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ABSTRACT: Coastal erosion caused by continuous sea wave action is destructive. One potential solution to
reduce the impact of waves and coastal erosion is the utilization of mangrove forests as natural barriers. The
Banyuglugur Coastal Area has a thriving mangrove forest that grows along 5.1 km of coastline. The objective
of this research is to determine the percentage reduction of the mangrove forest as an energy buffer and the
wave height along the Banyuglugur Coast. The method employed to achieve this goal involves numerical
simulation using Delft3D, considering the influence of mangrove forest length, tides, wind, and wavelength.
The Delft3D-Coupling model is used, combining two modules, FLOW for tidal simulation and WAVE for
wind-wave simulation. Mangroves with a width of 70 m in Zone A are high-density mangrove locations that
can reduce wave energy by 62.14%, while low-density mangroves in Zone D with a width of 30 m can reduce
wave energy by 44.28%. The simulation results indicate that mangrove forests on Banyuglugur Beach, with an
average width of 50 m, can dampen waves by an average of 52.8% and reduce the average wave height by 39%
compared to incoming waves.
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1. INTRODUCTION of Situbondo Regency in several coastal locations
with mangrove forests [8], one of which is
The coastline is a highly vulnerable area to Banyuglugur Beach. This beach is one of the
ocean waves and coastal erosion. This phenomenon frequently visited tourist destinations and is a
is of utmost concern in efforts to protect coastal densely populated coastal area. In this regard, it is
environments and preserve their ecosystems. One important to identify the ability of mangrove forests
potential solution to reduce the impact of waves and in their role as coastal protectors, especially to
coastal erosion is the utilization of mangrove forests determine to what extent mangrove forests can
as natural barriers. The mangrove forests inhabiting reduce waves in the Banyuglugur Beach.
the boundary between land and sea play a physical The attributes of ocean waves can be defined
role in coastal areas, serving as protection against through wave measurements, physical models,
the impacts of storms, tsunamis, waves, and coastal numerical simulations, and analytical solutions [9].
erosion [1]. Coastal ecosystems like mangrove The contribution of mangroves to hydrodynamic
forests are often utilized as a tool in coastal defense, processes through numerical simulations is already
as the characteristics of mangrove trees can reduce well-known and thoroughly understood.
wave height per unit distance, particularly in the Numerous studies have been conducted to
physical presence of these mangrove trees [2]. comprehend various aspects of mangroves,
Along with the increasing human population, including root systems, trunks, their ability to
mangrove forests are experiencing a decline in both reduce waves, and the deposition of fine sediments
their extent and quality. This decline is caused by [2]. Some of them were using unstructured grid for
the maximum utilization of mangrove forest natural wave reduction modeling, i.e. MIKE 21FM [10]
resources, resulting in  deforestation and and ADCIRC [11]. Other study utlizes Singapore
degradation [3,4]. This phenomenon is experienced Regional Modeling with combination in Delft3D
by Situbondo Regency, which has several modeling [12].
mangrove forests in its coastal areas. The condition In term of Delft3D modeling for wave reduction
of mangrove forests in Situbondo Regency has due to mangrove, Tarya et al. [13] conducted
experienced a significant decrease in area [5]. The numerical modeling employing a 40 m resolution
main cause is the extensive logging of mangrove rectangular grid to understand the impact of
forests to clear land for ponds [6] and several areas mangrove density on tidal dynamics in Segara
prioritized as natural tourism destinations [7]. In Anakan Lagoon using Delft3D-Flow, while Xie et
recent years, efforts to improve land cover quality al. [14], using Delft3D to model the implications of
have been carried out by the Environmental Agency coastal conditions and sea-level rise on mangrove
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vulnerability with a rectangular grid resolution of
50 x 50 m.

Delft3D application is widely wused in
hydrodynamic modeling research due to its ability
to conduct numerical modeling and provide various
input parameters required for studies, offering a
comprehensive simulation of coastal wave
scenarios [15,16]. With the use of the same
application, grid resolution and bathymetry
determine the accuracy and efficiency of the results
[17]. However, many grid cells with high grid
resolution will require high computing time and
power [18]. Therefore, proper grid resolution is
necessary to obtain stable results and efficient
computation time [19].

