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Abstract: The sea surface is variable in time and space; therefore, many researchers are currently
interested in searching for dependencies and connections with the elements influencing this diversity,
e.g., with the seabed topography. An important problem is combining or comparing models obtained
based on different data sets with different accuracies and spatial resolutions. These studies are
designed to discover the relationship that may exist between observations of the shape of the seabed
and changes in sea level. The aim of this study is to investigate the relationship by checking the
correlation between the observations from the point recording of satellite altimetry measurements
and the bathymetric data. The object of research is the capital city of Gabon—Libreville, located on the
west coast of Africa and three point in Las Palmas. The results present sea level, salinity, and potential
temperature variations in selected points. The highest trends of sea level changes occur, at one point,
in the open ocean (P6) and at coastal points (Libreville, P3, Pointe Noire). The study indicates that,
from 1993 to 2020, the temperature trend at the assessed points is on average 0.018 ± 0.012 ◦C·year−1,
while the average salinity trend is 0.008 ± 0.005 1e−3 year−1. The correlation coefficients for the sea
water temperature trend and the sea water salinity trend—determined at 0.20 and 0.08—present a
weak linear relationship. Correlation takes slightly higher values for elevation, which is determined
at 0.38. Research shows that there is a relationship between satellite and bathymetric observations on
the east coast of Africa; however, the strength of the correlation depends on the location.

Keywords: sea level changes; seafloor topography; satellite altimetry; bathymetry; GEBCO; CMEMS;
African coast

1. Introduction

Since 1993, the global mean sea level has increased by 3.2 ± 0.4 mm·year−1 [1]. This
amounts to a 9 cm total increase between 1993 and 2021. As a result of climate changes,
sea level rise is accelerating and bringing serious risk, especially for the coastal zone [2].
Seasonal cycle is a common signal in sea level change and fluctuates due to various
physical forces, including atmospheric pressure, wind stress, precipitation, river runoff,
ice melting, and ocean current [3,4]. Sea level variability at the coast can be similar to, or
differ from, that in the neighboring deep ocean, depending on location and timescale [4].
Coastal inhabitants experience an average relative sea level rise of up to four times faster:
from 7.8 to 9.9 mm·year−1 [5] Mean sea level variability in the random local region is
powered by various factors, and their combined effects can cause local sea level rise to
deviate, more or less, from the global value [6]. On a global scale, sea level variability is
associated with changes in total mass (freshwater content), ocean volume (heat content),
and geometric deformations of the seabed [7]. Regional sea level changes are an expression
of ocean dynamics. They are variable in time and space, and they result from natural and
anthropogenic causes [7]. They depend, mainly, on oceanic transports of heat, salt, and
water masses between different basins [8]. Contributions to relative sea level changes also
include geologic processes, such as tectonics, GIA, and subsidence in geologically recent
sedimentary deposits [3].
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Ocean current (responsible for the redistribution of mass, heat, and freshwater),
changes in ocean temperature and salinity (named as thermosteric and halosteric effects),
as well as wind stress, cause various dynamic processes and phenomena that strongly
influence sea level changes (e.g., coastal upwelling or El Niño) [7]. The ocean absorbs
heat from the sun, so and ocean currents move this warm water around the Earth. Heat
(along with salt) is the main source of energy for ocean currents. Currents are affected by
the amount of salt, and saltier water is heavier than less salty water. Water expands as it
gets warmer. The density of sea water, in addition to salinity (the higher, the greater the
density), is also affected by its temperature. Increasing the temperature causes a decrease
in density (when the temperature is above the maximum density temperature for a given
salinity), and decreasing salinity causes a decrease in density [8,9]. If the temperature
increases while the salinity between the levels is constant or increases, we assume that the
temperature gradient is responsible for the instability between the two levels [10]. Warm
water, therefore, takes up more space in our oceans, and that leads to higher sea levels [8].

