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Abstract. Barramundi production in Indonesia continues to increase national income, yet its development 

is not optimal, thus research and development are required to support its growth. Based on previous 

studies, the quality of Jepara Waters is moderately suitable for aquaculture activities, with a good potential 

for aquaculture. However, the variances in conditions need to be evaluated before installing aquaculture. 

Variables used in this study include depth, ocean currents, waves, temperature, and salinity. Data was 

then evaluated spatially and temporally using the scoring method. Data sources for depth are taken from 

Hydro-Oceanographic Center, Indonesian Navy, for current and wave, data are taken from the results of 

3D and 2D model data, while temperature and salinity data are from Marine Copernicus. The suitability 

evaluation area is split into four quadrants (A, B, C, D). The results showed that the most suitable locations 

to establish the aquaculture are in areas C and D, with a surface of 14,924.20 Ha (around 56.79% of the 

total research area), at a distance of 4.99–17.37 km from the coastline, with the most suitable time in 

January. Temperature, salinity, current, and wave data were validated using field data, and tidal modelling 

was validated using tidal data from the Geospatial Information Agency. 
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Introduction. Indonesia's marine waters are used for fishing, exploration, and 
aquaculture purposes (Akrim et al 2019), with the objective of enhancing aquaculture 

production, which is critical to Indonesia's economic structure (Triarso & Putro 2019). 
According to FAO (2024), barramundi aquaculture production in Indonesia supplied more 

than 8.2% of global barramundi demand in 2018 and provided up to USD 200 million in 

state income in 2018, and it has been increasing every year for the last few decades. 
However, this industry is not yet optimal in Indonesia, thus research and development are 

required to support the expansion of this aquaculture sector (Irmawati et al 2021). 
Aquaculture with floating net cages is one method of aquaculture sustained by the 

environment itself (Cardia & Lovatelli 2015). 
In this study several environmental parameters were evaluated to determine the 

suitability of water conditions, both for the structure of the cages and for the barramundi 
fish. The placement of floating net cages depends on the ecological condition of the waters. 

In addition, protection factors (currents and waves), water quality factors (temperature 

and salinity) and hydro-oceanographic data affect the cage mooring system and the water 
exchange, influencing the quality of life of cultured organisms and the pressure on the cage 

system. The parameters needed are depth, currents, waves, and water quality such as 
temperature and salinity. The required depth for placing net cages is between 10 and 50 

m. The most important factors after depth, to be considered in making a cage mooring 
system are the currents and waves (Cardia & Lovatelli 2015). Current velocity has a strong 

effect on water exchange in the cage, feed distribution, ballast or moorings, rearing volume 
and net shape, monitoring operations by diving, as well as the distance from which solid 
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feed reduction is spread. The current and wave directly affect the mooring system of the 

cages and are related to the size of the seeds of the organisms to be cultivated. The form 
of cage is adapted to the water conditions and production needs (Cardia & Lovatelli 2015; 

Chu et al 2020; Bi et al 2020). An aquaculture environment where there is a lot of feed 
reduction or experiencing fouling can also increase the pressure force on the cage structure 

(Nobakht-Kolur et al 2021). In general, the minimum input for current speed requirements 

is 10–75 cm s-1 in order to determine the fixation system size for the mooring and elements 
to use. Furthermore, the significant wave height (Hs) is ≤3–4 m, for both tidal and coastal 

currents (Cardia & Lovatelli 2015). Then based on Indonesian National Standard for 
barramundi culture, the water quality will be classified as very suitable if the salinity is 15–

35 ppt and the temperature is 26–32°C (Windarto et al 2019). Salinity influences feeding, 
feed conversion ratio, specific growth rate (SGR), and the immune system of cultivated 

fish. The water temperature plays a role in fish metabolism, tolerance to ammonia and 
carbon dioxide levels, and in managing fish stress (Cardia & Lovatelli 2015). 