The previous studies on numerical simulation on
waves reduction by mangrove utilized rectangular
grid for simulation [13,14]. Meanwhile, curvilinear
grid provides high resolution in coastal areas,
especially in the examined regions, with resolution
decreasing towards the sea. This study has a
different approach by using curvilinear grid for
wave simulation.

The advantage of the curvilinear grid is its
ability to accurately represent complex boundaries
and is produced quickly with higher quality [20].
This allows for efficiency in simulation time
compared to rectangular grids with similar
resolutions, which require longer simulation times.
By using a curvilinear grid, the simulation results
obtained will be more accurate because the high-
resolution grid in the observed area can produce a
more detailed and representative model.

Therefore, the aim of this research is to
determine the percentage reduction of mangrove
forests as energy buffers and wave attenuators along
Banyuglugur Beach using Delft3D. By uncovering
this aspect, the obtained information can support the
improvement of coastal management strategies,
enhance ecosystem-focused adaptation measures,
and ultimately preserve the environmental
sustainability and socio-economic well-being of
coastal communities for the future.

In the next section, the research area and
methodology will be presented. The research area
includes the distribution of observation points,
while the methodology involves the calculation of
model input parameters and the simulation process.
The simulation results will be presented and
explained in detail, and visualized in the form of
figures. Finally, conclusions regarding the
reduction of waves by mangrove forests at the study
site will be drawn.

2. RESEARCH SIGNIFICANCE
This simulation study focuses on the ability of

mangrove forests to attenuate ocean waves. The
research holds significant importance in providing
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an understanding of the extent to which mangroves
can reduce wave intensity. Compared to another
similar study, this study has a different approach by
comparing five different mangrove widths. The
information obtained can support the enhancement
of coastal management strategies, enhance
ecosystem-focused adaptation measures, foster the
sustainability of coastal environments, and improve
the socio-economic well-being of coastal
communities for the future.

3. DATA AND RESEARCH METHODS
3.1 Research Sites

The research site at Banyuglugur Beach,
Situbondo Regency, has thriving mangrove forests
along the coastline, stretching approximately 5.1
km. These forests are divided into five zones, each
varying in width and density as shown in Fig.1.
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Fig.1 Research Sites

Zone A has a mangrove forest width of 70 m, Zone
B has a width of 50 m, Zone C has a width of 40 m,
Zone D has a width of 30 m, and Zone E has a
mangrove forest width of 60 m.

3.2 Data Collection

The wind data were collected from the
Meteorology, Climatology, and Geophysics
Agency (BMKG) station in Kalianget, Sumenep,
over a period of 10 years. The bathymetric data
were obtained from the National Bathymetric Data
(BATNAS) with a resolution of 6 arc-seconds
(185.22 meters) obtained from the Geospatial
Information Agency. The tidal data were sourced
from Geospatial Information Agency (BIG) with
coordinates specific to the research location. The
tidal duration in this modeling was used for 49
hours (January 27, 2021 at 00:00 to January 29,
2021 at 00:00).

The collection of tidal and wind data is adjusted
according to its inherently limited availability.
Wind data is abundant, as it is observed by the
Meteorology, Climatology, and Geophysics
Agency. In contrast to tidal data, field observations
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are rarely conducted. However, a small amount of
tidal height data is already sufficient, as tides can be
accurately predicted due to the movement of the
moon, earth, and sun, which consistently follow
their orbits.

3.3 Research Methods

Wind is one of the dominant components in
wave formation [21]. With an increase in the speed
and duration of wind gusts, wave height will also be
higher, especially in offshore area [22]. The
increase in wind speed will result in higher energy
transfer and higher waves during typically calmer
seasons, leading to an enhanced correlation between
wind energy and wave energy [23]. Wind speed
information is  acquired  through  direct
measurements either above the sea level or on
nearby land in proximity to the forecasted wave
location [24]. In hindcasting, the wind data used is
the wind speed measured at a height of 10 meters
above the ground. In cases where wind speed is not
measured at this height, an adjustment for height
needs to be calculated [25].

Before wave forecasting is conducted, wind data
is corrected, including corrections for height
differences, location effects, and conversion into
wind stress factors. Following this, effective fetch
calculations are carried out [26] and wave
hindcasting is performed using the Shore Protection
Manual method. The wave height values obtained
from hindcasting are used for modeling with
Delft3D-Flow and Delft3D-Wave. In Delft3D-
Flow, the input data consists of tidal data, while
Delft3D-Wave uses processed wind data as input.

