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Abstract 
The coastal zone of Pointe-Noire, located on the Atlantic coast of the Republic 
of Congo, is subject to complex hydro-sedimentary dynamics influenced by 
ocean currents, waves and tides. This article presents the numerical modeling 
of the hydro-sedimentary dynamics of the Pointe-Noire coastal zone using 
two tools from the integrated CMS (Coastal Modeling System) modeling sys-
tem: CMS-Wave, which is a wave model, and CMS-Flow, a coupled current 
and sediment transport model. Analysis of the test case results revealed the 
highest wave and current amplitudes near the Songolo coast (northern zone) 
and also along the outer breakwater protecting the port (southern zone). These 
currents are responsible for erosion in Loango Bay. Sediment movement is 
activated solely by wave breaking and drained by the drift currents they gen-
erate. On the southern side of the port, sediment is transported along the outer 
breakwater towards the north, fed by sand from the Sauvage coast. This sand 
transit is responsible for the excessive filling of the sand trap area. On the 
north side of the port, transport flows downhill toward the port enclosure, fed 
by the Songolo vouchers. The volume of sediment moved within a model area 
of 345.6 km2 over a period of one month is approximately 15775.5 m3. The 
study provided a better understanding of the mechanisms at play in order to 
support sustainable coastal management and port development strategies. 
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1. Introduction 

The coastal area of Pointe-Noire is crucial to the economic development of the 
Republic of Congo due to the presence of the country’s main deep-water port and 
is also a source of livelihood for the coastal population. This coastal area has spe-
cific hydro-sedimentary characteristics that are significantly influenced by wave 
propagation and tidal fluctuations. This process is the source of strong natural 
and anthropogenic pressure, which is reflected in particular by coastal erosion in 
Louango Bay and intense sediment transport, leading to excessive silting of the 
access channel to the port of Pointe-Noire [1]-[3]. The objective of this study is to 
model hydro-sedimentary dynamics in order to identify the specific characteris-
tics of this site and anticipate phenomena that could disrupt the proper function-
ing of port facilities and the coastal environment. The analysis method is based on 
the integrated numerical modeling system known as the Coastal Modeling System 
(CMS) [4]-[8]. This approach made it possible to assess the involvement of each 
of the oceanic forcings in the dynamics of the coastal process in this coastal zone. 

2. Data and Method 
2.1. Study Area 
 

 
Figure 1. Coastal area of Pointe-Noire. 

https://doi.org/10.4236/ojms.2026.161001


W. B. Ndzessou et al. 
 

 

DOI: 10.4236/ojms.2026.161001 3 Open Journal of Marine Science 
 

The coastal area covered by this study is a 170 km stretch of coastline that in-
cludes the Autonomous Port of Pointe-Noire (Figure 1). It is located in the south-
east of the Gulf of Guinea at 4˚67 south and 11˚97 east, sheltered by a natural 
break, which is quite common in the area of the coast facing an average of 320˚ - 
140˚, in front of a fairly well-developed continental shelf about 40 km wide up to 
the 100-meter isobath [2] [3] [9]-[11]. This coastal zone is characterized by a 
sandy beach bordered by the Atlantic Ocean, with a gently sloping bathymetry 
[12]. 

2.2. Data 
2.2.1. Bathymetry 
The numerical simulation of a hydro-sedimentary process in a coastal zone relies 
on the accuracy of bathymetric data [12]. In this article, bathymetric data are pro-
vided by a terrain model for the ocean and land at 30-second arc intervals. This is 
the general bathymetric map of the oceans, GEBCO_08 grid. These data are re-
trieved from an xyz file with x and y representing the geographical coordinates of 
the point and z its altitude. Negative elevations show water depths and positive 
elevations show topographic heights above water. The bathymetric map of the 
study area is shown in Figure 2 [4]. 

 

 
Figure 2. Bathymetry of the Pointe-Noire coastal area [2]. 

2.2.2. Sedimentology 
Along the coast of Pointe-Noire and in the immediate offshore area, the surface 
layer sediments consist mainly of mangrove peat and alluvial sand [13]. 