Based on previous research in 2021, the significant wave height (Hs) in the Jepara 

Awur Bay area is 0.50-1.73 m, the temperature is 21-26°C, and the salinity is 34-35 ppt; 
the average current speed is 0.01-0.421 m s-1 (Kurniawan et al 2021) and driven mostly 

by tidal or harmonic currents (Aziz et al 2019). Based on these findings, Jepara Waters 
offer a quality that is quite suitable for fish cultivation. However, because the water quality 

conditions in the Awur Bay Waters of Jepara are not representative for the whole research 
region, more research was needed to evaluate the status of water quality in other locations 

of Jepara Waters. Data collected in the current study is more reflective of the water quality 
for the floating net cages. Furthermore, the variable properties of each of these water areas 

differ, requiring an assessment of their eligibility for the installation of these aquacultures 

(Andayani et al 2018). The variables used for the evaluation of the suitability of the water 
characteristics consist of protection factors (depth, currents, and waves) and water quality 

factors (temperature and salinity). This assessment of the eligibility of water characteristics 
ignores the influence of residues formed by other ponds in the area of the waters, as well 

as the extreme fluctuations of the limiting factors.  
To maintain the sustainability of current resources, it is vital to evaluate the 

suitability of hydro-oceanographic characteristics for aquaculture installation. Bad water 
quality, under d the floating net cage requirements, may cause problems in the surrounding 

ecosystem (Mulyono & Ritonga 2019) and may prevent fish adaptation and growth (Liu et 

al 2020; Wicaksono et al 2019). Furthermore, determining when and where to locate 
barramundi aquaculture in floating net cages is necessary for an optimal growth of 

barramundi.  
  

Material and Method 
 

Study sites. This research was conducted in Jepara Waters Figure 1. This study used a 
qualitative descriptive analysis method.  

 

 
Figure 1. Area of interest: map of sampling in Jepara Waters. 
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The data used in this study consisted of primary and secondary data. Bathymetry, current 

speed, significant wave height, temperature, salinity, wind, and tide data were collected 
as primary data, while secondary data included Indonesian Rupa Bumi (RBI) maps of 

Jepara Regency, bathymetry from Hydro-Oceanographic Center, Indonesian Navy Maps, 
current speed and wave height from modelling, wind from CDS Copernicus, and 

temperature-salinity from Marine Copernicus.  

 
Data sampling and preparation. Field data survey for primary data was used systematic 

random sampling approach by randomly identifying the first sampling point at one place, 
then selecting the next sampling point based on every 2-meter interval. Field data surveys 

were conducted for two days: in October 18th 2022, between 08:00 and 14:00 WIB and in 
October 19th, between 09:00 and 12:00 WIB. Temperature, salinity, and current data were 

taken at 33 sites, while wave and wind data were recorded near the dock, for 72 hours, 
starting in October 19th 2022 at 08:30 WIB. Tidal data was obtained from the Jepara tidal 

station. The primary data obtained was used to validate secondary data obtained from 

agencies, websites, and modelling. The wind data obtained has a resolution of 27.75 km 
grid-1 while temperature and salinity have a resolution of 9 km grid-1. Wind, temperature, 

and salinity data were retrieved for a depth of 50 meters in January, April, July, and October 
to reflect the four seasons. Secondary data was processed by analyzing and interpreting 

bathymetry, temperature, and salinity data first. For each parameter the average value 
was calculated and interpolation curves were determined for the studied months. 

Temperature, salinity, wind, and tide data are used in 3D current modelling. Temperature 
and salinity data were downloaded and turned into 3D grid series data, while wind data 

was converted into time series data. Tidal data obtained from MIKE 21 toolbox tidal 

prediction data. Furthermore, all the data was entered for 3D flow modelling using the 
domain model with the Nesting method. The modelling generates 2D and 3D current 

models; the 2D model is used as raw data for 2D wave modelling. Primary data processing 
flow is shown in Figure 2. 

 

 
Figure 2. Primary data processing flowchart. 

 

Model equations. Models are generated from MIKE software in 2D and 3D using different 
mathematical equations and module for each model; MIKE 21 Spectral Waves FM Module 

is used for the 2D wave model using a momentum equation in the x-axis and y-axis 
directions and a conservation of mass equation, while MIKE 3 Flow Model FM Module is 

used for the 3D ocean current model using the conservation of mass equation, the 3D 

Reynolds-averaged Navier-Stokes equations, which includes the effects of turbulent flow 
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and variable density, as well as the salinity and temperature, via their conservation 

equations. The 2D model is generated from the Cartesian coordinates system on the x-axis 
and y-axis while the 3D model uses the Cartesian coordinates system on the x-axis, y-

axis, and z-axis (Irwan et al 2020; DHI 2017a). The 2D model input parameters are 
bathymetry, wind, and tide while the 3D model input parameters are bathymetry, 

temperature, salinity, wind, and tide. The outputs of 2D model are significant wave height, 

peak wave period, mean wave direction, surface elevation, current U velocity, current V 
velocity, wind speed, and wind direction. The outputs of 3D model are U velocity, V velocity, 

W velocity, current speed, current direction (horizontal), current direction (vertical), 
density, temperature, and salinity. 

