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Abstract The watershed of Grande Niaye in Dakar is precisely located in the center-west of the Dakar region, capital city
of Senegal. This basin, because of its wet ecosystems mainly called “Niayes”, seems fairly representative of areas at
significant risks to flooding in the Dakar region and especially in its peri-urban area. Based on the diversity of factors that are
considered responsible for flooding, this study aims to draw attention by evaluating the vulnerability of the watershed to
flooding using GIS and Multicriteria Evaluation Approach (MCE). This study considered six factors as indexes of flood
vulnerability identification and these included elevation, slope, groundwater level, soil type and the distance between
dwelling areas and wetlands. These information were derived from aerial photograph of 1942 and satellite image of 2014,
SRTM, nature of soil and groundwater level data of the study area. The data is standardized to facilitate the processing
treatment. The criteria are then reclassified, scored, and weighted before being conducted to an aggregation step using the
weighted linear combination (WLC) method to rank the various vulnerabilities of builds, using weighted sum overlay tool in
ArcGIS 10.2 platforms. The modeling study and analysis of the results indicate four levels of vulnerability: highly vulnerable,
moderately vulnerable, vulnerable and lowly vulnerable. As a result, 75% of the Grande Niaye watershed area is
approximately vulnerable to flooding. Moreover, about 50% of the houses and buildings services occupy the vulnerable
surfaces of the watershed. Overall, the results indicate that the study area constitutes a great danger to the well-being of the
populations. In order to sustainably reduce flooding in the area, policy makers, urban planners and managers must, in the long
term, promote a management policy based on the preservation and rehabilitation of wetlands in the Niaye. Indeed, their main
function is the capture, regulation and the management of the full of waters due to the high vulnerability to the flooding of the
buildings that are built in these wetlands.
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concern over the past few years because of their impacts [26].
1. Introduction However, floods mainly affect an urban area that is why they
are considered as an urban social issue [58].

Dakar, the capital city of the country, comprises most of
the country infrastructures and a quarter (23%) of the
Senegalese population and accounts only 3% of the national
territory [4]. Located in the coastal Sahelian climatic zone,
the Dakar region records on average of only 400 mm of rain
per year [19, 44]. The return to normal rainfall activities only
exposes the poorly controlled occupation of the soil [54].
Indeed, the Dakar region is particularly vulnerable to floods
due to the high population growth, a strong expansion of the
urban fabric, the state of the drainage network and the
conversion of natural and agricultural zones into dwelling
* Corrosponding author: areas [39, 18, 45]..The increasing of the floods in 2005, 2008,
aimanta24@gmail.com (Aimée Diop) 2009 and 2012 is a key factor [65, 42, 16]. As such,
Published online at http://journal sapub.org/ajgis vulnerability to flooding in the Dakar region is defined as
Copyright © 2017 Scientific & Academic Publishing. All Rights Reserved being natural, in other words linked to physical

Over the last 20 years, floods have become the most
frequent and intense disasters in the world particularly in
Africa [34]. Indeed, from 2011 to 2013, out of 147 disasters
recorded on the African continent 67 are related to floods.
They are responsible for one-third of the economic damage
caused by disasters from 2001 to 2010 and accounted for
90% of economic losses from 2011 to 2012 refer to [61].

Senegal, a coastal country located in the western part of
the African continent, is also affected by disasters caused by
human activities and environmental damage [36]. These
disasters include floods that have been areal national
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characteristics, and / or caused by anthropogenic factors such
as land occupation [3].

The Dakar region is highly vulnerable to climate change
[66], which is likely to exacerbate the incidence of heavy
rainfall [32]. Actually, the intensification of urbanization
may increase the population's exposure to flooding.

Attempts at sustainable flood management in the Dakar
region have not currently major impacts. Populations living
in areas at risk are still in fear of the weather stormy which
seems to be increasing every year [26, 44]. Indeed, the
organizational,  environmental and  socio-economic
conditions of the Dakar make it difficult to understand and
manage floods, which are source of debate every year as the
rainy season approaches [21].

