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Abstract 

This research examines the dynamics of 3-dimensional flow and the placement of floating cages in the Semak 

Daun Lagoon (SDL). The research was carried out using 3-dimensional current modeling process, which is 

designed in four tidal conditions model in accordance with the wind and tidal pressure generation. Furthermore, 

this research used the discretization method to vertically determine the finite volume and sigma coordinates, 

therefore, the whole domain was 43,575 triangular elements. The acuration of model showed by a MAPE value 

of 9.9%, its shows model is a very good category. The results of the model showed that the monsoons do not 

have a significant effect on the current pattern and velocity in SDL, however, the dominant current dynamics are 

influenced by tides.  
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In addition, the current pattern in SDL waters generally moves from the Southwest to the Northeast at low tides 

and vice versa. In all tidal conditions, downwelling and upwelling occurred in the middle of the lagoon, with the 

current pattern and velocity significantly affected by Bathymetry. Surface and vertical current velocities range 

from 0.002 - 0.600 m/s. However, the current velocities of 0.10 - 0.20 m/s were only found at -2.3 m depth. 

Meanwhile, the optimum current velocity for marine cultivation activities is 0.20 - 0.50 m/s, therefore the 

utilization of SDL waters for floating net cage system cultivation is more optimal at a depth of -2.3 m. 

Keywords: 3D current model; cultivation placement; floating net cage system; SDL. 

1. Introduction 

A lagoon is commonly divided into coastal and atoll lagoons (offshore). It is commonly divided into coastal and 

atoll lagoons and occurs on mixed-sand and gravel coastlines. Several studies have been carried out in several 

places on lagoon interaction with the open sea [1-3], its influence on the length and depth of the canal [4-5], 

tidal flow variability [6-7], cases of flooded inlet-outlet exposed during spring and neap tides [8-9]. 

Furthermore, [10,1] determined the spatial and temporal variabilities of water quality parameters, while [11] 

carried out a research on the dominance of the current generated in the lagoon. Generally, these previous studies 

stated that tides are the major generation of currents in waters [12]. Semak Daun Lagoon (SDL) is classified as 

an atoll lagoon where most barrier reefs are exposed and inundated at low and high tides, respectively [13]. This 

condition causes minimal interaction with the surrounding waters at low tide. Furthermore, there are numerous 

coral spots in the form of atolls and troughs, and they have the potential to cause changes in the pattern and 

velocity of currents in the water column. Several previous studies carried out on SDL which is similar to this 

research include tidal types and dynamics of the SDL surface currents [13], the suitability of grouper cultivation 

[14], as well as [15] the studies for the suitability of vannamei shrimp cultivation in these waters. However, 

studies on the suitability of current dynamics on the depth as the size of the cultivation cages have never been 

carried out.  SDL is currently used for cultivation use of the floating net cage system. It was selected as a 

cultivation area by the surrounding communities due to its relatively easy accessibility, namely the proximity of 

cultivators to their settlements, comfort in terms of oceanographic studies, including the suitability of water 

quality. Its things become the basis for the cultivation of floating net cage systems in these waters to date. The 

cultivation system utilizes floating net cages measuring 3 x 3 x 3 m placed at a depth of ≥ 4 m during the least 

tide [16]. Furthermore, the ideal current velocity is the range 0.1 to 0.5 m/s [16-17]. It was discovered that at a 

certain depth, the cultivated organism does not get an ideal supply of current for its growth, considering that 

several types of demersal fish are nurtured. Therefore, this research focuses on the dynamics of currents on the 

surface and depth of the cage nets. Based on this, the aim of this study is to examine and evaluate current 

dynamics for the placement and design of floating cages in SDL. Three-dimensional current modeling was 

carried out based on four tidal conditions. Therefore, this study is expected to be the basis for the development 

and utilization of floating net cage cultivation system in SDL. 
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2. Method 

2.1. Time and Place of Research 

The data required to develop this model consists of wind, tide, depth, current, and coordinates. Measurements of 

field data were carried out in SDL Seribu Islands Indonesia for 3 days (25 to 27 July 2018), as shown in Figure 

1a. Parameters such as tides, depth, the direction of current and velocity, including the coordinates, were 

measured directly at the study site. On the contrary, information related to the wind were obtained from the 

website (www.http//ecmwf.com), and it encompasses a time series, with a frequency of 6 hours realized in 2018. 

