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Tsunami caused by submarine landslide is not accompanied by seismic waves to sudden attack at the coast. Risk assessments of
the submarine landslide tsunami are not enough around Japan. The submarine landslide tsunami would contain short wavelength
components in comparison with tsunami induced by subduction zone earthquakes. In this study, we improved JAGURS tsunami
simulation software to include two layers scheme consist of sea water and turbidity currents in generation process of submarine
landslide tsunami. The improved JAGURS calculated a tsunami if a submarine landslide about 24 km off Shikoku coast in the Nankai
trough is a tsunami origin. Spatial dimension of the submarine landslide is smaller than the large subduction zone earthquakes.
But relatively long-wavelength tsunami was apparent in the simulation because the two-layered model progressively generated the
tsunami for 100 seconds. Pushed tsunami wave propagated in the forward (seaward) direction of the submarine landslide slides, while
only pulled tsunami propagated in the backward (landward) direction. Tsunami of about Sm was predicted at the southeastern coast

of Shikoku in the present tsunami simulation.

Keywords: Tsunami, Submarine landslide, Two-layered flow

1. Introduction a sliding block to estimate time development of seafloor
Tsunami is caused by seafloor uplifts and subsidence from deformation during the slide. The estimated time series of
earthquake, submarine landslide etc. An earthquake-induced seafloor deformation is assumed to be the same with tsunami
submarine landslide amplified a tsunami in Suruga bay in 2009 initial condition of the sea surface. Watts et al. (2005) proposed
(Baba et al., 2012; Matsumoto et al., 2012). Gigantic tsunami an empirical equation to define tsunami initial condition from
of the 2011 Tohoku earthquake might be related a submarine theoretical and experimental investigations. Matsumoto et
landslide near the trench (Tappin et al., 2014). Some historical al. (1998) defined two layers corresponding to sea water and
large tsunamis may have been caused by submarine landslides turbidity current in a calculation scheme. The two layers are
(e.g. Matsumoto et al., 1993). Submarine landslide generally coupled to each other. By this model, we estimate not only sea
does not radiate clear seismic signal, resulting in a silent attack water flow but also turbidity current. Distributions of turbidite
of tsunami at the coast. Risk assessments of the submarine were often observed by bathymetric survey after submarine
landslide tsunamis are not enough in the Nankai trough while landslides (Tappin et al., 1998). The two-layered model would
countermeasures of disaster prevention are being constructed for be suitable in terms of comparison between numerical result and
the large subduction zone earthquakes. Our tsunami simulation observation. We therefore introduced the two-layered model to
software, JAGURS, was fully paralleled by OpenMP and MPI JAGURS in this study.
algorisms (Baba et al., 2015). But targets of JAGURS were also The two-layered model are derived from the two Euler
limited in tsunamis caused by submarine earthquakes. JAGURS equations for upper and lower layers assuming long wavelength
is not suitable for submarine landslide tsunami. In this study, we and shear stress (friction) on interface between the two layers.
improved JAGURS to include two layers scheme consist of sea Flow velocity are integrated in the vertical direction in each
water and turbidity currents in generation process of submarine layer. For boundary condition at the surface of the upper layer,
landslide tsunami. The improved JAGURS calculated a tsunami zero hydrostatic pressure is assumed. For the interface between

if a submarine landslide about 24 km off Shikoku coast in the the two layers, hydrostatic pressure calculated from thickness of

Nankai trough is a tsunami origin. the upper layer is given. The equations are written below,
oM; ON, 0
. . . . o Ty tarm—m)=0 (1)
2. Tsunami generation due to submarine landslide x y
Several methods were proposed for tsunami calculations oM, 0N, 0n, 5
caused by submarine landslides. Satake (2007) used seafloor 0x E ot @)

topography before and after slide, movement velocity of
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where subscriptions 1 and 2 indicate the upper and lower layers,
respectively (See also Fig. 1 for notations) # is the surface
elevation, M is discharge, p is the density of fluid, « is relative
density ratio (p,/p, = 1.00/1.65) , & is the static water depth, D
is the total water depth (4+7), BF is the term of bottom friction
stress. INTF is the term of interfacial share stress defined by
Jier 917| Where 1 is relative velocity of lower layer against velocity
of upper layer, f,,.. (=0.025) is the interfacial drag coefficient.
Equations 1 and 2 are equations of continuities for the upper
and lower layers, respectively. Equations 3 and 4 are equations
of motion for the upper and lower layers, respectively. For the

equations of motion, only x-direction is shown for simplicity.
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Fig. 1. Definitions in two-layered mode