The purpose of this research is to perform an observational analysis of sea level
changes, as well as regional aspects and components influencing this variability, both
on the African coast and in the open ocean close to the mainland. Sea level changes
have been determined in relation to variability and trends. The significance of changes
in sea level, water temperature, and salinity are discussed. We analyze the observed
variability and trends, as well as the seasonal cycle. We determine the correlation between
observations obtained from satellite altimetry and bathymetric data, and most importantly,
we look for correlations between sea level changes and influencing elements, such as seabed
topography. In this study, the main research point is based on the above parameters. Each
determines the relative sensitivity value associated with the impact of sea level changes.
We consider the value of the parameters obtained, as well as the aspect of the location
of the selected points. Based on the results obtained from satellite altimetry, we have
created models that are based on trend values. Based on these, a review of the velocity
of the changes taking place was made. The topography of the seabed was the main and
dominating parameter. Africa’s coastal zone is very specific, as it encounters many marine
environments, such as the Mediterranean Sea, Red Sea, Atlantic Ocean, and Indian Ocean,
so the location of the study area is not random. Eventually, in the near future, rising sea
levels and, potentially, more intense storms will exacerbate possible consequences, and
more frequent extreme sea level events will occur [11]. The observation of the coastal ocean
is especially extremely important: the coastal ocean is considered a region of high biological
production, and economic areas are directly influenced by human activities. In addition,
climate change is likely to exacerbate many of the problems coastal environments face, such
as coastal erosion, flooding of coastal areas, water pollution, and straining and damage to
coastal biodiversity [12]. That is why studying the causes and effects of rising sea levels is
so important.

2. Materials and Methods
2.1. Study Sites

In this study, an investigation of the relationship between observations from satellite
altimetry and bathymetry was carried out in the western part of Africa. It includes three
points on the west coast—Libreville, Pointe Noire (tide gauge station), and P3. Furthermore,
two tide gauge stations—English Bay (Saint Helena Island) and Las Palmas C (Canary
Islands) (named Las Palmas 1)—and nine additional points, at different distances from the
continent, were chosen. Research points are shown in Figure 1.
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Figure 1. The location of observation points, which were used to determine the relationship between 
satellite altimetry and bathymetry data. 

2.2. Data 
The study used open-access data made available by the following repositories: 

• Tide gauge (TG): Permanent Service for Mean Sea Level (PSMSL) [13]—information 
and products used in research, related to land movements sea level rise, and varia-
bility—tide gauge data, high-frequency data, GNSS-IR Records, etc. We obtained 
only the coordinates of the selected tide gauge stations; 

• Satellite altimetry (SA): Copernicus Marine and Environment Monitoring Service 
(CMEMS) [14]- service provides free, regular, and systematic authoritative infor-
mation on the state of the Blue (physical), White (sea ice), and Green (biogeochemical) 
ocean on a global and regional scale (https://marine.copernicus.eu/). Raw data were 
obtained from the “SEALEVEL_GLO_PHY_L4_MY_008_047”—“GLOBAL OCEAN 
GRIDDED L4 SEA SURFACE HEIGHTS AND DERIVED VARIABLES REPRO-
CESSED (1993-ONGOING)” model (https://data.marine.copernicus.eu/prod-
ucts?q=SEALEVEL_GLO_PHY_L4_MY_008_04). These were altimeter satellite grid-
ded, daily Sea Level Anomalies (SLA) over a period of 29 years (01/01/1993-
31/12/2021) with 0.25° × 0.25° spatial resolution; 

• Bathymetry (BATH): The General Bathymetric Chart of the Oceans (GEBCO) [15]—
raster terrain model in a 2° × 2° grid. This service shares a global terrain model for 
ocean and land, providing elevation data in meters, with a spatial resolution of 15 arc 
seconds (∼500 × 500 m pixel size at the equator). We used GEBCO_2022 Grid (for 
profile number 4,5,6) and GEBCO_2021 Grid (for profile number 1,2,3,7). The grid 
uses Version 2.4 and 2.2 of the SRTM15+ data set as “a base” [16]. Files can also be 
released as GeoTiff data and Esri ASCII rasters for areas precisely defined by the user. 
The data is also accompanied by a type identifier (TID) grid that contains information 
about the source data types. The resolution of the data distributed by GEBCO gives 
reliable accuracy compared to other files of this type. In addition, the service is con-
stantly working to improve its datasets to provide the most reliable, publicly availa-
ble bathymetric grids for the world’s oceans. 