In the evolution of flood risks management, a shift from
one control strategy study to another based on controlling the
vulnerability of infrastructures, accommodation or
populations [56, 63]. Vulnerability is one of the key facts of
flood risk and impacts when the risk occurs [31]. Its
consideration is therefore essential to reduce the risk of
flooding. However, this vulnerability is multidimensional
and dynamic because it depends on several factors [48] and
the attempts to evaluate it are numerous and
methodologically various [56]. Thus, some researchers use a
quantitative approach based on potential impacts on human
living and property [49]. On the other hand, others evaluate it
in term of factors related to damage or to the capacity of the
populations’ reactions to a catastrophic situation [13]. In the
Dakar region, most vulnerability studies consist in
estimating the damage caused by the floods or investigating
the causes. Some efforts should be done concerning
decision-making measures that include an interdisciplinary
and systemic approach [45].

GIS and multicriteria evaluation approaches are a perfect
combination for proposing decision-support support,
especially for spatially referenced problems. As a result,
many real world spatial problems give rise to multi-criteria
decision making based on geographical information system
[5]. And according to [2] GIS has the capability to handle
and simulate the necessary data gathered from various
sources; it combines spatial data with quantitative,
qualitative, and descriptive information databases, which can
support a wide range of spatial queries. A multi-criteria
evaluation (MCE) method can serve to inventorize, classify,
analyze and conveniently arrange the available information
concerning choice-possibilities in regional planning [64].
According to [37], 80% of the decision problems faced by an
individual have a spatial connotation. Multi-criteria analysis
is a spatial analysis method that combines several criteria, of
different natures, in order to obtain results based on mapping
indicating areas more or less able to solve the problem [7].
And a criterion is a judgment factor on the basis of which an
action is measured and evaluated [10]. The identification of
these criteria requires the collection and crossing of mapping
and satellite imagery data. There are several criteria
aggregation algorithms, including Weighted Linear
Combination (WLC) [2]. It is one of the widely used MCE

methods for land suitability analysis. Weighted linear
combination, is based on the concept of a weighted average
in which continuous criteria are standardized to a common
numeric range, and then combined by means of a weighted
average [38]. This method provides better site selection
because of its flexibility in selecting the optimum sites. It has
been the subject of numerous studies and in a wide range of
fields [5, 24, 33, 41, 46, 47],

The main objective of this work is to carry out a spatial
analysis of the vulnerability of the houses and public services
to flooding in the Grande Niaye watershed. First, we will
analyze land exploitation in the watershed, before and after
its urbanization (1942 and 2014). The aim is to be able to
identify natural spaces from those occupied by human
activities and especially by the houses. This study is a
contribution of to understand the disaster risks such as floods,
which is a priority of the Sendai Framework for Disaster
Risk Reduction, 2015-2030 [60], of which Senegal is a party.

2. Presentation of the Study Area

The Grande Niaye watershed is located in the center-west
of the Dakar (Figure 1) and extends to 12.58 km”. It is the
greatest part of the "Grande Niaye of Dakar". The latter is a
particular ecosystem [17], atypical in the Sahel [12] and
which involves several wetlands called "Niayes" [20].

—
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Photo 2. Wetland of the Niaye of Pikine
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The Grande Niaye watershed is characterized by rich
biodiversity due to their presence in different areas of Dakar
such as "Grande Niaye of Dakar", namely Niaye of Pikine,
Niaye of Patte d'Oie and Niaye of Hann Maristes. The
photographs 1 and 2 illustrate these Niayes. Surveys carried
out in the area indicate an ornithological richness [22] and
floristic [57]. However, these wet ecosystems play important
socio-economic functions for the development of Dakar
region and its inhabitants.

The hydrogeological unit that characterizes the study area
is the water layer of the quaternary sands called the Thiaroye
water layer. This water layer is made of clays and marls of
the lower Eocene and is mainly renewed from rainwater [3].
The very low position of the wetlands causes the emerging of
the water layer up to around 1.20 meter on average [57] and
is in favor of the existence and lasting lakes. The availability
of water supports the development of many
income-generating activities such as market gardening,
arboriculture, floriculture, fishing, pottery, grazing, palm
wine exploitation and tanning [14]. The rather special

microclimate present in the Niayes area, despite the large
number of cars that run through the area, facilitates the
reception of tourist and recreational activities.

