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ABSTRCT

Hydrodynamic condition of Java sea as a part of Indian-Pacific throughflow system influenced by monsoon will affect the condition
of Banten Bay such as tidal current. Bordered by Java Sea makes Banten Bay preoccupied with fisheries and shipping activities, so the
information regarding current pattern that is tidal current is very necessary. This study aims to simulate the tidal current pattern using flow
model fm as a numerical approach. Two-dimensional hydrodynamic model was employed to perform the simulation of tidal current. Model
was validated by using current and tidal observation data which was taken in September 2015 and April 2016. Results show that the current
moves southwestern toward the land during high neap and high spring tidal conditions ranged 0 - 0.142 m/s at the first transitional monsoon
and 0 - 0.153 m/s at the second transitional monsoon respectively. During low spring tidal condition for both transitional monsoons, the current
flowed northwestward on west side and northeastward on east side within the bay ranged 0 - 0.137 m/s and 0 - 0.127 m/s respectively. The
hydrodynamic conditions of Banten Bay are slightly different between 2 transitional seasons, especially for the current speed and direction.
Those conditions induce a different transport mechanism, resulting in unstable accretion and abrasion along Banten Bay coast.

Keywords: Tidal current modeling, Banten Bay, transitional monsoons.

Corresponding author:
JI. Pasir Putih | Ancol Timur, Jakarta Utara 14430. Email: ulungjantama@gmail.com

Copyright © 2018 Jurnal Segara
DOI: http://dx.doi.org/10.15578/segara.v14i2.6452 95



Modeling Tidal Current Of Banten Bay ...... Monsoons 2015-2016 (Bayhagqi, A., et al.)

INTRODUCTION

Banten Bay is located in the northern coast and
northwest tip of Java Island. The water is directly
adjacent to the Java Sea. Globally, Java Sea is part of
Pacific-Indian Ocean flow system through Indonesian
Seas known as Indonesian Throughflow (ITF). The
Indonesian seas become a link between the tropical
Pacific and the Indian Ocean in which the main
throughflow pathway sources from Makassar Strait
(Gordon et al., 2010). It is obvious why Makassar Strait
is the main gate for ITF entering the Indonesian Seas
(Lukas et al., 1996). However, for the western region,
Pacific water mass flows into the Indonesian seas
through the South China Sea moving toward the Java
Sea through Karimata Strait (Fang et al., 2010) and
leaks to Indian Ocean through Sunda Strait.

In general, Java Sea is predominantly influenced
by the monsoon condition. ITF becomes stronger
during East monsoon and weaker during West
monsoon. Throughflow and monsoons have a big role
evoking variability of water mass transport in the Java
Sea (Siregar et al., 2017). The wind predomination on
each monsoon triggers fluctuation of significant wave
height in the straits of Java (Wicaksana et al., 2015).
On the boreal winter monsoon (November-March), the
Java Sea becomes a container of low salinity water
masses flow from the South China Sea moving strongly
toward the east. It affects the transport of ITF from
Makassar Strait which will move to the Indian Ocean
(Gordon et al., 2003; Gordon et al., 2012; Qu et
al.,2006; Fang et al., 2009; Tozuka et al., 2009; Susanto
etal., 2012; Susanto et al., 2013) through the main exit
gates, such as Lombok Strait, Ombai Strait and Timor
Gap (Susanto et al., 2016). The Sunda Strait, the
nearest strait from Banten Bay in the west side,
separates the Sumatera and Java Islands has a role in
the circulation of Pacific-Indian water masses becoming
the exit gap for Java Sea water with higher temperature
and low density toward the Indian Ocean in May-
September (Susanto et al., 2016).

Based on the geographical perspective, Banten
Bay is a significance region to study about water
hydrodynamics such as tidal current. Tidal is elevation
fluctuation in the ocean which is generated by
gravitational forces of the moon and the sun (Douglas,
2001; Kvale, 2006). It triggers the ocean current (tidal
current) (Stewart, 2006). The circulation pattern
occurred in the Java Sea during northwest and
southeast monsoon is expected to give an influence on
the water condition of Banten Bay.

