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Abstract

Technology to obtain bathymetric information has become necessary considering the length of the coastline and
the many islands owned by Indonesia. Measurement technology using multi-beam and single-beam echo sounders
is still an alternative to producing bathymetric information. In shallow water, using echo sounders has constraints
and limitations, such as being time-consuming, costly and prone to equipment damage. Remote sensing technology
is an alternative to obtaining bathymetric information in shallow waters. Bathymetric modelling with analytical and
semi-analytic models from satellites requires attenuation coefficients. Therefore, attenuation coefficient models
are essential for satellite data. Attenuation coefficient studies using inherent optical properties (IOP) parameters
have not yet been studied to determine Kepulauan Seribu bathymetry, Jakarta, Indonesia. The IOP modelling is
determined by absorption and backscatter parameters. Chlorophyll-a Total influences these parameters: Total
Suspended Matter (TSM) and Coloured Dissolved Organic Matter (CDOM). This study was performed to determine
the attenuation coefficient model using multispectral remote sensing in the Kepulauan Seribu and applied five
approaches to determining the attenuation coefficient via IOP: the Gordon, Kirk, Morel, Lee and Simon models. The
five models' IOP attenuation coefficient results were compared to the in-situ attenuation coefficient value and
evaluated. The results of IOP attenuation coefficient modeling of multispectral remote sensing based on the
condition of local water parameters is Ka(A) = 1.4369 ((a(A) + b(A)) / Cos 6) + 0.072. based on the modified Gordon
method, The modelling results were obtained with an accuracy of 0.98 determination coefficient (R2) and 0.029
Root Mean Square Error (RMSE).
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Introduction

Indonesia is an archipelagic country with about
17,504 islands, a coastline of 108,000 km and 77%
of the ocean area of deep and shallow seas (Risnain,
2021). Technology to obtain bathymetric information
has become necessary considering the length of the
coastline and the many islands owned by Indonesia.
Measurement technology using multi-beam and
single-beam echo sounders is still an alternative to
producing bathymetric information (Khomsin et al.,
2021; Yan et al., 2018). In shallow water, using echo
sounders has constraints and limitations, such as

being time-consuming, costly and prone to equipment
damage. Therefore, using remote sensing technology
to obtain bathymetric information in shallow water is
an alternative (Le et al., 2022; Wan and Ma, 2021).

Remote sensing technology can use analytical
and semi-analytic methods to obtain bathymetric
information. Bathymetric modelling with analytical
and semi-analytic models from satellites requires
attenuation coefficients. Visible wavelengths are
used to obtain reflections from the bottom, which are
influenced by the effect of the attenuation coefficient
in the water column. The interaction of visible waves

*) Corresponding author
© llmu Kelautan, UNDIP

https://ejournal.undip.ac.id/index.php/ijms
DOI: 10.14710/ik.ijms.29.2.222-232

Received : 11-02-2024
Accepted : 21-03-2024



ILMU KELAUTAN: Indonesian Journal of Marine Sciences June 2024 Vol 29(2):222-232

in the water column weakens exponentially with
depth following the Beer-Lambert law, which is
caused by absorption and backscattering (Kirk, 1991;
Mobley, 1994). Water depth values can be obtained
using the natural logarithm of the exponential
function to produce bathymetric values (Jagalingam
et al., 2015). Unfortunately, no one has studied the
attenuation coefficient using inherent optical
properties (IOP) parameters to determine bathymetry,
especially in the Kepulauan Seribu. This study was
conducted to obtain an attenuation coefficient model
in the Kepulauan Seribu, Jakarta. Therefore,
attenuation coefficient modelling to obtain
bathymetric information from remote sensing
technology is essential (Amrari et al.,, 2021; Le
Quilleuc et al., 2021).

Ideally, the attenuation coefficient is
determined by a direct, in-field measurement via an
instrument. However, the existence of instruments
has problems. These tools are not only expensive but
also limited in availability. Indonesia does not have a
tool to measure the attenuation coefficient directly. In
addition, the extent of shallow waters in Indonesia
has become a problem in obtaining information on
the distribution of existing attenuation coefficient
values. Therefore, this model uses the 0P approach
based on the radiation-energy-transfer equation.
Gillis et al. (2020) estimate the optical properties of
remote sensing reflectance measurements by
combining radiation transfer models with numerical
optimization. Liu et al. (2018) use an exponential
function to show the relationship between |OP
parameters and bathymetric depth from lidar
measurements. Mavraeidopoulos et al. (2019)
employed a hybrid bio-optical transformation (HBT)
methodology to model IOP and AOP parameters with
semi-analytical and empirical algorithms.

