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Abstract: The coastal current plays a vital role in the transportation of sediment near the
shoreline, significantly impacting the distribution of sediment grain sizes and shoreline
transfomations. This study focuses on examining the-seare coastal current along the

Soc Trang Province coast in Vietham, considering the combined influences of waves,
winds, and tides by utilizing a model in curvilinear coordinate system. Rigorous
calibratin and validation of the model are conducted using data obtained from
measurement stations, revealing a consistent correlation between the observed data and
simulated results. The direction of the coastal current, governed by the interplay of waves
and wind, exhibits variation according to the monsoon season. During the northeast
monsoon, the flow velocity is notably influenced, surpassing the impact of the southwest
monsoon. In the northeast monsoon season, the tidal currents from the northeast to
southwes align with the wavenduced current, resulting in an amplified coastal current
during both spring tide (3%) and neap tide {2%). Conversely, in the southwest
monsoon season, the tidal currents and wiadleced current move in opposing directions,
leadng to a reduction in coastal current velocities during high tie€243 and low tide (3

4.5%). On the other hand, the impact of winduced current is negligible due to the
small and lowlying nature of these areas, thereby minimizing the influencerad wm the

overall flow dynamics.

Keywords: Coastal currentHydraulic model Tidal current Wave induced currenWind
induced current.

1. Introduction

The nearshore estuary and coastal environment exhibit intricate natural processes
influenced by tides, waves, currents, saline water, and their interplay. Investigating the
coastal current within such areas serves as a foundational step for future studiesgnvolvin
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sediment transport, shoreline accretion and erosion, coastal protection strategies, port and
harbor design, navigation, flood prediction, coastal erosion mitigation, and changes in the
continental shelf seabed. By understanding the dynamics of coastahtsu we gain
valuable insights into the complex mechanisms shaping these environments, enabling us to
make informed decisions and develop effective solutions for coastal management and
sustainable developmefifi 2]. Furthermore, the coastal current significantly influences the
process of saline intrim, particularly in the context of climate change and rising sea
levels[3]. As the current is influenced by a combination of factors including waves, wind,
and tides, many studies on coastal currents tend to concentrate on examining one of these
factors individually.

In recent years, hydraulic models like TELEMAC haverbegtensively utilized for
studying hydraulic features in rivers, estuaries, coastal areas, and pé@egnslumerical
simulations using these models have proven to be highly valuable andffemsive tools
for enhancing our understanding of these phenomena. Research in this field often involves
the use of shallow water equations (SWE) or the application of the-¥wlitene primitive
equation Community Ocean Model (FVCONl). The SWE, initially proposed by Saint
Venant in 1871 to simulate flow in open channglss], has been widely employed for
describing shallow water flows. It can be derived as a simplification of the NStides
equation though vertical dimension averagiri§]. Two-dimensional numerical models
commonly used for neahore hydrodynamics inale the CCHE2D hydraulic model,
developed by Jia and Wang in 19p9]]; However, the shear stress terms at the water
surface were not considml in the 2001 version of this modéll]. The CCHE2D model,
created by Mississippi State University, aimsstmulate hydraulic transmission, water
guality, sediment transport, and riverbed fluctuati¢hs]. Another notable model is
TELEMAC, developed in 1987 by the French National Hydraulic and Environment
Laboratory fittp://www.opetelemac.orgl TELEMAC is a powerful integrated modeling
tool capable of handling 1D, 2D, and 3D flows. The model employs flexible meshing and
finitei element numerical schemes. Modules such as TELEMAC2D/3D and SISYPHE are
used to simulate flow, sediment transport, and bottom evolytipnA widely used
commercial software, MIKE 21, was developed by the Danish Hydrauliitute (DHI) for
simulating various flow features in creeks, rivers, lakes, estuaries, bays, and coastal areas
[13]. The software comes in tweersions: classic and flexible mesh (FM). The FM version
utilizes a triangulated and unstructured mesh, offering improved resolution within the study
domain[14]. Moreover, the MIKE 21C model employs curvilinear finite difference grids to
predict hydraulic and morphological changes in two dimensions, optimizing results near
land boumaries[15]. Most current modeling approaches employ structured curvilinear
systems or unstructured triangular assembliesnesh generation. While the unstructured
approach provides greater flexibility in shape, the resulting model outputs may be less
accurate due to the stretching of triangular grid cells in the current dirgdtioh7]. In
contrast, curvilinear grid cells provide more accurate model outputs by closely aligning
with land boundaries, especially in areas with complex bathymetry. When curvilinear
coordinates are used, t h eatevdedctiorcintheycunilimart h e
system) resulting from complex bathymetry is fully accounted for within the model through
the Cartesian coordinate system. Hence, simulation results based on curvilinear coordinates
tend to be superior to those based anGlartesian coordinate system in areas with complex
bathymetry{ 18i 20].