As a semi-enclosed water area, hydrodynamic
within Banten Bay tends to be weaker. In the bay
mouth, there are several islands (Panjang Island, Fie
Island, and Tiga Island) contributing the water flow
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deformation while passing those islands. These three
islands may have a significance impact on tidal current
movement within the bay (Hoekstra et al., 2002). The
current profile within the bay is unstable, the ocean
current from Sunda Strait takes place several times,
resulting in dramatic alteration of current speed (Wisha
et al.,, 2015). While, near the coast, there are some
small islands, they are Tarakan Island in the west part
within the bay, Kubur and Lima Islands in the middle
near the bay mouth, Satu and Dua Islands in the
southeast coast. Those small islands should have a
role influencing longshore current profile within the bay.
In addition, some small islands run into erosion and
sedimentation impacted by sand mining in the northern
of the bay triggering the unstable transport sediment in
and out of the bay (Rahmawan et al., 2017).

One of the worst problems occurred in Banten
Bay is sand mining activity. It started from 2003 and
stopped for a while in 2013, resulting in altered
morphology around Lontar Village coast (Rahmawan
et al., 2017). It also influences Ciujung delta formation.
It proves that the accretion has been occurred,
impacting the delta appearance. The worse impact is
coastal stability disruption. Several area experiences
erosion and the other area experiences sedimentation.
Hydrodynamic pattern has a big role controlling
turbulence and mixing which the sediment transport
takes place. It has different characteristics and impacts
in every single monsoon due to the vary wind direction
and stress.

To reveal the condition between two seasons, the
study in the transition monsoon is very essential to do
as well. In addition, Banten Bay is classified as busy
region with human, fisheries and shipping activities.
The information of current pattern including tidal current
is necessary to support those activities. One of the
ways to study regarding tidal current pattern is model
approach using numerical simulation. This way can
give a bigger depiction when the location can be fully
covered by observation. The previous study (Wisha et
al., 2015) illustrated the simulation of tidal current in
Banten Bay. However, it was simulated only during the
second transitional monsoon (September-October) in
2014. So, this study aims to examine the tidal current
condition of 2 cycles transitional monsoon (2™
transitional monsoon is represented by September
2015 simulation and 1st ftransitional monsoon is
represented by April 2016 simulation).

METHODOLOGY

Observation was conducted in September 2015
(Second Transitional Monsoon) and April 2016 (First
Transitional Monsoon). The method used to collect
current data was mooring installation by using Acoustic
Doppler Current Profiler (ADCP) Nortek and Recording



Current Meter (RCM) Aanderaa. Due to the technical
problem, the tidal data was only taken on September
2015, so tidal prediction from Tide Model Driver (TMD)
(King et al., 2011) was used to validate the April 2016
simulation. Bathymetry from Hydrography and
Oceanography Center-Indonesian Navy
(PUSHIDROSAL) sheet number 78, 15" edition
December 2006, NOAA coastline data from A Global
Self-Continent, Hierarchical, High-Resolution
Geography (GSHHG) database (Wessel & Smith,
1996) and Global Tide Prediction data (Park et al.,
2014) were applied as a data input in the model. The
result of the model was depicted as a tidal current
pattern for four extreme tidal conditions. These results
were validated by observation data, employing Root
Mean Squared Error (RMSE) formula (Spaulding &
Mendelsohn, 1999) as follow:

where:

n = The number of total data
y = model result data

yi = observation data

Hydrodynamic Model Equation

The model used to perform the simulation of tidal
current was flow model flexible mesh (fm) provided by
MIKE Zero, 2007, SP2, two-dimensional hydrodynamic
model. According to Mahardika et al. (2015), flow
model fm can represent the real condition which is
more accurate than the other method such as ADCIRC.
The flow model consists of continuity and momentum
equation (Zhao et al., 1994).

The continuity equation is written as:

6u+6v+aw_
ox dy 0z

The momentum equation for the Cartesian
coordinate, respectively:

6u+6u‘+6vu+6wu_ a 10Pa g ”apd‘_‘_F +6 tau +uss
at  ox ay 0z =fv 9ox po dx  po), dx & u 0z v 0z us . 3)
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Where
t :time
X, Y, Z : cartesian coordinate
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n : surface elevation
d . still water depth
: velocity components in the x, v,
and z direction
f : 2Q sin ¢ (Coriolis parameter) where
Q is angular rate and ¢ is
geographical latitude

g : gravitational acceleration

P : density

vt : vertical turbulent or eddy viscosity
Pa : atmospheric pressure

po : reference density

Research observation point

Field measurement points of current and tide
data were located in the eastern Panjang Island (Figure
1), conducted twice to represent 2 phases of the
transitional season. Mooring a (current meter) was
deployed for 2 days measurement on April 2016 at
10-meters depth recording the current data only, while,
the mooring b (ADCP) was deployed during September
2015 at 8-meters depth measuring the tidal and current
data as well. The obtained data was then sorted by
using Surge software to delete the bias data. Current
data is provided in the form of layer data, we only used
the uppermost layer near the surface adjusted to the
model simulated. So that, they can be compared to
evaluate the model built.