The rainfall of the Grande Niaye watershed is similar to
that of the Dakar region, estimated annually at around 400
mm [19]. The temperature varies from 28°C to 36°C [19].

The Grande Niaye watershed accounts for 10
administrative districts between the departments of Dakar,
Pikine and Guédiawaye. They are very often confronted with
floods being mainly located in the peri-urban zone of Dakar
[16, 43]. In fact nearly 40% of the population in the Dakar
peri-urban zone is highly exposed to flooding, whereas this
risk is only 19% for those who live in the urban area [66].
The reason for this is most of the buildings found there are
built in depressed and flood-prone areas which are formerly
occupied by the Niayes [21, 25, 18, 30]. The lack of an
efficient system of sewage and rainwater evacuation with
strong demographic pressure is also found in all
municipalities.

Atlantic Ocean

:l Limit of study area

Projection : WGS5 1984, UTM Zone 28 N

Atlantic Ocean

Figure 1.

Location of study area
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3. Methodology

3.1. Data use and Preprocessing

The data used in this study are from three sources: satellite,
mapping and GIS. Some of them are about aerial pictures
taken in 1942 (before the Great Drought), a 2014 Orbview
satellite image, a Digital Terrain Model (DEM), a soil map
and GPS surveys on the groundwater level of the study area.
DEM information is acquired by the Shuttle Radar
Topography  Mission (SRTM) of the National
Geospatial-Intelligence Agency (NGA) [62]. The DEM has
aresolution of 30 x 30 m, and is available at the Global Land

Cover Facility (GLCF). The pre-processing steps consist of
data georeferencing, extraction of the study area,
vectorization of map data and conversion to raster. For the
spatialization of the groundwater level, an interpolation
using the Inverse Distance Weighting (IDW) method is used.
It enables to calculate, the average of the experimental values
of its neighbors, preferring the closest points. All selected
data is converted to raster and resampled at 30 m for easy
analysis. All the raster data layers (criteria) were projected to
UTM coordinate system for on-screen digitization. The
selected criteria are shown in figure 2. And the pertinence of
these criteria is described in table 1.

Table 1. Identification and description of the selected criteria in this study

Criteria

Description

Topography is a very important criterion to be taken into account in a flood risk study whatever the area may be. In
general, flows of waters from high to low areas, which are assimilated to natural outlets. The region of Dakar in a
whole lies on volcanic flows in its west part, sandstone blocs in the east and of depressions in the center. The

central part includes several watersheds, in particular that of Grande Niaye, which low zones are said to be flooded

Elevation

[4]. These watersheds are either coastal, having their natural outlets at sea, or "closed" with flows water infiltrating

the sands or flowing to the Niayes [40]. In the Grande Niaye watershed, the maximum altitude is about 38 m and
the minimum altitude is 6 m. The lowest altitudes are located in the central and southern parts of the watershed. It
is in this party that the Niaye of Pikine is situated. This position could explain its permanent water plans and also
its flood zones. The highest elevations cover the border parts of the watershed mainly in the Northeast and

Northwest.

The slope derived from the numerical model of altitude is also an important element that allows understanding the
vulnerability of any region. Low slopes favor the increasing of rainwater, and contrary for steep slopes. The study
on the area is characterized by low slopes, which account for about 65% of its square and are found in the central

Slope

part of the watershed. They confirm the results of the topography of the Grande Niaye watershed, which means

that t the run off waters mainly converges towards the Niaye de Pikine (municipality of Pikine-Ouest). The latter is
therefore the largest natural water stock of this area. This justifies its function as a receptacle for drainage waters
and its involvement in the Project of stormy waters Management (PROGEP) in the peri-urban zone of Dakar [1].

Knowledge of the type of soil is fundamental in vulnerability studies related to flooding. Each type of soil is
characterized by a permeability index, that is, the properties of the soil to transmit water and air and their capacity
to withstand construction. Soil characteristics then influence the infiltration capacities and the flows of rainwater.

