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Abstract: Marine aquaculture has proliferated over the past decade, expanding into new, untapped
open-water cultivation areas, such as lakes, rivers and deeper offshore environments, in response
to increasing demand for seafood by consumers. However, to ensure sustainable development, it is
necessary to minimize the impact of other ocean activities and the environment through science-based
spatial planning. The choice of the primary site (physical carrying capacity) depends mainly on
the aquaculture system, which varies around the world. However, the site is considered one of the
factors (production, ecological and social) keys to any aquaculture operation, especially in the African
continent. This choice affects both the success and sustainability of the products cultivated and the
resolution of conflicts between different activities as well as the rational use of space. This study aims
to identify suitable areas (primary site selection) for aquaculture in the Moroccan Atlantic continental
shelf focused on the sub-area located between Cap Ghir 31.25◦ and Tarfaya 27.47◦, based on the
assessment of the dominant wave energy by implementing the hydrodynamical SWAN (Simulating
Waves Nearshore) model dedicated for this kind of study. We derived the inputs for the SWAN model
from WW3 (WAVEWATCH III model), which the AVISO data-products have extensively validated.
The results show that, even if the Atlantic area is known for the agitation of its seas, there is the
possibility of having adequate areas for aquaculture with an overall capacity that could extinguish
the 389 ha in the study area if aquatic cultivation manages to exploit the offshore areas. At the level
of the sub-zone belonging to the sous-Massa region (zone 1), the results show a strong coherence
between the values of the surfaces estimated by the study and the actual values resulting from the
development plan, with a value of 69 Ha for the first and 75 for the second, i.e., equal to 6 Ha, due to
the geomorphology of the coast and natural coastal shelters, which play favorably on the environment
for aquaculture development. These areas may attract the greed of investors, although they are in the
process of being the subject of an aquaculture development plan.

Keywords: wave model; SWAN; aquaculture; primary site selection; environmental impact; carrying
capacity; GIS
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1. Introduction

In Morocco, the aquaculture sector produced from 433 tonnes of output in 2013 [1]
to 900 tonnes in 2019, which remains below its potential. According to the National
Aquaculture Development Agency (ANDA), marine aquaculture in Morocco holds much
promise. The country’s natural aquaculture potential could be as high as 380,000 tonnes
per year [2].

The Kingdom of Morocco, since 2009, has refined its fisheries strategy, called the
Halieutis plan, to better meet the challenges by 2020 in improving aquaculture performance,
enhancing food security, maintaining the long-term sustainability of aquatic resources and
ensuring supply security and environmental protection. However, the authorities set out
goals for a second phase, which will run from 2020 to 2030, to support the national aqua-
culture development strategy [2]. Considerable efforts should be made by all stakeholders
and socio-economic partners in the aquaculture sector to determine potential areas for an
aquaculture project.

The aquaculture marine cage requires excellent precision in site selection, unlike a land-
based installation. A poor localization can lead to the loss of stock of the species (ex: fish)
in the breeze of the cages [3]. Other factors can negatively impact marine aquaculture, such
as poor spatial planning [4] or inadequate management procedures [5]. Choosing a site for
any fish farm (aquaculture) is crucial because it influences the economic viability through
the aquaculture facility’s operating costs, production, mortality and overall profitability.

Sustainability issues require particular consideration in the early stages of planning [6,7].
According to [8], Sustainable Aquaculture is “where ecological and economic viability
persists indefinitely”. Namely, it is a complicated process involving the optimal parameters
for aquaculture in terms of the carrying capacity and the needs of other users and activities
of the resource [9]. In addition, sustainability should not overlook potential impacts and
interactions with the environment and the ecosystem.

Following the improved capacity and performance of the Geographic Information
System (GIS), it has become an essential tool for decision makers [10] due to the enormous
potential of storage, analytics and communication that it offers. Thus, it allows a decision
maker to be positioned quickly with the spatial constraints of the environment and to
access historical events through spatial remote sensing, which has also become a source of
information for GIS.

This ability to integrate and interpret the different parameters or layers of information
helps immensely in the detection of potential sites [11], except that the interaction with a
large flow of data is not always easy for a decision maker, especially in the absence of a
Geo-processing tool [12]. Hence, the interest of the developments carried out under the
Python programming language aims to automate the various GIS processes whose analysis
scheme is clearly described in this study.

This article aims to give the first selection based on the physical parameters (physical
load capacity) of the marine environment [13], which remains an initial identification
consisting of the area’s suitability.