4. RESULTS AND DISCUSSION
4.1 Wind Data Processing

Wind data were obtained from the BMKG
(Meteorology, Climatology, and Geophysics
Agency) station in Kalianget, Sumenep Regency,
for a period of 10 years, from September 2011 to
August 2021. The wind data from BMKG Sumenep
Regency were recorded at a height of 3 meters
above ground level. The wind directions analyzed
in this study are in total of 8 directions. These
directions consist of north, northeast, east,
southeast, south, southwest, west, and northwest.

The wind speed classification used ranges from
1 m/s to 21 m/s. The purpose of classifying wind
directions is to determine the dominant wind
direction from the 10-year data obtained for
calculating wind data, which will be used as input
data for the Delft3D program. To facilitate
information retrieval, wind speed data in is
transformed into a Wind Rose diagram (Fig. 2) to
identify the dominant wind directions.
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Fig.2 Windrose

The petals on a Wind Rose radiate outward from
the center of the circle, representing the frequency
or percentage of time the wind originates from a
specific direction. The dominant wind direction is
from the east, as shown in Fig.2, with a maximum
speed of 16 m/s.

4.2 Hydrodynamic Modeling

The hydrodynamic simulation in this research
utilizes a coupling model, namely Delft3D-Flow
and Delft3D-Wave. Delft3D-Flow is a simulation
program for multidimensional hydrodynamics that
computes unsteady flow and transport phenomena
arising from tidal and meteorological forces on a
gridded system with established boundaries [27].
Delft3D-Flow is utilized for tidal simulation.
Meanwhile, Delft3D-Wave computes wave
propagation, wind-induced wave generation, non-
linear wave-wave interaction, and dissipation
across varying depths (deep, medium, and shallow
waters) considering factors such as bottom
topography, wind field, water surface, and current
field [28]. As in this model, it requires input data of
processed wind, including Significant Wave
Height, Peak Period (Tp), and the most prevalent
wind speed and direction.

4.2.1 Grid and Bathymetry

The grid shown in Fig.3 is created using the
RGFGRID menu, with the smallest grid size having
a resolution of 3x3 m and the largest grid having a
resolution of 15x15 m, while the grid in the coastal
area has a resolution of 4x4 m. The depth data in the
model utilizes bathymetric data from BATNAS
with a six-arcsecond resolution (approximately 180
meters), acquired from the Geospatial Information
Agency and interpolated for each grid cell.
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Fig.3 Grid and Bathymetry

Bathymetry data refers to information about
underwater topography defined as the depth from
bottom to the zero value [29]. It provides a detailed
representation of the submerged terrain, including
the depth of water at different locations [30]. To
adjust the size of the bathymetric data to fit the
research location, the bathymetry needs to be cut
according to the requirements of the study. Resizing
the bathymetry involves recording coordinate
points on all four sides. Recording this coordinate
point serves as a boundary for cutting bathymetry
using QGIS for the research area [31].

4.2.2 Delft3D-Flow Input

The parameters to be inputted into Delft3D-
Flow are grid data (grd) and bathymetry (dep) that
have been interpolated based on the area domain.
The time frame is set to limit the simulation start
and end, from January 27, 2021, at 00:00 to January
29,2021, at 00:00 WIB.

The processes involve selecting the parameters
to be modeled. The boundaries are used to
determine the model limits and also serve as the
input location for tidal data. Physical parameters
consist of columns for gravity, water density,
constants, and viscosity values.
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Fig.4 Observation Points

52

Monitoring involves the input of observation
points to be reviewed, where the observation sub
data is used to monitor the modeling of the selected
area. In the modeling, ten observation points are
placed in five zones. In each zone, two observation
points are placed in front and behind the mangrove
forest (Fig.4). The output menu is then used to
configure the display of simulation results.

4.2.3 Creation of Mangrove Forests

The Mangrove Forest in this model is created
using the Thin Dams menu within Delft3D-Flow.
These thin dams are very thin objects defined at
velocity points that prohibit flow exchange between
two adjacent computational cells without reducing
the total wetted surface and volume of the model
[32]. The construction of thin dams in the model
follows the grid shape and can be arranged both
vertically and horizontally according to research
needs. In this study, the thin dams used are arranged
horizontally. The layout of mangrove forests with
their widths and densities at each observation point
is displayed in Fig.5.
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Fig.5 Mangrove Forest Layouts

The widths and densities of mangroves based on
Fig.5 show that in Zone A it is 70 m, in Zone B it is
50 m, in Zone C it is 40 m, in Zone D it is 30 m, and
in Zone E it is 60 m.

