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Abstract. A simulation of shoreline change at Talise Beach in Indonesia has
been conducted, with an emphasis on analyzing the impacts of the 2018 Palu Bay
tsunami on the rapid coastal morphological change and validating the
effectiveness of the GENESIS numerical model in simulating shoreline changes.
Indonesia's extremely long coastline is vulnerable to catastrophic natural dis-
asters, requiring quantitative assessment of longshore sediment transport and
shoreline evolution to be imperative. Through a multifaceted analysis
incorporating tidal data, bathymetry surveys, wind records, and sediment
analysis, the GENESIS model was parameterized and subsequently augmented
by the STWAVE model for wave transformation analysis. Simulation results
reveal that longshore sediment transport has a profound influence on Talise
Beach's morphological characteristics, with a 10-year simulation yielding a maxi-
mum accretion of 9.30 meters and a maximum erosion of -1.75 meters. The
GENESIS model effectively replicated shoreline modifications, underscoring its
utility in forecasting coastal behavior and informing management strategies. This
study underscores the significance of integrating numerical modeling with
empirical data to enhance comprehension and mitigate coastal hazards in
dynamic environments such as Talise Beach.
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1 INTRODUCTION

The coastal environment is critical to Indonesia's biological and economic landscape,
as the country has the world's second-longest coastline, at around 81,000 kilometers,
after Canada. Despite its vast size, Indonesia's beaches remain mostly un-used, and
extensive research is needed to better understand and manage coastal dynamics.
Longshore sediment movement is a vital phenomenon that substantially impacts
coastal morphology. This process can result in erosion, where the coastline retreats, or
accretion, where it advances, depending on tides, waves, and sediment transport [1-3].

The morphology of coastlines is further complicated by extreme weather events,
particularly tsunamis, which can cause severe alterations to coastal landscapes. For
instance, the tsunami that struck Palu Bay on September 28, 2018, resulted in
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substantial changes to the coastline, with coastline measurements indicating a
reduction in coastline length of up to 1.915 Km and an abrasion area of 1.021 Km?
[4]. These events demonstrate the exposure of coastal zones and their ecosystems and
the im-portance of monitoring and management strategies to prevent natural disasters
that affect human affairs and coastal ecosystems. The loss of mangrove areas and
other coastal habitats due to tsunami-induced erosion underscores the critical
importance of addressing these challenges [5].

Talise Beach in Palu City isn't just a pretty place; it's a perfect example of how
beaches are both valuable natural resources and popular tourist spots. However, due to
the natural disaster that occurred on September 28, 2018, the Talise coast experienced
quite significant changes due to shifts in the coastline. These conditions offer a unique
opportunity to utilize sophisticated monitoring technologies to evaluate and estimate
shoreline transformations. One of the most effective tools for modeling and predicting
coastal development is the GENESIS (GENEralized Model for Simulating Shoreline
Change) program. Developed by the U.S. Army Coastal Engineering Research
Center, GENESIS [6-8] is a well-regarded and reliable tool for simulating and
predicting how shorelines evolve under various tide and wave conditions.

Despite the extensive research on coastal dynamics [9-14], there is still a notable
lack of understanding regarding the specific interactions between longshore sediment
transport, the impacts of tsunamis, and the use of the GENESIS software in Talise
Bay. Many studies have concentrated on different regions and consider how extreme
weather events influence sediment transport dynamics. The research aims to fill this
gap by performing detailed analyses on processes of longshore sediment transport,
particularly at Talise Beach, after the events of the tsunami in 2018, and then assess
how the GENESIS software performed in modeling the changes. Understanding and
managing coastal dynamics in Indonesia is a matter of great concern. The use of the
GENESIS software provides an onset for researchers and policymakers that may aid
in predicting and diminishing the effects of natural calamities on coastal regions. This
study pursues the research gap that concerns sediment transport interaction with
tsunami impacts by determining the extent of shoreline changes along Talise Beach in
Palu City over the next 10 years using the GENESIS; thus, it will generate significant
ideas that will help develop better coastal management strategies.