The selection process will be based mainly on the interpretation of the numerical data
of the dominant monthly wave activity during the 14 years (2003–2017) resulting from the
SWAN model under the GIS system. We performed the methodology for the central area of
Morocco between Cap Ghir (32◦) and Tarfaya (28◦). As a result of this work, we will:

(i) demonstrate how the SWAN model can give us a broad outline of the feasibility of an
aquaculture facility and

(ii) compare the results with the proposed future development plan.

2. Material and Method
2.1. Study Area

The Moroccan Kingdom is located in the northwest of Africa and has a long coast
(about 3500 km) [1] with two seafronts, while the Mediterranean (about 500 km ) surrounds
it to the north with the Atlantic (about 3000 km) to the west. The neighboring countries are
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Algeria to the east and Mauritania to the south. The country is considered the bridge that
links Africa with Europe (14 km) through the Gibraltar Straits, the only maritime passage
between the Atlantic Ocean and the Mediterranean Sea.

Thanks to its sizeable latitudinal extension due to the critical Atlantic shore and an
extended continental shelf, this coast is exposed to several low-pressure generating waves
and storms, mostly coming from the North Atlantic and hitting the coast’s long and creating
strong waves along with the coastal band. Morocco’s consistent swell and wave energy
are recorded during the winter months, usually from December to February [14]. Severe
swell episodes are not uncommon. To do this, we need to know the sheltered areas and
least exposed to risks. Our study area was initially chosen based on the geometric structure
of the continental shelf, which has a particular concavity and, potentially, could house and
protect aquaculture farms.

According to this coastal geomorphological aspect, the area that belongs to Morocco’s
central Atlantic part is selected, bounded by Cape Ghir in the north (31.25◦ N) and the town
of Tarfaya in the south (27.47◦ N) with a coastline extending for approximately 739 km
(Figure 1). In terms of production, the site chosen is one with very high potential [7] and
suitable for aquaculture activity [15]. In addition, it could arouse the interest of decision
makers in an aquaculture development plans. However, neglecting the aggressiveness of
the environment could be fatal for the success and sustainability of any project.

Figure 1. Map showing the Moroccan geographic area. The white shows the central Moroccan studied
area. The zoomed section highlights the topographic features derived from the GEBCO database.

2.2. Data Description

We used several data sources for this study to locate the primary sites according to
the wave energy outputs of the SWAN model. The GEBCO field used for the offshore
hydrodynamic forcing conditions provides the data for the bathymetric contour map.

2.2.1. Bathymetry Data

As part of the collection of ocean and local scale seafloor terrain model data, bathymetry
from GEBCO (General Bathymetric Chart of the Oceans) was used to estimate the water
depths of the continental margin. GEBCO is an international reference of the global depth of
the ocean floor. It is produced under the joint auspices of International Hydrographic Orga-
nization (IHO) and the Intergovernmental Oceanographic Commission (IOC) of UNESCO.
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These data represent the first meshed bathymetric data in the world. They contain
information resulting from the assimilation of several heterogeneous data types [16] as-
suming they all refer to the mean sea level. The first version of this terrain model was
published in 2003. The version GeoTIFF 2019 bathymetry was used due to its precision of
15 arc seconds (≈400 m at our latitude) (Figure 2a) to characterize the underwater relief of
the study area.

Depth (m)
-4413

-2000

-1000

-100

0

(a) (b)

Figure 2. SWAN model input parameters, (a) Bathymetry of the study area derived from the GEBCO
database. (b) Boundary conditions for the central Moroccan zone; the point presents the point of
extraction of the parameters.

Shallow waters extend the continental shelf by approximately 12 nautical miles, while
the average width of the continental shelf is approximately 40 to 50 km [17]. The shelf
break is at a depth of 200 m, which gives this area the potential to house all the devices of
aquaculture farms.

2.2.2. Boundary Conditions

The offshore conditions are the first information retrieved at the forcing point (Figure 2b)
of the WW3 model, which is part of the third generation hydrodynamic model as developed
at the MMAB of the CEM (the Environmental Modelling Center) of the NCEP (National
Environmental Prediction Centers ) to launch the necessary simulations.

Our study used the WW3 model for wave modeling, a third-generation full spectral
wave model that solves the wave action density equation. Three types of information were
used (Significant wave height, direction and swell period) over fourteen years starting in
2003, with a recording frequency of more than six hours accessible via this FTP link: https:
//usgodae.org/pub/outgoing/fnmoc/models/ww3/ (accessed on 15 December 2021).