Model Set up

The simulation applied for transitional monsoons
was adjusted with observation data. Flow model fm
was built by the development of 2-dimensional flow
equation spatially discretized and showed by cell-
centered finite volume method (Zhao et al., 1994). This
model was supported by a flexible mesh and tidal
prediction, bordered by five boundary conditions for 1st
Transitional simulation and three boundaries for 2nd
Traditional simulation. Tide forecasting was employed
as the model input, it is obtained by executing Ergtide
software (Masoud et al., 2012). The model set-up for
the 1%t transitional simulation is shown in table 1 and for
the 2" transitional simulation is shown in Table 2
respectively.

The model simulated twice, appropriate with
the field measurement time. Tidal currents simulation
was simulated for 15 days, but the data will be displayed
for four extreme tidal conditions. It represents the tidal
current pattern during two transitional seasons (Carter
& Merrifield, 2007). It displayed spatially in the form of
hydrodynamical map. Second Transitional (September-
October) hydrodynamic simulation in 2014 was studied
by Wisha et al. (2015). We applied a modification on
the year of simulation (2™ transitional season in 2015)
which was in accordance with the period of tide
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forecasting data used as boundary condition. We also RESULTS AND DISCUSSION

updated the coastline digitation used as a land
boundary, besides, this brand-new model uses a
different time step interval and total number of time
step. Even though the bathymetry data are the same
with the previous.

Table 1. Field observation results

Model Validation

The model was validated by comparing field
measurement data and model result (Lazure et al.,
2009; Wisha et al., 2017). In this study, sea level and

Parameter

Implemented in the simulation

Time of simulation

Mesh boundary
Flood and dry

Wind forcing

Boundary condition

Number of time step = 384

Time step interval = 3,600 sec

Simulation start date = 14/04/2016 12.00 AM
Simulation end date = 30/04/2016 12.00 AM
Bathymetry =PUSHIDROSAL Bathymetry map digitation
Drying depth = 0.005 m

Flooding depth = 0.05 m

Wetting depth = 0.1 m

Format = Varying in time, constant in domain

Neutral pressure 103 hPa

Soft start interval = 0 sec

Type = Specified level

Format = Varying in time, constant along boundary
Time Series = Tide forecasting with coordinates below:
Longitude: 106.25058, Latitude: -5.9298
Longitude: 106.22785, Latitude: -5.9053
Longitude: 106.18982, Latitude: -5.8858
Longitude: 106.14632, Latitude: -5.8768
Longitude: 106.10313, Latitude: -5.8830

arwN =




Table 2.
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Simulation Set up (2™ Transitional season)

Parameter

Implemented in the simulation

Time of simulation
Time step interval =

Mesh boundary

Number of time step = 384

3,600 sec
Simulation start date = 01/09/2015 13.45 AM
Simulation end date = 01/10/2015 12.45 AM

m

Bathymetry =PUSHIDROSAL + LPI Bathymetry map digitation

Flood and dry Drying depth = 0.005 m
Flooding depth = 0.05 m
Wetting depth = 0.1
Wind forcing

Format = Varying in time, constant in domain

Neutral pressure 103 hPa

Soft start interval =
Boundary condition

0 sec
Type = Specified level

Format = Varying in time, constant along boundary
Time Series = Tide forecasting with coordinates below:

1.
2.
3.

Longitude: 106.0410, Latitude: -5.8406
Longitude: 106.1828, Latitude: -5.7656
Longitude: 106.3227, Latitude: -5.8343

velocity component (U and V) are the parameter used
to verify the model both for first and second transitional
monsoon simulation. Overall, the comparison between
model (blue line) and observation data (orange line) of
surface elevation (Figure 2) shows the similarity in term
of tidal phases. The RMSE value for both respectively
is 5.9% and 11.89%. Based on the measurement, the

tide type of Banten Bay is mixed tide prevailing diurnal,

it was also explained by Wisha et al. (2015). According
to Hoekstra et al. (2002) defined that the tidal regime
was found to be mixed, predominantly diurnal, with a
varying tidal range between 20-90 cm.
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The 2™ transitional verification (Figure 2b) shows
the unstable and volatile tidal phases during last neap
tidal condition (red circle) and first neap tidal condition
(blue circle). These disturbances are possibly triggered
by the wind wave generation. Tidal changes followed
by the low period of wave generation contribute to the
formed elevation (Garrett & Kunze, 2007), resulting a
rapid accretion along the shore edge.