  

Figure 1. The location of observation points, which were used to determine the relationship between
satellite altimetry and bathymetry data.

2.2. Data

The study used open-access data made available by the following repositories:

• Tide gauge (TG): Permanent Service for Mean Sea Level (PSMSL) [13]—information and
products used in research, related to land movements sea level rise, and variability—tide
gauge data, high-frequency data, GNSS-IR Records, etc. We obtained only the coordi-
nates of the selected tide gauge stations;

• Satellite altimetry (SA): Copernicus Marine and Environment Monitoring Service
(CMEMS) [14]- service provides free, regular, and systematic authoritative information
on the state of the Blue (physical), White (sea ice), and Green (biogeochemical) ocean
on a global and regional scale (https://marine.copernicus.eu/ accessed on 15 May
2022). Raw data were obtained from the “SEALEVEL_GLO_PHY_L4_MY_008_047”—
“GLOBAL OCEAN GRIDDED L4 SEA SURFACE HEIGHTS AND DERIVED VARI-
ABLES REPROCESSED (1993-ONGOING)” model (https://data.marine.copernicus.
eu/products?q=SEALEVEL_GLO_PHY_L4_MY_008_04 accessed on 15 May 2022).
These were altimeter satellite gridded, daily Sea Level Anomalies (SLA) over a period
of 29 years (01/01/1993-31/12/2021) with 0.25◦ × 0.25◦ spatial resolution;

• Bathymetry (BATH): The General Bathymetric Chart of the Oceans (GEBCO) [15]—raster
terrain model in a 2◦ × 2◦ grid. This service shares a global terrain model for ocean and
land, providing elevation data in meters, with a spatial resolution of 15 arc seconds
(∼500 × 500 m pixel size at the equator). We used GEBCO_2022 Grid (for profile
number 4,5,6) and GEBCO_2021 Grid (for profile number 1,2,3,7). The grid uses
Version 2.4 and 2.2 of the SRTM15+ data set as “a base” [16]. Files can also be released
as GeoTiff data and Esri ASCII rasters for areas precisely defined by the user. The
data is also accompanied by a type identifier (TID) grid that contains information
about the source data types. The resolution of the data distributed by GEBCO gives
reliable accuracy compared to other files of this type. In addition, the service is

https://marine.copernicus.eu/
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constantly working to improve its datasets to provide the most reliable, publicly
available bathymetric grids for the world’s oceans.

2.3. Methodology

The research includes an analysis of the velocities of changes in sea level, water
temperature, and salinity. The next step is to determine the correlation between determined
trends and elevation, based on bathymetric models, in terms of relationships between
sea level changes and influencing factors, e.g., sea topography. The following approaches
were used:

i. Determination of intermediate points (P1, P2, P3, P4, P5, P6, P7, Las Palmas 2, Las
Palmas 3); The intermediate points were determined based on a grid analysis of
the tide gauge (at selected coastal points) and altimetric data nodes, so the distance
intervals were close. Spatial data analysis software was used. Coordinates of the
points were generated in the World Geodetic System 1984 (WGS 84).

ii. Generation of field profiles: Terrain profiles were generated using specialized
Surfer software, based on bathymetric model grids, provided by GEBCO from
combinatorial surveys such as 40 (Predicted based on satellite-derived gravity
data—depth value is an interpolated value guided by satellite-derived gravity data)
and 11 (Multibeam—depth value collected by a multibeam echo-sounder). Vertical
intersection with linear interpolation was used. The profiles were generated in a
uniform WGS84 system.

a. Profile 1: English Bay→P1→P2→Libreville;
b. Profile 2: English Bay→P4→P5→Pointe Noire;
c. Profile 3: Libreville→P3→Pointe Noire;
d. Profile 4: P6→Libreville;
e. Profile 5: P7→Pointe Noire;
f. Profile 6: P6→English Bay→P7;
g. Profile 7: Las Palmas 1→ Las Palmas 2→ Las Palmas 3.