2.2.3. AVISO Data

Satellite altimeter data can provide insights into relevant wave height measure-
ments [18], which have also been extensively used to validate wave modeling [19,20]. In our
study, we collected the AVISO records https://www.aviso.altimetry.fr/en/data/products/
(accessed on 15 December 2021) to assess the reliability of the WW3 data used to force our
model in the boundary conditions. The AVISO has two satellite altimetry products for
ocean waves, along-track and gridded data. We used the gridded data to validate the wave
simulation and assimilation (1◦ ×1◦ resolution with 1-day time intervals). During wave

https://usgodae.org/pub/outgoing/fnmoc/models/ww3/
https://usgodae.org/pub/outgoing/fnmoc/models/ww3/
 https://www.aviso.altimetry.fr/en/data/products/
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simulation, the Hs (significant wave height) was used as an essential observational variable
for data assimilation, which was provided from the integration of multiple satellites.

3. Methodology

The first general characteristic of the area is its exposure; this refers to the amount of
wind and waves it is exposed to. A site exposed to high energy will involve higher initial
investments in cages, higher maintenance costs and greater risk, thereby, resulting in higher
production costs. However, it will have better hydrodynamics, a reduced environmental
impact, better fish welfare and better product quality. On the other hand, a sheltered and
protected site will be less exposed to waves and currents, thus, reducing maintenance and
costs. Higher risks of significant environmental impacts are often associated with increased
coastlines. The methodology is a translation of the temptation to have a clear description of
the state of exposure of the area in point of view energy. Two main steps were adopted:

1. Modeling via the SWAN model to obtain continuous information on the propagation
of swells on the coast and, more precisely, the site exposure, since the swell’s significant
height directly relates to breaking the cages [21] .

2. GIS model: the geoprocessing tools maintained by the Python development language
under the ANACONDA environment. We studied the propagation results to extract
the appropriate places.

The pre-processing of the information used as model input data is crucial for the
accuracy of results, whether for the bathymetry or the forcing data. For the first element
(bathymetry), the transition to the metric unit is essential for the success of the modeling,
materialized by the conversion of the coordinate system (wgs84) to the projected system
(UTM zone). For the second dataset (forcing data—from the WW3 model), we proceeded
with the validation by correlation analysis to remove any calculation anomaly. We used a
second source of information from altimetry data known under the name AVISO satellite
developed under the responsibility of CNES from 1992 under the SALP project.

3.1. Model Description (SWAN)

Currently, sea state models used for ocean and coastal engineering applications are
considered third-generation (3G) because they do not require any assumptions on the initial
shape of the spectrum variance. The initial precursor of the 3G models is the WAM (Wave
Model) code (WAMDI Group, 1988); since other models have been developed. Among the
most used models, let us mention TOMAWAC [22], WaveWatch III [23,24] and SWAN [25],
continuously in development.

Furthermore, Christakos et al. [26] demonstrated that the third-generation high spatial
resolution (250 m) SWAN (Simulating Waves Nearshore) digital wave model simulates
coastal wave condition swells. Developed at the Delft University of Technology, this
model can predict swell conditions using boundary conditions, bathymetric data, wind
and current fields. A detailed theoretical and numerical description of the SWAN model
was presented in [25,27].

In SWAN, the evolution of the wave action density spectrum (Equation (1)) (equal to
the energy density by the relative frequency) is described by an equation of the spectral
action balance expressed in Cartesian coordinates through [25] (Equation (1))

∂

∂t
N +

∂

∂x
cx N +

∂

∂y
cyN

∂

∂σ
cσ N +

∂

∂θ
cθ N =

S
σ

(1)

where x, y are horizontal Cartesian coordinates; t is time, θ is the propagation direction
of each wave component; cx , cy , cσ and cθ stand for the propagation velocity in x-space,
y-space, σ-space and θ-space, respectively. S is the source term for energy density, including
the effects of generation, dissipation and nonlinear wave–wave interaction. The first term
on the left-hand side of (Equation (1)) is the rate of change of action density in time, and
the second and third terms are the propagation of action in physical space. The fourth and
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fifth terms show the shift in relative frequency and refraction due to bathymetric variations
and currents.