The median diameter of foreshore sediments is 0.3 to 0.5 mm along the outer 
breakwater of the wild coast and decreases towards the open sea. At a depth of -
10 m, off the wild coast, the median diameter is 0.10 mm and off the outer break-
water at the same depth, their diameter is 0.08 mm. Silt content increases from 5 
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to 30% between −10 and −15 m and from 30% to 80% beyond that. Towards the 
bend in the harbor, the grain size distribution is much more pronounced and is 
as follows: the largest diameter particles (between 0.15 and 0.30 mm) accumulate 
in the sand trap from the foreshore to a depth of −5 m; at depths of −5 to −10 m, 
the median diameter d50 remains between 0.10 and 0.15 mm; for depths beyond -
10 m, it is less than 0.10 mm [13]. Within the bay, the median diameter d50 of 
sediments is between 0.10 and 0.15 mm [9]. 

The median diameter d50 in millimeters of beach sediments and seabed sedi-
ments can be presented by sector in Table 1 [2] [9]. 

 
Table 1. Sectoral distribution of the median diameter d50 of sediments in the coastal zone 
of Pointe-Noire. 

Longitude  
(decimal degree) 

Latitude  
(decimal degree) 

d50 (mm) 

11.825031 −4.795526 0.2 

11.815021 −4.786978 0.15 

11.799550 −4.773655 0.5 

11.779986 −4.740618 0.15 

11.787337 −4.755413 0.1 

11.703306 −4.762461 0.3 

11.724122 −4.898079 0.08 

2.2.3. Wind 
Variations in wind speed and direction influence the entire wave propagation pro-
cess. The wind data used in this study was provided by the Pointe-Noire Ca-baigne 
and De Glisse marine weather stations. These weather stations are satellite models 
that predict wave speeds, directions, and heights at one-hour intervals. For simu-
lations, we used a series of 22-hour data sets, a series of 72-hour data sets, and a 
series of 7-day data sets. 

2.3. Method 

Modeling of wave propagation and sediment transport in the coastal zone of 
Pointe-Noire is undertaken using the integrated Coastal Modeling System (CMS), 
which contains two modules: CMS-Wave, which deals with wave propagation, 
and CMS-Flow, which deals with hydrodynamics and sediment transport. These 
two models have proven highly effective in addressing wave propagation and sed-
iment transport issues in coastal areas, functioning both separately and in combi-
nation [6] [7]. 

2.3.1. Wave Model 
The model used for wave propagation is CMS-Wave. This is a phase-averaged 
spectral model for the propagation of irregular waves in coastal areas with com-
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plex bathymetry. It is capable of simulating refraction, diffraction, reflection, 
shoaling, and wave breaking [7]. It determines the shear stress exerted by waves 
on the seabed. The theory behind this model is based on the wave action equilib-
rium equation [3] [14] [15]. 

The boundary conditions of the wave model consist of a spectral coverage in 
the southwest offshore, the southeast and northwest lateral boundaries that con-
stitute the open boundaries, and the eastern boundary that corresponds to the 
rigid boundaries. 

2.3.2. Hydro-Sedimentary Model 
The hydro-sediment coupling, which takes into account tides, currents, and sedi-
ment transport, is handled by the CMS-Flow model. This model is governed by 
the equations of continuity and momentum.  

When currents are assumed to be uniform with depth and in the presence of 
waves, the continuity (1) and momentum (2) equations are given by [16] [17]: 
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With,  
• 2 sincf φ= Ω  Coriolis parameter in [rad/s], where 57.29 10 rad s−Ω = ×  is 

the speed of the Earth’s rotation and φ  is the latitude in degrees; 
• h dη= + : total water depth averaged by waves, where η  is the deformation 

of the water surface averaged in depth by waves in calm conditions and d  
water depth (positive downwards); 

• MS : the term source and sink of water due to precipitation, evaporation, and 
structures; 

• i i wiV U U= + : total flow velocity; 
• iU : current velocity vector averaged by waves and depth (uniform depth); 
• wiU : wave flow velocity vector; 
• tv : total turbulent viscosity combined wave-current [m2/s]; 
• siτ : the component of the vector constraint on the surface exerted by the wind 

[Pa]; 
• biτ : the shear stress component at the combined wave-current bottom [Pa]; 
• ijR : the stress tensor of the surface roller [Pa]; 
• ijS : wave radiation stress tensor [Pa]; 
• 31025 kg mρ −≈ ⋅ : density of seawater; 
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• g : gravity in [m/s2]; 
• atmp : atmospheric pressure [Pa]. 

