
publicity and the construction of seawalls. In addition, tsunami
exercises for bathing beaches can be held irregularly to test
tsunami information broadcast and improve evacuation capabil-
ities. A tsunami warning system for bathing beaches should be
established, and a tsunami evacuation plan should preferably be
developed in advance.

6  Conclusions
This article studied the propagation characteristics of tsuna-

mis from offshore to bathing beaches under potential scenarios.
The results show that tsunamis are a greater hazard for bathing
beaches in Hainan, Guangdong, and Zhejiang provinces than for
other beaches along the coast of China. Tsunamis originating
from the Philippine Trench, Nankai Trough, and Mariana Trench
can also affect China’s offshore waters through the inter-island
gaps of the Ryukyu Islands. This study evaluated the impact of
potential tsunami sources on China’s coastal waters and bathing

Table 6.   Seawall experimental schemes
Length/m Width/m Height (msl)/m Offshore distance/m Shape Material

Scheme 1 no additions no additions no additions no additions no additions no additions

Scheme 2 70 30 10 400 cuboid concrete and plants

70 30 10 400 cuboid concrete and plants

70 30 10 400 cuboid concrete and plants

70 30 10 400 cuboid concrete and plants

Scheme 3 280 30 10 400 cuboid concrete and plants

      Note: msl means mean sea level.

Table 7.   Numerical simulation parameters
Layer Bathymetric data Regional extent Equation Resolution

Layer 1 ETOPO2 5°S–52°N, 99°–157°E linear 2'

Layer 2 SRTM plus15 17.4°–24.1°N, 107.3°–117.1°E nonlinear (1/4)'

Layer 3 nautical chart 21.5°–21.6°N, 111.8°–111.9°E nonlinear (1/32)'

Layer 4 nautical chart 21.56°–21.58°N, 111.83°–111.85°E nonlinear (1/256)'
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Fig. 10.   Numerical results for seawall experiments.
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beaches, and calculated the maximum tsunami amplitude and
tsunami flow velocity. This information was used to create a haz-
ard level classification for bathing beaches. The analysis results
could provide a scientific reference for the tsunami disaster pre-
vention and mitigation measures.

A high-resolution numerical model was established to study
tsunami flow characteristics at four bathing beaches and to test
different seawall configurations for tsunami mitigation. The ex-
perimental results show that four separate seawalls are more ef-
fective than one large seawall for tsunami disaster prevention
and mitigation. This conclusion was determined by looking at
tsunami amplitude and flow velocity. Tsunami waves can bypass
a single seawall and cause damage to objects behind it. Further-
more, a single seawall bears more tsunami force than multiple
seawalls. Although the separate seawalls can reduce the tsunami
velocity in front and behind the seawalls to some extent, it should
be noted that the tsunami velocity on both sides of seawalls and
along the coastline may increase. The construction of seawalls
should be carefully considered and need to be studied in many
aspects, including ecology, construction, and fluid dynamic re-
search.

China is located on the western coast of the Pacific Ocean, fa-
cing the threat of transoceanic tsunamis and regional tsunamis.
Crowds at bathing beaches are usually unprepared for a tsunami.
Therefore, tsunami risk assessment for bathing beaches should
be done in advance, and disaster prevention through the use of
seawalls should be studied. Future research could focus on the
position, shape, quantity, and construction of seawalls and other
prevention measures.
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