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Abstract

government and offshore economics.

Background: With mature hydrocarbon industry, Northern South China Sea (NSCS) is a hot spot for future
economic development. However, the local government and researchers lack of estimations about damages
brought by a submarine landslide-generated tsunami. According to oceanographic surveys, eleven landslides in
different scale have been discovered in Baiyun Depression of NSCS. Hence, the need to study potential tsunamis
generated by submarine landslides in NSCS is urgent and necessary. This research, focused on potential threat
linked to local tsunami sources, is in its early stage in China but it is of capital importance for the local people, local

Finding: Taking landslide S4 for example, the formation, spreading and run-up are predicted. As calculated, the
greatest height of tsunami generated by Landslide S4 is 17.5 m, occurring near Dongsha Islands, and the greatest
run-up formed on the coastal line is 5.3 m, occurring near Shanwei City; the general height of waves attacking the
coastal line is no more than 1.5m, but abnormally high waves might occur in 32 regions.

Conclusions: Prediction of tsunami generated by Landslide S4 suggests that local landslides in NSCS may trigger
tsunami hazards. Therefore, more efforts shall be made to investigate potential damages caused by a submarine
landslide, particularly the submarine landslides at Baiyun Depression in NSCS.
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Introduction

Submarine landslides are major natural marine disasters
endangering deepwater oil and gas exploration and devel-
opment platforms, pipelines, submarine cables and other
submarine facilities (NGI 2005). Meanwhile, submarine
landslides can generate local tsunamis with high run-ups,
posing a hazard to human lives and coastal facilities in huge
range (Levin and Nosov 2009). Tinti et al. (1999) used nu-
merical analogy to analyze the tsunami generated by the
landslide of Vulcano Island in 1988. Tinti and Bortolucci
(2000) used 1D and 2D shallow-water wave models to
analyze energy transmission from a submarine landslide to
a water body. Rahiman et al. (2007) established submarine
landslide-generated surge source model and earthquake-
generated tsunami model for numerical simulation of
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Suva Tsunami in 1953. Fuchs et al. (2010) used numerical
simulations and physical tests to compare and analyze at-
tacks by a tsunami to an island. Sascha et al. (2010)
assessed dangers posed by tsunamis generated by under-
water landslides near Padang Island of Indonesia.
According to ITDB/WLD (2007) data, tsunamis caused
by landslides accounted for at least 8% of the historical
tsunami events. Therefore, with the development of off-
shore industry, it is necessary to investigate submarine
landslides for potential tsunamis hazard assessment.
Few reports and studies about local submarine landslide-
generated tsunamis have been done in China, though
local submarine landslide-generated tsunamis may pos-
sibly occur. In November 1991, a submarine landslide
occurred during the preliminary pile sinking process of
the 200,000 ton-scale crude oil terminal project of China
Sinopec at Aoshan, Xingzhong, having caused collapse of
many pile foundations and generated a 2-3 m tsunami
(Hu and Ye 2006). Chen et al. (2007) analyzed tsunami
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hazards in China based on physical occurrence conditions
of tsunamis, he believed that major tsunamis in south-east
coastal areas of China is possibly in the south, for ex-
ample, violent earthquakes west to the Philippines, volca-
noes at Sunda Straits of Indonesia and large submarine
landslides in tsunamis in South China Sea. Geological
survey from 1990s showed that there were many large
landslides in NSCS (Marine Geological Survey Bureau
of the Ministry of Geology and Mineral Resources,
China 1993). Fen et al. (1994) discovered a wide range
of submarine landslide at the outer continental shelf
and upper continental slope of NSCS, at the depth of
about 180-650 m. Yang et al. (2011) described, in details,
the types and features of geological disasters in the
deepwater area to south-east Hainan in South China
Sea. Sun et al. (2008) described the geometrical shapes
and deforming characteristics of Baiyun Landslide, a
large submarine landslide discovered in NSCS, by using
the multi-beam water depth strategy and 3D seismic
data. Sun (2011) had deep research on the forming
mechanism of geological disasters in the deepwater con-
tinental slope area of NSCS; one of important inclusion
is that the submarine landslide in NSCS is relative to
hydrocarbon. Liu (2010) analyzed, by taking the north-
ern area of as an example, the impact of high pore pres-
sure and water precipitation resulted from natural gas
hydrate decomposition on submarine landslides.