The 2D model's structure equations can be written as follows (DHI 2017b). 
 

Conservation of mass equation: 
𝜕𝜁

𝜕𝑡
+
𝜕𝑝
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+
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Momentum equations: 
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Where: 

ζ (x,y,t) - the water level (m); 

p (x,y,t) - the flux densities (kg m-3) in x-axis directions in time, called uh; 

q (x,y,t) - the flux densities (kg m-3) in y-axis directions in time, called vh;  

(u,v) in (uh,vh) - the depth-averaged speeds in x-axis and y-axis directions, respectively 
d (x,y,t) - the time varying the water depth (m); 

h (x,y,t) - the water depth (=ζ-d,m); 

C(x,y) - the Chezy resistance (m1/2 s-1);  

g - the gravitational acceleration = 9.81 (m s-2);  

f(V) - the friction factor of the wind;  

𝑉, 𝑉𝑥, 𝑉𝑦 (x,y,t) - the wind speed and its components in x-axis and y-axis direction (m s-1); 

Ω(x,y) - the latitude dependent (s-1) Coriolis parameter;  

pa (x,y,t) - the atmospheric pressure (kg m-1 s-2);  
ρw - the water density (kg m-3);  

x,y - the space coordinates (m);  
t - the time (s); 

𝜏𝑥𝑥,𝜏𝑥𝑦,𝜏𝑦𝑦 - the components of effective shear stress.  

 

Water level refers to the height of the water surface measured from a reference point, 
water depth is the actual value based on surface elevation and bathymetry, and time 

varying water depth is when the land is flooding also known as the elevation of tidal. 
Then the equations used for three-dimensional modeling in MIKE 3 are expressed 

as follows (DHI 2017c): 
 

1
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2
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Where: 

𝑐𝑠 - the seawater’s sound speed;  

𝜌 - the local density of the fluid;  

𝑢𝑖 - the speed in the 𝑥𝑖-direction; 

𝛺𝑖𝑗 - the Coriolis tensor; 

𝑃 - the pressure of fluid;  

𝑔𝑖 - the vector of gravitational acceleration;  

𝑣𝑇 - the turbulent eddy viscosity;  

𝛿 - the Kronecker’s delta;  

𝑘 - the turbulent kinetic energy;  

𝑇 and 𝑆 - the temperature and salinity; 

𝐷𝑠 and 𝐷𝑇- the coefficients of the associated dispersion;  

𝑡 - the time; 

𝑆𝑆 - the respective source-sink terms and thus differs from each equation. 

 

MIKE 21 wind waves data are represented by the spectrum of wave action density N(σ,θ) 
variated in time and space (DHI 2017d). MIKE 21 spectral wave equilibrium equations can 

be expressed in spherical or Cartesian coordinates. The conservation equation for wave 
action in horizontal cartesian coordinates is expressed as follows (DHI 2017d). 

 
𝜕𝑁

𝜕𝑡
+ ∇ ∙ (𝑣̅𝑁) =

𝑆

𝜎
 

 
Where:  

𝑁(𝑥̅, 𝜎, 𝜃, 𝑡) - the action density; 

𝑥̅ = (𝑥, 𝑦) - the Cartesian coordinates;  

𝑡 - the time; 

𝑣̅ = (𝑐𝑥, 𝑐𝑦 , 𝑐𝜎 , 𝑐𝜃) - the velocity of propagation of a wave group in 𝑥̅, 𝜎 and 𝜃; 

𝑥̅ – the wave number vector with magnitude, x; 

𝜎 – the relative (intrinsic) angular frequency; 

𝜃 – the wave direction where a nautical convention is used (positive clockwise from true 

North); 

𝑆 - the source term in the energy balance equation; 

∇ - the divergence differential operator showing if a point is source or sink; 

The conserved property is the density of action 𝑁̂(𝑥̅, 𝜎, 𝜃, 𝑡) in spherical coordinates;  

𝑥⃗ = (𝜙, 𝜆) - the transformation of linear to spherical coordinates; 

𝜙 - the latitude; 

𝜆 - the longitude. 