Studies of the attenuation coefficient were
carried out in the context of modelling development
by Gordon (1989), Kirk (1991), Morel and Maritorena
(2001), Lee et al. (2002), and Simon and
Shanmugam (2016). The five empirical attenuation
coefficient models were established in different
locations. The Gordon algorithm was developed in the
Sargasso Sea, Atlantic Ocean, where seawater has
visibility up to 60 m underwater. The Kirk algorithm
was established in San Diego Harbor, a natural
harbor in the Californian coastline's bay area with a
backscatter ratio of 0.019, a value indicating low
suspended solid and clear waters (Kirk, 1991). The
Morel algorithm was developed in oligotrophic waters
of the Pacific, where there is marine water with low
surface chlorophyll-a (Chil-a) located in the Pacific
Ocean with a value of 0.043 mg.m3 (Morel and
Maritorena, 2001). The Lee algorithm was developed
in Baja, California, where marine waters combine
between lagoons and coastal waters in Mexico and

have 0.2-9.4 mg.m= Chl-a values (Lee et al., 2002).
The Simon algorithm was developed in Chennai
coastal waters, located in the southeastern part of
India and contain Chl-a values ranging from 0.5-1.46
mg.m=3 (Simon and Shanmugam, 2016). Prasetyo et
al. (2017) conducted research to determine the
attenuation coefficient on Panggang Island, Seribu
Islands, based on measuring the down-welling
irradiance value (Eo(A)). However, attenuation
coefficient modelling based on IOP parameters has
not been performed yet. Therefore, this research is a
follow-up to determine attenuation coefficient
modelling based on the abovementioned five 0P
models.

All existing modelling has been carried out in
water conditions different from those in the
Kepulauan Seribu, which are not ocean waters and
consist of many small islands. Differences in water
conditions will impact the results of the attenuation
coefficient model (Gomes et al., 2020; Zhao et al.,
2013). The IOP attenuation coefficient modelling is
determined by absorption and backscatter
parameters (Bricaud et al., 1998). Chl-a influences
these two parameters: Total Suspended Solids (TSS)
and Coloured Dissolved Organic Matter (CDOM)
(Morel and Maritorena, 2001; Morel et al., 2002).
Differences in Chl-a, TSS, and CDOM values of a water
column are influenced by several factors, including
current speed, sea surface height, sea depth, sea
surface temperature and coastal environmental
conditions (Simon and Shanmugam, 2016). Since the
values of Chl, TSS and CDOM greatly influence the
algorithm results of each model, this study had to be
carried out in Indonesia.

As a tropical country traversed by the equator,
Indonesia is a strategic choice regarding sunlight’s
influence on water parameters (Val et al., 2005). This
study aims to determine the attenuation coefficient
model in the Kepulauan Seribu. Attenuation
coefficient modelling results can be used to monitor
the quality of shallow waters on the coast and
generate shallow water bathymetric information
(Mobley, 1994). The availability of bathymetric
information can support economic activities of
coastal resources, especially in the Kepulauan
Seribu, including shipping for tourism, zoning
cultivation areas and coral reef ecosystems.

Materials and Methods

The study locations in the shallow waters of
Kepulauan Seribu included Putri Island, Melintang
Island, Macan Island, Dolphin Island and Perak
Island, at coordinate intervals of 5.570299-
5.602705 south latitude and 106.537843-
106.576017 east longitude (Figure 1.). Kepulauan
Seribu is one of the tourist areas in Jakarta.
Moreover, the area being an estuary (Irwansyah et al.,
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2023), alongside its seasonal cycle, affects water
body parameters (Ahsin et al., 2022; Badriana et al.,
2023; Kunarso et al., 2023).

The study data consisted of water quality and
spectral radiometer information. The field data
acquired on 18-21 June 2022 consisted of
temperature, salinity, conductivity, density and
turbidity. The data were measured using a water
checker. Meanwhile, water parameter data from
laboratory analyses included Chl-a TSS and CDOM. In
situ, depth data were measured using a single-beam
echo sounder (Table 1).