iii. Estimating the linear trend for Sea Level Anomaly (SLA) time series; From altimetric
data, time series with a uniform interval in weekly epochs were created. Linear
trend estimation was performed using the linear regression method over the full
available range of SLA data. The time series was verified for vertical jumps, and
their corrections were made. SLA time series without a linear trend were subjected
to seasonality analysis.

iv. Estimating the annual, semi-annual, and 18.61-year amplitudes of the Moon’s Nodal
Cycle to remove seasonality from the time series; In order to estimate amplitudes,
linear trends were removed from the time series. The reduced time series were
analyzed for the values of amplitudes at fixed standard and non-standard periods.
Amplitudes were determined using the harmonics model method based on sine and
cosine functions. Based on the above analyses, annual, semi-annual, and 18.6-year
seasonality were removed from the time series.

v. Estimating the trend of sea water salinity and the trend of sea water potential
temperature; The trend of sea water salinity and the trend of sea water potential
temperature were estimated at points in each profile. The created time series, based
on the data obtained from satellite altimetry, was subjected to a purging procedure.
The time series was verified for vertical jumps, and their corrections were made.
The trend was estimated using the linear regression method. The standard errors
were calculated for each trend.

vi. Determining the trend of sea level changes using the Fourier function; Based on
the structured time series, the trend was estimated using Fourier analysis over the
full range of SLA data. This procedure uses the analysis of seasonal components
(annual, semi-annual, and 18.61-year cycles), and it can be expressed as follows:

fF(t) = a + bt + Aacos (ωat− ϕa) + Asacos (ωsat− ϕsa) + A18.61cos (ω18.61t− ϕ18.61) (1)
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where fF(t) is a Fourier function; a is the bias; b is the trend; t is time; Aa and Asa are
the annual and semi-annual amplitudes; ϕa and ϕsa are the annual and semi-annual
phase; ωa and ωsa are the annual and semi-annual angular frequency. A18.61 is the
18.61-year amplitude; ϕ18.61 is the 18.61-year phase; ω18.61 is the 18.61-year angular
frequency [17].

As a result, the value of the long-term trend and the error of its determination
were obtained.

vii. Estimating the correlation between the sea level trends, sea water potential tempera-
ture trends, sea water salinity trends (based on satellite altimetry data), and elevation
from bathymetric data. The correlation analysis was based on trends determined for
the three types of data at each point. Statistics software was used to determine the sim-
ple linear correlation of the time series. The correlation assessment took into account
the ratio of the trend determination error to the trend value. Pearson’s correlation
coefficients (r) were calculated based on the method of covariance.

A flow chart of the study process is presented in Figure 2.
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3. Results and Discussion

Linear trends in selected stations were estimated from different time series of satellite
altimetry data (from January 1993 to December 2021). Changes in sea level, sea water
salinity, and sea water potential temperature are presented in Figure 3.

In this study, as a result of the determination of the velocity of changes, the trends are
not always coherent, the values in different locations show significant differences—they
deviate from the global value. An example is a P6 point north of the English Bay station,
where the trend is 3.45 ± 0.04 mm·year−1.
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On the other hand, to the south, at point P7, the trend is definitely lower and amounts 
to 2.66 ± 0.01 mm·year−1. At Saint Helena Island, the trend at English Bay station is 2.79 ± 
0.03 mm·year−1. Along the coast, at points, Libreville, P3, and Pointe Noire trends are 
higher (average 3.86 mm·year−1). At intermediate points, located in the open sea, P1, P2, 
P4, and P5 trends are approaching the global sea level (3.15 mm·year−1 on average). Simi-
larly, for points located in the Canary Islands (Las Palmas 1, Las Palmas 2, Las Palmas 3), 
trends do not deviate from the global value (about 3.10 mm·year−1). All the points selected 
for the study are located in the area of 30–30°S, where ocean currents (shown in Figure 4) 
and constant trade winds (shown in Figure 5) can have a significant impact. 

Figure 3. Generated seafloor models with estimated linear trends. The trend of sea level changes is
visualized by red dots. The trend of sea water salinity is visualized by yellow dots. The trend of sea
water potential temperature is visualized by blue dots. Seabed elevation is visualized by the red line.