 

The density of action 𝑁̂ is related to the normal spectral density of action N and energy E 

by: 

 

𝑁̂ = 𝑁𝑅2𝑐𝑜𝑠𝜙 =
𝐸𝑅2𝑐𝑜𝑠𝜙

𝜎
 

 
Where: 

𝑅 - the radius of the earth. 

In spherical coordinates, the wave equilibrium equations are expressed as follows: 
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Where: 
𝑆̂ (𝑥̅, 𝜎, 𝜃, 𝑡) = 𝑆𝑅2𝑐𝑜𝑠𝜙 - the total source and sink function (DHI 2017d). 

 
The outputs of the 2D current and wave models are then mapped. The results of mapping 

data on depth, temperature, salinity, currents, and waves, as well as tidal time series data 
from the MIKE 21 toolbox, are then validated using field data and data from the Geospatial 

Information Agency. Data validation performed in accordance with the time and site of data 
collection, namely on October 18th at 08:00-14:00 WIB for temperature and salinity data, 

on October 19th at 09:00-12:00 WIB for current data and 72 hours after October 19th 2022 
at 08:30 WIB for wave and wind data. The tidal data was validated hourly for each month 

(January, April, July, and October) using Jepara station tidal data from the Geospatial 

Information Agency. Data validation uses root mean squared error (RMSE) and mean 
absolute percentage error (MAPE). The RMSE validation was used for preliminary 

validation. If the value exceeded 1, then the validation was continued using MAPE to 
determine the level of tolerance at which the data can be used. RMSE is expressed by the 

following formula: 
 

𝑅𝑀𝑆𝐸 = √∑ (𝑥𝑙,𝑖 − 𝑥𝑠,𝑖)
2𝑛

𝑖=1

𝑛
 

 
Where: 
𝑥𝑙,𝑖 - the data value of the Jepara Waters field; 

𝑥𝑠,𝑖 - the data value from the results of secondary data processing; 

𝑛 - the amount of the difference between the predicted and the model data. 

 

MAPE is expressed by the following formula: 
 

𝑀𝐴𝑃𝐸 =∑

||
𝑦𝑖 − 𝑦̂𝑖
𝑦̂𝑖

| × 100|

𝑛

𝑛

𝑡=1
 

 

Where: 

𝑦̂𝑖 - the predicted or secondary data; 

𝑦𝑖 - the data value of the Jepara Waters field or primary data; 

𝑛 - the amount of data. 

 

MAPE values were assigned one the four categories, from highly accurate to not accurate; 
highly accurate to marginally accurate shows that the data is valid, while not accurate 

shows that the data is not usable (Ali et al 2020). MAPE value category are shown in Table 1. 

 
Table 1 

MAPE values categories 
 

No. MAPE value Description 

1 <10% Highly accurate data 

2 10 – 20% Good data 

3 20 – 50% Fairly good data 

4 >50% Inaccurate data 

 

Furthermore, after being validated, each variable was assessed subjectively using the 
scoring technique based on previous research and modified. Each variable is given a score 

based on its weight, which will be summed up and assigned a relevant class. These 
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suitability class does not consider the influence of residues from other ponds in the region 

of the analyzed waters, neither the variable limiting factors for extreme events or the 
presence in lethal levels of substances affecting the water quality factors. Water suitability 

class for barramundi aquaculture in floating net cages, based on the protection and water 
quality factors, is shown in Table 2 and Table 3, respectively. 

 

Table 2 
Water suitability classes (protectability factor) for floating net cages 

 

Variable 
Val
ue 

Suitable classes (score) 

Source 
Highly 

suitable/ S1 
(Score: 3) 

Moderately 

suitable/ S2 
(Score: 2) 

Not 

suitable/ N 
(Score: 1) 

Depth (m) 2.5 40.1-50 25.1-40 
<25 and 

>50 

Cardia & Lovatelli 

(2015) 

Significant 
wave height 

(m) 

3 1-2.5 2.6-4 >4 and <1 
Cardia & Lovatelli 

(2015); Ariputro et al 

(2022) 

Current 
speed  

(m-1) 

2.5 0.51-0.75 0.1-0.5 
>0.75 and 

<0.1 

Cardia & Lovatelli 
(2015); Irmawati et al 

(2021) 

 

Table 3 
Water suitability classes (water quality factors) for floating net cages 

 