Pedology

The study area is characterized by hydromorphic soils (55%), tropical ferruginous soils (40%) and, with a little

existence of, halomorphic soils. Hydromorphic soils are characterized by a low permeability index, which leads to
reduced water infiltration capacity. Consequently, their strong presence is critical to the vulnerability of the study

area to flooding.

The variation of the depth of the water layer is an explanatory factor for the vulnerability of any area. Indeed, the
increase of the groundwater level of the water layer influences the hydrological aspects of the watersheds in
particular on the decrease and increase of the infiltration on the surface storage side. The Grande Niaye watershed
is concerned with the Thiaroye aquifer which is very active because it lies on an impermeable substratum [3]. Its
depth varies from one area to another and according to the seasons. The drawdown of this water layer following
the installation of drilling of water addiction systems in Thiaroye since 1950 and the Great Drought of the 1970s

Groundwater level

have stabilized the flood zones [55]. This situation has facilitated the urbanization of land previously unfit for

accOmmodations. With the tendency to return to better rainfall seasons from 1999 [9]; [54], the Thiaroye layer of
water has become very superficial. During the rainy season, the level of the water decreases more than 1 m with the
fluctuations in the Niayes area [15]. So this increases the number of subscribers to SDE (Senegalese Water Fabric)
has increased sharply in the peri-urban area of Dakar from 254,000 to 536,000 in the period comprises from 1997
to 2011 [50]. Combined with stopping pumping from the boreholes due to the high rate of (nitrate contents
exceeding the limit dose) and the increase in the discharge of water after use, the risk of flooding increases [55].

The mapping of the old (1942) and recent (2014) wetlands makes it possible to take into account the occupied

Humid zones
(1942 et 2014)

zones by the waters during the pre-drought period and the following one. In fact, the great drought of the 1970s
was at the origin of the progressive drying up of the Niayes [42]. It seems that these wetlands have been being

more and more revitalized since the early 2000s [17], resulting from the flooding of previously dry areas [42].
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Figure 2. All selected criteria for vulnerability mapping

3.2. Land Use Mapping

Figure 3 show a subset of each of Aerial photo, acquired in
1942 and a QuickBird, acquired in November 2014,
respectively. These images are used to create land use maps,
and to extract build layer. The images were geometrically
corrected and geocoded to the Universal Transverse
Mercator (UTM) coordinate system by using a reference
image. A minimum of 10 regularly distributed ground
control points (GCPs) were selected from the images.
Resembling was performed using a nearest neighbor
algorithm. The transformation had a root mean square (RMS)
error of 0.5 pixels indicating that the image was accurate to
within one pixel. The land use classes’ discrimination was
based on a visual interpretation of images covering the study
area in different dates and using ArcGIS 10.2 software. The
visual interpretation of the aerial photographs was based on
an interpretation key driven from image patterns and
thematic meaning of dominant classes [39]. This approach
consists of visually separating the different components from
the soil through their spectral, textural and geometric
characteristics. Then, three (03) types of land occupations
are identified for the year 1942, such as: surface waters

which are the areas occupied by water permanently and
temporarily, bare surfaces and vegetation. For the year 2014,
eight (08) types land occupation are identified in the area,
namely: surface waters, houses, bare areas, areas of activity
for market gardening, anthropogenic vegetation, Aquatic
vegetation and dune vegetation. A total of 50 ground truth
points (GTPs) were selected for each images. These points
were verified in the field using a GPS (Garmin) and
cartographic data from the study area. To validate the
classifications, we computed two statistical indices: the
global precision and the Kappa index. The overall
classification accuracy is given by the average of correctly
categorized pixels (MPCC) (Equation 1).

n
MPCC = lZPn (@)
i=1

Where n is the total number of pixels included in the
matrix.

The Kappa coefficient is a quality estimator that takes into
account row and column errors. It varies from 0 to 1 (Girard
and Girard, 1999). The latter is calculated using equation (2).
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DRTDICNIEM
N2 0)(x,)

Where 7 is the number of rows in the matrix, x; is the
number of observations in row i and column ¢ (i.e., diagonal
element, x;; and x.; are the marginal totals of rows i and
column i, respectly, and N is the total number of
observations.