The model was operated for 30 days.  

2.2. Model Development  

The 3D model is designed based on two motion generators, which consist of wind and tidal pressure. It also 

considers other parameters such as pressure, gravity, coriolis, and frictional gradients per unit mass [18]. System 

of equation proposed is based on the Reynolds average Navier-Stokes equation. The domain discretization 

solutions adopted the finite volume method. Subsequently, it was spatially discretized into elements (Figure 1 

and Table 1). The horizontal discretization utilized unstructured mesh (Figure 1b) while the vertical domain 

applied structured mesh (Figure 1c). The vertical domain discretization used are reported as follows the sigma 

coordinates were obtained by dividing the five-layer depth. The model validation adopted the MAPE in 

accordance with the suitability criteria, which is stated as follows MAPE <10% - very good, 10 ≤ MAPE <20% 

- good, 20 ≤ MAPE <50% -  fair, ≥ 50% - not good [20]. 

Table 1: Design of current dynamics model development in SDL 

Item Unit Total 

Vertical discretization layer 5 

Domains discretization element 43,575 

Element area m
2
 1,000 – 1,000,000 

Time step model second 30 

 

 

 

 

 

 

 

http://www.http/ecmwf.com
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Figure 1: (a) The research location in SDL; (b) horizontal discretization; (c) vertical discretization and (d) depth 

contours and canals location: the blue line (W-E) is the west-east cross-section, the yellow line (N-S) is the 

north-south cross-section, C-1 is the southwest canal, C-2 is the south canal, C-3 is the east canal, C-4 is the 

north canal, C-5 is the northwest canal, C-6 is the west canal and 7-cage is the cage location floating net. 

3. Results and Discussion 

3.1. Wind, Tidal and Currents 

These parameters were observed during the year to determine the relationship between wind velocity and tidal 

elevation throughout the seasons. The wind analysis showed a velocity within the range of 0.04 to 9.74 m/s, as 

indicated in table 2. Furthermore, its minimal value was obtained in transition season-2 while its maximum was 

realized during the west season. In 2018, the tidal level was within the range of -0.33 to 0.52 m, with the 

minimum and maximum values realized during transition season-1 and western season. Furthermore, the current 

velocity realized due to the two power stations earlier reported was within the range of 0.002 to 0.075 m/s (7-  

Table 2: Wind velocity, tidal elevation and current velocity obtained during different seasons at SDL (7-cage 

station) in 2018 

Item 

Season 

West  

(Dec - Feb) 

Transition-1 (Mar 

- May) 

East  

(Jun-Augus) 

Transition-2 

(Sep-Nov) 

Wind velocity range (m/s) 

 

0.04 – 9.74 

(5.02) 

0.27 -8.50 

(3.91) 

0.19 – 8.18 

(3.18) 

0.05 – 6.66 

(2.88) 

Tidal elevation range (m) -0.36 – 0.52 -0.33 - 0.45 -0.35 - 0.48 -0.37 - 0.45 

Current velocity range (m/s) 

 

0.003-0.075 

(0.0218) 

0.003-0.072 

(0.0233) 

0.002-0.064 

(0.0231) 

0.002-0.064 

(0.0231) 

cage station) with the least value obtained during the East monsoon and 2 transition seasons while its maximum 



International Journal of Sciences: Basic and Applied Research (IJSBAR) (2021) Volume 55, No  1, pp 274-285 

278 
 

was realized during the West monsoon. The wind velocity is shown in table 2 with the maximum currents and 

tidal elevations located in the West monsoons. However, the average results from the minimum current 

velocities were also discovered during the west monsoons with an extremely slight difference. This implies that 

seasonal changes have no significant effect on current velocity. The results from this analysis show that the use 

of SDL is independent of the seasons. This is consistent with the studies carried out by [11-12], which stated 

that tides influence the generation of current dynamics in a dominant lagoon. Based on this, the subsequent 

analysis is the dynamics of currents in the West monsoon, which is caused by a relatively low velocity in SDL. 

This is also in accordance with the aim of this study related to current dynamics during the placement of floating 

net cage systems in which the cultivated organisms requires the appropriate velocity.  

