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The Effect of Attenuation on Simulation of Tsunami
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Abstract— This study seeks to investigate the shape of the
surface of tsunami waves using the finite difference method
and the effect of the damping function on the simulation of
tsunami wave propagation using Matlab-based visualisation.
The effect of attenuation on the propagation of tsunami waves
is measured by the variation in energy. The results of the
investigation indicate that tsunami waves have a transverse
wave form, with waves propagating in a perpendicular
direction. In the meantime, the analysis of the damping
function reveals a decrease in the value of energy; this
indicates that if the damping function is provided, it will have
the effect of reducing the wave energy and propagation speed
of tsunami waves. This modelling clearly and realistically
illustrates the results of wave movement visualisation and
provides insight for disaster mitigation and coastal
protection.

Index Terms— Finite Difference Method, Flores Sea,
Matlab, Tsunamis, Wave

|. INTRODUCTION

NDONESIA is a country susceptible to natural

disasters [1], [2]. Indonesia is prone to earthquakes as

a result of the release of seismic waves on rocks in the
earth's crust [3]. This is due to Indonesia's location above
the intersection of the Pacific, Eurasian, and Indo-
Australian tectonic plates, which are continuously moving
and causing the release of seismic waves on rocks in the
earth's crust. One of the most frequent natural catastrophes
is an earthquake with a tsunami as a secondary effect of
seismic activity. The tsunami catastrophe is one of the
most dangerous natural disasters in the coastal region [4].
The Meteorology, Climatology, and Geophysics Agency
documented up to 400 earthquakes per month, resulting in
11,660 earthquake events recorded on the Earthquake
Repo website in 2019 [5].

East Nusa Tenggara (NTT) is a province in eastern
Indonesia, bounded by the Flores Sea to the north, the
Indian Ocean to the south, and Timor Leste to the west.
The province of NTT is comprised primarily of small
islands and groupings. Flores Island is one of the NTT
islands that is a part of the Pacific Ring of Fire and exhibits
high tectonic activity [6], [7]. This is because of the Flores
thrust zone, where the reverse thrust extends from the
northern region of Flores to Bali and West Nusa Tenggara.
In addition, found that the Flores region is susceptible to
tectonic disturbances and produces tsunamis [8], [9].

It is documented that a tsunami struck Flores Island, and
the most devastating one occurred 30 years ago, in 1992
[10], [11]. On the eastern and central portions of the island
of Flores on December 12, 1992, more than 1,500 people
were reported deceased, 500 people were missing, and
thousands of structures were damaged. It is estimated that
113 schools and 90 places of worship were destroyed by
the earthquake and tsunami, with tsunami surges as high as

6 to 25 metres sweeping the mainland as far as 300 metres
after a magnitude 7.5 earthquake shook East Nusa
Tenggara Province.

Earthquakes, underwater volcanic eruptions, landslides,
and other events that take place on or beneath the seafloor
are the main causes of tsunamis [12]-[14]. If the height of
the waves does not surpass 1 metre, they are not hazardous.
However, it will be hazardous if the concentrated wave
energy has a wavelength greater than the depth of the
water. When waves enter the shallow water zone, the wave
height increases tenfold and the wave speed decreases
dramatically. In the past decade, there have been 12
tsunamis caused by 252 earthquakes, resulting in a
cumulative loss of 79 trillion rupiah [15]. Therefore, it is
necessary to increase knowledge of the physical factors
and social engineering associated with disaster mitigation
implementation.

Based on disaster mitigation studies, in tsunami-prone
areas, it is necessary to have a building to withstand
tsunami waves [16]-[18]. In addition, many other nations
have conducted a number of studies on reducing disaster
risk through the construction of tsunami barriers using
analytical research methods and numerical modelling
techniques [18].

Researchers are interested in conducting research on
tsunami simulations employing attenuation of the wave
propagation process based on the aforementioned issues.
This attenuation is modelled after the impact of a tsunami
surge striking coastal sheet piles. This simulation
technique is numerically resolved using the finite
difference method [19]-[21]. The finite difference method
is beneficial for analysing surface waves and solving
partial differential equations [20]. The process of
computational numerical simulation will be conducted
using an incorporated Matlab web server [22]. Using the
finite difference method and simulating the damping value
of the sheet pile in the simulation of the impact of the sheet
pile on the occurrence of a tsunami, this study aims to
ascertain the shape of the tsunami wave surface.