K=

Overview of the Remote Sensing data used in this study:
(a) Aerial photo of 1942 and (b) Satellite image of 2014

Figure 3.

3.3. Mapping of Flood Vulnerability of Buildings

The mapping of the buildings vulnerable to floods in the
The mapping of the buildings vulnerable to floods in the
basin of the Grande Niaye of Dakar is adopted according to a
multicriteria approach. For this we take into account these
following criteria: elevation, slope, groundwater level, soil
type and water areas in 1942 and 2014. The choice of year
1942 is justified by the high level of wetness the Niayes area
before the great drought of the 1970s. On the classified
images, we extracted the wetlands of 1942 and 2014 and we
calculated Euclidean distances in order to use them for
modeling. And all the criteria are of the factor type, because
they are characterized by a quite various level of
vulnerability, contrary to the criteria of constraint or binary
which characterizes the vulnerability or not of a selected
criterion [28]. Then we made sure that all the criteria are
standardized, that’s to say converted into raster mode, to
ensure that they have the same size (number of rows and
columns) and the same resolution (30m). After this operation
the criteria and sub-criteria were evaluated in order to assign
them weights and scores.

Table 2. Attribute scores and weights for the maps Used for the location of
areas vulnerable to flooding

Criteria Sub-criteria Sub-criteria Crit‘eria
scores Weight
Hydromorphic soils 1
Pedology Trf)pical ferruginous 4 0.15
soils
Halomorphic soils 4
Elevation < 15 1
Elevation Elevation 15 — 25 2 0.10
Elevation > 25 3
Slope < 10 1
Stope Slope > 10 3 0.10
Depth <5 1
Groundwater  Depth 510 2 e
level Depth 10 - 15 3 '
Depth > 15 4
Distance < 500m 1
Distance 500m — 2
Distance from IQOOm 0.30
water in 1942 Distance 1000 — 3
1500m
Distance > 1500m 4
Distance < 500m 1
Distance 500m — 2
Distance from IQOOm 0.20
water in 2014  Distance 1000 — 3
1500m
Distance > 1500m 4

According to [52], a fundamental problem of decision
theory is how to derive weights for a set of activities
according to importance. Importance is usually judged
according to several criteria.  Therefore, many
decision-making methods attempt to determine the relative
importance, or weight, of the alternatives in terms of each
criterion involved in a given decision-making problem [5].
Thomas Saaty (1980) developed a new approach called
Analytical Hierarchy Process (AHP) in order to refine the
decision-making process by examining the coherence and
logic of the decision maker's preferences. The AHP is the
most widely accepted method and is considered by many as
the most reliable multi-criteria decision making method [5].
This approach is based on pairwise comparison and arouses
the interest of many researchers in a wide range of fields
[6, 45, 59]. In this study, the criteria weight was calculated
based on the AHP method using expert choice on the scores
of each criterion. AHP suggests the use of a pairwise
comparison matrix to compare the criteria, based on an
evaluation scale defined by [53]. Using this comparison
matrix, the selected criteria are evaluated by the experts to
determine their relative weight. These experts are a total of
nine and are researchers in the following fields: urban
planning and architectures, spatial planning, environmental
sciences and physical geography. Computed scores are
assigned to the different sub-criteria on a scale of 1 to 4,
where 1 = highly vulnerable, 2 = moderately vulnerable, 3 =
vulnerable, and 4 = Lowly vulnerable. All classifications and
grading values in spatial analysis come from expert opinion



American Journal of Geographic Information System 2017, 6(2): 41-53 47

and field surveys conducted in the study area. The criteria
and the sub-criteria used, their scores, and their weights are
summarized in table 2.