Variable Value 

Suitable classes (score) 

Source 
Highly 

suitable / S1 
(Score: 3) 

Moderately 

suitable/S2 
(Score: 2) 

Not 

suitable/N 
(Score: 1) 

Temperature 
(℃) 

5 28.1-30 
26-28 and 
30.1-32 

<26 and 
>32 

Windarto et al 

(2019); Asdary 
et al (2019) 

Salinity 

(ppt) 
3 30.1-33 

15-30 and 

33.1-35 

<15 and 

>35 

Irmawati et al 

(2021); 
Windarto et al 

(2019); Asdary 

et al (2019) 

 

Suitability classes for all parameters were assigned using the Equal Interval method. The 
interval value is obtained from the formula:  

 

𝐼 =
∑(𝐵𝑖 × 𝑁𝑖)𝑚𝑎𝑥 − ∑(𝐵𝑖 × 𝑁𝑖)𝑚𝑖𝑛

𝑘
 

 

Where: 

𝐵𝑖 - the value per parameter; 

𝑁𝑖 - the suitability level (score); 

𝐼 - the suitability class interval; 

𝑘 - the number of suitability classes (highly suitable, moderately suitable, and not suitable). 

 
This method divides the class interval into a preset number of suitability classes (Ariputro 

2022). The suitability class is divided into three classes: Very Suitable (value interval 43.5-

55.6), Moderately Suitable (value interval 30.9-43.2), and Less Suitable (value interval 
18.5-30.8). The studied zone was divided into four quadrants (A, B, C, D), based on the 

distance from the shoreline (inshore or offshore), in order to assign them a suitability class 
(Figure 2).  
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Figure 2. Division of analysis area suitability class classification. 

 
Results and Discussion 

 
Depth. Bathymetry or depth values in the Jepara Waters area are found to range from 0 

to 40.20 m, based on the results (Figure 3). This depth value indicates that the study 

region is still in the mixed layer area. The characteristics of the current in the waters might 
be affected by the mixed layer. The wind that passes in the surface layer area continues 

to influence this layer. The depth in these waters, which ranges between 25 and 50 m, 
belongs to moderately suitable category and is ideal for barramundi aquaculture in floating 

net cages. This is due to the sediment concentration in the area around the cages being 
affected by water depth in relation to mean velocity and flow direction values. Areas C and 

D have depths ranging from 25 to 50 m. In addition, depth also affects cage structure, 
mooring design, and dive inspection for anchor conditions. The greater the water depth, 

the longer the mooring ropes for cages; a depth over 50 m will also require more equipment 

for mooring and professional anchor inspection. Shallow water depths have a higher 
potential for the spread of food waste particulates because the volume of cages is smaller. 

This condition has a higher potential for damage to fish stocks in the net (Cardia & Lovatelli 
2015). Furthermore, water depth can affect survival and growth rate of the fish in growth 

phase: the smaller the water depth the higher the risk for disease and parasitic outbreaks. 
Another source stated that the water depth should be at least 39 m, to allow for submersion 

of the net enclosure and maximize the scopes of mooring. The areas with unconsolidated 
sediments are best for positioning anchors, while avoiding habitats in hard bottom, artificial 

reefs, areas of marine protected (MPAs), marine reserves, and Habitats of Particular 

Concern (HAPCs) (Fujita et al 2023). 
 

 
Figure 3. Depth distribution in Jepara Waters. 
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Temperature. Temperature recorded in Jepara Waters were ranging from 29.4 to 31.2°C 

(Figure 4). The temperature in January 2022 varies from 29.4 to 30.0°C; in April 2022 the 
temperature varies from 30.4 to 31.2°C; in July 2022, the temperature varies from 29.4 

to 30.0°C and in October 2022, the temperature varies from 29.4 to 30.3°C. Most regions 
near the coast (A and B) have greater temperature than areas farther from the coast or in 

the open sea (C and D). Temporally, the highest range of water temperature values were 

recorded in April, followed by October and July, and the lowest range of water temperature 
were recorded in January. April is representative for the Transitional Season I, affected by 

the Western Season, when high precipitation increases freshwater mass influx into the 
waters; as a result, the temperature this month is warmer (Erfanda & Widagdo 2020). The 

temperature of Jepara Waters is within the optimal temperature range for barramundi 
growth. However, extreme circumstances can occur at any time. For example, if the water 

temperature exceeds 35°C, it might cause disease in the fish population (Irmawati et al 
2021). 