Velocity component verification (Figure 3), shows
that model result and observation have the same
pattern but different in magnitude. The RMSE value for
the zonal component in the first transitional monsoon
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Figure 2.

Surface elevation validation; a. Comparison between model and TMD-Observation Data, b.

Comparison between model and ADCP data retrieval. Blue and red circles show the bias of
surface elevation data during field measurement. It was found during two neap tidal conditions.
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Figure 3.

Velocity Component Comparison between Model Result and Observation on First Transitional

(a) and Second Transitional Monsoon (b).

and the second are respectively 17.95% and 7.64%,
while for the meridional components are 19.6% and
8.24%. For the first transitional simulation, RMSE
value is greater than the second one because the data
was taken in the fixed depth (10 meters beneath the
surface). It is not really well representing the surface
condition, in fact, the model is simulated the current
pattern in the surface. While, for the second transitional
monsoon, the data were taken at each level of depth,
so that, the surface data can be well covered. However,
the error value can be accepted if it does not exceed
40% (Holt et al., 2005), so we assume that this model
is proper to figure out the field condition.

Figure 4 shows the current component
velocity comparison between model result and field
measurement in the form of vector magnitude and
direction, at the 1st transitional season, the current
velocity ranged from -0.4 to 0.49 m/s and from-0.21
to 0.23 m/s for field measurement and model result
respectively, the direction differentiation is almost 3
degrees predominated toward West-Northwest and
East-Southeast. Whilst, at the 2nd transitional season,
the current velocity ranged from -0.13 to 0.2 m/s and
from -0.18 to 0.28 m/s for field measurement and
model result respectively, the direction is predominated
toward North-Northwest and South-southeast with 5
degrees direction differentiation.

Ellipsoid velocity component analysis also shows
that the tidal current is rotary. It flows continuously
with the direction alteration amount 360 degree
during the tidal period. According to Poulain (2013)
the rotation of tidal current is caused by the earth’s
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rotation even though it is depended on local condition.
It moves clockwise in the northern hemisphere and
counterclockwise in the southern hemisphere. Rotary
current can be depicted as in Figure 4, it forms a series
of arrows representing the direction and the speed of
the current at each hour. Offshore rotary currents which
are purely diurnal repeat the elliptical pattern each tidal
condition of 12 hours and 25 minutes (Boon, 2013). In
the both diurnal region, there is an obvious relationship
between times of current and times of high and low
water in the locality (Antony & Unnikrishnan, 2013).

Tidal Current Simulation

Tidal current pattern in Banten Bay water at the first
transitional monsoon (Figure 5) moves southwestward.
The velocity ranged from 0-0.142 m/s and 0-0.153 m/s
respectively during high neap and high spring tidal
condition. While, the current moves Northeastward at
the neap low tidal condition, the speed ranged from
0-0.042 m/s. The current moves northeastward on the
east side within the bay and northwestward on the west
side within the bay during the spring low tidal condition,
the speed ranged 0-0.137 m/s. During the second
transitional monsoon (Figure 6), the same direction
pattern was still observed. The speed ranged 0-0.14,
0-0.11, 0-0.15, 0-0.12 m/s for high neap, low neap, high
spring, and low spring tidal conditions respectively. In
the bay mouth, the current flow is faster affecting the
high turbulence rate. The maximum velocity was found
in the eastern part within the bay.

According to the previous study Wisha et al.
(2015) during 2™ transitional season 2014 in the
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Figure 4. Model validation by using elliptical velocity component analysis on First Transitional (A) and

Second Transitional Monsoon (B).

Banten Bay, the tidal current speed ranged 0-0.15 m/s  sediment transport in the surrounding (Rahmawan et
for spring high tidal condition. In addition, the current al., 2017).

direction is slightly different compared with the newer

simulation, located in the west part within the bay where At neap low tidal condition, the current speed is
the speed is decline. That declination is caused by a slightly different, the attracting result is the direction
rapid sediment deposition within the bay resulted by predomination in the bay mouth that is totally different.
sand mining in the bay mouth triggering the unstable It moves Northwestward in 2014 and toward North in
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Spring Tide

EOJONEGORO
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Figure 5. Tidal Current Simulation during Neap and Spring Tide in First Transitional Monsoon. (a) Flood

Tide Phase (b) Ebb Tide Phase.
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2015 simulation. At neap high tidal condition, there is
no differentiation in current direction predomination
between 2014 and 2015 simulation, but in the 2015
simulation result, the current speed is higher in the
Pamujan Kecil Island ranged 0.06-0.13 m/s. At neap
low tidal condition, the current direction is the same
between 2014 and 2015 simulations, while, the current
speed decreases approximately 0.06 m/s.

