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ABSTRACT

Several research has justified that the acoustic (vessel based) method of depth determination is the
most reliable over other methods, however the satellite bathymetry method which utilizes
multispectral images of high-resolution sensors to determine depth has been increasingly deployed
as an improved alternative technique for bathymetric derivation. But the accuracy and reliability of
the satellite derived depth is of outmost concern as it depends on the derivation algorithm with
respect to various conditions of the water bodies. This study is aimed at assessing some empirical
algorithms for bathymetric extraction of some selected rivers in Nigeria with the objective of
evaluating the depth derived from the Linear Band Model (LBM) and the Band Ratio Model (BRM)
with respect to the vessel based in-situ bathymetric depth. The Sentinel-2 satellite imagery in three
bands with spatial resolution of 10m was acquired for a section of Opobo River, Orashi River and
Badagery creek respectively. Satellite bathymetry of the study areas were extracted using the raster
calculator in the ArcGIS 10.2 environment and applying the mathematical algorithms (LBM) and
(BRM) after image geo-rectification. Maximum depths obtained are in the range of 16.8m for Opobo
River, 6.8m, for Orashi River, and 10.8m for Badagery creek using the (LBM) while 16.9m, 7.8m
and 10.9m was obtained using the (BRM) for Opobo River, Orashi River and Badagery creek
respectively. Results of accuracy check showed that the (LBM) has the highest correlation coefficient
(r?) value of 0.9824 with RMSE values of 0.4082 for the study areas. This result was validated with
the in-situ data which show maximum depth of 16.8m for Opobo River, 6.5m for Orashi River, and
10.5m for Badagery creek respectively.
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1.0. Introduction

Bathymetry is important to human activities and her ecosystems but despite its importance, depth of
most worlds coastal area remains largely unknown (Baba et al., 2021). Bathymetric data have constantly
provided knowledge of sea bottom configuration and underwater changes. For a nation like Nigeria,
that have a coastal line of approximately 853km facing the Atlantic Ocean (Nwilo and Badejo, 2006);
bathymetric data are needed to support diverse applications of human such as marine navigation,
management of environmental protection, exploration and exploitation of marine resources, fisheries,
marine science research, maritime defense, delimitation of maritime boundaries, tourism and recreation
as well as the development of national spatial data infrastructure (International Hydrographic
Organization IHO, 2005). Bathymetric information enhances the emergency response to storm surges,
sea level rise, changes in coastal conditions and engineering related works (Olusegun et al., 2017).
Hence, timely and accurate environmental information such as bathymetry is necessary to support
functional policy formulation and management for coastal areas as well as to assure human safety and
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welfare (Casal et al., 2019). Bathymetric survey technique has gone through transition (graduated rope
attached with a weight, acoustic ship-borne equipped with echo sounder instruments such as single-
beam and multi-beam echo sounders and the satellite approach) which is for increase in scope of data
acquisition and accuracy required (Jagalingam et al., 2015). The extensive derivation of bathymetry
from optical satellite sensors a space-borne technique has brought in the new revolution and considered
as a new promising technology in the field of hydrographic surveying (Said et al., 2017).

Gerald et al, (2021) in a study on Comparison of Classical and Sentinel 2A Satellite-derived Bathymetry
of a section of Nun River in Bayelsa State posited that satellite derived bathymetry can be used as an
alternative where the acoustic (vessel based) technique is impossible due to cost or insecurity. The
research conducted an accuracy test comparing the satellite derived bathymetry with the acoustic data
from echo sounder which confirmed good agreement at sampled points, with standard error as low as
0.2324, correlation coefficient as 0.9635 and root mean square error as 0.251119 for the Sentinel data.
Statistical indices obtained in this work indicated that the ratio-transform algorithm can accurately
retrieve depths up to 10m in the Nun River.