It can be seen from the foregoing studies that there are
landslides in the NSCS which are unstable submarine areas
of South China Sea and origins of potential local tsunamis.
Meanwhile, Baiyun Depression is located at Zhujiangkou
Basin, an area with relatively mature development of hydro-
carbon in China (Jiang 2009); a submarine landslide occurs
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in this area may cause profound impact and damages.
Based on data from many marine geological surveys
(Marine Geological Survey Bureau of the Ministry of Geol-
ogy and Mineral Resources, China 1993; Sun et al. 2008),
this paper studies the characteristics of submarine landslides
in NSCS, did numerical calculations of possible tsunamis to
be generated by the landslides, and analyzed the tsunami
hazards that may be caused by submarine landslide.

Geological setting

Many submarine landslides in NSCS are located at transi-
tional belts between continental shelves and deepwater con-
tinental slopes, with the water depth of about 200-2000 m,
most of which are at the water depth of 500-1500 m. The
shallow-water area is the north continental shelf of South
China Sea at Zhujiangkou Basin (Figure 1). Due to struc-
tural difference during formation of the continental shelf,
up-and-down movements and sediment sources, water
depth at the outer bend of the continental shelf ranges be-
tween 145-379 m. Beyond the slope bend, there is a sharp
continent slope with a gradient of more than ten times that
of the continental shelf. In tectonic side, the deepwater area
can be also classified into Zhujiangkou Basin, and most
at Baiyun Depression Region. The depression in this area
covers over 20,000 km? it is the greatest depression with
the thickest sediment in Zhujiangkou Basin.

Through the analysis of data from deepwater area dril-
ling, tracing and interpretation of many seismic reflection
profiles at Zhujiangkou Basin where Baiyun Depression is
located (Liu 2010), and comparison of adjacent strata it
was observedthat eight sets of seismic sequences have
been developed in the deepwater area of Zhujiangkou
Basin, i.e. the Quaternary System, Wanshan Formation,

et

our study area and the location of Figure 2 (Data from SRTM).

Figure 1 Geological background skecth map of NSCS, the black dashed frame is the location of Zhujiangkou Basin, the white box is
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Yuehai Formation, Hanjiang Formation, Zhujiang Forma-
tion, Enping Formation and Wenchang Formation strata
from up to down (Sun et al. 2008). In Wenchang Forma-
tion and Enping Formation, lacustrine deposit and large
lake basin deposit are developed, respectively, mainly
comprising source rocks. In Zhuhai Formation, large ner-
itic shelf deposit is developed. In Zhujiang Formation and
Hanjiang Formation, continental slope deepwater deposit
is developed (Sun 2011).

Baiyun Depression experienced three evolving forma-
tion stages, which are rift stage, thermal subsidence
stage and neotectonic stage in the Cenozoic (Gong and
Li 1997; Zhu et al. 2007), and formed “three uplifts and
two depressions”, featuring great terrain fluctuations and
sharp gradients. Baiyun Depression was preliminarily
formed at the rift stage. At the thermal subsidence stage,
major block of Baiyun Depression sank fast and greatly;
the ancient Zhujiang Delta moved to deposit in the depres-
sion, providing plenty of sediment sources (MiL and Shen
2008). At the neotectonic stage, structural sedimentation
velocity and scale, as well as depositing rate and scale are
in succeeded development; and many late faults were de-
veloped at Baiyun Depression and its surrounding area due
to NWW subduction of Philippine plate, having created
structural conditions for development of submarine land-
slides (Sun et al. 2005). Through study on pressure evolu-
tion of Baiyun Depression strata, it is found that the
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stratum pressure of Baiyun Depression is normal at the
shallow-water area, and weak in the deepwater area; how-
ever, wide range of diapir structure in the Depression sug-
gests that the area might have experienced three times of
overpressure accumulations and release in the late period
(Shi et al. 2006), creating pressure condition for develop-
ment of submarine landslides.