The TriOS RAMSES spectroradiometer used to
take measurements consists of three sensors. The
three sensors recorded the surface remote sensing
emission (Lu(A)), sky radiance (Lsk(A)) and down-
welling irradiance value (Eq(A)). Due to being near the
water surface, the sensors would give a solid wave-
focusing effect (Li et al., 2020). However, absorption
and scattering of high particulate and solute content
would dominate the visible light attenuation in
shallow water areas (Simon and Shanmugam, 2016).
The attenuation coefficient can be determined using
apparent optical properties (AOP) and IOP, as the
model requires both AOP and IOP parameters.
Radiation transfer modelling between AOP and IOP
parameters uses a radiative transfer model (RTM). An
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explanation of the parameters and variables used is
required to understand the concept of an RTM (Table 2).

Apparent optical properties

The AOP attenuation coefficient was obtained
from direct, in-field E« measurements using the TriOS
RAMSES instrument. The AOP attenuation coefficient
of the down-welling recording depends on the
ambient light field’s geometric structure and the
media’s IOP, such as absorption and scattering. The
availability of light as an essential regulator of
phytoplankton production in the sea and on the coast
is determined by the conditions of spatial, spectral,
vertical and temporal changes (Simon and
Shanmugam, 2013; 2016), their spectral shape for
the process of classifying water types (Du et al., 2022;
de Lucia Lobo et al., 2012; Simon and Shanmugam,
2016), water quality, water clarity assessment and
optical bathymetry (Gholizadeh et al., 2016; Luis et
al., 2019).

The attenuation coefficient (Kd), the
reflectance of subsurface radiation and the
reflectance of remote sensing are some parameters
included in the AOP (Ambarwulan et al., 2013).
Changes in the ambient down-welling irradiance
value Eq determine the attenuation coefficient Ka. The
formulation of the Ka value based on the change in
the Eq (A) value is quantified by Equation 1 (Lee et al., 2002).
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Figure 1. Study location at Seribu Islands
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LnE , (1)—LnE ;,(A) -1
Zl _Zz

Based on Equation 1, Kq(A) is measured by
comparing the logarithm values of the irradiance Ed
at depths of Z1 and Z2and the difference in depth. The
Kd(A) AOP is the intensity attenuation of light absorbed
with changes in the depth of the water through which
it passes (Lee et al., 2002; Mobley, 1994; Simon and
Shanmugam, 2016). The Ko AOP of this study was
calculated by measuring the down-welling irradiance
in the three stations at two different depths: 0 and 6 m.

Kd(/q“) =

Inherent optical Properties

The I0OP model is a function of depth and
optical properties in water, including absorption,
backscatter and angular position of solar zenith
(Simon and Shanmugam, 2016). The inverse method
of modelling the down-welling-radiative diffusion
attenuation coefficient to infer concentrations of
dissolved and particulate constituents in shallow
waters is essential for monitoring and assessing
biogeochemical fluxes (Oyama et al., 2015; Stock,
2015; Tebbs et al., 2015; Simon and Shanmugam,
2016). The I0P-based attenuation coefficient models
used were developed by Gordon (1989), Kirk (1991),
Morel and Maritorena (2001), Lee et al. (2002) and
Simon and Shanmugam (2016). The Gordon model is
quantified by Equation 2:

2
K,(1)=1.0935 a(d) +5,(4)
Cos @
The Kirk model is quantified by Equation 3:

(a(A)* + O.231(a(/1)bb(/1)))0‘5 -3
Cos@
The Morel model is quantified by Equation 4:

Kd(j’) =

K, ()= @, + 5,0+ rfon] ™y~
The Lee model is quantified by Equation 5:
K,(1)=A+B .5

where

A=(1+0.0056,)a(A)
B=4.18(1-0.52¢ **®)p, (1)

Finally, the Simon model is quantified by Equation 6:

K, (2) =%<Ala(z)+Azwbh(z)am»wo ©

12

Where

A =1+ CosO)

4,(A) = (a(2)’ +1)

C, =4.848+0.01696H —4.84Cos(0)
C,=P+0Q

P=14.98+0.3228H —32.312Co0s(6)

0 =-0.3562 HCos(0) +17.65(Cos(0)*)
C,=R+S

R=-13.13+0.6286H —30.62Cos(0)

S =-0.1292 H*> —0.2724 HCos(0) +17.14(Cos(6)*)

The parameters of absorption (a) and
backscatter (bv) are determined using the IOP model
approach (Bricaud et al.,, 1998; Morel and
Maritorena, 2001; Morel et al., 2002).