2 METHODS

2.1 Research Location

The study was conducted at Talise Beach, situated along Rajamoili Street, Cut Mutia
Street, and a segment of Cumi-cumi Street within Talise Village, East Palu District,
Palu City. This site is approximately 2 Km north of the central area of Palu City. The
research commenced at a designated starting point with geographic coordinates of
latitude 0° 53' 6.92" S and longitude 119° 51' 36.02" E, extending to an endpoint
located at latitude 0° 52' 47.19" S and longitude 119° 52' 15.66" E, resulting in a total
distance of approximately 2 Km. The geographical context of the research site is
illustrated in Fig 1.
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Fig. 1. Research location at Talise Beach.

2.2 Shoreline Change Model

GENESIS was the numerical modeling tool used to predict shoreline changes in this
research. Developed by the Engineer Research and Development Center (ERDC),
GENESIS is a linear model designed to simulate shoreline evolution by employing a
mass-balance approach to forecast future shoreline locations. Assuming that the
seabed profile shifts parallel to itself down to the depth of closure, the continuity of
sand for an infinitesimally small segment of the shoreline [6-8], denoted as dx, can be
mathematically expressed as follows:
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where, y represents the position of the shoreline (m), x denotes the longshore
coordinate (m), ¢ indicates time (s), D signifies the average height of the berm above
the mean water level (m), D, refers to the depth of closure (m), O represents the rate
of longshore sand transport (m?/s), and q signifies line sources and/or sinks along the
coastline (m?*/s/m), with positive values indicating sources. To resolve Equation (1), it
is essential to derive expressions for the three variables D, O, and ¢g. The berm
height, Dy, is determined based on either measured data or assumed profiles.

D is generally consistent with the formulation provided by Hallermeier [15],
which suggests that the annual depth of closure is slightly more than twice the
extreme annual significant wave height. Considering these formulations and
acknowledging the potential errors involved in determining these relationships,
GENESIS employs a straightforward equation for calculating the depth of closure as
follows:

2

where, H,,y denotes the maximum annual significant wave height (m) for the specific
coastal site. The user must specify the value of H,,, when operating GENESIS. It is
also assumed that the dry segment of the beach profile, extending from the shoreline
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to the berm crest, moves in conjunction with the wet portion of the profile while
maintaining its shape. The height of the berm crest, D;, is defined by the user in the
input file.

As emphasized by Kraus et al. [16] and Kraus and Harikai [17], a realistic
simulation of shoreline evolution, particularly in the diffraction shadow zone near
coastal structures, is significantly enhanced by considering the longshore gradient of
breaking wave heights. Consequently, in GENESIS, the rate of longshore sand
transport volume, Q, is computed as follows:

(€))

where, C, represents the wave group velocity (m/s), 8 is the angle of wave crests
relative to the shoreline, the subscript b indicates the breaking condition, and the
non-dimensional parameters a; and a, are defined as:

“
&)

where K, and K, are longshore sand transport calibration parameters, pg and py,
de-note the densities of the sediment (quartz sand) and water (kg/m?), respectively, p
is the sediment porosity, and tan(f) represents the average bottom slope from the
shoreline to the depth of active longshore transport. The factor 1.416 is employed to
convert from significant wave height to root mean square (RMS) wave height. The
calibration parameters K, and K, not only determine the relative strength of the two
terms but also influence the time scale within the model.

Due to the lack of wave data in the study area, this study used wind data for
generating the waves. To analyze wave periods and wave heights, this research used
an empirical formula based on the parameters of the JONSWAP wave spectrum [18].
The first stage in the shoreline modeling process for this research was to configure the
wave transformation model. The STWAVE (STeady-state spectral WAVE) [19] model
was employed for this purpose. The wave model needed some input data such as
bathymetry, wave, tide, and wind data.

2.3 Research Data

Tidal observations were carried out over 15 days, commencing on July 4, 2023, at
00:00 local time and concluding on July 18, 2023, at 23:00, with sea surface
eleva-tion record intervals taken hourly. Based on the tidal observations at Talise
Beach, the resulting tidal datums were calculated, specifically the Mean Sea Level
(MSL), the Highest High Water Level (HHWL), and the Lowest Low Water Level
(LLWL), which were found to be 0.00 m, 1.365 m, and -1.371 m, respectively, see
Fig. 2.
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Fig. 2. Tidal fluctuation at Talise Beach.
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Fig. 3. Wind rose and Wave rose distributions.