Sediment transport is governed by Equation (3), which represents the total 
transport of sediments of multiple sizes [7]. 

 
( ) ( ) ( )j tk sk tktk

s t sk t k tk
tk j j j
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 (3) 

With 1,2,j =   and k the size of the sediment class. 

2.3.3. Boundary Conditions 
1) Boundary conditions for rigid walls (port and coastal structures and em-

bankments) 
The function used to simulate the additional flow drag due to the presence of 

coastal and port structures and banks, represented by its shear stress and modeled 
by Equation (4) [7]: 

 ( ) ||ln

w
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u U
Ey

ρ κτ ∗
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= −  (4) 

With, 
• E : the wall roughness parameter; 
• py+ : the distance between the structure and point p; 
• *

wu : the shear velocity at the wall; 
• 0.4κ = . 

2) Boundary condition at the water surface 
Tide level forecasts are based on the official forecast formula of the United 

States National Oceanographic and Atmospheric Administration and the Na-
tional Ocean Service in the USA, governed by Equation (5) [7]: 

 ( ) ( )0cosi i i i i it f A t V uη ω κ= + + −∑  (5) 

With, 
• iA : the average amplitude of tidal components; 
• if : node correction factor; 
• 0

i iV u+ : the equilibrium phase of the tidal constituents; 
• iκ : phase shift. 

3) Boundary condition in coastal zone 
Taking into account wave and wind forcing, along a cross-shore boundary there 

is a current along the shore. After simplification the momentum equation (2) re-
duces to Equation (6): 
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With, 
• tq : the total flow; 
• Bn : the Manning coefficient at boundary B; 
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• r : empirical constant equal to 2/3; 
• l∆ : the transverse width of the cell. 

2.3.4. CMS-Wave/CMS-Flow Coupled Model 
This coupling allows the interaction of all oceanic forcings (waves, tide and the 
currents they generate) acting in a coastal zone. It allows for a realistic assessment 
of the functioning of the hydrodynamic and sedimentary system. This coupling 
works in such a way that the variables transmitted from CMS-Wave to CMS-Flow 
are the significant wave height, the wave peak period, the wave direction, the 
breaking and the wave radiation stress, CMS-Wave uses the updated bathymetry 
(if sediment transport is enabled), the water levels and the current velocities pro-
vided by CMS-Flow [7] [18]. 

The boundary conditions of the coupled model are set by the conditions of the 
CMS-Wave wave model. These take into account the water level and currents gen-
erated by the waves on the one hand and by the tide on the other. They set the 
tidal conditions around the grid. 

This approach involves solving the 1D continuity and momentum equations 
containing the radiation stress gradients along the axis normal to the boundary. 
The wave action along this axis is adjusted to the prescribed forcing values for 
water elevation at the boundary to provide consistent water level values at the 
boundary and within the grid [6] [7] [19]. 

The bed (bathymetry) of the Pointe-Noire coastal zone is sandy and gently slop-
ing [12]. The most appropriate transport formula is that of Soulsby Van-Rijn [20]. 
This formula applies to total sediment transport (bed load and suspended load) 
under the combined action of waves and currents on horizontal and sloping beds. 
It is presented by Equation (8): 
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with,  
• tq : total load transport [kg/m/s]; 
• s sb ssA A A= + : empirical coefficient; 
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: coefficient related to suspended transport; 

• rmsu : mean orbital velocity of the wave at the bottom [m/s]; 
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: the drag coefficient due to current alone; 
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• 0 0.006z =  m; 
• crU : the average critical velocity at depth for triggering sediment movement 

[m/s]; 
• jx : Cartesian coordinate of direction number j [m]; 
• t : time [s]; 
• tk tkC q Uh= : the average depth concentration of the total sediment load for 

size class k; 
• tkq : the transport of the total load; 
• U : average current speed at depth [m]; 
• tkβ : the total load correction factor; 
• skr : fraction of suspended sediment in the total load; 
• sν : the horizontal mixing coefficient of sediments; 
• tα : total load adaptation coefficient; 
• skw : sediment fall velocity. 