3.2. Tidal 

The tidal analysis shows that the mixed type occurs on a daily basis, as reported in the research carried out by 

[13]. The tidal elevation (Figure 2) shows that the tidal valley inside the lagoon is higher than outside the 

lagoon, as [13] stated that there is a difference in elevation in the north, this causes the sea level inside to be 0.04 

m higher than outside. lagoon. This is due to the accumulation of water masses as described [13]. The 

accumulation causes the movement of water masses or the current speed weak in the lagoon.  

 

Figure 2: Tidal asymmetry in the model domain, the black line is the tide elevation inside the lagoon, the red 

line is the tide elevation outside the lagoon, the blue line is the condition of the highest and lowest tides, the 

green line is the condition towards the tide, the yellow line is the condition towards the low tide. 

asymmetry and the time required to attain the maximum and minimum values are 13 hours 8 minutes and 11 

hours 1 minute, respectively. Therefore, it takes 2 hours 7 minutes for the longer tide than the lesser one (Figure 

2). This time difference also leads to some changes in surface elevation, which was realized to be 0.035 m 

higher in the lagoon at low tide. According to [13], this is due to the accumulation of water masses, thereby 

restricting its movement, in other words, the current velocity is extremely weak. 

3.3. Currents Dynamics 

The results from the current dynamics model are stated at four sea-level elevations, including low tide, low tide 

towards the tide, tide, and tide towards the low tide. The results realized from the field verification show the 
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suitability of the current characteristics model with a MAPE value of 9.98% (Figure 3). However, this indicates 

that it was developed according to the field conditions [19].  

 

Figure 3: Validation of the current velocity model (a) u-component (b) v-component. The orange line shows the 

results from the model, while the blue line depicts the field measurements at the location of the floating net 

cages. 

The current surface pattern in Figure 4, shows that the direction of tidal currents is from Northeast to Southwest 

at low tide and vice versa. This is consistent with the studies carried out by [20,13], which reported that the 

currents in the area move back and forth following the tidal dynamics. This shows that the generation of currents 

in SDL is tidal-dominated, this is also consistent with the research carried out by [21] which stated that tidal 

dynamics influence approximately 70% of the variability of surface elevation and currents in the lagoon and 

80% of the movements at the dominant inlet-outlets. At low tide, the current enters through channels C-1 and C-

6 and then exits through channels C-2 and C-4. This is due to the exposure of the overall barrier reef in the East. 

In contrast to the following conditions, namely low and high tides, with the inflow and outflow evenly 

distributed across the surface of the lagoon in accordance with the direction of the tidal currents. This is caused 

by barrier reefs that are completely inundated. Based on this, the surface current flows in SDL during the West 

season is dominant from the Southwest to the Northeast direction and vice versa in the East season. This is 

consistent with the research carried out by [13], which stated that the surface currents in SDL are dominant from 

the Northeast to the Southwest during the East Season. Furthermore, the dynamics of surface currents are caused 

by the West and East monsoons, and its velocity ranges from 0.002 to 0.60 m/s. In addition, the least is found in 

the four tidal conditions while the maximum value is discovered at low tide near the North canal. 
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Figure 4: The pattern and velocity of surface currents in SDL during the West monsoon: (a) at low tide, (b) low 

tide towards tide, (c)  tide, and (d) tide towards low tide 

Based on the cross-sections of the west (W)-East (E) and north (N)- south (S), at low tide (Figure 5a), the 

current flows from the West and East to the middle of the lagoon, respectively. This is due to the exposed 

barrier reefs on the Western and Eastern sides of the lagoon. Therefore, due to this, the water mass tends to 

down well on the Western and Eastern sides of the lagoon as well as upwell in the center, and is discharged 

through the Northern canal. In contrast, other tidal conditions (Figs. 5b, 5c, and 5d) shows downwelling and 

upwelling on the Eastern and Western sides of the lagoon respectively and at low tide towards tide and vice 

versa. This is because most barrier reefs are inundated at tide towards low tide, low tide towards the tide. On the 

contrary, they are completely inundated at the tide. In all tidal conditions, some of the water is discharged 

through the south canal, due to the attraction of its mass towards the eastern part of the lagoon. However, in the 

southern part of the lagoon, it is pulled discharged through the canal. Furthermore, there is an accumulation of 