3.2. Set-Up of the SWAN Wave Model (Boundaries and Initial Conditions)

In order to model waves inside the study area, the first step was to provide proper
boundary conditions (wave spectrum characteristics) on the western and northern sides of
the domain. To that purpose, we used a 14-year time series with steps of 6 h and extracted
from the WW3 model close to the offshore boundary of our computation grid. Using
“R statistic”, we estimated twelve-monthly scenarios to describe the dominant situation
(in terms of the significant wave height, peak wave direction and peak period of the
wave spectrum). The calculation of the 90th percentile via the statistical module after the
validation via AVISO altimetry data made this possible. Details of the simulations are in
(Table 1).

Table 1. Monthly SWAN model forcing scenarios.

Month Hs Per Dir

1 3.72 347 14.578
2 3.979 346 15.073
3 3.639 349 13.869
4 3.254 349 13.277
5 2.769 353 12.077
6 2.36 353 10.726
7 2.306 352 10.732
8 2.25 350 10.803
9 2.37 351 11.881
10 3.18 347 13.102
11 3.856 349 13.978
12 3.883 342 14.479

The SWAN model was implemented on a regular grid (644 × 644 cells) with a spatial
resolution equal to 719 m. We considered a JONSWAP spectum for waves distribution,
and we choose the “stationary mode” to reduce the model computation time, which took
48 min for the twelve scenarios computations. The model thus provided one output per
scenario of Hs for the whole computation domain. On the technical level, the bathymetry
information, boundary conditions (Table 1), specification of the modeling criteria and types
of output variables (Table 2) are specified in the SWAN command file.

Table 2. SWAN model configuration parameters.

Description Detail

Bathy Source Gebco
Resolution 719 m/719 m

Number Row/col 644/644
Projection UTM Zone 28

SWAN parameter COORDinates Cartesian
Mode stationary Two dimensional

Boundspec Nord and South
Offshores conditions Wave watch III Hs/Dir/Tp

3.3. GIS Modelling

Identifying sustainable aquaculture sites is a challenge that requires perfect control
and knowledge of the parameters impacting the marine environment [28]. For more than
thirty years, the integration of decision-support tools, such as the geographic information
system (GIS), has been in great demand by decision makers [29], given the efficiency and
effectiveness of these tools to respond to the complex spatial problem due to the ability to
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manipulate and combine a multitude of knowledge, information and data [30] to guarantee
adequate decision making.

In this study, all geoprocessing processes (Figure 3) were based mainly on the GDAL
package released under an X/MIT style Open Source license by the Open Source Geospa-
tial Foundation. We used the python programming language under the ANACONDA
environment to automate the the variety of types and spatial resolution of the data used.
Multicriteria analysis requires each data’s co-registration in the same spatial reference with
a comparable resolution and unit. All the data were reclassified or converted for this and
following the scheme (Figure 3). For example, bathymetry was reclassified directly without
additional geoprocessing, unlike the parameters (Hs) resulting from the modeling and the
coastline, which required several other processes.

Coastaline
(Vector)

Bathymetry
(Raster)

Hs 
(xyz)

Good | medium

Bad

B
u

ff
er

 z
o

n
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d

 
co

n
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n

R
ec

la
ss

Hs 

C
o

n
ve

rs
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n

Good | medium
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R
ec

la
ss

Offshore

Off-the coast

Coast

Vtotal = Value(Bathymtry)+Value(Hs)+Value(Domain*)

Optimal 
Area

Where  [Vtotal = 3] 

* Domain: coast | off-the coast  | offshore

Set Pixel value to [0] 

Set Pixel value to [1] 

Figure 3. Scheme of the spatial multicriteria analysis applied to the central Atlantic part of Morocco
for primary site-selection using GIS processes.

• Coastline: this information was retrieved in vector line format to delimit the coastal
zone’s different areas, off-the coast and offshore [31,32], via the ’buffer zone’ geopro-
cessing method. The table (Table 3) specifies each area’s different characteristics based
on the distance from the coastline.

• Significant wave height (Hs): the results obtained from a SWAN model in (XYZ)
format require a conversion to Raster while inheriting the bathymetry criteria (Table 2).
Following the work of [33,34], a qualitative classification (Table 4) is proposed, which
defines the limit of this parameter.
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Table 3. Characterization of coastal and offshore domains.

Coastal Area Offshore Area

Coast Off-the Coast Offshore

Coastal exposition partial Sheltred Non-Sheltred
Investisement Low Medium High

Distance from coast 500 m 500 m–3 km 3 km

Table 4. Environmental qualification of marine culture cages according to the bathymetry and swell
activity constraints [35].

