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Abstract 
 

The bay of Luanda, located in the municipality of Luanda, province with the same name in Angola, is 

used to discharge effluents through the urban area of several arteries that make up the city of Luanda. 

The lack of a working drainage design has led to the problem of run-off and the problem of uncontrolled 

discharges of domestic effluents. The latter had greater inputs for the accomplishment of this work. 

The main objective of this work is to implement and study, through mathematical modeling, the 

hydrodynamics of the Luanda bay. For this, a hydrodynamic modeling of the coastal system and the 

bay was implemented, using the numerical model MOHID Water. For the implementation a methodology 

of nested models was used, the model system implemented consists of four models, the first being a 

barotropic two-dimensional model (tidal model) and the remaining three-dimensional baroclinic 

hydrodynamic models. 

The hydrodynamic models results allowed a better understanding of the circulation in the bay of Luanda 

and in of the adjacent coastal area. Based on hydrodynamic results, simulations with lagrangean tracers 

were performed to better understand the water changes between the bay and the surrounding area. The 

lagrangean tracers results show that the innermost part of the bay has a high residence time, after a 

month and a half of simulation more than 20% of the particles still remain inside it. These results suggest 

that, in case of discharges of domestic effluents on this inner zone of the bay the effluent plume may be 

trapped inside. 
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1. Introduction 
 

Angola is located to the south of the Equator between latitudes 4º22'S and 18º 02'S and latitudes 11º 

41'E and 24º 05'E, bordering on the North with the Democratic Republic of the Congo, the East with 

Zambia and the South With Namibia, and the West is bathed by the Atlantic Ocean. With a coastline of 

1,650 km, which extends inland, in an area of 4,837 km, (Quintino, 2009). 

The coast of Angola is home to approximately 50% of the country's population, where a combination of 

rapid population growth and inadequate urban planning has resulted in diverse socio-economic and 

environmental challenges. Angola has a total of 18 provinces, the city of Luanda being its capital. 

Luanda has a bay and a restinga, the island of Luanda, which stretches for more than 14 km of beaches.  

The bay of Luanda consists of a bay that is protected from the ocean by a sand bar or island barriers, 

where processes of mixing rainwater with seawater occur. Being a mixing zone, the delimitation of the 

areas of the island is a difficult task, because it is an area with an average precipitation of 300 mm during 

nine months, that causes the destruction of some urbans settlements. 

The present work intends to contribute to a better understanding of the dispersion of discharged effluents 

in the bay. Numerical models are tools whose results can be used to support decision making, in 

particular in the definition of adequate mitigation measures and / or corrective measures that can serve 

as a key to solving this challenge. 
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1.1. Objectives of the dissertation 

The present study intends to contribute to a better knowledge of the hydrodynamics of the bay of Luanda 

and of its residence time. For this purpose a model was implemented and validated a three-dimensional 

model system that includes the bay of Luanda and the adjacent coastal zone. 

This model system simulates ocean circulation on a regional scale and at Bay scale. It is also part of 

the objective of this work to acquire knowledge and data related to hydrodynamic processes and 

transportation in Luanda Bay. 

  

2. Methodology and Implementation of the model system of the bay of 

Luanda 

 

The first step in modeling a system is the choice of the numerical model to use. Currently there are 

some open source models available, and the choice of model should be based on its ability to simulate 

the intended processes. For the present study, the MOHID Water model was chosen not only for its 

capacity to respond to the objectives of the work but also because it is the model used in MARETEC 

(Marine and Environmental Technology Research Center), the research center where it was developed 

this job. The next step is to implement the numerical model to the study area, allowing to simulate the 

processes responsible for the dispersion and transport of effluents, which is derived from the direct 

discharge in the bay of Luanda. 

For the elaboration of this work, we began to delimit the study area and to construct the coast line, after 

which we obtained the bathymetric points of the study area and the tide and meteorological data of the 

bay. To implement the system model defined Luanda Bay, four levels of embedded models. In order to 

create and carry out the simulations of this model system, Mohid Studio software. 

In order to simulate the hydrodynamics of the Luanda bay, a model system was used, consisting of 

three embedded models. The first model (level 1) is a 2D tidal model that covers more than half of the 

Angolan coastline and provides the boundary conditions to the level 2 model (which is the first docked 

model). The level 2 model is a 3D model with a horizontal resolution of 8 km and the same horizontal 

dimension of level 1. The Level 3 and Level 4 model are 3D model with a horizontal resolution of 2 km 

and 400 m, respectively. The Level 2, Level 3 and Level 4 models use 50 vertical layers, with 7 sigma 

layers close to the surface and 43 Cartesian layers. 