water masses at the center of the lagoon due to narrowing in the northern canal, thereby causing the water in the 

southern part to easily exit through its canal. The cross-sectional view of W-E and N-S shows that the current 

velocity from the surface to the near bottom ranges between 0.002 to 0.60 m/s while from 0.10 to 0.20 m/s was 

only discovered at a depth of -2 m (in conditions of towards tide, tide, and towards low tide). Meanwhile, the 

depth of the trench was approximately 15.9 m at mean sea level conditions [13], this shows that the current 

velocity at a depth of -3 m which is at the 
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Figure 5: Current patterns and velocities appear across the west-east (W-E) conditions: (a) low tide, (b) low tide 

towards tide, (c) tide, (d) tide towards low tide. Transverse view of North-South (N-S) is in (a) low tide, (b) low 

tide towards tide, (c) tide, (d) tide towards low tide in SDL (from 23 to 24 December 2018) 
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Figure 6: (a) Cross-section (W-E) of the north canal (N-4); (b) South-north cross-section of the north canal (N-

4); (c) North-south cross-section of the west canal (W-6), west-east cross-section of the southwest canal (SW-1), 

west-east cross-section of the south canal (S-2); (d) South-north cross-section of the south canal (S-2); (e) West-

east cross-section of the west canal (W-6). 

near bottom is less than 0.10 m/s. This proves that the upwelling current is presumed to be unable to lift the base 

material (resuspend), as reported in the research carried out by [22] which stated that the effectiveness of the 

resuspension occurs at a current velocity of 1 m/s.  At low tide, the northern, eastern, and most southern barrier 

reefs are exposed (Figure 4a) therefor the Northern canal is the primary channel by which water mass, flows out 

of the lagoon. In this condition, the wet area of the north canal was narrowed, as shown in Figure 6a, thereby 

causing the water level to be 0.03 m higher [13]. The consequence implies that there is excess volume due to 

differences in the elevation, which is approximately 136,755.21 m3 to acquire an elevation balance. Conversely, 

the flow of water mass entering through the western canal is continued despite being at a relatively low velocity 

of 0.01 m/s (Figure 6c). This causes the current velocity in the northern canal to increase to 0.60 m/s (Figure 6a 

and 6b), and it was recorded as the maximum rate in all the areas under the various tidal conditions. The least 

velocity was discovered at the center of the lagoon near the bottom of the trough, relatively 0.002 m/s at low 

tide (Figure 5). This is consistent with the research carried out by [11], which stated that low current velocities 
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are often found at the center of the lagoon. 

3.4. Current Suitability for Cultivation 

The surface and vertical current velocities show that the highest dynamics was found in the area near the 

northern canal. This indicates that it is ideal for cultivation and has been utilized till date. Furthermore, from the 

vertical  current  profile  to  a  depth  of  3 m  (3 m  is  the  height  of  the  floating net cages) under the four tidal   

Table 3: Suitability of current parameters for grouper and vannamei shrimp cultivation 

Organism Current velocity range [m/s] Score 

 

Grouper
1,2,3

 

0.2 - 0.5 5 

0.1 - 0.19 & 0.51 - 0.75 3 

<0.1 & >0.75 1 

Vannamei shrimp
4
 0.10 - 0.35  

    Source: [17]
1
; [16]

2
; [23]

3
; [15]

4
 

conditions, the current velocity is inadequate, however at a depth of -2.3 m, it reaches 0.20 m/s (Figure 5). This 

data shows that the utilization of SDL water columns, particularly in center, is optimal at a depth of -2.3 m. This 

is based on the quality, standard or suitability of the current velocity (Table 3) in SDL waters.  

4. Conclusion 

In conclusion, tidal dynamics generally dominate the current pattern in the Semak Daun lagoon. The maximum 

current velocity was detected near the northern canal at the tide towards low tide condition. On the contrary, its 

minimum was discovered at the middle and bottom of the lagoon at low tide. Therefore, the northern canal is 

ideal for cultivation, while the depth of the floating net cages tends to be optimal at a depth of -2.3 m. 

5. Recommendation 

For cultivators, the optimum depth for the design of the culture cage is -2.3 m. For researchers, it is necessary to 

study and evaluation the distribution of cultivation waste in the Semak Daun lagoon. 
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