Il. METHOD

This research is an integrative effort that combines
theoretical and computational methods to produce significant
results. Before achieving the aim of this study, a series of
theoretical steps must be taken. In the first stage, a
comprehensive literature review was carried out using various
books, journals and other sources. Through a rigorous
literature review, researchers learn how to use Matlab with the
Finite Difference Method (FDM) effectively, as well as how
to understand and apply mathematical modeling closely to the
research problem [23]-[25]. After building a strong
theoretical foundation, the next step is to collect relevant data
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to be used as input in the simulation program. Wave
parameters, energies and other modeling factors are included
in the collected data. To ensure that the simulation results
accurately reflect the investigated phenomena, data collection
was carried out thoroughly.

After collecting data, the next step is to simulate the system
in the Matlab application. The modeling phase of this research
is very important because the results will determine the
accuracy and dependability of the simulation. Matlab is an
instrument used by researchers to simulate computer models
derived from theoretical concepts. The Finite Difference
Method (FDM) is used because it can provide a numerical
solution that accurately represents the system [26]. After the
modeling is complete, the researcher runs a simulation using
a customized Matlab program. During the simulation process,
the results of various scenarios and variables are analyzed and
evaluated. This allows the researcher to evaluate the
performance of the developed model and identify possible
errors or deficiencies in the study.

Before being reported in a scientific report or publication,
the results of this investigation go through in-depth analysis.
There are also comments regarding the interesting findings,
suggestions for further research, and practical applications of
this research. It is anticipated that the research findings will
make a substantial contribution to our understanding of the
phenomenon investigated and have potential applications in a
number of related professions or industries. Consequently,
these discoveries can have a significant impact on scientific
and technological progress. In the context of this
investigation, theoretical and computational responsibilities
play an important complementary role. The computational
techniques allow for additional research through simulation
and data analysis, while the theoretical approaches provide a
strong conceptual framework. The combination of the two
methodologies provides researchers with the opportunity to
investigate deeper understandings of complex phenomena,
while increasing the applicability of research findings.

In addition to its theoretical merits, this research has
considerable application potential. The results and models
produced can be applied in a variety of real-world contexts,
such as industrial engineering, related disciplines, and even
technology development closely related to the system under
investigation. Consequently, this research has relevance
beyond the domain of academia and has the potential to
provide workable solutions to complex contemporary
problems. The complete research flow is presented in Figure
1
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Fig. 1. Research flow

I1l. RESULT AND DISCUSSION

Numerical modelling research has emerged as a popular
strategy for understanding tsunami wave behaviour and
identifying effective disaster prevention measures [27]. This
research aims to simulate the attenuating effects of a tsunami.
To calculate the damping effect on wave energy and velocity
and to mathematically elucidate wave motion, numerical
modelling is utilized [28], [29]. Simulation-generated data
was analysed using Matlab, a tool that enables researchers to
examine simulation results in greater detail. The contour of
the sea surface has a significant effect on the height and
velocity of the ensuing waves, according to the tsunami wave
simulation. This simulation uses the x, y, and z dimensions of
three-dimensional modelling to more precisely depict the
movement of the tsunami waves (Figure 2). The simulation
process is triggered by a disturbance on the sea surface, such
as a droplet striking the water, which causes the disturbance
to propagate hyperbolically. The Neumann boundary
condition is used to initialise this event as a boundary
condition once it reaches the periphery. The generated
tsunami waves will continue to recur and undergo reflections
due to the remaining wave amplitude.

The significance of the damping effect is related to the
energy that generates the tsunami in this simulation [30]-[32],
which is primarily the consequence of the up fault shown in
Figure 3. The simulation's application of attenuation
influences the top wave's amplitude, the bottom wave's
propagation velocity, and the top wave's amplitude height. As
the pressure between the waves and the beach's bottom
increases, the pace of wave propagation below slows down.
However, the upper wave will have a greater amplitude.
Because of the three-dimensional modelling, this simulation
provides a more in-depth comprehension of the behaviour of
tsunami waves.