After the implementation of the first level of the model system, a 2D model to simulate the spread of the 

tide in the region.  
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Three-dimensional hydrodynamic models (level 2, level 3 and level 4) were implemented using the 

downscaling methodology (Campuzano et al., 2013). Figure 2 shows the domains and bathymetry of 

the various levels of embedded models used in the present study. 
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3. Analysis and description of results 

 

After understanding Bay's hydrodynamics, the second objective was to study the impact of 

sewage discharges on Bay through the implementation of the Lagrangian module. The results of 

tidal evolution and velocity circulation were presented for this purpose. Two scenarios were also 

simulated, respectively using the lagrangean modulus, with atmospheric forcing, the frequency 

being the direction of the wind in opposite directions. The model also allows comparing the two 

dispersion scenarios, with the objective of analyzing the importance and the implementation of a 

separative drainage system, as well as changing discharge policies.  

3.1. Meteorological conditions 

In order to be able to compare and analyze better the meteorological conditions a representation 

of the winds was made using the files generated automatically by the program after a simulation, 

where the files with meteorological information (GFS) were integrated, as shown in figure 2. 

 

Figure 2 - Direction and wind intensity for the period between February and March 

As in the global wind system, winds blow from high pressure regions to low pressure regions. 

Figure 2 shows South and Southwest winds, through the software plot rose, which presents 

atmospheric forcing of the last level of the model embedded with the wind module, based on the 

direction of the main winds, indicating the direction of the wind speed, and At the same time the 

magnitude of the speed along the bay that can also be confirmed through the color legend. 

Figure 2 also shows the prevailing winds for February and March, which were used as reference 

scenarios for the dispersion of effluents along the bay, and in general with regard to wind, It is 

observed that this is a region, with frequent North, Northwest and North quadrant winds and 

showing a small slope towards Southwest, as for the velocities associated with each wind regime 

it is verified that the velocities vary little between the winds of the different quadrants. The intensity 

of the winds for these three months has increased, however, this fact may be linked to 

precipitation because it is the rainiest months of the year. 
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3.2. Velocity for Instantaneous currents 

Figure 3 shows the instantaneous surface velocity results for March 11, 2016 for a tide level of 

about 2 m (Figure 4) and low tide with tide level of about 0.5m (Figure 4). The arrows in the figures 

represent the magnitude and direction of the flow velocity, and the colors the intensity or 

magnitude of velocities. 

 

Figure 3 - Map of surface currents at high tide and low tide 

The analysis of Figure 3 shows that the velocities of the surface currents vary with the tidal cycle, 

and within the bay and near the end of the island of Luanda there are higher surface velocities at 

the ebb, with a maximum intensity at Order of 0.5 m / s, than in the flood. The velocities present 

a certain asymmetry in the circulation inside the bay of Luanda, providing an increase of the 

turbulence, which entails a greater mixing of the waters. 
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Figure 4 - Evolution of the tide level calculated by the model and obtained from the harmonic components 
measured in the Port of Luanda 

3.3. Effluent dispersion using lagrangean tracers 

The effluent dispersion was done through the simulation of lagrangean tracers. The lagrangean 

transport module allows the emission of tracers through the emission in boxes. Box emission is 

used to characterize water bodies and to understand the mechanisms of exchange along 

sections. This type of emission consists in defining an origin not as a point, but rather an area of 

the domain, being emitted in each hydrodynamic cell belonging to each box with traces origin of 

equal characteristics. There are two emission options: 

1. Issue one tracer per hydrodynamic cell of the box,  

2. Or associate each volume box to the tracers, the number of plotters to be emitted per cell 

equal to the volume of the tracer to divide by the tracer. 

The latter option is used to characterize trajectories of large bodies of water being the option 

used in this work. 