On the other hand, to the south, at point P7, the trend is definitely lower and amounts
to 2.66 ± 0.01 mm·year−1. At Saint Helena Island, the trend at English Bay station is
2.79 ± 0.03 mm·year−1. Along the coast, at points, Libreville, P3, and Pointe Noire trends
are higher (average 3.86 mm·year−1). At intermediate points, located in the open sea, P1, P2,
P4, and P5 trends are approaching the global sea level (3.15 mm·year−1 on average). Simi-
larly, for points located in the Canary Islands (Las Palmas 1, Las Palmas 2, Las Palmas 3),
trends do not deviate from the global value (about 3.10 mm·year−1). All the points selected
for the study are located in the area of 30–30◦S, where ocean currents (shown in Figure 4)
and constant trade winds (shown in Figure 5) can have a significant impact.

The study indicates that, from 1993 to 2020, the temperature trend at the assessed
points is, on average, 0.018± 0.012 ◦C year−1. At almost all locations, the trend of sea water
potential temperature is positive. It adopts the highest values for the Libreville point and
the Las Palmas points. Only at point P7 is the value around 0 ◦C. Temperature fluctuations
in the upper layers are associated with heat exchange with the atmosphere and surrounding
ocean regions, while temperature in the deeper parts of the oceans changes due to dynamic
forcing mechanisms, such as climate change. The analysis shows an average salinity trend
of 0.008 ± 0.005 1e−3 year−1. The highest values occur at the P3 and Pointe Noire points.
At points P6 and P7, the values are very close to 0 1e−3 year−1. The three points of Las
Palmas are, on average, −0.004 ± 0.001 1e−3 year−1. It can be caused by the location
in the area of the islands or the phenomenon of upwelling. At the Libreville point, the
salinity trend is also negative, which could be due to the influx of freshwater from the
continent. Using the time series, using Fourier analysis at each point, annual, semi-annual,
and 18.61-year amplitudes were determined. Received results are presented below:
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Figure 4. Ocean currents and research points. The red arrows represent warm currents, and the blue
arrows represent cold currents. The ocean currents layer was compiled from the NOAA National
Weather Service and the US Army and shared as an ESRI product. This data is free for personal and
educational use only. Source: (a). https://www.arcgis.com/home/item.html?id=24bfd85e97b04294
8e6ed4928dc45a8b (accessed on 8 November 2022); (b). https://services1.arcgis.com/VAI453sU9tG9
rSmh/ArcGIS/rest/services/WorldGeo_Physical_Climate_features/FeatureServer/8 (accessed on 8
November 2022).
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Figure 5. The global extreme wind climatology map. Source: Copernicus Ocean State Report, issue 6,
Journal of Operational Oceanography (2022).

Annual amplitudes (Figure 6a) take the highest values for coastal points—Libreville,
P3, Pointe Noire, and P2 (for 4.37 ± 1.12 cm to 6.58 ± 2.16 cm). The lowest value occurs
at point P7(1.23 ± 0.29 cm). In the Las Palmas area, the amplitudes are at the level of
3.94 ± 1.15 cm. At the other points, the values oscillate within the limits of 2.49 ± 0.63
cm to 3.58 ± 1.18 cm. Semi-annual amplitudes (Figure 6b) take the highest values for
Libreville (0.58 ± 0.13 cm) and P7 (0.69 ± 0.17 cm). The lowest value occurs at the point P6
(0.16 ± 0.03 cm). In the Las Palmas area, the amplitudes are at the level of 0.36 ± 0.07 cm.
At the other points, the values oscillate within the limits of 0.20 ± 0.04 cm to 0.37 ± 0.10 cm.
The 18.61-year lunar nodal cycle amplitudes (Figure 6c) take the highest values for coastal
points—Libreville, P3, Pointe Noire, and P2 (for 2.73 ± 0.72 cm to 4.26 ± 1.34 cm). The