2.3.5. Setting up the Template and Getting Started with the SMS Software 
The hydrodynamic and hydro-sedimentary modeling in the coastal zone of 
Pointe-Noire is undertaken by the CMS under the SMS software interface. The 
local model covers an area of 345.6 km2, from the Sauvage coast to Songolo beach 
including the port of Pointe-Noire, and is nested in a larger regional model [3]. 
The wave model used is that presented by Ndzessou et al., (2025) [3]. These waves 
interact with the local hydro-sedimentary model reproducing the dynamics in the 
coastal zone linked to the tide, wind circulation and sediment dynamics, making 
it possible to simulate the morphological evolutions of the seabed by detecting 
erosion and sediment deposition zones using the CMS-Flow model. 

The CMS-Wave model receives as input wave data at the boundary: significant 
height (m), direction (deg), peak wave period. It offers as output: height (m), dis-
sipation, radiation stress gradient and wave breaking. 

The CMS-Flow model receives as input data at the boundary for the hydro-
sedimentary model: the tidal constituents specific to the coastal zone of Pointe-
Noire, the new, the wind (direction and speed); the median diameter d50 of the 
sediments. It offers as output: the elevations of the water surface [m], current vec-
tor [m/s], evolution of the morphology of the bed, water depth, total load capacity 
of the sediments [kg/m3], the total concentration of sediment load [kg/(m∙s)], 
fraction of sediment in suspension, eddy turbulent viscosity [m2/s]. 

The parameters of the sediment transport model are defined as follows: 
• Solution scheme: Implicit; 
• Matrix solver: GMRES; 
• Combined wave-current bottom friction coefficient: quadratic wall friction; 
• Bottom roughness type: Manning number (0.01); 
• Turbulence model: Subgrid; 
• Bottom current coefficient: 0.067; 
• Formulation: Total non-equilibrium load; 
• Transport formula: Soulsby-Van-Rijn; 
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• Sediment porosity: 0.4; 
• Maximum number of bed layers: 10; 
• Maximum bottom layer thickness: 0.05. 

The wave and sediment transport models use the same grid, so interpolation is 
not required. 

The models are coupled so that the wave outputs calculated by CMS-Wave are 
transmitted to CMS-Flow. Once sediment transport is enabled, CMS-Wave uses 
the updated bathymetry, water level, and current speeds provided by CMS-Flow 
for the next time step. 

3. Results and Discussion 

The presentation of the results is made in two parts, firstly the results of the sepa-
rate models then those of the coupled model in order to allow the contribution of 
each element (wave, current, tide) to be detected in the dynamics of the coastal 
process of this site. 

3.1. Validation of the Wave Model 

The De-glisse and Ça-Baigne marine weather forecasts use satellite images to pre-
dict wind speeds and directions, as well as wave heights and directions at the site. 
Digital models use the winds predicted by the weather forecasts as input data to 
simulate wave heights as output. Comparisons between the wave characteristics 
obtained from the digital model and those predicted by the marine weather spots 
validated the wave model used in the work of Ndzessou et al. (2025). The marine 
weather spots show the average wave height for the entire area over a one-hour 
interval. The model, on the other hand, allows the evolution of this wave height 
to be observed at all points in the study area. This comparison revealed a differ-
ence of between 0.1 m and 0.2 m (Figures 3(a)-(c) and Figure 3(d)). As these 
differences are very small, the model provides realistic and usable results. 