Good Medium Bad

Bathy Between 30 and 50 m 15 and 30 10
Hs 1 and 3 1 3

Other limits, such as the domain level (coastal, off-the coast and offshore) and bathymetry,
can also be detected. For the first element, the data layer’s resolution (equivalent to 712 m)
will not describe the variability within the zone (500 m). For this reason, the coastal zone
will not be evaluated. Since mooring systems become very complex to install and manage
in deep water [36], bathymetric values in excess of 50 m were excluded. According to the
physical characteristics of the environment, the adequate zone is presented by the pixel,
which remains favorable (having the value 1) on the three information layers.

4. Result and Discussion
4.1. Model Validation

The WW3 model simulates wave characteristics over different points over the ocean
domain for 14 years with six-hour time steps. The evaluation of simulated wave character-
istics against observations in the ocean domain is complex due to the lack of conventional
in situ measurements.

Recent advances in satellite technology allow us to use remotely sensed wave data for
wave model validation. This study used satellite data sets to validate the simulation wave
parameters. We used statistical methods for the analysis and valuation of WW3 model
performance, such as the bias, correlation analysis, Mean Square Error and Root Mean
Square Error.

The results illustrated by the scatter plot (Figure 4) show that the model generally
produced results that significantly (p value = 0.01) compared well with measurements of
the significant wave heights derived from satellite data with R = 89%.

4.2. Interannual and Seasonal Variability

In order to provide additional information on the interannual and seasonal variability
of the intensity of the swells, we studied the evolution of the wave hovmoller diagram for
the entire Moroccan zone from South (21◦ N) to North (36◦ N) with a focus on the central
zone from 27◦ N to 31◦ N marked by the red box in (Figure 5).



Fluids 2022, 7, 67 9 of 15

Figure 4. Significant wave height (Hs) comparison from model (WW3) versus co-located altimeter
derived AVISO data from 2003 to 2017 given in a scatter plot.

Figure 5. Hovmoller diagrams: Daily 90th percentile of significant wave height (Hs) along the
Moroccan coast (2003–2017).



Fluids 2022, 7, 67 10 of 15

The spatio-temporal hovmoller diagram exhibits considerable interannual oscillation
in the significant wave height intensity covering the 14 years’ time series spanning 2004–
2017. Thus, in the whole of the zone, the changes on an annual scale dominate in the
variability of the height of the swell showing years with intense activities assimilated to
extreme events induced by a higher variability—in the case of 2009, 2011 and 2014 [17],
with values exceeding 6 m.

Spatially, the Moroccan area can be broken down into two sub-areas, north of 28◦ N,
where the swells are mostly more intense with average values between 2.1 and 4 m, and
south of 28◦ N, characterized by low swell activity with values between 0.5 and 2.9 m.
Unlike the southern zone south of 28◦ N, the variation is very smooth, with a small
magnitude (1 m < Hs < 3.1 m) observed mainly between 2004 and 2008. During the period
from 2008 to 2015, the intensity of the swell was at its lowest levels (<1 m), making this
region a sheltered area and protected against intense swells due to the Canary Islands.

4.3. Monthly Model Product

To study the seasonal variations of the wave parameter Hs, we used the mean monthly
climatological swell intensity, averaged over 14 years of model simulations by the 90th
percentile (Figure 6). The mean Hs fields in the study area were substantially different
from winter to summer, with the highest values of Hs (4 m) observed in the north of the
during winter months (December–February), reducing to 1 m during summer months
(June–August). The strength and spatial distribution of variability were broadly consistent
throughout the winter months (December–February). These differences lie in the synoptic
and regional, seasonal wind-field patterns.

(a) (b) (c)

(d) (e) (f)

Figure 6. Cont.
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(g) (h) (i)

(j) (k) (l)

Figure 6. Monthly 90th percentile mapping of swell from 2003 to 2017. The designation (a1–a3) is the
location of zones 1, 2 and 3 inside sub-figure (a: January), those area show the pockets with moderate
swell activity. (a) January; (b) February; (c) March; (d) April; (e) May; (f) June; (g) July; (h) August;
(i) September; (j) October; (k) November; and (l) December.

The autumn season had values of Hs about 1 m lower than those of winter. Values
during the spring were reduced compared to the fall, while the lowest wave heights were
recorded during the summer. Spatially, three sites characterized by moderate activity
throughout the year can be distinguished, located at Cape Ghir (Agadir) (Figure 6a1),
Tan-Tan (Figure 6a2) and Tarfaya (Figure 6a3)). Following the analysis of Sierra work [14],
we detected anomalies of the annual energy values on the points (P13, P17) close to the
zones (a1, a2 and a3), caused by the shadow effects of the CAP GHIR in the north and the
Canary Islands in the south.