Soc Trang, a coastal province located in the Mekong Delta, covers an area of 3311.87
km? and is home to approximately 1.3 million iceents. Situated in the estuary region of
the Hau River, a major tributary of the Mekong River, the northeastern part of the province
is bounded by the Hau River, while the southeastern region is adjacent to A& s€he
study area experiences a tropical monsoon climate characterized by two distings:seaso
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the flood season (May to October) and the drought season (November to April). River flow
and tidal currents exert a significant influence on the area, with the tides being of mixed
semidiurnal and diurnal nature and displaying pronounced diurnal itgqitat 23]. The

Tra Vinh- Soc Trang coast in the Mekong Delta is characterized by the presence of a tidal
beach with multiple intertidal bars, shaped by the interaction of waves an{ltigiéd/hile

the coastal current in Soc Trang Province ngyaninimally influenced by wineaffected

and waveinduced currents, these factors play a crucial role in shaping sediment transport
patterns and the geomorphological evolution of the coadthifle Hydraulic processes at

the river mouths are heavily influenced by both river discharges and mor{sedis].

The study of[25] has demonstrated that the direction of suspended sediment movement
depends on the prevailingamsoon direction. The coastal estuarine area in the Mekong
Delta has undergone complex changes in its hydraulic regime due to climate change and
upstream developmefit6]. The coast of Soc Trang has been extensively studied regarding
the contribution of natural hydrodynamic sediment redistribution and erosion caused by
human actiities [25, 27 30]. Notably, a threelimensional hydrodynamic redistribution
model has been pposed to account for sediment movement from land, rivers, and other
sources. This model incorporates calibration based on a combination of observations,
laboratory experiments, and satellite analysis. The study @yrovides a brief illustration

of wind-induced and wavenduced currents in the arddowever, indepth studies on the
impacts of factors such as waves, wind, and tidesoastal currenare still limited. With

the strong occurrence of erosion (instead of deposition as before) and the influence of
climate change, evaluating the effects of each factor is a prerequisite for studying sediment
transport along the coast, the dynamics of erosiad deposition, as well as coastal
management at the local area.

This study utilized a numerical model to simulate the coastal current in the Soc Trang
area,consideringhe influential factors of wind and tides on waves. The model employed in
this studywas developed by31] and is based on the deptiiegrated 2D Reynolds
eqguation in Cartesian catinates. This model serves as a fundamental tool for assessing
and managing coastal protection and risk reduction measures in the region. By
implementing a curved coordinate system, the numerical model effectively minimizes
errors in areas with complex skbtnes. Additionally, the use of an opsaurce model
facilitates the enhancement of monitoring and early warning systems, as it allows for
convenient code implementation and further development.

2. Materials and M ethods

2.1. Study area

To mitigate the impact of boundary condition errors, the study area was expanded to
encompass the sea area stretching from Vung Tau to Ganh Hao in Vietham. The
geographical coordinates of this expanded area range 362893 to 1085665 east and
797766 to 132835 north(Figure 1a). This extended study area includes the coastal region
of Soc Trang Province along with neighboring provinces. It spans approximately 300 km in
length and has a width of approximately 160 km, extending from the shoreline into the sea.

2.2. Datacollection

The topographic data used in this study were obtained from the Eéstt&magraphy
in 2010, collected and extracted by the Southern Institute of Water Resources Science,
Vietnam (SIWRR). A calculating grid was constructed using dhogonal curved grid
format, comprising 13€155 cells. The grid size varied between 150 meters and 300
meters, with dx and dy representing the cell dimensions (Figyifs]l)
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The tidal harmonic constants, including the amplitudes and phases of each tidal
constituent, were obtained from the DTU10 Global Tide Model. The data used had a
resolution of 0.125% 0.125° and were extracted specifically for the three open boundaries
atsea, namely the left, right, and sea boundaries, as depicted in Figure 1.

Figure 1. Study area

To validate the model, hourly water level data from the Vung Tau, Con Dao, and My
Thanh stations were collected from tBeuthern Regional Hydrometeorological Station in
2017. These water level measurements were utilized to verify the accuracy of the model's
predictions in detailed: the water levels from 1:00 am 01 January 2017 to 1:00 aom
February 282017,at Con Dag from 10:00 am on January 15, 2017, to 10:00 pm on
February 142017 at My Thanh stationandfrom 1:00 a.m. on January 1, 201@ 10:00
p.m. on February 28, 205t Vung Tau station.

Wwind data: Wind velocity with a spatial resolution of Gd&greesand temporal
resolution of 3 hours were collected frdtips://cds.climate.copernicus.&tom 0:00 am
on 01 January 2017 to 23 December 2017.

Wave data: R, Sy, Sy stress fields were simulated from the Mike 21SW model from
0:00 amon 01 January 2017 to Z3ecember 2017, extractémm [37].

2.3. Numericamodeldescription

The governing equations in the curvilinear coordinates (HyCCM Model) are
constructed based on the Reynolds equation defgbgrated 2D in Cartesian coordinates
[31]. In the 2D model, the vertical velocity component is so small that it is ignored, and the
pressure is approximated as the hydrostatic pressure distribution. In previous studies, the
nonlinear, Coriolis, friction bed components have been solved in ceailiooordinate
systems. In this study, the two components of wave and fuctobn are constructed in a
curvilinear coordinate system, as described ingfign1 [31].

ép, +gHI (9,2 , -9, 2), =,
{qt +gHIN(guZ -G, 2 =, 1)
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wherex, h are space coordinates (m)

Q:=0a #qr 0k 17As #Qwa
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wheret =t is time (s) p = JUH is thex component of velocityq = JVH s theh
component of velocityH = h +z; z is the fluctuation of the water surface (r)is the