However the successful utilisation of the satellite approach in coastal environments of Nigeria requires
unique mathematical algorithm which is as a result of complexity of the water column composition,
cloud cover, sunlight, turbidity and submerged vegetation that impedes and reduces the accuracy of
depth calculation (Cahalane et al., 2018). The choice of any model is to enhance depth penetration and
accuracy of estimated depth. Lyzenga, (1978) developed the (LBM) for depth derivation. Extraction of
depth must consider the relationship between the water depth and the reflected radiance of a single or
multiple spectral bands where the optical properties of that water reflectance and the bottom reflectance
are permanent (Casal et al., 2019; Alsubaie, 2012). The (LBM) technique was performed under two
assumptions. The first assumption was that if the optical properties of the water and the bottom
reflectance are uniform, a single wavelength can be used to describe the relationship between water
depth and radiance. However, if the optical properties are not uniform, more than one wavelength must
be used in the depth calculation. In another development, Stumpf et al., (2003) developed the
mathematical model which was published and adopted as an alternative model for determining
bathymetry that preferably accounted for turbid water. Appling a simple linear relationship between the
ratio of reflectance in two bands and depth, Stumpf et al., (2003) derived bathymetry. The log
transformation algorithm has a relationship with the natural logarithm for reflectance of two bands and
insitu depths (Casal et al., 2019).

The main thrust of this work is to assess two different mathematical algorithms: linear band model
(LBM) (Lyzenga 1978, 1985; Lyzenga, et al, 2006) and log-transformed band ratio model (BRM)
(Stumpf, et al, 2003) to providing accurate bathymetric model for depth extraction in the study areas of
Nigeria. The derivation of depth in clear water can successfully mapped up to 25-30m by adopting the
remote sensing approach (Eugenio et al., 2015; Lyzenga et al., 2006; Mishra et al., 2005). To determine
the depth of water bodies, the blue and green bands (visible bands) of multispectral wavelength are
selected for remotely sensing bathymetry.

2.0. Methodology

2.1. Study Area

Opobo River is located in the lower section of Imo River-11, Opobo/Nkoro Local Government
Area of Rivers State, Nigeria. It is one of the most stressed Rivers in Niger Delta. The Opobo
River is an important water resource for the communities located along its bank, as they depend
on the river for recreation, transportation, agriculture and sometimes for domestic water supply.
It lies between at latitude 04° 29' 45.52"N, longitude 7° 16' 23.86"E to latitude 04° 31'49.27"N,
longitude 07° 14' 50.41"E within the lower section the river. The Opobo people are mainly
farmers and fishermen who historically exchanged their smoke -dried fish and salt with the
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people of the hinterland for bulk foodstuffs, tools, clothing and domestic gear (MacPepple et
al., 2017). It is tidal and links major town which includes Minima, llloma, Epellema and other
Opobo communities to the Atlantic. Numerous creeks and creek-lets are connected to the
channel, such as Jaja Creek and FineFace Creek. The soil of the channel consists of clays, silt
and sand, with high organic matter characterized by mangrove forest and swampy terrain. The
coastal environment is not just dynamic but also prone to flood depending on the season. The
river is salt water with unidirectional flow pattern. The dry and wet seasons determines the
varying levels and intensity of flow of the river (Ezeugwu et al., 2015).

The second and third locations include Orashi River and the Badagery creek. The River Orashi
(aka River Ulasi) is located in Ahoda West Local Government Area of Rivers State, Nigeria.
However, the region covered in the study is located between Akiogbologbo and Odieke
communities and lies between latitude 05° 01' 09.68"N, longitude 06° 25' 46.32"E to latitude
05° 00' 57.72"N, longitude 06° 26' 09.71"E along the river channel while the Badagery creek
is located in Badagery, Lagos State, Nigeria. It lies within geographic longitude 02° 42’ 00"E
and latitude 06° 22’ 00" N and geographic longitude 03° 42" 00"mE and latitude 06° 78" 42’
00"mN while part of the Creek under study lies between latitude 06° 25’ 42".07N and longitude
03°16'59.16"E and latitude 06° 25" 44".77N and longitude 03° 17’ 03.89"E. Most communities
within these areas are directly dependent on the river for their agricultural, recreational, and
sometimes, domestic water supplies. Fishing, trade, and lumbering is the main economic
activities of the people. Fish is a very important component of human food systems in the Niger
Delta region and some other parts of Nigeria (Abah, 2013). The study area is represented by
Figure 1.
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2.2. Methods