ZhujiangRiver provides Zhujiangkou Basin with plenty
of sediment sources, with depositing rate up to 160 cm/ka,
creating geological condition for gravity-triggered land-
slides (Sun 2011). Moreover, this region is intensive sub-
marine geological exploration area, both drilling and the
decomposition of hydrocarbon may induce landslides
(Locat and Lee 2002; Fang and Zhang 2010).

Submarine landslide descriptions

Due to geological structure, landform and complex sub-
marine dynamic conditions, Baiyun Depression in NSCS
has well developed landslide mass, sliding sand slope,
large erosion gullies, submarine scarps and other un-
stable landforms; it is an area with rather unstable sub-
marine engineering geological conditions in NSCS.
According to oceanic geotechnical surveys (Marine Geo-
logical Survey Bureau of the Ministry of Geology and
Mineral Resources, China 1993; Sun et al. 2008), Baiyun
Depression has eleven submarine landslides with differ-
ent scales, whose codes are S1 ~ S11 (Figure 2). Except for

refer to location or area of landslides; yellow lines refer to profile lines.

Figure 2 Distribution diagram of submarine landslides (After Fen et al., 1994 and Sun, 2011). S1-S11 are landslide codes; carmine lines
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Table 1 Description of submarine landslide belts (After Fen et al., 1994 and Sun, 2011)

Code Depth Length Width Thickness Area Volume Gradient
(m) (km) (km) (m) (km?) (x10°m?) )

S1 190-250 55 3 25-50 110 4 2-4

S2 210-230 75 2 10-20 150 22 2-3

S3 420 55 5 10-20 110 1.6 2-3

S4 500-1800 50 16 50-200 400 50 3-4

S5 150-200 60 15 20-50 105 3.7 1

56-S9 150-370 5-10 3-4 20-50 1-9

S10 150-250 52 1-10 10-20 28 043 1

ST 2500 150 175 50 10000 500 1-3

landslide S4 and S11, other landslides are in SW zonal dis-
tribution along the outer bend line of the continental shelf,
the ancient coastal line and the front scarp of the ancient
delta. Specific locations, the water depth range and scales of
these landslides are shown in Table 1. All these landslides
are discovered by combining 2D and 3D seismic data and
multi-beam waterdepth measurement (Marine Geological
Survey Bureau of the Ministry of Geology and Mineral Re-
sources, China 1993; Sun et al. 2008).

Features of submarine landslides can be clearly identi-
fied by using side sonar, depth measurement, sub-bottom
profiling and single-channel seismograph. For example,
features of back scarp (scarp, sharp slope or cliff), landslide
valley or collapsed valley (depression or gully), landslide
mass (hilly block), landslide bench and sliding surfaces can
be known by using the foregoing geophysical prospecting
methods. Figure 3 shows the landslide profiles of S1-S5 and
S10, and schematizes some landslide features. Landslide
S1 zone has prominent landslide scarp, collapsed valley
and benches, with development of reverse benches, indi-
cating that the landslide is at the preliminary stage and
will continue the development. Landslides S2 and S3 have
visible landslide back scarps, depressions, landslide benches
and bedding flexure, indicating that Landslide S2 and S3
are active landslides, and will continue slide along the
slopes. Landslide S5 has block collapses at the east and
west ends, back scarp and layered landslide in the middle.
Landslide S6 and S7 are layered landslides, with hilly de-
posits at the bottom of the slopes, featuring multiphase

sliding. Landslide S8 and S9 have back scarps, with rock-
soil collapse. Landslide S10 has imminent sliding cliff, col-
lapsed valley, hilly landslide mass and arc-shaped sliding
surface, featuring multiphase sliding. The largest depth
of Landslide S4 is 200 m, and the largest volume is
50 x 10° m® (Table 1). Landslide S4 was developed from
the outer bend of continental shelf, with development
depth and slope obviously larger than Landslides S1-S3
and S5-S10 (Figure 2). Meanwhile, S4 has obvious move-
ment of hilly blocks and multiple landslide benches; it is
obviously active. Landslide S11 is a giant landslide, and is
now formally named as Baiyun Landslide. Baiyun Land-
slide is in huge volume of 500 x 10° m® and currently the
largest landslide discovered in South China Sea. The
multiphase activity of Baiyun Landslide and associa-
tions between its deformation and gas or fluid move-
ment have been detected by using seismic wave, but
the inducing mechanism of Baiyun Landslide is still
under research (Li et al. 2014a, 2014b).