4.2.4 Delft3D-Wave Input

The parameters to be input into Delft3D-Wave
include the grid and bathymetry, which must match
those input into Delf3D-Flow. After that, the
hydrodynamics section is filled in according to the
model file that has been created. In the input
boundaries section, values are entered based on the
calculated significant wave height (Hs) of 3.8 m,
peak period (Tp) of 7.7 seconds, and wind direction
from the east as per the windrose diagram (Fig.2).
The simulation time must be ensured to be the same
with Delft3D-Flow starting from the date, hour, and
minute to avoid failure in the simulation process.
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4.3 Delft3D Modeling Result

The simulation results from Delft3D can be
viewed using the QUICKPLOT menu, both for the
outputs from the Delft3D-Flow model and the
Delft3D-Wave model. The simulation output
consists of visualizations of the model in the form
of images and graphs displayed according to the
specified date and time. These visualizations are
also equipped with legend information, time, and
the examined parameters. The simulation results
from January 27, 2021, at 00:00 to January 29,
2021, at 00:00 WIB showed that the highest water
level occurred on January 28, 2021, at 18:00 WIB.

The simulation results from all specified zones
can be seen in Table 1. The table shows that the
water level in the front and back of the mangrove in
each zone is the same, measuring 1.04 m. This is
because the five observation points are close to each
other and are still within the same region, namely
Banyuglugur Beach, so the coastal morphology
conditions in these five zones are still similar. The
wave period is closely related to the wavelength and
wave propagation speed. The greater the wave
period, the greater the wavelength [33]. Referring to
Table 1, the wave period values for all zones in front
of the mangrove are lower compared to those
behind the mangrove. For example, the period in
Zone A in front of the mangrove and behind it are
4.85 seconds, while behind the mangrove, it is 6.53
seconds. Conversely, the wavelength in front of the
mangrove in Zone A is 36.27 meters, while behind
the mangrove, it is 24.90 meters.

Table 1 Calculation Results for All Zones

The wave period is inversely proportional to the
wave propagation speed. That is, the larger the wave
period, which is the time it takes for a wave to pass
a point, the smaller the wave propagation speed.
Conversely, the smaller the wave period, the greater
the speed of propagation. For example, the wave
period in Zone A is 4.86 seconds in front of the
mangrove and 6.53 seconds behind the mangrove.
This value is inversely proportional to the wave
propagation speed in the same zone, which is 7.47
m/s in front of the mangrove and 3.82 m/s behind
the mangrove.

70 meters of mangrove forest

1 Water level

Incoming
wave 1.73 m

” & r
Transmission
wave 0.86

Fig.6 Illustration at Zone A

Fig. 6 illustrates Zone A. The incoming wave
height that hits the front of the mangrove is 1.73 m.
The wave moves through the mangrove forest,
which has a width of 70 m. As per the
characteristics of mangrove trees, they have
effective aerial roots in reducing waves. However,
the effectiveness of this vegetation in wave
reduction is influenced by several factors such as
tree density, mangrove thickness, tidal variations,
and the effects of climate change on the mangrove
ecosystem [34,35].

Zone A (70 m) Zone B (50 m) Zone C (40 m) Zone D (30 m) Zone E (60 m)
Parameters
Front Back Front Back Front Back Front Back Front Back
Water Level (m) 1.04 1.04 1.04 1.04 1.04 1.04 1.04 1.04 1.04 1.04
Wave Period (s) 4.85 6.53 5.08 6.98 5.17 6.90 5.58 7.14 5.26 7.39
Wave Length (m) 36.27 24.90 38.30 28.10 37.27 29.29 39.79 29.41 40.04 27.81
Wave Height (m) 1.73 0.86 1.82 1.12 1.82 1.19 1.73 1.26 1.92 1.06
Wave Propagation
. 7.47 3.82 7.53 4.02 722 4.25 7.14 4.12 1.92 1.06
Velocity (m/s)
Wave Energy (J) 77036.7 26111.8 853023 385179 83194.7 42576.6 84199.2 45437.1 93998.1 36083.4
Wave Height
. 0.88 0.70 0.64 0.47 0.86
Reduction (m)
Wave Energy
3056.17 2184.02 1553.72 1482.09 3211.05
Reflection (J)
Dissipation
47868.72 44600.39 39064.39 37280.03 54703.66
Wave (J)
Wave Height
. 50.63 38.45 34.87 26.99 44.73
Reduction (%)
Dissipation
62.14 52.29 46.96 44.28 58.20