 

 
Figure 4. Monthly average temperature distribution in January, April, July, and October 

2022 in Jepara Waters. 

 
Salinity. The salinity values in the four months ranged from 31.4 to 32.9 ppt: from 31.4 

to 33.2 ppt in January 2022, from 31.4 to 32.9 ppt in April 2022, from 31.4 to 32.6 ppt in 

July 2022 and from 32.1 to 32.9 ppt in October 2022 (Figure 5).  
 

 
Figure 5. Monthly average salinity distribution in January, April, July, and October 2022 in 

Jepara Waters (Source: Marine Copernicus). 
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It can be seen that areas A and D have higher salinity values than areas B and C in all 

months. January has the highest range of water salinity values, followed by July, April, and 
October. October is representative of the Second Transitional Season, affected by the West 

Season. Because of the high rainfall in this month, at the beginning of the West Season, 
the salinity value is low (Erfanda & Widagdo 2020). The salinity range matches to the 

optimal salinity range for barramundi development, enlargement, and reproduction. 

However, extreme variables can occur at any time, and if the salinity value of the water is 
outside the range of 0-40 ppt, it can have an impact on fish, causing growth, enlargement, 

and reproduction abnormalities (Irmawati et al 2021). 
 

Wind. The wind speeds in four months are varying from 1.8 to 11.2 m s-1 (Figure 6). Data 
processing shows that the wind in January mostly moves from the south with wind speed 

varying from 1.8 to 11.2 m s-1, the wind in April comes from the north with speeds varying 
from 1.8 to 6.4 m s-1, the wind in July comes from the northwest coast to the open sea 

with speeds varying in the range of 1.8 to 8.7 m s-1, while the wind in October comes from 

the northwest with speeds varying from 1.8 to 6.4 m s-1. The wind that rubs against the 
surface layer of the water will move the surface currents and waves in these waters (Cardia 

& Lovatelli 2015). 
 

 
Figure 6. Monthly average wind speed distribution in January, April, July, and October 

2022 in Jepara Waters (Source: CDS Copernicus). 

 
Current. The minimum current velocity at an average depth in all months varied from 0 

to 0.5 m s-1 (Figure 7b).  

 

Figure 7. Distribution of velocity and tidal current in January, April, July, and October 

2022 in Jepara Waters. (A) Distribution of monthly maximum velocity and tidal current 
direction; (B) Distribution of monthly minimum velocity and tidal current direction 

(Source: Wind from CDS Copernicus, Temperature and Salinity from Marine Copernicus). 

 

A B 
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The maximum current speed value at the average depth in January, April, and July 2022 

varied from 0 to 1.0 m s-1, and in October 2022 it varied from 0 to 0.5 m s-1 (Figure 7a); 
according to the Norwegian Standard, it lies within the range of low to moderate site 

exposure. The value of current velocity is higher in areas C and D compared to A and B. 
Also, the range and distribution of the maximum current velocity values are higher in 

January, followed by July, April, and October. The value of current velocity decreases with 

increasing depth. The reduction in current speed is influenced by the force of contact with 
the seabed. Current speed and direction are also the effect of Wind, pressure differential 

in the water, topographic influences, and tidal forces. 
The direction of the entire layer per depth reveals that the current moves in the 

same direction each month in both the horizontal and vertical plans (Figure 7): in the 
horizontal plan it moves towards the northeast and in the vertical direction it moves 

towards the east. The horizontal current direction indicates the movement of the surface 
layer and of each depth layer, driven by wind, whereas the vertical current direction 

indicates the displacement of each layer, driven by density differences (Figure 8). Due to 

the depth of the waters remaining in the mixed layer, wind and tides drive the currents, 
not density differences. At low tide, tidal currents can modify the stratification of the water 

column through density differences and profiles of vertical shear velocity. However, the 
data for these waters did not indicate any variations in currents due to differences in 

density, which may be a result of the aquatic system's well-mixed state (Pitchaikani & 
Bhaskaran 2019). The maximum water current velocity value range will determine the cage 

structure, feed dispersion, net shape and enlargement volume, diving monitoring activities, 
the dispersion distance of solid feed redistribution, and particularly the mooring system 

(Cardia & Lovatelli 2015).  