2.1. Materials

2.1.1. Insitu bathymetric data

To assess the bathymetric algorithms, three locations were selected. The insitu bathymetric
data for the first study area (Opobo) was acquired in March 2022 using ResonNavisound 210
single beam echo sounder attached with CNAV 2050 DGPS installed on an AHTS JASCON39
survey vessel for Opobo River. The complete system was capable of measuring water depths
between 0 and 250m with vertical accuracy of 0.02m at 210 kHz. However 0.02m was obtained
during bar check, which was necessary to ascertain the error budget of the instrument. The river
is a tidal river; hence vertical tidal corrections were applied in the post-processing stage and
reduced to Lowest Astronomical Tide (LAT) using Opobo River Entrance Port (as Port
Reference for Tidal Datum). The second and third study area’s bathymetric data (Orashi River
in Akiogbologbo community and Badagery Creek Imore, satellite town) were obtained through
crowd sourcing method. The data were acquired in February 2022 and May 2022. The second
study area water depths were acquired using an Odom Hydrographic Systems Echo track model
DF 3200 MKII echo sounder instrument with built-in DGPS. The depth range of the
echosounder was from 0.2 to 200m and its vertical accuracy was 0.01m of depth. The Orashi
River is a tidal river therefore tidal corrections were applied in other to correct for water surface
variations. Depths were reduced to LAT (Lowest Astronomical Tide) and deemed suitable for
hydrographic charts. Finally, the reference water depths of the third study area were acquired
using a single-beam Lowrance LCX-15MT dual frequency (50/200 kHz) transducer and 12-
channel GPS antenna. The measuring accuracy was (+0.01m) and depth ranging from 0.3 m to
150m. The resultant data were corrected for tidal fluctuations using predicted tide. The data
were recorded once per second, and every measurement point had a corresponding longitude
and latitude. After the survey, the data was downloaded from the echo-sounder using a
removable drive and then transferred to a computer for sorting and elimination of redundancies
using Microsoft Excel. These data were used as the response variable in our study models. The
mathematically representation of the acoustic technique is as shown below:

2.1.2. Satellite data and pre-processing

The Sentinel-2A satellite images of the study areas were downloaded from the Copernicus
Scientific Data Hub website (https://scihub.copernicus.eu/), as level-1C, Top of Atmosphere
(TOA) reflectance in 100 km x 100 km tiles formats and a Universal Transverse Mercator
(UTM)/ World Geodetic System 1984 (WGS84) projection. To obtain a relationship between
the reflectance of the band and insitu acquired water depth that is reliable, images close to the
measured data time and dates were obtained. Images of 10m spatial resolution bands B2 (497
nm) blue, B3 (560 nm) green, B4 (665 nm) red were considered. All the satellite images
acquired for the study locations were resized and radiometrically corrected for sunglint/cloud
effect and water separated from land using ArcGIS 10.2 software to obtain the radiance
physical values from the image digital values and define the study areas. Also a spatial filtering
technique called low-pass filter (kernel size of 5 x 5) was applied on the blue, green, and NIR
bands of Sentinel 2A imagery to remove the speckle noise and anomalous cells in the images.
Specifically for this study Sentinel image bands and the coefficients were extracted from the
European Space Agency (ESA) zipped metadata file (XML file) using ENVI 5.3 software.
Before the application of the empirical bathymetric models, all sentinel images were
segregated.
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2.2. Methods
2.2.1. Bathymetric models

The estimation of the bathymetry using remote sensing approach utilises several methods such
as Second-order Polynomial of Ratio Transform (SPR), Multiple Linear Regression (MLR),
Principle Component (PC), Least Squares Boosting Fitting Ensemble (LSB), Support Vector
Regression (SVR), Bagging Fitting Ensemble (BAG) and many more (Manessa et al., 2017).
However the choice of any model directly affects the accuracy of depth derivation. For this
study, two different bathymetric models were selected and assessed for depth derivation in the
study locations because of their capacity in retrieving depth of highly turbid coastal
environment, account for heterogeneity in bottom type and water quality and capable of
determining depth where the optical properties of the water are not constant which are the
conditions of the study area. They include the linear band model (LBM) (Lyzenga 1978, 1985;
Lyzenga, et al, 2006) and log-transformed band ratio model (BRM) (Stumpf, et al, 2003).

