
Journal of Geographic Information System, 2024, 16, 321-342 
https://www.scirp.org/journal/jgis 

ISSN Online: 2151-1969 
ISSN Print: 2151-1950 

 

DOI: 10.4236/jgis.2024.165020  Sep. 13, 2024 321 Journal of Geographic Information System 
 

 
 
 

Flood Risk Mapping of the Benin  
Municipalities at the Intersection  
of the Coastal Sedimentary Zone  
and the Crystalline Surface  

Éric Alain Mahugnon Tchibozo1,2,3, Apollinaire Cyriaque Agbon1,2,3*, Azize Ognondoun1,  
Bidossessi Roméo David Houessinon1 

1Geomatics Applications and Environmental Management Laboratory (LA2GE), Adjarra, Benin 
2Department of Geography and Regional Planning, Adjarra, Benin 
3Faculty of Letters, Arts and Human Sciences (FLASH-Adjarra), University of Abomey-Calavi, Abomey-Calavi, Benin  

 
 
 

Abstract 
Climate change and population growth have led to the increase and/or inten-
sification of flooding becoming a major issue. The objective of this study is to 
visualize flooding risk of municipalities at the intersection of the coastal sedi-
mentary zone and the crystalline surface. The methodology adopted is based 
on geomatic approach, which involves documentary research, processing and 
assisted classification using remote sensing images and multi-criteria analysis 
of the Geographic Information System (GIS). Flooding risk is very high at 
8.85% in Djidja, Toffo, Zè and Bonou municipalities. In other municipalities 
such as Agbangnizoun, Abomey, Bohicon, Za-Kpota and Cove, it is high of 
46.85%. To the Southeast of the study area, it is located on the eastern and 
western banks of Oueme Valley. The medium risk represents 26.35% and is 
located in the municipalities of Ouinhi and Adjohoun. The other municipali-
ties have a low rate of 17.95%. Risk modeling has made it possible to access 
the various levels of rising water that can cause flooding. Land-use planning 
decisions can be influenced by the results of this study. 
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1. Introduction 

Rise and/or intensification of flood is a major issue in land use planning and 
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management due to climate change and population growth ([1]-[3]). Forecasts 
suggest that they will increase in number and intensity in the future with poten-
tially catastrophic consequences for human societies [4]. Several studies have used 
radar and optical satellite images to assess the risk of flooding ([5]-[7]). Others 
have shown that population growth, the development of housing in remote areas 
and the general increase in built infrastructure have increased the potential impact 
of flood risk ([8] [9]). In Africa, the extent of flooding is relatively large in river 
catchments in general, especially in the minor and major river beds and their main 
tributaries. Benin is particularly affected, with flooding becoming increasingly re-
current since the 1980s [10]. Particularly in the north of the country, flooding is 
relatively high in the municipalities along the contact line between the sedimen-
tary (coastal) basin and the crystalline basement. Several countries in the sub-re-
gion are experiencing the same situation. This is why studies need to be carried 
out on a regional scale to gain a better understanding of the determinants of the 
spatialization of flood risk. Despite the cascading impacts of flooding, existing 
platforms for climate adaptation do not yet fully understand the dynamics of ur-
ban communities due to the lack of detailed disaster management and effective 
evacuation plans at street level [11]. The objective of the present study is to visu-
alize the flooding risk of municipalities at the intersection of the coastal sedimen-
tary zone and the crystalline surface in Benin. 

2. Material and Methods 

The study area is located in Benin between 6˚35'00" and 7˚41'36" north latitude 
and 1˚36'10" and 2˚35'00" east longitude. It covers a total area of 6,883,647,063,873 
m2, or 688364.706 ha with a population of 1,188,750 inhabitants (RGPH, 2013) 
unevenly distributed across the communes bordering the contact line. The most 
populous is Bohicon (171,781 inhabitants) and the least, Bonou (44,345 inhabit-
ants). There are several classified forests of varying sizes (Figure 1). 

Data used in this study are presented in the methodological diagram. It will be 
complemented and updated by fieldwork. The methodology adopted is a geomat-
ics approach based on documentary research, remote sensing image processing, 
image classification mapping, risk mapping and multi-criteria GIS analysis. Land 
use mapping is carried out by supervised classification using the maximum likeli-
hood algorithm. The results obtained were evaluated using the confusion matrix. 
The latter was used to calculate errors of omission (EO), errors of commission 
(EC), class purity indices (CPI) and cartographic validity indices (CVI). The 
multi-criteria spatial analysis was carried out using the Saaty matrix and aggrega-
tion using weighted superposition [12]. The Euclidean distance to the water body 
is generated based on its geographical position relative to the various socio-eco-
nomic infrastructures in the study area [13]. The prospects of flooding by over-
flowing watercourses after rainfall are assessed on the basis of a digital terrain 
model generated by SRTM images (30 m) and refined using lidar points extracted 
from a DJ Matrix 300 RTK drone image (5 m) of the study area using Global Mapper 
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17 software. To assess the risk of flooding from overflowing watercourses, the var-
iables defined are drainage density, lithology, structural domain, underground 
drainage, slope, permeability induced by the fracture network, type of land use 
and rainfall intensity. The flood risk map is based on a hydrogeomorphological 
method [14], which consists of superimposing the hazard map onto the vulnera-
bility map. For refinement, the Normalised Difference Water Index (NDWI) was 
used to extract water bodies [15] and the Differential Vegetation Index (DVI) was 
used to assess the biomass of vegetated and non-vegetated areas in order to better 
characterise flood-prone areas. To assess the likelihood of flooding, a simulation 
of the water level rise after rainfall is carried out on an SRTM image (30 m). The 
flood risk map is based on a hydrogeomorphological method [14], which consists 
of superimposing the hazard map onto the vulnerability map. The quantification 
of risk and the delimitation of areas according to their severity and frequency use 
the criticality grid [16] presented in the methodological diagram (Figure 2). 
 