Accuracy

This modeling was verified based on the in situ
AOP attenuation coefficient at three station locations
(Table 1). This study commenced by determining the
value of Kd¢ based on in situ AOP down-welling
irradiance measurement data. The next step focused
on determining the IOP attenuation coefficient model
using the Gordon, Kirk, Morel, Lee and Simon
approach. Validation was done by deciding several
parameters, including Pearson correlation coefficient
(rvy) to determine the strength of correlation between
two variables, determination coefficient (R?) to
demonstrate data quality, Mean Absolute Error
(MAE), Root Mean Square Error (RMSE) and Percent
Error (%Error). The formulas of the five validation
parameters of the modelling results are as follows:

. ny XY= XY -7
DS (EpEr ()
20 -X) -8

MAE = w .9

RMSE = (M)O_S .10
n

%Erro;f:wxloo% 11

Note: Y = the in-situ Ka; X = Ka IOP for each model;
Y = the mean in situ Ka; n = number of input data.
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Table 1. Measured water quality and depth for each observation station

Temp Cond

Density Turb

Chl TSS TOM Depth

station  “on”  Sal g emy kemd)  (FTU)  (memd) (mely  PM o T Time
Staton1 303 329 556 1020.05 0467 0.82 61 0001 9636 12.8 1148
Staton2 304 329 556 1020.01 0.331 1.36 4033 0002 9672 123  15:30
Staton3 305 32.9 557 1019.99 0422 1.03 5467 0002 9591 11.6  14:30

Table 2. Symbol and definition

Symbol (Unit)

Definition

Ea (W nm1m2)

Down-welling irradiance

Ka (m-1) Diffuse attenuation coefficient

a (m&?) Total Absorption coefficients

aw (m1) The absorption coefficient of pure water

ap (m1) The absorption coefficient of phytoplankton pigments
ay (m1) Absorption coefficient of gelbstoff

bb (ML) Total backscattering coefficient

bw (m1) Backscattering coefficient of pure water

bop (M-1) Backscattering coefficient of suspended particles
bp (m1) Scattering coefficient of suspended particles

Chl (mg m-3) Chlorophyll-a

P (srt) Bottom albedo

X Coefficient

e Coefficient

6s (degree) Zenith-Sun angle

Z(m) Water Depth

Validation was carried out by comparing the in
situ Ka AOP measurement results with the Kd IOP
simulation results of Gordon, Kirk, Morel, Lee and
Simon models.

More details of the Kd IOP modeling research
flow were created through in-situ data collection. The
in-situ data measures the values of (Ea (\)) and water
quality data, including Chl-a, TSS and CDOM. Based
on the Eq (A) value, the Ka AOP value will be
determined as Kq in situ. The water quality data is
converted into absorption and backscatter as I0P
parameters. From the two IOP parameters, Ka IOP will
be determined using five models: Gordon, Kirk, Morel,
Lee, and Simon. Determination of the Ko IOP model at
Kepulauan Seribu was conducted through validation
and accuracy tests using regression modeling
between Kq IOP on the X axis and Ka AOP on the Y axis.
This methodology can show the importance of this
research in advancing remote sensing methodology
for the aquatic environment, especially regarding IOP
and its role in interpreting Ka.

Results and Discussion

The water attenuation coefficient and down-
welling irradiance that makeup water determine
absorption and backscatter parameters. The water
attenuation coefficient and water down-welling

irradiance values were produced in the visible
wavelength range because electromagnetic waves
can penetrate waters (Gege and Pinnel, 2011). The
Eq (A\) measurement results from TriOS RASMES were
used to calculate the AOP attenuation coefficient. The
attenuation coefficient value Ko was determined
based on the blue, green and red wavelength ranges.
The attenuation coefficient Kd values were
determined to determine the water depth using these
three wavelengths from the remote sensing images.
Visible wavelengths penetrated the water column
(Green et al., 2000; Purkis, 2018). Data
measurement in this wavelength range correlates
with Lafon et al. (2002).