4.4. GIS Model Product

The final results of GIS modeling (Figure 7) based on the superposition of wave
modeling information with other spatial information layers, shows that the whole area has
the potential for favorable wave activity to harbor aquaculture farms.

Spatially, the characteristics of the localized sites make it possible to distinguish
between two large zones:

• Zone 1: located between 29.91◦ and 30.94◦ longitudinal, this zone, which is part of
the communes of Tiznit, Chtouka Ait Baha, Inezgane Ait Melloul and also Agadir
Idaoutanan, is characterized by the presence of favorable sites in both areas (off-the
coast and offshore) with a width that exceeds no longer than 6 km, the total area of the
area is around 69 Ha (40 Ha offshore and 29 Ha off-the coast).
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• Zone 2: located towards the south of zone 1 belonging to the communes of Sidi Ifni,
Guelmim Tantan and Tarfaya, between 27.89◦ and 29.1◦ longitudinal, this zone, with
the deference of the first one, integrates only one domain (offshore) but this time over
a larger area of around 320 ha with a width that can reach 16 km.

1

2

North Area 2

South Area 2

Zoom Area 1

Figure 7. Optimal site summary map (primary site selection).

In general, the width of the continental shelf plays an essential role in the choice of
suitable zones, which explains the difference between sites 1 and 2. For site number 1,
located to the north (near CAP GHIR), the width of the continental shelf is restricted (4 km
to reach a depth of 60 m), characterized by a very steep slope. Unlike Zone 2, located in
the south, it has a wider continental shelf (17 km to reach 60 m deep) with a shallow slope.
The average width of the continental shelf is about 40 to 50 km [17,37]

4.5. Optimal Area and Development Plan

According to (Figure 8), the development plan (Figure 8b) of the aquaculture sector
proposed by the ANDA covers the northern part of our study area (zone 1) (Figure 7),
presenting a high percentage of sites located offshore, unlike zone 2 (Figure 7). Given that
the results of our diagnosis, which concern the areas located in the (off-the coast—offshore),
part (Figure 8a) can form the basis of a possible extension of the development plan proposed
by the agency initially limited to the coastal area.
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Offshore

Off-the coast

(a) (b)

Figure 8. Comparison between our paper results (a) and the proposed ANDA management plan (b).

5. Conclusions

The aims of this paper were to initially delineate primary sites for aquaculture while
focusing on the carrying capacity and conventional cages in the face of wave activity.
The in-depth study of wave propagation in shallow ocean areas is important to achieve
this goal. Due to the SWAN modeling of a third-generation model, the study was carried
out by exploiting a significant period of wave data validated by the AVISO altimetry data.

The product obtained led to the delimitation of relevant aquaculture zones after
evaluating the potential using modeling under GIS tools. The consistency between the
results obtained within the framework of this study and those resulting from a global
analysis materialized by a management plan [38] (Figure 8b) confirmed that the selection
models remain compliant with the African model (Table 2 in [13]) characterized by the
priority of the physical load capacity [39].

On the other hand, the efficiency of the model and the relevance of its results in
areas with high swell activity could be considered as an essential tool for decision makers
(scientists or investors. . . ) who can position themselves quickly between the attractiveness
of the environment and sustainability of the investment. The results highlight the potential
of our study area to reach 389 Ha (zone 1 with 69 Ha and Zone 2 with 320 Ha). While
zone 1 is already planned to host aquaculture firms, we suggest investors to go southward
(to zone 2).

As researchers, we are often faced with constraints related to the unavailability of
information to develop a prospecting strategy, and the current document can serve as a
layer of information for a study that aims to target species compatible with the environment,
as it can also be used as a road map for non-surveyed areas.
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Abbreviations
The following abbreviations are used in this manuscript:

GIS Geographic Information Systems
ANDA National Aquaculture Development Agency
SWAN Simulating Waves Nearshore
WW3 WAVEWATCH III model
AVISO Archiving, Validation, and Interpolation of Satellite Oceanographic
CEM Environmental Modeling Center
MMAB Modeling and Analysis Branch
NCEP National Environmental Prediction Centers
GEBCO Gridded chart of the European Marine Observation
Hs Significant Wave Height
Tp Peak Period
Dir Direction
UTM Universal Transverse Mercator
CNES National Center For Space Studies
GDAL Geospatial Data Abstraction Library
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