 

 
(a) 
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(b) 

 
(c) 

 
(d) 

Figure 3. Comparison between the wave heights observed by the model and those predicted by the Deglisse and ça Baigne marine 
weather forecasts on June 23 and 24, 2024 [3]. 
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3.2. Swell and Waves 

This method involved propagating project swells from the open sea towards the 
coast in oblique directions (northwest and southwest) and frontal to the coastline. 
This will enable analysis of wave behavior and understanding of their involvement 
in marine dynamics in this coastal area. 

Figure 4 shows the evolution of wave height in the coastal zone simulated by 
the CMS-Wave model in the three directions. Wave amplification is observed as 
the waves approach the shore for all three swell cases [3]. 

 

 
(a) 

 
(b) 
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(c) 

Figure 4. Changes in wave height in the coastal area of Pointe-Noire. 

 
Swells with a southwesterly incidence are those with the greatest heights along 

the outer breakwater compared to those with a non-frontal incidence in the north-
westerly and frontal directions; while in the Songolo area, the greatest heights are 
observed for northwesterly and frontal waves. The swell incidence angle has a very 
significant influence on the transformation of the swell and its effects near the coast. 

Figure 5 shows the direction taken by waves as they cross the coastal zone. For 
each swell case at the boundaries, a slight change in direction is observed, moving 
northward at the outer breakwater and at Songolo beach. 

 

 
Figure 5. Evolution of wave direction approaching the coastal area of Pointe-Noire. 
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Figure 6 simulates wave breaking in this area. Wave breaking in this coastal 
area is only observed at the Songolo coast and along the outer breakwater. This 
allows us to simultaneously assess the radiation stress at the bottom caused by 
waves; these effects are therefore zero offshore and increase very close to the coast. 
This hypothesis is confirmed by the increase in wave height at the same locations. 
These results are decisive in the hydro-sedimentary analysis. 

The current configuration of the coastal zone and the presence of coastal and 
port structures have a significant impact on the transformations that waves un-
dergo as they approach the coast of Pointe-Noire. 

These various conclusions are supported by the study conducted by Ndzessou 
et al. (2025) [3]. 

 

 
Figure 6. Wave braking. 

3.3. Application of the CMS-Flow Model 

The application of the CMS-Flow model to the same grid as that of the wave model 
makes it possible to simulate the fluctuations of the tidal wave, the currents it gen-
erates as well as their impact on sediment dynamics. The parameterization of this 
model at the boundaries contains a WSE type forcing, the tidal constituents are of 
the semi-diurnal type M2, S2 and N2 (Table 2), the length of the BC type border 
is 49.207 km. This model makes it possible to read several hydrodynamic and hy-
dro-sedimentary quantities, in particular the rise in sea level (the tidal amplitude), 
the amplitude of the currents, the evolution of the morphology of the bed, the 
concentration of the total sediment load near the bed and the fraction of sus-
pended sediment. 

Figure 7 shows the sea level rises (the tide) over 24 hours. The different contour 
lines are observed at hourly intervals from 04/15/2024 at 00:00 to 04/16/2025. At 
00:00 with the absence of the sun, corresponds to a stable level at 0.0 m. 6 hours 
later, the wave begins to gradually decrease to reach a first trough (−0.40 m) at 
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11:00. Then, the wave slowly increases to reach a first crest (+0.50 m) at 15:00. It 
passes through 0.0 m at 18:00 to reach a trough level (−0.50 m) at 21:00, it will 
then gradually increase to start again at 0.0 m at 0:00, thus the cycle will resume. 

 
Table 2. Tidal boundary conditions. 

Tidal constituents Amplitude (m) Phase (˚) 

M2 1 15 

S2 1 45 

N2 1 60 

 

      
(a)                                                      (b) 

      
(c)                                                      (d) 
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(e)                                                      (f) 

Figure 7. Water depth. 
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Figure 8. Amplitude of currents generated by tidal fluctuations in coastal areas. 

 
Figure 8 shows the evolution of currents generated by tidal fluctuations in the 

coastal area. During the day between noon and 1 p.m. and at sunset from 6 p.m. 
to 2 a.m., in the Songolo and Côte Sauvage area, a current with an amplitude of 
approximately 0.1 m/s appears. During the rest of the day, this current remains 
zero throughout the area. 