This paper focuses on prediction of tsunami disasters gen-
erated by submarine landslides, and thus will not give too
much description of the submarine landslide characteristics.
For detail features and stability of the submarine landslides
in Baiyun Depression, please refer to relevant special docu-
ments (Fen et al. 1994; Sun et al. 2008; Sun 2011; Liu 2010).

Modeling of potentially induced tsunamis
Since initial investigation of submarine landslides by
United States Geological Survey in early 1990s, studies

Hkm 0km TSkm 100km 125km 180 lom

10km 20km 30km Okm %0km 60 km
Figure 3 Sectional view of some landslides. Profile lines correspond to yellow lines in Figure 3.
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Table 2 Input/Output parameters of Landslide S4 in TOPICS

Input parameters about S4 Output parameters about original tsunamis

Barycenter initial depth 1,350 m initial acceleration 0.18 m/s?

Mean incline angle 35° Tsunami wavelength 1287165 m
Initial length 50,000 m Max.Froude number 174

Initial maximum thickness 62.5 m trough amplitude -136m

Initial maximum width 16,000 m peak amplitude 367 m

Bulk density 1,900 kg/m? Tsunami source periods 18.6 min

about submarine landslides and tsunami have been con-
tinuously deepened (Prior 1984; Ward 2001; Okal 2003;
Ward and Day 2003; Masson et al. 2006; Uriten et al.
2009; Vanneste et al. 2011; Sue et al. 2011). In this paper,
achievements of Grilli and Watts (2005), Enet et al. (2003)
and Enet & Grilli (2007) relating to submarine landslide-
generated tsunamis are used as reference. The rigid body
sliding model established by Grilli and Watts (2005) is a
symmetrical semi-elliptical sliding block, extending for a
length of B along its long axis; the greatest thickness is T;

the sliding block moves on a slope with a gradient of 6.
Based on moment equilibrium plus gravity, hydraulic drag
and buoyancy, they mathematically described the move-
ment and initial surge field of the rigid body, formed a
submarine landslide-generated surge source model and
wrote it into the TOPICS module of Geowave. In this
paper the submarine landslide-generated surge model in
TOPICS is employed to predict the initial surge source
generated by movement of Landslide S4, and Boussinesq
equation FUNWAVE module of Geowave is utilized to

Q
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tsunami on the sea surface at corresponding time point.
.

Figure 4 Instant sea amplitude diagram, indicating instant sea wave amplitudes at different time points to reflect conditions of a




Yongfu and Bolin Geoenvironmental Disasters 2014, 1:7
http://www.geoenvironmental-disasters.com/content/1/1/7

calculate spreading and run-up of surge waves (Applied
Fluids Engineering Inc and University of Delaware, U.S.A
2008).

It is very expensive and unnecessary to evaluate the
tsunami hazards for all submarine landslides in current
situation; moreover, considering the research purposes
of the paper, this research only selects a large and
strongly active landslide for the prediction of tsunami
hazards. Landslide S11 is the largest landslide in this
area but has obvious multi-phase slide characteristics,
with low possibility of inducing the entire slide only in a
phase. However, due to unclear inducing mechanism, it
is difficult to divide its sliding phases and potential slid-
ing areas. Landslide S4 is selected for this prediction for
the following reasons: 1) Landslide S4 has the second lar-
gest volume, and the biggest slope angle; 2) Landslide S4 is
located within Baiyun Depression, featuring strong activity;
3) Landslide S4 lies in the region of NSCS which is a key
target area for development of hydrocarbon in future, and
depth exceeding 500 m is a condition for occurrence of
natural gas and water mixture. Therefore, submarine
Landslide S4 is taken as an example, and through calcula-
tion of tsunami generated by movement of Landslide S4,
possible tsunami disasters in NSCS are assessed.