For the aggregation of the criteria layers, Weighted Linear
Combination (WLC) has been used. The WLC technique is a
decision rule for deriving composite maps using GIS. It is
one of the most often used decision models in GIS [67]. And
it has four major phases: i. Criteria definition, ii. Values
normalization of criteria layers (commensurate value
attributes), iii. Weights definition and iiii. Weighted layers
combination (weighted overlaying). To apply the WLC
analysis practically, weighted sum overlay tool in ArcGIS
10.2 software was used. A weighted sum analysis provides
the ability to weight and combine multiple inputs to create an
integrated analysis; in other words, it combines multiple
raster inputs, representing multiple factors, of different
weights or relative importance [2]. The WLC analysis was
applied using the following equation:

S= ZWixi

Where S is the suitability, wi is a weighting of factor 7, and
xi is the criterion score of factor i.

To identify the build vulnerable to the floods, we
vectorized the result of the vulnerability, and then selected
by locality the build according to the vulnerability.
Ultimately, the proportion of each level of fracture
vulnerability is calculated using the following formula:

V.=138,0
=

With: V. = proportion of vulnerability of a given build
class; S; area of a vulnerable building class; and S,
corresponds to the remainder of vulnerable building class.
Finally, the methodological approach adopted in this study
is presented in Figure 4.

Cartographic

GIS data

Data acquisition ]

[ Remote Sensing

Data preprocessing -

Georeferencing
- Projection

- Interpolation [IDW]

Extracting information

- Elevation

[dentifying criteria

- Humid zones (1942 and 2014)
- Slope
- Pedolozy

Land use mapin
1942 and 2014

\_ - Groundwater level

Harmonization of criteria

- Same number of row and column
- Extraction of study area

- Resolution 30 m ‘

Weights and scores

Scalefrom 1to 4

WLE

Combination of criteria

[ Vulnerable areas/buildings ]

Figure 4. Organization Chart of the Data Processing Process
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4. Results and Discussion

4.1. Land Use Mapping

The classification results are evaluated using a confusion
matrix. The overall accuracies of the images classification is
84.22% and 89.65% and Kappa index, 0.82 and 0.87
respectively in 1942 and 2014. Overall, the accuracy of
classification is considered good. Errors of omission and
commission remain relatively low on all dates. In addition to
the physiographic characteristics of a watershed, the
importance of vegetation, the presence of natural lakes or

occupied by the Niayes, the buildings also reduced the
drainage area of the watershed. This would justify the
recurrence of urban flooding in the area. These result from
the difficulty of infiltration of runoff in urban areas
following the increase of waterproofed surfaces [17]. The
crossing of the natural characteristics of the watershed with
the land use has made it possible to better understand the
degree of vulnerability of populations to floods.

Table 3. Area of land use units in the Grande Niaye watershed in 1942 and
2014

. A
ponds, the rate of waterproofing of the soil plays an e
important role in the infiltration and flow of water to the Land use 1942 2014
outlet [35]. Figures 5 and 6 show land use evolution in 1942 ha  Percentage ha Percentage
and 2014 in the Grande Niaye watershed. Consequently, the Water 417.11 33.15 157.14 14.95
Grande Niaye watershed has become very impermeable from Flower-growing - - 3.35 0.32
between these two dates. Indeed, the area of water and Gardening i } 92.54 8.81
vegetation predominated in 1942, with 417.11 ha and 752.87 Build ) ) 458.60 43.64
ha, respectively, corresponding tg '33.15% and 59.85% Bare soil 28.02 700 11735 1117
(Table 3). On the other hand, the buildings occupy 458.60 ha A .
A . R nthropized
in 2014 and predominate at 43.64% in the watershed. As for vegetation - - 4.79 046
Yegetatlon, it decreased strongly from 59:85 n 194% t0.21.13 Aquatic vegetation ) ) 17714 16.86
in 2014. In 1942, surface waters were fairly well distributed .
. K Vegetation of
in the watershed. On the other hand, they are mainly dunes - - 40.03 3.81
con(.:enicrai[ed. mhth;:\I .rehcil ofI’) .Ll?e w:le“ﬂanlc\lls. in 2014, .and Vegetation 750 87 59.85 i )
particularly in the Niaye de Pikine. The Niayes constitute Total 1258 100 1050.94 100
catchment and storage areas for runoff. By reducing the area
IR 2EE0DD 240000 24000
i i i i
N
Land use