The Ko AOP value was determined based on
the results of E« measurements at two different
depths. The Eq data measurements were carried out
just below the water surface and at a depth of 6 m.
Based on Equation 1, the attenuation coefficient Ka
values were obtained at the three stations. The
results of the Ka AOP calculation expressed as Ko AOP
0-6 m are shown in Table 3. At the three stations, the
Ka AOP 0-6m value on the blue wave was always
higher when compared to the green and red waves.
This aligns with the higher blue frequency value,
suggesting that the higher the wave frequency, the
lower the penetration range. This condition is
supported by data measurements for Chl, CDOM and
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TSS (Table 1.). At Station 1, Chl and CDOM data were
lower, namely 0.82 mg.m=3 and 0.001 (respectively),
and TSS data were higher, namely 61 mg.L1. Table 1,
shows that the three parameters Chl, TSS and CDOM
influenced the value of K« AOP 0-6 m. Station 1
produced the highest attenuation values, especially
at blue and green wavelengths, compared to the
other two stations (Figure 2.). The Chl, TSS and CDOM
parameters were obtained from analysing water
samples in the laboratory. The parameters of
temperature, salinity, conductivity, density, turbidity
and depth were obtained from direct, in-field
measurements using a water checker.

The condition of the water quality parameters
will help analyse the attenuation coefficient. Figure 2
shows the of Ko AOP 0-6 m results of the three
stations. The standard deviation of the Ku results at
Station 1, Station 2 and Station 3 were 0.205, 0.223
and 0.209, respectively. The standard deviation
values showed the three stations’ relatively similar Ka
AOP 0-6 m diversity values. This condition is
supported by the measurement values for the Chli,
TSS and CDOM parameters in Table 1, which were not
significantly different. Based on the standard
deviation value, the Ka AOP 0-6 m results at Station 1
were better than the other two stations. Therefore,
the Ka AOP 0-6 m at Station 1 was the Ku
measurement value in the Kepulauan Seribu (Figure 3.).

Inherent optical properties

Determining the attenuation coefficient Ka
using the I0P approach requires parameter values of
absorption, backscatter and zenith angle. After
getting the values of the absorption (a) and
backscatter (bb), the value of the IOP attenuation
coefficient was determined. According to the
equations of the five models, Gordon, Kirk, Lee, Morel

0.8
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K, {m2)
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450 500 550

and Simon, the attenuation coefficient was
determined using the I0P approach. Equation 2 was
used to determine K¢ IOP using Gordon’s model,
Equation 3 was utilized for Kirk’s model, Equation 4
was employed for Lee’s model, Equation 5 was
applied for Morel’s model and Equation 6 was used
for Simon’s model. The results of the Ka calculation
using the IOP approach from the five models are
presented in Figure 4.

The graph of the Ka IOP results in Figure 4
shows that the Gordon, Kirk and Lee models had
relatively the same values compared to the Simon
and Morel models. The Morel model produced higher
Kq IOP values than the Gordon, Kirk and Lee models
at the three locations. This is because the Morel
modelling was generated at a location in oligotrophic
Pacific waters, specifically deep-sea waters with low
chlorophyll values. Meanwhile, the Ka IOP value using
the Simon algorithm was always low, especially at the
red wavelength, but at the blue and green
wavelengths, it was not too different due to the
empirical Simon modelling located on the Chennai
coast, which combines clear and turbid waters
(Simon and Shanmugam, 2016). Therefore, from the
five existing Ka IOP models, three K¢ IOP models were
selected to represent the Ka IOP value in the
Kepulauan Seribu. This was determined based on the
converging distribution of Ka IOP attenuation
coefficient results for the five models in the
Kepulauan Seribu. Next, verification was carried out
among the three K¢ IOP models with the Ka
measurement results. The three Ka IOP models,
namely Gordon, Kirk and Lee, were then verified and
validated by comparing them to the results of Ka
measurement, which were expressed as Kaq from in
situ measurements. Figure 5 shows the IOP
attenuation coefficients based on Gordon, Kirk and
Lee’s models, compared with the Ko measurement.