3. Analytical model

We defined slide location and volume as an initial condition
of the lower layer based on bathymetric map. We found clear
bathymetric scarps on the map at a position 24 km offshore in
the southeastern direction from the coast of Shikoku. Height
and width of the head scarps are about 300 m and 10 km,
respectively. Estimated volume of sliding block is about 7km’.
For the numerical tsunami simulation, we assumed the all
volume slides at once (Fig. 2). We used three nested grids of
90m, 30m and 10m grid intervals. Topographic and bathymetric
data set were provided from Tokushima prefecture. Coordinate
system of these data is plane rectangular coordinates No.4.

Using the dataset, JAGURS calculated the tsunami and
turbidity current by the two-layered model. Manning’s
coefficient was 0.025m™” s. Tide level was T.P.=0m. Wet or
dry moving boundary condition was used on the coast line to

investigate tsunami inundation process. Absorbing boundary
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Fig. 2 Bathymetric evidence of submarine landslide off Shikoku

condition was used at the outer boundary of 90 m grid. Integral
time was defined to be 1 hour with time step width of 0.1 second
satisfying stability condition. Nonlinear shallow water equations
were solved for the upper layer. Dispersive term was omitted
in the present simulation because the tsunami generated by the
submarine slide on the continental slope propagates over the
shallow seafloor to the coast. Period of tsunami was estimated
to 10 min. corresponding to 20 km of wave length over the sea
depth of 100m. Long wave approximation is acceptable for the
tsunami. Kajiura (1963) suggested that the physical dispersion
should be considered when P < 4 defined by

P = (6h/d)'/*(2/h)
where h is still water depth, d is propagation distance, A is
wavelength of tsunami source. For this study, P was estimated
to be about 58. It is substantially larger than 4. We accordingly

ignored the dispersion term in the numerical simulation.

4. Tsunami simulation result

Figure 3 shows time developments of the sea-surface
fluctuation and thickness of the turbidity layer during the
first 100 seconds in the source region. Tsunami generation
due to the submarine landslide finished by about 100 second.
The maximum rise of 16m was recorded at 60 second. The
maximum subsidence of the sea surface was recorded by -18m
at 100 second. The main sliding process occurred during the
100 second, but slow turbidity flows lasted by the end of the
simulation (1 hour).

Figure 4 indicates the sea surface fluctuations at 200 and 500
sec., and the maximum water level appeared in the period the
numerical simulation conducted. The sliding body moved to
downward with sliding velocity almost equivariant to tsunami
propagation speed. A pushed tsunami wave was generated to
the downward (seaward) direction of the slope. To the upward
(landward) direction of the slope, a pulled tsunami wave was
generated. The pulled tsunami wave caused water oscillations in
the bays after its arrival at the coast. So, sea level raised at the
coast even by input of the pulled tsunami wave. The maximum
tsunami height was estimated to be about 5 m at the Shikoku

coast.
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Fig. 3 Sea-surface (upper panels) and interface (lower panels) fluctuations during a period from 20 to 100 seconds after the initiation.
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Fig. 4 Sea-surface fluctuations at (a) 200 sec. and (b) 500 sec. after the initiation. (¢) The maximum tsunami height distribution.

5. Conclusions

We assumed the submarine landslide to calculate tsunami
using the two-layered model. Pushed tsunami wave propagated
in the forward (seaward) direction of the submarine landslide
slides, while only pulled tsunami propagated in the backward
(landward) direction. The pulled tsunami wave caused water
oscillations in the bays after its arrival at the coast. Tsunami of
about 5m was predicted at the southeastern coast of Shikoku in

the present tsunami simulation.
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