Figures 2 and 3 depict the results of the tsunami wave
simulation. These images illustrate how wave energy and
velocity fluctuate with varying attenuation. By providing a
greater understanding of the attenuation effect of tsunami
waves, it is believed that these findings will aid in the
development of more effective disaster mitigation
techniques.
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Fig. 2. The process of attenuation of tsunami waves.
Where Figure (a) initial appearance, (b) altitude, (c) speed
and, (d) width with a speed of 4.6 m/s

Figure 2 is results provide a foundation for
comprehending the significance of the energy shift
resulting from each damping application, which is
illustrated in greater detail in Figure 3. Figure 3.a depicts
the results of applying 0.8 damping to a 4.6 m/s wave;
Figure 3.b depicts the results of applying 0.2 attenuation to
a 4.6 m/s wave, and Figure 3.c depicts the results of
applying 0.8 attenuation to a 1.5 m/s wave. Figure 3.d
depicts two conditions: an attenuation of 0.8 with a wave
speed of 9.2 m/s and an attenuation of 1.5 with a wave
speed of 4.6 m/s. Each figure depicts a unique pattern of
energy loss, which is influenced by various combinations
of attenuation values and wave velocities. According to the
research depicted in Figure 3, the attenuation provided by
the damping variable and wave speed can result in a
decrease in the velocity and energy of the tsunami waves
[26], [27], [33], [34]. Therefore, sheet pile attenuation is an
effective method for mitigating the destructive effects of
tsunami waves. These findings increase our understanding
of the potential for catastrophe mitigation via attenuation,
particularly in regards to tsunami waves.
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Fig. 3. Based on the damping speed values given with (a)
Damping 0.8 speed 4.6 m/s, (b) Damping 0.2 speed 4.6
m/s, (c) Damping 0.8 speed 1.5 m/s, (d) Damping 0.8
speed 9.2 m/s, (e) Damping 1.5 speed 4.6 m/s.
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This model more accurately depicts wave motion by
taking into consideration how waves interact with complex
sea surface structures. Findings from the simulation are
essential for comprehending how tsunami waves affect
coastal communities and for assisting in the development
of more effective disaster mitigation plans.

This simulation does, however, contain constraints and
assumptions that must be considered. Several variables,
such as bedrock properties, beach morphology, and
atmospheric dynamics, can influence the simulation
results; these must be carefully considered. Human factors
such as population density, infrastructure, and early
warning systems must also be considered in the analysis of
the risk of a tsunami wave disaster. Overall, these
simulations of tsunami waves provide valuable insight into
the complexity of the phenomenon and how the waves
interact with the ocean floor [4]. If we have a greater
understanding of the behaviour of tsunami waves, we can
take more effective precautions and mitigation measures to
protect people and the environment against this potential
hazard. In addition, it is anticipated that additional research
and development in this area will enhance the precision
and accuracy of tsunami wave predictions in the future.

IV. CONCLUSION

The initial conditions of the wave equation are used in
the Matlab simulation of tsunami waves to calculate the
movement and evolution of waves over time. This
simulation method accurately represents the two-
dimensional, single-source wave behaviour, especially the
motion of the sea surface. Based on the simulation results,
the tsunami wave has a transverse wave shape, meaning it
propagates in the opposite direction from its propagation.
In addition, by analysing the attenuation function, this
simulation shows a decrease in the value of the wave
energy. The simulation of using a retaining wall as a
damper function affects the speed of the tsunami wave
propagation. These results indicate that the energy and
velocity of tsunami waves will decrease if retaining walls
are used as a mitigation material for coastal areas. Thanks
to these simulations, the behaviour of the tsunami waves
and the damping function can be better understood. Matlab
modelling for this simulation can provide a clear and
realistic visualisation of wave motion, providing valuable
insights for disaster mitigation and coastal protection.
However, this simulation contains limitations and
assumptions that must be considered. A number of
variables can affect the simulation results, which must be
considered with care. These variables include the
topography of the seabed, the accuracy of data input, and
the complexity of phenomena. In order to improve the
accuracy and validity of the simulations and to deal with
the threat of tsunami waves in a more realistic way,
additional research and more complex modelling are
required.
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