2.2.1.1. Linear band model (LBM)

Lyzenga, (1978) developed a linear method for determining the bathymetry of water bodies.
This method determined water depth by considering the relationship between the water depth
and the reflected radiance of a single or multiple spectral bands where the optical properties of
that water reflectance and the bottom reflectance are permanent (Casal et al., 2019; Alsubaie,
2012). Lyzenga in his method followed the fundamental principle as derived by Beer Lambert
which defines the relationship of observed reflectance to the corresponding water depth and
bottom albedo. This method is mathematically written as:

Ry, = (A4 — Rx)e 8% + R,
@)

Where:
Rw is the reflectance of the water,
Aq is the bottom albedo,
R.. is the water column reflectance,
z is the depth, and g is the function of the diffused attenuation coefficient for down-welling and
upwelling light.
In order to determine the depth, Equation 1 was further expressed as:

7= é[[n(Ad — Re) — In(Ry, — Roy)]
(2)

Casal et al., (2019) reiterated that since the intensity of light is assumed to be decaying exponentially
with depth, radiance can be linearized using natural algorithms. If X is transformed radiance for each
of the bands 1-N the equation can be written as equation (3):

X; = In[R,, (%) — Rw(4)] (3)

Where:
Rw is the above-surface radiance in band A; and
R is the average deep-water signal after atmospheric and sun glint corrections.
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2.2.1.2. Log-transformed band ratio model (BRM)

The second bathymetric algorithm used for deriving depth for this study is the log-transformed
band ratio model algorithm. Stumpf et al., (2003) developed the mathematical model which
was published and adopted as an alternative model for determining bathymetry that preferably
accounted for turbid water. Appling a simple linear relationship between the ratio of reflectance
in two bands and depth, Stumpf et al., (2003) derived bathymetry. The log transformation
algorithm has a relationship with the natural logarithm for reflectance of two bands and insitu
depths (Casal et al., 2019). There is a higher penetration in the blue and green part of the
spectrum because of the increase in the absorption of electromagnetic radiation. The ratio
transform algorithm can be applied with bands having different light absorption rate in water.
Since blue and green bands have lower absorption, their ratio to high absorption bands should
remain the same despite the different bottom reflective power at a constant depth as:

In(nRy,(4;
Z=m W —my 4)
Where:

Z is the Estimated Depth,

m; is a tunable constant to scale the ratio to depth,

n is a fixed constant for all areas to ensure that the algorithm is positive,

And, mg is the offset for a reference depth of O, where (Z = 0),

Rw is the reflectance of water, and (4;) are two different bands (Blue and Green bands).

The ratio between the two bands will increase as depth increases (Casal et al., 2019). This concept
effectively removes the error associated with varying albedo since both bands are affected in the same
way.

2.3. Accuracy evaluation

The satellite derived depths obtained from linear band model (LBM) and log-transformed band ratio
model (BRM) were assessed using different statistical methods such as Root Mean Square Error
(RMSE), Correlation Coefficient (r?) and Standard Error (SE). In order to determine the level of
accuracy of LBM and BRM derived depths, 500 sample points of the study locations were used to
calibrate the algorithm, the statistical indicators include:

I.  Root mean square error (RMSE): The use of RMSE is very common, and it is considered an
good general purpose error estimator for numerical predictions. For this research, the (RMSE)
test was conducted to measure the accuracy of satellite-derived bathymetry. The RMSE can be
mathematically expressed as shown in Equation 5.

RMSE = \/Z(XKnowni_Xestimated ? (5)

n
Where:
Xknown,i IS the previously sounded data;
Xestimated,i 1S the estimated depth; while,
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n is the total number of test points (Tang and Pradhan, 2015).

ii.  Correlation coefficient (r?): For this research, the correlation between the estimated depth and
insitu data was calculated. Tang et al., (2015) asserted that if the r?is close to 1, it signifies a
positive correlation between the estimated depth and the observed depth. The correlation
coefficient gives a validity of prediction of the dependent variable.

iii.  Standard error (SE): is the standard deviation of its sampling distribution of an estimate of
that standard deviation. The Standard Error of Mean (SEM) was computed using the Equation
(6) below:

_a
SE =% (6)

Where:
o is standard deviation of the population,
n is size (number of observations) of the sample.

[N (x—50)?
o= ST (7)
Where:
x is observed values of a sample mean,

x is the mean value of the observation,
N is the number of observation.