Based on the geological location of Landslide S4, a land-
sea computational domain (as shown in Figure 2) extending
about 672 km long and 673 km wide was established, in
which key coastal cities such as Macau, Hong Kong, Shan-
tou and Shanwei cities in Guangdong Province were in-
cluded, so were islands such as Dongsha Islands, islands at
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Zhujiangkou and some islands near the continent. The
bathymetric and topographic data is SRTM data from
NASA. The submarine translation slide model of TOPICS
is used to calculate initial tsunami source. For this transla-
tion slide model, the model is a tsunami source model
established by Grilli and Watts et al. with advanced bound-
ary element method based on full non-linear potential flow
equations. This model is later extended and experimentally
validated by Enet et al. (2003) and Enet & Grilli (2007). The
domain formed a 1,62 x 1,685 computational network
comprising many discrete 400 m x 400 m grid cells, with
each time step of 0.58 s and totally 26,001 computing
steps, about 16,000 s or 4.5 h.

Table 2 shows the parameters of S4 input in TOPICS
and relevant characteristic indicators of the output initial
tsunami source.

Through calculation, conditions of tsunami generated
by Landslide S4 were predicted. After sliding of Land-
slide S4, an initial surge field was formed with crest in
the south and trough in the north (see output parame-
ters in Table 2 & Figure 4). Afterwards, the tsunami
started spreading. It can be seen from the instant sea di-
agrams that the tsunami spread in all directions, but the
strongest part was the tsunami waves vertical to the slid-
ing direction of the landslide (Figure 4, t =25.9 min and
56.6 min). Rows of water walls were formed and ad-
vanced towards the east/west direction firstly. During
advancement towards the continent, waves arrived at
Dongsha Island at about the 55th min; partial waves ran
up to 15 m. When passing by Dongsha Island, the

Figure 5 Maximum amplitudes of water particles in the computational domain within 4.5 h.
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Figure 6 Coastal run-up dlagram. Areas circled indicate abnormal run-ups compared with the surrounding areas. Yellow circles indicate run-ups
of 1.5-2.5 m; red circles indicate run-ups of 2.5-3.5 m; carmine circles indicate run-ups of 3.5-5.5 m; other coastal run-ups are less than 1.5 m.

tsunami flowed around and formed cross tsunami waves
advancing towards the continent. This was common in
other offshore areas (Figure 4, t =106.3 min). When ar-
riving at the coastal line, the first tsunami waves ran up,
with reflection, refractions and diffractions, forming
complex waveforms (Figure 4, t = 194.0 min).

The instant sea surface diagrams reflected conditions
of the tsunami on the sea surface at different time points;
the maximum amplitude diagram (Figure 5) reflected the
maximum amplitudes of the calculation points in the
computational domain within 4.5 h. Though 4.5 h was
long, as the wave velocity was positively correlated to the
water depth, the tsunami waves could not reach all along
the coastal line in 4.5 h. In Figure 6, tsunami wavefronts
waves reached the coastal line in areas except for the east
area of Shantou. The maximum amplitude diagram clearly
shows the general route of tsunami waves, particularly the
spreading path of the tsunami waves after wave breaking
offshore. The tsunami generated at the water depth of
1,350 m encountered reduction of water depth when
spreading towards the continent, forming hydraulic
jumps. Therefore, maximum amplitudes of 17.5 m in the
computational domain occurred on Dongsha Islands,
which is the first exposure of land in the propagating
process. As the tsunami propagated for nearly 300 km
long to reach the coast, great energy of the tsunami was
consumed. At the water depth of about 100 m, the max-
imum tsunami wave was about 6 m; at the water depth of
about 50 m, the maximum tsunami wave was about 3 m.
Near the coastal line, the reduction of water depth leads
to the shoaling effect of waves, getting higher and moving
slower.