P Water

!_ I Bare soil
“| [ Vegetation

1630000
1

=

=

wn

-

%]

Projection:WGS 1984, UTM Zone 28 N
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Figure 5. Land use in 1942 in the Grande Niaye watershed
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Figure 6. Land use in 2014 in the Grande Niaye watershed

4.2. Flood Vulnerability in the Grande Niaye Watershed

The result of the vulnerability of the Grande Niaye
watershed to flooding is illustrated in Figure 7 and Table 4.
This result shows that the level of vulnerability varies from
one commune to another and within the same commune.
However, the level of vulnerability to flooding is increasing
as and when we are close of the Niayes wetlands.

Table 4. Flood vulnerability statistics in the Grande Niaye Dakar
watershed

Ne Vulnerability rank Area ha Area %
1 lowly vulnerable 43,02 3,44
2 vulnerable 279,99 22,39
3 moderately vulnerable 624,24 49,91
4 highly vulnerable 303,39 24,26
Total 1250,64 100

The area that is highly vulnerable to flooding occupies
303.39 ha, or about 25% of the total area of the watershed. It
concerns the central and southern part of the watershed. This
is particularly the communes of Pikine-Ouest, Golf Sud,
Dalifort, Hann Bel-Air and the Patte d'Oie.

The moderately vulnerable area to flooding is 624.24 ha,

or about 50%. It is located mainly in the communes cited
above, and in a lesser extent the communes of Pikine-Nord,
Sam Notaire. Overall, about 75% of the study area is
vulnerable to flooding.

4.3. Flood Vulnerability of Buildings

The result of vulnerability to flooding in buildings is
shown in Figure 8 and Table 5. The analysis shows that
buildings highly vulnerable to flooding occupy an area of
26.60 ha, or 5.80%. They are mainly located in the
communes of Dalifort, Hann-Bel-Air, Patte-d'Oie and
Pikine-Ouest. On the other hand, buildings moderately
vulnerable to flooding occupy 184.41 ha, or about 40%.
They concern those of the communes cited above. In sum, it
is estimated that about 46% of the buildings in the Grande
Niaye watershed are vulnerable to flooding.

The results also show that the buildings closest to the
Niayes wetlands are the most vulnerable to flooding. This is
why the buildings within the relics of the Niayes have
vulnerability levels between: moderately vulnerable and
highly vulnerable to flooding. Therefore, the primary
function of the Niayes is the regulation of the full of water, a
function which is incompatible with the construction of
infrastructure.
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Table 5. Statistics on the vulnerability of buildings to flooding in the
Grande Niaye watershed

Ne Vulnerabity rank of buildings Areaha  Percent %
1 lowly vulnerable 32,09 7,00
2 vulnerable 215,23 46,96
3 moderately vulnerable 184,41 40,23
4 highly vulnerable 26,60 5,80
Total 458,32 100

5. Conclusions

This study, carried out in a multicriteria approach, made it
possible to assess the vulnerability of the Grande Niaye
watershed to floods. It identified the areas most vulnerable to
flooding but also the main risk factors for floods. The various
criteria or factors explaining the vulnerability were first
identified. Their combination has then to obtain the results
relating to the vulnerability of the watershed and the
buildings to the floods. Indeed, out of about 75% of the
watershed vulnerable to flooding, 45% of buildings are
concerned. Thus, the Grande Niaye watershed is highly
vulnerable to flooding as well as its constructions. However,
due to their degree of vulnerability, the build of the
Communes of Dalifort and Hann Bel-Air has priority in the
management of the floods. On the whole of the results, it is
noted that the level of vulnerability to the floods increases as
and when that we are close to the wetlands. Thus, the
predominant factor in the vulnerability of constructions to
floods is linked to the occupation of wetlands, particularly of
the Grande Niaye of Pikine. This is increasingly the subject
of a strong land pressure. In response to this situation, the
authorities should take measures for sustainable wetland
management. These include integrating wetland preservation
and rehabilitation into management plans and policies to
reduce the risk of flooding.
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