3.0. Results and Discussion

3.1. Acoustic ship borne bathymetry

The measured channel on the Opobo River covered a length 902km with an average width of 695.5m,
with 1.12m being the shallowest bathymetric point and 17m being the deepest. After sorting a total
number of 524 points were left. The least range of depth (1.12m to 1.5m), which are located in the North
Western part of the river channel, while the deepest part of the channel (15m to 17m) were located at
the South Eastern axis of the river. While a total of 1896 depths points were acquired for Orashi
River and 545 for Badagery Creek respectively. After filtering of outliers, 1858 was deemed fit as
reference depth for the Orashi River while 500 for Badagery Creek. The length of the surveyed section
was 1432km and 166.21m having an average width of 220m and 54.66m for both Orashi River and
Badagery Creek. The observed depth of Orashi River showed that the depth ranged from 2.45m to
8.99m. The least range of depth (2.45m to 3.5m), which are located along the Eastern area of the River,
while the deepest part of the River (7.23m to 8.99m) were located along the Western axis of the section
of Orashi River. Also the observed depth of Badagery Creek section showed that the depth ranged from
1.4m to 11.89m. The least range of depth (1.4m to 2.35m), which are located in the Southern area of
the creek, while the deepest part of the channel (15m to 17m) were located at the Northward axis of the
Creek.

3.2. Bathymetric estimation from satellite imagery

In order to achieve this, the above surface radiance (Rw) in the bands (1)) and the average deep-water
signal (Roo) after atmospheric and sun glint corrections were calculated; this was used for referencing
the bathymetric algorithm (LBM) result to the chart datum hence obtaining the depth of sample points
across the study area, which were previously acquired through the acoustic approach within the study
area. Then extracting mathematical algorithms linear band model (LBM) (Equation 3) applied using the
raster calculator in ArcGIS 10.2 environment. Likewise the depth estimation from sentinel 2A satellite
imagery for log-transformed band ratio model (BRM) involves calculating the gain m1 and offset mO
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needed for referencing the bathymetric algorithm (bathalg) result to the chart datum by obtaining the
depth of sample points across the study locations, which were previously acquired through the acoustic
approach, before inputting into the mathematical algorithms (BRM) (Equation 4) and estimation using
the raster calculator in ArcGIS 10.2 environment. The values of (m1) and (mO) were derived by plotting
a scatter plot graph on Microsoft Excel, using sample points from observed or insitu depth (reference
depth) against the values obtained from bathalg (Bathalg obtained from Sentinel) of the same points as
shown in (Figure 2-4).

y =1018.5x - 1045.4
18
16
14
12
10

Reference depth (m)

e v°% ¥ N
.026 1.028 1.03 1.032 1.034 1.036 1.038 1.04
Bathalg

Figure 2: Values of Gain (m1) and Offset (mo) Values Obtained for Opobo River.

y =359.47x - 357.78

Reference Depth (m)

0
1.0055 1.006 1.0065 1.007 1.0075 1.008 1.0085 1.009 1.0095 1.01 1.0105

Bathalg

Figure 3: Values of Gain (m) and Offset (mo) Values Obtained for Orashi River
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Figure 4: Values of Gain (m,) and Offset (mo) Values Obtained for Badagry Creek.

Table 1: Satellite derived water depth for various locations samples

Locations Bathymetric algorithms No of Least depth  Highest depth
Linear band Log-transformed band sample range range
model ratio model points (m) (m)
(m) (m)

Opobo 0.14-0.17 0.13-17 500 0.13-1.6 16 - 17
River
Orashi 2.03-8.91 2.09-9.9 500 2.09 -3.28 7.76 -9.91
River

Badagery 1.01-11.87 1.01-11.96 500 101-191 10.34-11.96
Creek

As shown in Table 1 the least depth range for the study locations were observed around the North
Western axis of the river channel, while the highest range of depth were around the South Eastern axis
of the water, which is similar to the depth obtained from acoustic method.

3.4. Assessment of bathymetric models

Root mean square error (RMSE) of extracted points was calculated for (LBM) and (BRM) using
Equation 6 for the three study locations. The deduced RMSE for Opobo River was 0.4082m and
0.4442m, Orashi River 0.4361m and 0.4427m and 0.3983m and 0.4192m for Badagery creek
respectively.