When arriving at the continent, the tsunami waves
formed run-ups. The maximum run-up of 17.5 m caused
by Landslide S4-generated tsunami occurred not in
Figure 6 but on Dongsha Island in Figure 5. The max-
imum inundation lengths in the calculating area were
about 1600 m located in Shanwei, 150 m in Hong Kong
and 200 m in Shantou. In Figure 6, run-ups at the
coastal line were shown amplified. There were four run-
up areas of 3.5-5.5 m, lying in the east and west sides of

Shangtou City. Two run-ups of 5.3 m occurred in Shanwei
City and Yezhoushan of Haifeng County under Shanwei
City. Additionally, there were ten run-ups of 2.5-3.5 m
and eighteen run-ups of 1.5-2.5 m distributed crosswise
along the coastal line (Figure 6). At other coastal lines in
the computational domain, the tsunami ran up for about
1m.

The abnormal run-ups were significantly dependent to
submarine canyons. It can be seen from Figure 7 that,
seabed topography may impact nearshore surge height
and costal run-ups. In nearshore area, the surge height
in seabed ridge is higher than that in other places. While
near the coast, the run-ups at both sides of submarine can-
yons are obviously higher those in other areas (Figure 7).
All these indicate that submarine canyons near the coast
can focus wave energy (Wijetunge 2009; Didenkulova and
Pelinovsky 2010).

What did these run-ups mean to the coastal lines? Let’s
take Shanwei City as an example. In Shanwei City, there
are seaside scenic spots, many factories, warehouses and
docks, but no breakwaters; some waterside roads are no

Figure 7 Enlarged map of part of Figure 6, located between
Hong Kong and Shanwei. Blue lines were sounding lines.
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more than 5 m high. If some tsunami like tsunami in-
duced to Landslide S4 occurs in NSCS, particularly in
the 32 run-up splace mentioned above, the coastal pro-
duction and living quarters will suffer greatly or even a
catastrophe.

Also, the tsunami travel time (TTT) is one of most im-
portant information related to early-warning and evacu-
ation plans. The phases of celerity are relative to the
bathymetry (Le Méhauté 1976), so TTT map (Figure 8) is
distributed like arch shape. As the coastal line is long,
time for tsunami waves to arrive differs greatly. For ex-
ample, after occurrence of the landslide, it took 75 min for
tsunami waves to arrive at Dongsha Island, about 145 min
to arrive at off-island of Hong Kong, about 160 min to ar-
rive at Shangwei City, 200 min to arrive at Shantou City
and 240 min to arrive at Macau. If wave buoys are set at
depth of 200 m, early-warning will be emitted when tsu-
nami passing the buoy, thus valuable time of 1 hour will
be left for the evacuation.

According to the Contingency Plan against Disasters
of Storm Surges, Sea Waves, Tsunamis and Sea Ice (State
Oceanic Administration of China 2009), the Landslide
S4-generated tsunamis in the computational domain can
be rated for warning (Figure 9). According to this Contin-
gency Plan, the tsunami influence region can be rated as

follows: blue warning area for 0-1 m, yellow warning area
for 1-2 m, orange warning area for 2-3 m and red warning
area for above 3 m. Distribution of the warning areas is
shown in Figure 8. As the computational domain is lim-
ited, a Landslide S4-generated tsunami has impact on
more than the computational domain, and thus the
warning area is wider than that covered in prediction.

Meanwhile, in a warning and emergency response plan,
it shall be considered that there might be more than one
wave crest attacks due to flow disturbance by islands.
From the three typical hydrographs shown in Figure 10, it
can be known that there were two violent attacks at off-
shore of Hong Kong (the second attack higher than the
first attack). The coastal line of Dapeng Bay suffered mul-
tiple waves’ attacks that lasted for more than 1.5 hours
with wave height of about 0.8 m. Multiple attacks and
long duration of a tsunami shall be emphasized in emer-
gency response and warning.