 

 
Figure 8. Map of monthly maximum velocity distribution and bottom layer tidal current 

direction in October 2022 in Jepara Waters (Source: Wind from CDS Copernicus, 
Temperature and Salinity from Marine Copernicus). 

 
Wave. The maximum significant wave height values in January and July 2022 range from 

0 to 2 m, while in April and October 2022 the values range from 0 to 1.5 m, with a peak 
wave period ranging from 2.4 to 11.5 seconds for each month (Figure 9). According to the 

Norwegian Standards (Cardia & Lovatelli 2015), significant wave height values fall within 

the “low” to “substantial” site exposure levels, and by period, values fall within the 
“moderate” to “extreme” site exposure levels. Significant wave height increases with the 

depth or distance from the shore. The highest values of significant wave height occur in 
the western and eastern seasons. The height and direction of significant waves can be 

influenced by the wind and implicitly by pressure differences (Erfanda & Widagdo 2020). 
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Significant wave height affects the total force, which impacts the strength and durability of 

the cage structure, especially the mooring system (Cardia & Lovatelli 2015). The durability 
and strength of a good mooring system will affect the efficiency and safety of the cage, 

and implicitly the productivity, so it is necessary to use for the mooring system materials 
that are customized for the value of significant wave height and current (Dong et al 2020). 

 

 
Figure 9. Distribution of monthly maximum significant height and wave direction in 
January, April, July, and October 2022 in Jepara Waters (Source: Wind from CDS 

Copernicus, Temperature and Salinity from Marine Copernicus). 

 
Data validation. The RMSE values of depth, temperature, salinity, current speed, wave 

height, wind, and tide are calculated as follows: 1.55 for depth; 0.64 for temperature; 2.20 
for salinity; 0.52 for current speed; 0.57 for wave height; 0.76 for wind; 0.55 for January 

tides; 0.62 for April tides; 0.67 for July tides; and 0.62 for October tides. The RMSE values 
for each month's temperature, current speed, wave height, wind, and tide parameters are 

low enough to be tolerated considering they are still within safe limits (nearly zero). 
However, the RMSE value for depth and salinity is greater than one, thus MAPE validation 

is required to evaluate the data's tolerance threshold. The MAPE calculation of the depth 

and salinity parameters is 22.47 and 7.32%, respectively. The MAPE validation value for 
the depth parameter is in the range of 20-50%, this indicates that the secondary depth 

data category is acceptable (Miraswan et al 2022; Wen et al 2022). The MAPE value for 
the salinity parameter is under 10% which indicates that secondary salinity data is valid 

(Miraswan et al 2022; Femiano et al 2022). 
 

Water suitability. The suitability class processed per season aims to determine the best 
rearing period, from the time of spreading fish seeds until the harvesting time. The 

aquaculture process is also adjusted to the age of barramundi, where it takes six months 

for barramundi to reach harvestable size (Irmawati et al 2021). In January, it was 
determined that the „very suitable” zone is mainly located in areas C and D, with 14,924.20 

ha, or approximately 56.79% of the total research area (Figure 10). In April, it is known 
that the „moderately suitable” zone has a surface, of 26,251.70 ha or around 99.90% of 

the total research area, while in July it is located in the areas C and D, with an area of 
16,296.70 ha or approximately 60.02% of the total research area (Figure 10). In October, 

it was determined that the category of „moderately suitable” has the highest surface in 
areas A and D, with a combined surface of 24,686.30 ha or approximately 93.95% of the 

total research area (Figure 10). In the suitability class for all months, namely January, 

April, July, and October, the minimum current speed is the limiting factor for suitability. 
Aquaculture is most suitable in January 2022 in areas C and D, which are 4.99 to 17.37 

km from the coast and comprise 14,924.20 ha, or approximately 56.79% of the entire 
study area.  
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Figure 10. Distribution of water suitability classes for placement of barramundi 

aquaculture in floating net cages in January, April, July, and October 2022 in Jepara 
Waters. 

 
Conclusions. The most suitable zone for aquaculture was located in the areas C and D, at 

a distance of 4.99-17.37 km from the coastline, and it was observed in January 2022. It 

covered 14,924.20 ha or about 56.79% of the entire study area. The characteristics were: 
depth ranging from 10 to 50 m, current speed ranging from 0 to 1.0 m s-1, significant wave 

height ranging from 0 to 2 m, temperature ranging from 29.4 to 30.0°C, and salinity 
ranging from 31.4 to 33.2 ppt. 
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