At neap tidal condition, the flow velocity is weaker
than spring condition. It is because the gravity forces
of the moon, the earth, and the sun become weak due
to the upright astronomical position, so that the current
generation is also weakened (Van Rijn, 2011; Lazure
et al., 2009).

The long tidal wave from deeper ocean will release
the energy into the shallow water and causes the
coastal waters severely influenced by tidal conditions.
The result of the model shows that the water moves into
the open sea during low tidal condition, while, it flows
perpendicularly to the land at the high tidal condition.

These circulations trigger turbulence, mixing,
and water mass dynamic enhancement. According
to Li & Zhong (2007) the tidal mixing in the bottom
is stronger. It penetrates higher at high tidal than at
low tidal condition causing a significant variation of

material distribution over the high-low tidal cycle. There
are insignificant changes in the residual circulation. At
the spring tidal condition, the current velocity becomes
higher due to the high astronomical forces triggering
the higher elevation formed.

The strongest currents are observed in the east
part within bay where the tidal flow is topographically
controlled by the shallow sub tidal delta platform of the
former Ciujung delta. Tidal currents inside the bay lag
behind the tidal flow in the Java Sea, which generates
horizontal velocity shears at the slope break north of
the bay. Drift currents are in the order of 0.008 m/s and
related to the local, monsoon-dominated wind climate
(Hoekstra et al., 2002).

Consequently, regional differences in tidal
currents and drift velocities contribute to the residual
transport of sediment from the east to the central and
southern part of the bay. In the past Dua Island, a bird
sanctuary (Noor & Hasudungan, 2002) and former
island, became attached to the mainland coast which
has resulted in much more vulnerable conditions.

The characteristic of hydrodynamic in Banten
Bay is also influenced by the seasonal wind-driven,
resulting in different tidal current pattern in every level
alteration. The current speed is also affected by the

Spring Tide

Neap Tide

(b)

(b)

Figure 6.
Tide Phase (b) Ebb Tide Phase.
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Tidal Current Simulation during Neap and Spring Tide in Second Transitional Monsoon. (a) Flood



tidal energy working in every single tidal change. It will
lead the transport mechanism along the bay controlling
the sediment transport in and out of the bay (Wisha &
Heriati, 2016).

The hydrodynamics are influenced by the
bathymetry profile. The average of water depth ranged
from 0-30 meters (Shallow water) (Kulhandjian &
Melodia, 2014). Bottom friction has a big role resisting
the surface current flow. According to Ffield and Gordon
(1996); Hendrawan & Ardana (2010), the bottom
friction controls the magnitude of velocity components.
It varies over the seabed depended on the bathymetry
profile. When the elevation decreased (low tidal
condition), the bottom friction enhanced, affecting the
weak water mass dynamic. It triggers the accretion due
to the minimal turbulence occurred.

Hydrodynamic condition has a significance
role evoking the unstable abrasion and accretion
along Banten Bay coast. According to Rahmawan et al.
(2017) during 1991-2013, the abrasion reached 384.15
hectares and the accretion reached 425.50 hectares.
The erosion is faster when the mining activity has been
occurring (2003-2007). Resulting in unstable erosion
and sedimentation within the bay.

CONCLUSION

The current direction patterned relatively the
same for each tidal condition in both transitional
seasons, slightly opposite in the neap low tidal
condition between 15t and 2™ transitional season that
moves toward Northwest and Northeast respectively.
The current speed is higher in the spring tide phase
than the neap tide phase ranged more/less 0-0.15
m/s during those two simulations where the strongest
current flow was observed in the east part within the
bay. Banten Bay is predominated by tidal current
proved by the elliptical velocity component formed,
slightly different in velocity and direction of rotary
tidal current approximately 3-5 degrees differentiation
between 1%t and 2™ transitional season simulations.
Hydrodynamic pattern differentiation of Banten Bay
during two transitional monsoons has a role controlling
transport mechanism in those two seasons, which
induces the unstable sedimentation and erosion along
Banten Bay coast.
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