https://www.arcgis.com/home/item.html?id=24bfd85e97b042948e6ed4928dc45a8b
https://www.arcgis.com/home/item.html?id=24bfd85e97b042948e6ed4928dc45a8b
https://services1.arcgis.com/VAI453sU9tG9rSmh/ArcGIS/rest/services/WorldGeo_Physical_Climate_features/FeatureServer/8
https://services1.arcgis.com/VAI453sU9tG9rSmh/ArcGIS/rest/services/WorldGeo_Physical_Climate_features/FeatureServer/8
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lowest value occurs at point P7 (0.46 ± 0.15 cm). In the Las Palmas area, the amplitudes are
at the level of 0.32 ± 0.06 cm. At the other points, the values oscillate within the limits of
1.02 ± 0.33 cm to 2.38 ± 0.57 cm.
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The results obtained were presented in Figure 7.
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The linear correlation coefficient determination is the first and necessary step to
establish a functional relationship between two variables. The analysis indicates very
small values. The correlation coefficients for the sea water temperature trend and the sea
water salinity trend—determined at 0.20 and 0.08—present a weak linear relationship. The
correlation coefficients are so low because the standard errors of salinity trend and sea
water temperature trend are low and, hence, the confidence in the determined trends is
insufficient. Correlation takes a slightly higher value for elevation, which was determined
at 0.38. For many research tasks, being based on the correlation coefficient could be
inadequate, and it is necessary to use other indicators of statistical association.

The variability of results can also be affected by winds. The study area is located in the
trade winds zone. According to Copernicus Ocean State Report [18], the tropical regions
have the most extreme surface wind speeds, regularly reaching speeds above 250 km/h−1

(70 ms−1). Moreover, the 99th percentile wind speeds range from, at minimum, below
10 ms−1 at the equator to local maximum values exceeding 25 ms−1 in the northern Atlantic
Ocean [18]. The Menendez [2] analysis presents the spatial distribution of months with the
highest probability of a high-water level value. In northern Africa and the Las Palmas area,
a pronounced rise in sea level occurs in the autumn months (September–November), while
in the south of the continent, the highest rise occurs in the summer months. However, it
was indicated that the results are affected by local factors, such as river runoff. Our study
in the Las Palmas region indicates the highest sea level anomalies in October (positive) and
in April (negative). In coastal points (Libreville, P3, Pointe Noire), the highest sea level
anomalies occur in December/January (positive) and in July (negative). In points P1 and
P7, the highest sea level anomalies occur in April (positive) and in October (negative). In
points P2 and P3, the highest sea level anomalies occur in December/January/February
(positive) and in July (negative). The highest positive sea level anomalies at the other points
are as follows: P4 (May), P5 (March), and English Bay (June). The highest negative sea level
anomalies at the points are as follows: P4 (November), P5 (September), and English Bay
(December). The global sea surface temperature warmed, from 1993 to 2015, at a rate of
0.016 ± 0.002 ◦C/year−1 [19]. The warm temperature conditions during 2016, at the sea
surface, are consistent with the subsurface temperature trend over the 1993–2016 period [1].
Our results do not diverge from the global value, and the achieved average temperature is
0.018 ± 0.012 ◦C/year−1.

According to Kennedy 2014 [20], an important factor that can affect the variability of
sea surface temperature (SST) is the El Niño Southern Oscillation (ENSO), which temporar-
ily increases global SST, as well as La Niña, which decreases it [20].
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Sea surface salinity is important primarily because of its relationship to changes in
the Earth’s hydrological cycle [21,22] and ocean dynamics [23]. In our study, the average
salinity trend is 0.008 ± 0.005 1e−3 year−1, while only in the Las Palmas and Libreville
points, the salinity trend assumes negative values. Global subsurface salinity changes in
2016 prevail in the upper 200 m depth layers.

The surface salinity trend over the period of 1993–2016 shows enhanced values in the
western Pacific warm pool areas in both hemispheres. A positive trend is manifested in the
North Atlantic western boundary current regime.

Movements of the earth’s crust are also associated with changes in sea level [24–26], which
are manifested by the vertical and horizontal displacement of tectonic plates [27]. In our
work, we also checked the absolute movements of the earth’s crust (geocentric), which are
determined on the basis of direct GNSS measurements and combined measurements from
mareographs and satellite altimetry [28].