This tsunamis hazard assessment can be compared with
1953 Suva tsunami of Fiji, some underwater landslide-
generated tsunamis in the Padang region, Indonesia, and
the Grand Bank tsunami of North American coastline.
Based on Rahiman et al’s (2007) analysis, a simulation
using a 60 million cubic metre submarine landslide lo-
cated at the head of the Suva Canyon, 4 km to the

Table 3 The relatived data of submarine landslides and its tsunamis

Name Water depth Landslide volume Initial wave peak Initial wave trough Max. run-up
54 landslide 1350 m 50x10° m? 367 m -136m 55m
Suva landslide 125 m 0.05x 10° m? 11m -408 m 10m
Grand Bank 10,000 m 200 x 10° m? (Max) 3-8 m 13m
Pandang landslides 1300 m 0.7%10° m? 20 — 36m
1300 m 05x10° m? 2.1 — 36m
1300 m 0.1x10° m? 02 — —
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WSW of Suva City reproduces the observed run-up.
Based on Sascha et al’s (2010) study, some landslides
70 km off Padang (Western Sumatra, Indonesia) may
generate tsunamis, and the yielding maximum run-up is
about 3 m, while Padang with over 750,000 inhabitants
exhibits high tsunami vulnerability due to its very low
elevation. On November 18th, 1929, in North American
coastline, a submarine landslide occurred near the
Grand Banks by a large earthquake with Mw = 7.2 mo-
ment magnitude causing 28 fatalities (Fine et al. 2005).

Some main relatived analysis data of The S4 landslide,
Suva landslide, Pandang landslides and its tsunamis are
listed in Table 3. The comparison shows that the results of
tsunami generated by S4 landslide are in the middle of the
examples. Some landslide with smaller volume has bigger
tsunami than S4. Tsunami generated by much bigger land-
slide is not such bigger than the tsunami generated by S4
landslide. The critical parameters for tsunami generation
are the landslide volume and water depth.

Findings

Northern South China Sea, hot spot for oil and gas re-
search and production, is a critical area for China. Some
significant submarine landslides are briefly described.
Tsunamis modelling are tested for some landslides
sources in order to point out areas at risk. The forma-
tion, spreading and run-up of tsunamis generated by
Landslide S4 within 4.5 h in a sea area of 672 x 673 km?>
are predicted by using the GEO-WAVE Boussinesq
model. As calculated, the greatest height of tsunami gen-
erated by Landslide S4 is 17.5 m, and the greatest run-
up formed on the coastal line is 5.3 m. This shows that
numerous places of high vulnerability along seashore are
potentially prone to significant tsunami disasters.

Conclusions

Based on distribution of submarine landslides near Baiyun
Depression of NSCS and prediction of tsunamis generated
by submarine Landslide S4, the following conclusions are
drawn with suggestions proposed:

1) The NSCS has mature development of hydrocarbon;
Baiyun Depression in this area has developed eleven
landslides of different scales. Movement of landslides
in this area may cause profound impact and
damages.

2) Suppose submarine Landslide S4 occurs. The
TOPICS submarine landslide-generated surge
model is used to establish a 672 x 673 km? submarine
landslide-generated tsunami model, so as to predict
formation, spreading and run-ups within 4.5 h of a
tsunami.

3) Landslide S4 may generate a tsunami with the
maximum height of 17.5 m (occurring on Dongsha
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Islands). General wave height of tsunami attacks at
the coastal line is less than 1.5 m, with 32 abnormal
high run-ups. The maximum run-up at the continental
coastal line is 5.3 m and the maximum inundation is
1600 m, occurring at Shanwei City.

4) Tsunami warning areas are divided according to the
tsunami contingency plan of China. As tsunami
propagation correlates with water depth, time for
the tsunami to reach different points differs greatly,
providing a time difference for warning; for warning
and contingency, multiple wave attacks and long
wave duration shall be considered.

Prediction of Landslide S4-generated tsunamis
suggests that local tsunami hazard might occur in
China. However, as rare studies have been done on
local submarine landslide-generated tsunamis in
China, the government and researchers lack of
estimations about damages brought by a submarine
landslide-generated tsunami. Therefore, more efforts
shall be made to investigate potential damages
caused by a submarine landslide, particularly the
submarine landslides at Baiyun Depression in NSCS.
Additionally, submarine landslide-generated
tsunamis shall be made widely known, so as to avoid
damages technically and socially.
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