—5t1
—5t2
St3

650 700
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Figure 2. Plotting of K4 0-6 m at Station 1, Station 2, Station 3
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Figure 4. Comparison of the Ka from IOP models

Table 3. The results of the Ko AOP 0-6 m

Blue Green Red
KaAOP 0-6 m (450 - 520 nm) (530 - 590 nm) (620 - 690 nm)

Station 1 0.13904 0.19687 0.58816

Station 2 0.11406 0.17322 0.60230

Station 3 0.07416 0.12893 0.53143
Validation was performed using several parameters from the three Ko IOP models with the Ka
accuracy parameters to select the best I0P measurement results are shown in Table 4. The rxy at
attenuation model from the three models. These the three stations in the models produced a value of
parameters were rxy, R2, MEA, RMSE and %Error. The more than 0.9. Based on these conditions, the
calculation outcomes of the five validation Gordon model was the best Ko IOP model at
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Kepulauan Seribu, with an rx value of 0.989, an R2 of
0.98, an MEA of 0.129 and an RMSE of 0.141.

Gordon’s Ka IOP attenuation coefficient model
was the robust algorithm despite still giving an error
value. The error value was modelled for the Ko IOP of
the waters at Kepulauan Seribu, which have local-
specific absorption and backscatter parameter
values. Based on these results, further modifications
were made to Gordon’s Ka IOP model to produce a
specific Ka I0P model in the Kepulauan Seribu.
Furthermore, the Ka IOP modelling in the Kepulauan
Seribu was carried out. The Kepulauan Seribu Kq IOP
was built using the Gordon (best model) model. The
modelling began by comparing the results of Gordon’s
Kd IOP with the K« measurements. The comparison of
the Gordon model's Ko IOP values and Ka
measurement can be seen in Figure 6. Linear
regression modelling was created using a data pair of
Gordon’s Ka IOP and Ka measurement to produce Ko
IOP at Kepulauan Seribu. The result of Kua IOP
attenuation coefficient modelling in the Kepulauan
Seribu is shown in Figure 7. Based on the linear
regression modelling, the resulting K¢ IOP Kepulauan
Seribu equation is as follows:

a(A) +b,(1) 12

K, () =1.4369 +0.072

Cos@

Kepulauan Seribu's I0P model produces a
coefficient of 1.4369 compared to the Gordon model,
and a constant of 0.072 is added. This equation is
influenced by the conditions of absorption and
backscatter parameters in the Kepulauan Seribu and
in the Sargasso Sea, Atlantic Ocean. These two
parameters describe the adaptation of attenuation
modeling in the Sargasso Sea, Atlantic Ocean, to the
Kepulauan Seribu. This condition shows that the
attenuation coefficient in the Kepulauan Seribu is
close to 1.5 times that in the Sargasso Sea, Atlantic
Ocean. The Ka IOP Kepulauan Seribu model results
were validated based on the accuracy parameters of
Iy, R2, MEA, RMSE and %Error, accounting for 0.989,
0.98, 0.022, 0.029 and 8.66%, respectively. The
distribution graph of Kepulauan Seribu K« IOP and Kd
AOP is shown in Figure 7.

This method has limitations because
measuring in situ data and lacking theoretical
understanding may affect the attenuation prediction
results for interpreting ocean colur data (Padial and
Thomaz, 2008; Gomes et al., 2018). This condition
causes dependence on obtaining Kq (490) data from
the marine colour satellite sensor using semi-
analytical algorithms (Jamet et al., 2010; Huang and
Yao, 2017). Although this method is less accurate in

predicting attenuation in cloudy, shallow waters due
to absorption by CDOM and phytoplankton and
backscattering by suspended sediments, it tends to
increase attenuation in the water column (Kvale and
Meissner, 2017).
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Table 4. Accuracy assessment

Model Person 5 %

Ka Correlation R MEA RMSE Error

Gordon 0.989 0.98 0.129 0.141 47.56

Kirk 0.989 0.98 0.149 0.163 53.60

Lee 0.989 0.98 0.146 0.160 52.04
Conclusion

Five Attenuation coefficient studies (Gordon,
Kirk, Lee, Morel, and Simon's ) using IOP attenuation
coefficient models were applied in the shallow waters
in the Kepulauan Serib. As a result, Gordon's
approach(1989) showed the best IOP attenuation
coefficient model in Kepulauan Seribu based on the
accuracy parameters The result of modified Gordon
modelling for the specific attenuation coefficient at
Kepulauan Seribu is Ka(A) = 1.4369 ((a(A) + b(A)) / Cos
6) + 0.072. The modelling result was obtained with an
accuracy level of R2 =0.98 and RMSE = 0.029.
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