There were two GNSS stations selected and available in the study area, and they were
located in Saint Helena and Gran Canaria, as well as in the Libreville area of Gabon.

The condition was the proximity of the available tide gauge stations [29,30]. We
analyzed the movement of the earth’s crust determined from the combination of TG (tide
gauge) and SA (satellite altimetry) data [17]. SA and TG time series currently represent the
two main sources of information for the sea level [31]. TG observations reflect the local
variations in sea level, and they are influenced by the VLM effect and the coastal processes
differently from the SA records that provide geocentric sea level variations. SA and TG data
sets are, moreover, characterized by low and high acquisition rates, respectively [31–33].
The result of the analysis was used to calculate linear trends in vertical crust movement out
of the TG sites in Ascension Island, Gran Canaria, and Libreville/Gabon, based on SA data
minus TG data. Velocities of crust movement calculated in this study, SA–TG, are based on
GNSS data from SONEL network data calculated by different analytical centers [34]. The
results obtained were presented in Table 1.

Table 1. Velocities of crust movement calculated in this study are based on GNSS data and SONEL
network data calculated by three analytical centers (ULR, NGL, JPL). The last column presents the
sea level differences from time series of satellite altimetry minus tide gauge from SONEL network.

Analysis Centre ULR JPL NGL In Work SONEL

Reference Frame,
Ellipsoid

ITRF08,
GRS80

ITRF14,
GRS80

ITRF14,
GRS80 SA-TG SA-TG

GNSS Station
Velocity ±

Standard Error
[mm·year−1]

Velocity ±
Standard Error
[mm·year−1]

Velocity ±
Standard Error
[mm·year−1]

Velocity ±
Standard Error
[mm·year−1]

Velocity ±
Standard Error
[mm·year−1]

ASC1
(Ascension Island)

−0.37 ± 0.30
(2000–2007) - - 0.79 ± 0.32

(1993–2018) -

ASCG
(Ascension Island)

0.21 ± 0.26
(2015–2021) - −0.63 ± 0.81

(2015–2022)
0.79 ± 0.32
(1993–2018) -

ULP2
(Gran Canaria) - - −1.15 ± 1.08

(2018–2022)
−2.10 ± 1.52
(1993–2021)

−0.68 ± 0.16
(1993–2014)

PLUZ
(Gran Canaria)

−1.92 ± 0.17
(2004–2013) - - −2.10 ± 1.52

(1993–2021) -

NKLG
(Gabon) −0.51 ± 0.34 −1.33 ± 0.57 - -

As you can see, there are movements of the earth’s crust in selected locations. The
results obtained during our research of vertical movement velocity were different with the
result from SONEL network. Differences in values may be connected with the different
length of the time series and chosen time periods.
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4. Conclusions

The sea level averaged in time and space (i.e., excluding waves, tides, etc.), and these
changes, together with the knowledge of the topography of the ocean floor, inform us
indirectly about the volume of the entire ocean of water. The variation in sea level changes
also depends on the changes in water mass, and the mass depends not only on the volume
but also on the temperature and salinity level [35].

The actual shape of the ocean’s surface is additionally diversified by such phenomena
as tides, differences in atmospheric pressure, wind patterns, the thermal expansion of
water, or ocean circulation phases [36]. The presented results on our models show that the
topography correlates with changes in the height of the sea surface. This relationship does
not apply to the coastal points—Libreville, P3, and Pointe Noire.

Depending on the location of the point, the higher the depth, the lower the trend of
the sea level changes. On the coast, where other aspects affect the sea level changes, the
trend of changes is higher. The highest trends of sea level changes occur in point P6 and at
coastal points (Libreville, P3, Pointe Noire). These points cover the direction of the warm
Guinea Current. The lowest trend values occur in points away from the coast—English Bay,
P4, and P7. The reason may be the location of the points between the warm Brazil Current
and the cold Benguela Current. Research shows that there is a relationship between satellite
and bathymetric observations on the west coast of Africa. Sea level is the surface of the
ocean where water meets air, and the ocean floor is where water meets the earth’s crust.
This is influenced by the parameters on which changes in sea level depend.
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