Bathymetric data used in this study is based on the results of the 2023 survey
obtained from the Sulawesi III Palu River Region Office (Balai Wilayah Sungai
Sulawesi III) [20]. The measured area covers the entire study area. The results of
bathymetric measurements are in the form of a color legend on the bathymetric map,
which includes the coordinates of each measurement carried out, containing the
coordinates of longitude, latitude, and elevation depth, see Fig. 1.

Wave height (H) and wave period (7) are determined using the parametric
JONSWAP wave spectrum model. Wind data consisting of wind speed and direction
were obtained from the NASA Power Data Access Viewer site [21] for 10 years from
2012 to 2021, with the time series taken at one-hour intervals. The data were
subsequently processed using the WRPlot [22] application to generate the wind rose
and wave rose distributions, as illustrated in Fig. 3.
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Sediment data were determined from samples collected at Talise Beach. The
material size utilized in the shoreline change simulation was represented by the Ds,
sediment data. This Dj, value was obtained through sieve analysis conducted at the
Structural and Materials Laboratory of the Faculty of Engineering at Tadulako
University. The testing results indicated that the grain size at which 50% of the
sediment passes (D5,) was measured to be 1.0 mm, as shown in Fig. 4.
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Fig. 4. Percentage of particle size distributions.

2.4 Model Setup

The origin point in the UTM coordinate system is situated at 818342.34 m East and
9902029.75 m South. The simulation area measures 3540 m in length and 1900 m in
width, which has been divided into a grid with a size of dx = 5 m and dy = 5 m,
resulting in a total of 709 grids in the x-direction (#;) and 380 grids in the y-direction
(n). The average height of the berm (D) and the depth of closure (D.) were
deter-mined to be 5.0 m and 3.0 m, respectively. The simulation started on January 1,
2022, and finished on December 31, 2031. The time step for the simulation (4¢) was
set to one hour, while the recording interval was one day. The calibration parameters
for longshore sand transport, K; and K, were assigned values of 0.3 and 0.4,
respectively. Bathymetric data were utilized to create the STWAVE grid, which was
formatted in ASCII. Subsequently, this data was imported into the grid generator. The
initial shoreline data for 2022 was then superimposed onto the bathymetric data.

3 RESULTS AND DISCUSSION

3.1 Waves

The output of STWAVE shows the percent occurrence; the direction of the wave is
dominated by the north and northwest. Waves from the north are 20% with wave
heights between 0.5-1.0 m and 40% with wave heights between 0.0-0.5 m.
Mean-while, waves from the northwest are 40% with wave heights between 0.0-0.5
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m. The average wave period is 3.5 s. The wave height coming from the north is 0.8 m,
and the wave height coming from the north-west is an average of 0.25 m.

3.2 Shoreline Change

The simulation outcomes depicting coastline changes at Talise Beach over 10 years
are illustrated in Fig. 5. The study's results reveal a maximum accretion of 9.30 meters
and a maximum erosion value of -1.75 meters from the coastline's initial position.
Generally, accretion is observed in the eastern section, while erosion predominantly
occurs in the western section. This pattern indicates that longshore sediment transport
is directed from west to east. Given that Talise Beach serves as both a commercial and
recreational hub, it is crucial to implement measures to mitigate coastline changes in
order to preserve its functionality and protect the local infrastructure.
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]
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Fig. 5. Coastline change after 10 years simulation.

4 CONCLUSIONS

Critical analysis of coastal dynamics in Indonesia highlights the necessity of
comprehending and managing these dynamics, particularly in light of the profound
transformations observed at Talise Beach following the 2018 tsunami event. The
study's conclusions underscore the pivotal role of longshore sediment transport in
reshaping coastal morphology, with projected accretion and erosion patterns being a
manifestation of wave and tidal conditions. The GENESIS model has proven effective
in simulating shoreline change, providing valuable insight into future coastal behavior
and the potential impacts of natural disasters. The results express that Talise Beach
has experienced a maximum accretion of 9.30 meters and a maximum erosion of
-1.75 meters over the 10-year simulation period. These changes confirm the need for
coastal management strategies to protect the ecological integrity and socio-economic
functions of the beach. Given that Talise Beach serves as a significant commercial and
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recreational center, maintaining its coastline is essential to prevent infrastructure
damage and maintain its usability for local communities and tourists.
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