Figure 9 shows the evolution of the bed under the sole effect of the tides over 
three consecutive days. During these three days, no change in the bed is visible. 
Since the currents generated by the tide are weak, they do not cause the movement 
of sediments in this area. 

 

   
Figure 9. Evolution of the bed morphology. 
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3.4. Application of the Coupled Model to the Pointe-Noire 
Coastline 

Figure 10 and Figure 11 show the sea level evolution simulated by the model over 
seven days and 30 days respectively. Analysis of these results allows us to propose 
the following tidal range: 
• PMVE level: 1.60 m; 
• PMME level: 1.30 m; 
• BMME level: 0.40 m; 
• BMVE level: 0.30 m; 
• PBMA level: 0.00 m. 

 

 
Figure 10. Water level changes over 7 consecutive days. 

 

 
Figure 11. Water level changes over 30 consecutive days. 
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These results largely correspond to those presented in the report on the hydrol-
ogy of the Autonomous Port of Pointe-Noire [9]. 

Figure 12 presents the current amplitudes in three areas of the Pointe-Noire 
coast for a frontal swell with a significant height of 1.5 m. These observations show 
the highest peak in the Songolo area of approximately 1.7 m/s; along the break-
water, this peak is 0.9 m/s, while immediately offshore in front of the port, the 
peak is 0.3 m/s and very low, close to zero. 

 

 
Figure 12. Amplitude of currents in m/s over three areas of the coast for 7 days for a frontal swell of Hs = 1.5 m. 

 
Figure 13 simulated with an oblique (Southwest) swell with an incidence angle 

of 30˚ and a significant height of 1.5 m, records the highest current peak of 1.49 
m/s in the Songolo area. Along the outer breakwater, the peak reached is 0.9 m/s. 
In the immediate offshore, these currents are very weak. 

 

 
Figure 13. Amplitude of currents in m/s over three areas of the coast for 7 days for a swell with an angle of incidence of 30˚ and Hs 
= 1.5 m. 
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When the incidence angle is −30˚ (Northwest) for a significant height of 1.5 m, 
the highest current peak is 1.6 m/s, observed near the Songolo coast. Along the 
outer breakwater, the peak is 0.88 m/s (Figure 14). 

 

 
Figure 14. Amplitude of currents in m/s over three areas of the coast for 7 days for a swell with an angle of incidence of −30˚ and 
Hs = 1.5 m. 

 

These different test cases show that, for the Pointe-Noire coastline, the frontal 
swell generates a current identical to that generated by the Northwest swell near 
the Songolo coast. It is slightly higher than that generated by the Southwest swell 
in the same area. When observed along the outer breakwater and towards the Côte 
Sauvage, this current is higher for a swell with a Southwest incidence angle. 

The magnitude of the drift along the coast depends on the amplitude and angle 
of the incident wave, and the nature of the adjacent structure. 

Figure 15 and Figure 16 present the evolution of the suspended sediment frac-
tion for the two simulation cases. The simulation results show that sediments are 
suspended very close to the coast and along the outer breakwater. This is due to 
wave breaking occurring at the same locations. The suspended sediment fraction 
increases very rapidly from the beginning of the simulation and is maintained at 
above approximately 0.7 throughout the site. 

The series of Figure 17, Figure 18, and Figure 19 simulate wave heights along 
the Pointe-Noire coast. The initial condition considered shows calm waters, fol-
lowed by the appearance of very low waves that increase over time to reach their 
peak near the coast. Off the coast immediately in front of the port of Pointe-Noire, 
in the case of an oblique forcing in the southwesterly direction, the heights are 
slightly lower than those of a frontal and oblique swell in the northwesterly direc-
tion (Figure 20). The evolution of wave height in the case of a frontal swell is 
identical to that of a sloping swell in a northwesterly direction. At this level, there 
is a slight decrease in height compared to that measured at the border. 

Along the outer breakwater, there is an amplification of the wave height with 
troughs that vary depending on the angle of incidence of the swell. 
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Figure 15. Fraction of suspended sediments; the arrows represent the direction of the flow field. 