According to Tang and Pradhan, (2015) RMSE values greater than 0.5 reflects the poor ability of the
model to accurately predict the data, in which the RMSE results obtained for Opobo River, Orashi River
and Badagry Creek were less than 0.5, which signified that the LBM and BRM models accurately
predict the observed depth data. This also implies that the RMSE for Sentinel derived bathymetry falls
within the range of bathymetric extraction indicating the reliability of the depth estimation models. Also
the correlation coefficient (r?) between the estimated depth and insitu data was calculated for (LBM)
and (BRM). This was calculated by plotting the observed depth against the estimated depth as shown
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in (Figure: 5-7). The value of (r?) obtained for LBM and observed depth was 0.985, 0.881 and 0.984
while 0.982, 0.882 and 0.983 for BRM and observed depth see (Figure: 8-10).
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Figure 5: Correlation Coefficient (r?) between LBM derived depth and Observed Depth, for Opobo
River
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Figure 6: Correlation Coefficient (r?) between LBM derived depth and Observed Depth, for Orashi
River
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Figure 7: Correlation Coefficient (r?) between LBM derived depth and Observed Depth, for Badagery
creek.
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Figure 8: Correlation Coefficient (r?) between the BRM derived depth and Observed Depth for Opobo
River
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Figure 9: Correlation Coefficient (r?) between the BRM derived depth and Observed Depth for Orashi
River
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Figure 10: Correlation Coefficient (r?) between the BRM derived depth and Observed Depth for
Badagery creek
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The r?values were close to 1, which signified that there is a positive and very strong correlation between
the estimated depth and the observed depth for the study areas. Using Equation 7, standard error was
calculated for linear band model and log-transformed ratio band model. Table 2 shows summary of the
standard error.

Table 2: Summary of standard error

S/N Locations Standard Error
LBM BRM
1 Opobho River 0.1488 0.1494
2 Orashi River 0.0551 0.0559
3 Badagery Creek 0.1431 0.1443

The SE deduced for the LBM and BRM was assessed with the observed / sounded data were 0.1488
and 0.1494 for Opobo River, 0.0551 and 0.0559 for Orashi River and 0.1431 and 0.14444 for Badagry
Creek, respectively. From the results, it could be deduced that Orashi River had the least SE value,
followed by Badagry Creek then Opobo River. It could also be deduced that SE results of the depth
values derived from LBM and BRM were small which signified good result, because the smaller the
standard error, the less the spread of error and the more likely it is that any sample mean is close to the
population mean.

Generally, we have shown that the water depths determined from Sentinel 2A satellite imagery
(10m spatial resolution) were statically accurate and capable of producing an estimated sea
bottom depth. The selection of blue band for bathymetric retrieval in clear water is due to its
high penetration level into the water column, in turbid waters the optimal bands shifts to longer
wavelengths such as green-yellow spectral regions (Vahtmae and Kutser 2016; Casal et al.,
2019). This was confirmed in some part of our study areas where the green band (560nm)
demonstrated the highest correlation with the insitu depth same as the blue band (497nm). We
assessed two depth retrieving models (LBM) and (BRM) and the measured water depth values
in the study areas. The LBM applied to the Sentinel-2 data demonstrated good and better results
to the in-situ bathymetry data in the three bands of image in comparison to BRM. These results
are in concordance with other works carried out in turbid coastal waters that reported the same
findings. The r? values obtained in this study were similar to the ones obtained in studies that
applied the same empirical methods to sensors of higher spatial resolution indicating that
empirical models applied to Sentinel-2 data can provide a good correspondence with
bathymetry. Nevertheless, this study has demonstrated that this method can be utilised an
alternative survey technique to complement the medium resolution (depth interval 10-30m)
surveys and can be used for low-cost, low-accuracy and low-risk bathymetry charting mission.

4.0. Conclusion

Increasing number of studies has shown that bathymetric information can be obtained from
multispectral satellite imagery at varying spatial resolution of the sensor image. This study demonstrates
that bathymetric data derived from sentinel 2A satellite imagery can be utilised as an alternative data
source in mapping unmapped rivers in the Nigeria. This study assessed Lezenga’s linear band model
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and the Stumpf’s log transformed ratio band model in estimating depths from Sentinel 2A imagery
along Nigeria’s coastal area. Accuracy test assessing the bathymetry derived from both models confirms
that Lezengs’s model indicated sufficient performance (r? = 0.9824, RMSE = 0.4082m) for Sentinel
imagery. Atmospheric correction and bottom reflectance as well as water quality conditions were
proven to be critical factors to be considered in the use of the bathymetric models within the Nigeria
coast.
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