Wave (%)
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When the tidal wave moves through a dense
forest consisting of tree trunks, aerial roots, and
other vegetation, the flow velocity of water and
wave energy will be impeded [36]. This mangrove
will dampen waves in shallow waters faster than in
deeper ones. In deeper waters, waves can pass
through aerial roots, but lower branches can
perform the same function [37]. Consequently, the
transmitted wave in Fig.6 behind the mangrove
forest becomes 0.86 m with a reduction in wave
height of 0.88 m.
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Fig.7 Comparison Chart of Wave Height

The difference in wave values between
incoming waves and transmitted waves also applies
to other zones, as shown in the graph in Fig.7. In
Zone B, the initial wave of 1.82 m becomes 1.12 m
with a reduction in wave height of 0.70, while in
Zone C, the initial wave of 1.82 m becomes 1.19 m
with a reduction in wave height of 0.64 m. Zones D
and E have initial waves of 1.73 m and 1.92 m,

which then become 1.26 m and 1.06 m, respectively.

Consequently, these two zones experience a wave
reduction of 0.47 m and 0.86 m.

Wave heights <1 m are categorized as a low
threat index for mangrove vegetation, ranging from
1 to 2.5 m is categorized as a moderate threat, and
>2.5 meters is categorized as a high threat index
[38]. This indicates that the threat of mangrove
forest damage at Banyuglugur Beach falls within
the moderate index. These mangrove forests are still
able to dampen waves but also potentially
experience a decrease in function due to continuous
wave impacts.
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Fig.8 Comparison Chart of Wave Energy
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The wave energy in Fig.8 with the highest value
is located in front of the mangrove, specifically in
Zone D, with an energy level of 93998.1 joules,
while the lowest energy value is found in Zone A
with an energy of 26111.8 joules. The magnitude of
wave energy is directly proportional to its amplitude
[39]. This means that waves with larger amplitudes
carry more wave energy. Therefore, in this case,
Zone D has the highest wave height or amplitude in
front of the mangrove, with a value of 1.92 m, while
Zone A has the smallest amplitude behind the
mangrove, with a height of 0.86 m.

The magnitude of wave reflection energy is
highest in Zone E, with a value of 3211.05 joules,
while the lowest value is in Zone C, with an energy
of 1553.72 joules. The reduction in wave height in
Zone A is the highest, with a value of 0.88
compared to other zones. The amount of wave
dissipation is influenced by the characteristics of the
mangrove forest growing in each zone, as Zone E
has the highest wave dissipation value, with an
energy of 54703.66 joules.

The presence of mangrove forests on
Banyuglugur Beach, based on simulation results,
can contribute to coastal protection by safeguarding
everything behind them. This nature-based coastal
protector indicates that the waves experience an
average wave height reduction of 0.71 meters. The
highest wave height reduction is in Zone A, with a
percentage of 50.63%, where the mangrove forest,
which has a width and high density of 70 meters,
can dampen wave energy by 62.14%. This indicates
that the reduction in wave height within the
mangrove forest depends on the width and density
of the mangrove forest on the coastline.

5. CONCLUSIONS

A numerical simulation of the mangrove as a
wave breaker on Banyuglugur Beach, Situbondo
Regency, was conducted to assess its effectiveness
against tides and wind dring the highest tide event.
Mangroves with a density and width of 70 m in
Zone A can reduce 62.14% of wave energy, while
mangroves with a width of 50 m in Zone B can
reduce 52.29% of wave energy. Zone C, with
mangroves having a width of 40 m, can reduce
46.96% of wave energy. Mangroves in Zone D with
a width of 30 m can reduce 44.28% of wave energy,
and mangroves with a width of 60 m in Zone E can
reduce 58.20% of wave energy.

The reduction in wave height within the
mangrove forest depends on the width and density
of the forest, and the morphology of mangrove trees
relative to water depth, topography, and wave
height. Waves reduce their speed optimally when
passing through denser obstacles. Conversely, if the
obstacles are less dense, the ability to reduce the
waves will also decrease.
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