 

 
Figure 16. Fraction of suspended sediments in three areas of the coast over 7 days; the arrows represent the wind direction. 
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Figure 17. Wave height for a head-on swell of Hs = 1 m; the arrows represent the direction of the flow field. 

 

      

      
Figure 18. Wave height evolution along the entire coast for a swell with an angle of incidence of −30˚ and Hs = 1.5m. 
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Figure 19. Wave height evolution along the entire coast for a swell with an angle of incidence of 30˚ and Hs = 1.5 m. 

 

 
Figure 20. Wave height evolution over the three coastal areas for a head-on swell of Hs = 1.5 m over 7 days. 

 
Figure 21 and Figure 22 present the evolution of the bed morphology in the 

coastal zone simulated by the coupled model for seven (07) days (from 06/29/2024 
to 07/06/2024). The results show that from the coupled model, the evolution of 
the bed is visible after 24 hours from the launch of the model. From Figure 21, it 
can be seen that the sediment transit is along the coast. The sediments transiting 
along the outer dike come from the Sauvage coast and those descending on the 
Northeast side of the port come from the Songolo beach. The curves in Figure 22, 
located below the x-axis (h = 0 m), represent erosion points at the bed level, while 
those above the x-axis represent sediment deposition points. There is an almost 
exponential evolution of erosion and sediment deposition. 
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Figure 21. Evolution of the coastline morphology over 31 days; the arrows represent the direction of the flow field. 

 

 
Figure 22. Identification of erosion and sediment deposition points on the coast over a period of 7 days. 
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The sand trap zone located at the end of the port’s protective breakwater is 
largely supplied by sediment (sand) from the Côte Sauvage (southeast of the port) 
under the drainage of drift currents generated by the southwest swell, which re-
mains almost permanent. 

Hydrodynamic and sedimentary studies conducted by certain authors in the 
coastal zone of Pointe-Noire reveal the following: 

1) Along the entire coast, the tidal ranges are relatively small: 1.4 m in spring 
tide and 0.8 m in neap tide for Pointe-Noire [21]; whereas according to the tech-
nical report of the call for tenders for the dredging of the port of Pointe-Noire in 
2014, the values of the water heights are as follows: NPMVE: 1.5 m, NPMME: 1.3 
m; NM: 0.9 m (in comparison, for this study, we find values similar to those ob-
tained in the report [9]). 

2) At the port of Pointe-Noire, the sand transit is of the order of 300,000 to 
400,000 m3/year according to Giresse (1980) [21] and of 200,000 to 300,000 
m3/year according to the 2014 annual report on hydrography in the Republic of 
Congo [1]. This significant drift is at the origin of the modeling of this almost 
always rectilinear sandy coastline: the results obtained in the context of the present 
study estimate the sediment transport of the order of 15,775.5 m3/month. These 
are close to the results of the 2014 report. 

4. Conclusions 

This study highlights the importance of an integrated approach to hydrodynamic 
and sediment analysis in the coastal area of Pointe-Noire. It has made it possible 
to detect, to some extent, areas prone to erosion by highlighting high current 
peaks and also the origin of sand obstructing the port access channel. 

The use of wave and hydro-sedimentary models, both separately and in combi-
nation, has made it possible to understand the contribution of each of these phe-
nomena (tide, current, waves) to the dynamics of the coastal system in this area. 
Indeed, waves are the only drivers of sediment movement. Tidal currents are not 
the only ones capable of moving sediment in this area. 

This study provides some insights into the origins of the erosion occurring in 
Loango Bay around the village of Matombi. 

The coastal area of Pointe-Noire is exposed to swells coming from the south-
west. In order to significantly reduce the flow of sediment traveling along the outer 
dike from the Côte Sauvage and depositing in the sand trap, a solution aimed at 
mitigating the energy of the southwest swell by installing an auxiliary structure 
(breakwater) could be considered.  

Future research must incorporate the effects of climate change at the regional 
level, particularly sea level rise and changes in storm patterns, in order to improve 
forecasting capabilities. 
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