Two scenarios were simulated for the dispersion of effluents along the bay of Luanda, with both 

simulations assuming the same boxes, but for different start dates, corresponding to prevailing 

winds of the Northeast and Southwest quadrant. We defined 3 boxes and these simulations are 

intended to estimate the time the particles take to leave the interior of the bay (in box 1 we have 

335 particles in box 2 1443 and in box 3 1971 particles). 
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Figure 5 - Transport of effluents originating in the Bay of Luanda and with winds in the North 
direction of the Bay (Box 1 to green, box 2 to yellow and box 3 to red) 

It is notorious to increase the dispersion when we have the currents downstream inside the bay, 

this being one of the main parameters that significantly influence the dispersion. From the 

beginning of the simulation it is possible to see that the particles are transported in the South with 

a higher density of particles that progress along the island of Luanda, since they leave the bay of 

Luanda. The mixture of the effluents is due to the fact that at the initial moment the arrows indicate 

the inside of the bay. 

3.3.1. Residence time 

The lagrangean module allows monitoring the dispersion of particles inside monitoring boxes. 

This peculiarity was very useful to compute residence time inside these boxes and the origin of 

the water inside them.  

Residence time is defined as the time required for a contaminant discharged into a system to flow 

out. This time is therefore equivalent to the water renewal time of the system. Each plotter has a 

volume, defined in such a way that the sum of plot volumes is equal to the total system volume. 

The Figure 6 show the percentages of particles emitted through the tracers in each of the boxes 

from the bay.  
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Figure 6 - Results of the temporal evolution of tracers emitted in each of the boxes. 

In general, this simulation shows that in the three boxes more than 50% of the particles leave the 

bay during the first 15 days of simulation. And as shown in Figure 33, the carton 1 which is located 

downstream of the bay, the carton 2 is located upstream between the Port of Luanda and the 

base of the sonils, and the carton 3 which is upstream of the bay bay. Consequently the tracers 

of box 3 exit more quickly and those of box 1 are those that have longer residence time. 
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4. Conclusão 

 

The Bay of Luanda under study is located in the west of Angola, whose region is characterized 

by the existence of several disordered urban settlements, which generate pollution in all aspects, 

and of the biggest problems that devastate the bay have a common denominator "water ". A 

practical case is presented here, that is, in some places of the bay there are people who fish, but 

on the other hand, there are others in the same area who discharge effluents without previous 

treatment. 

In order to better understand the hydrodynamics of the Bay of Luanda, and in particular to study 

the dispersion of effluents in the interior of the Bay, a system of hydrodynamic models was 

implemented and validated. The model system consists of four embedded domains (levels), the 

first level being a 2D model of tidal propagation and the remaining levels 3D hydrodynamic 

models. 

Validation of the models was done using existing data such as tide data from a tide gauge located 

in Luanda Bay, temperature and salinity data from the Argo floats and remote sea surface 

temperature data. The comparison of the model results and the tide gauge data show that the 

model can reproduce well the tide signal inside the bay, both in terms of amplitude and phase. 

The temperature and salinity profiles of the model were compared with the data of two Argo floats, 

with temperatures of about 0.98 in both cases analyzed and for salinity correlations of 0.89 and 

0.66. These results show that the model can reproduce the vertical structure of the zone under 

study. 

After validation, a simulation was performed for the period between February and April 2016 in 

order to study the circulation in the bay and adjacent coastal zone. The analysis of the 

instantaneous and residual circulation allowed a better understanding of the hydrodynamics of 

the bay better, with residual velocities at the surface showing a predominant circulation of ebb 

and in depth a circulation of flood. The lowest speeds occur at the top of the bay, the zone with 

the lowest depth. The highest speeds occur in ebb near the northern end of the island of Luanda. 

In the coastal zone adjacent to the island of Luanda, it is possible to verify the presence of the 

cold current of Benguela. 

Three boxes were defined in the interior of the bay, estimating in the simulations the time that the 

particles take to leave the interior of the bay. The lagrangean tracers results show that the 

innermost part of the bay has a high residence time, after a month and a half of simulation more 

than 20% of the particles still remain inside it. These results suggest that, in case of discharges 

of domestic effluents on this inner zone of the bay the effluent plume may be trapped inside. 
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4.1. Considerations for future research 

One of the next steps to be taken in the development of the Luanda Bay model systems is the 

extension of the model, which would increase the application potential of the model to perform 

simulations of temperature, salinity and cohesive sediments. These properties differ in processes 

and boundary conditions, but share hydrodynamics and therefore must be done simultaneously. 

It is also a future work to implement the water quality module, which will allow the use of the bay 

model to simulate water quality processes. After the implementation, it will be necessary to 

validate the model systems. 

On the other hand, it is possible to test the application of the transport of the boom from a point 

discharge, taking into account a source of microbiological contamination using a lagrangean 

formulation, with a source flow, concentration and also a decay. 
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