 
Figure 1. Study area. 
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Figure 2. Methodology diagram. 

 
This grid can be interpreted to divide the risk zones into three categories:  
Red zone: The risk is frequent and very serious. This severity is linked to the 

type of damage recorded. These range from simple material losses to human fa-
talities.  

Orange zone: This corresponds to areas of the city where the risk is of medium 
or even medium-high severity (minor material damage) and the return period is 
several years. These orange areas are difficult to develop and require sophisticated 
techniques to avoid or control the ever-present danger.  

The green zone represents areas where the risk is of very low frequency and 
severity. Catastrophic events are rare and damage is easily repaired. 

3. Results  
3.1. Mapping the Flood Risk in the Study Municipalities  

In the study area, the hazard is composed of the contact line, the hydrographic 
network at sub-catchments scale and its density, the distance from the water body 
and the type of soil drained (pedology), the relief (altitude and slope), the Nor-
malized Differential Water Content Index (NDWI) and the Differential Vegeta-
tion Index (DVI). 
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3.1.1. Contact Line and Hydrographic Density 
The contact line between sedimentary and crystalline rocks is located between 
7˚00'00" and 7˚20'00"N and extends from west to east over a total length of 270,025 
km. According to the work of [17] and the geological survey carried out by [18], 
it crosses several geological layers of different stratigraphy and lithology, charac-
terised by NE-SW and NW-SE oriented tectonic faults. In the study area, exoreic 
soil drainage occurs in several sub-catchments, notably Couffo, Zou, lower Oueme, 
Oueme Valley and Nokoue (Figure 3).  
 

 
Figure 3. Contact lines. 

 
Hydrographic network density is very high, at 15.32% in the north of the study 

area in the commune of Djidja, in the center in those of Zogbodomey and Toffo 
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and around the contact line mainly in the Ouémé valley in the communes of Covè 
and Zagnanado. The high density is 21.27% and is found in the south-east of the 
study area in the communes of Toffo, Zè, Bonou and Adjohoun. Its average value 
(52.84%) characterizes the communes of Ouinhi and Zogbodomey. It is low in the 
south-east of Zogbodomey and in the north-east of Zagnanado and Cove (10.57%) 
(Figure 4). 
 

 
Figure 4. Hydrographic density. 

3.1.2. Distance to Water and Drained Soil Types 
In the study area, the Euclidean distance of flood-prone areas from a water body 
is evaluated on a four-level scale: 1000 m; 10,000 m; 20,000 m and 40,000 m. An 
analysis of the results obtained shows that when the measured distance of the 

https://doi.org/10.4236/jgis.2024.165020


É. A. M. Tchibozo et al. 
 

 

DOI: 10.4236/jgis.2024.165020 327 Journal of Geographic Information System 
 

settlements from the water bodies of the communes (Zagnanado, Ouinhi, Bonou, 
Adjohoun and Zè) is relatively short, between 0 m and 1000 m, the minor bed of 
the Ouémé and Zou valleys are more exposed to the risk of flooding due to the 
overflowing of water bodies and watercourses. On the other hand, between 1000 
m and 10,000 m, the episodic and major beds of these valleys are periodically 
flooded by overflowing rivers and watercourses, especially after heavy rainfalls. 
However, if the distance from the watercourses varies between 10,000 m and 
20,000 m, the communes bordering the contact line, such as those of Agbangni-
zoun, Abomey, Bohicon, Za-Kpota and Covè, are less exposed to flooding from 
the Ouémé and Zou rivers. When the distance from water bodies and rivers varies 
from 20,000 m to 40,000 m, only the commune of Djidja is exposed (Figure 5).  
 

 
Figure 5. Distance to water. 
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The study area is covered by several soil types in varying proportions. Hydro-
morphic soils with low humus content (22.21%) cover the Ouémé valley and its 
alluvial depressions on both sides of the contact line. Tropical ferruginous soils 
(7.54%) cover the banks of the Ouémé and Zou river valleys. Impoverished ferru-
ginous soils (54.86%) are the most important and are found in the south and cen-
ter of the study area. Soils on sedimentary clay represent 15.39% and are mainly 
found in the north (Figure 6). 
 

 
Figure 6. Soil type or pedology. 

3.1.3. Digital Terrain Model and Slope 
A reading of the digital terrain model shows that in the study area, altitudes gen-
erally vary from −5 m to +312 m above mean sea level. The study area is divided 

https://doi.org/10.4236/jgis.2024.165020


É. A. M. Tchibozo et al. 
 

 

DOI: 10.4236/jgis.2024.165020 329 Journal of Geographic Information System 
 

into two unequal parts by a major depression, the Ouémé valley. The altitudes 
observed on its banks are relatively high in the north-western communes of Djidja 
and Abomey, in the north-eastern communes of Covè and Zagnanado, and in the 
south-western commune of Toffo. To the east and west of the study area, the gra-
dient is relatively low around the contact line (Figure 7).  
 

 
Figure 7. Digital terrain model. 

 
In the study area, the gradient is highly localized and unevenly distributed. To 

the north-east, in the communes of Covè and Zagnanado, and to the south in 
those of Bonou, Adjohoun, Toffo and Zè, it is relatively steep. The slope is low 
and unevenly distributed in the Ouémé valley, particularly around the confluence 
and alluvial depressions. In the south, the slopes of this valley are marked by 
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localized steep slopes, reflecting differential soil erosion, particularly visible in the 
communes of Toffo, Zè, Bonou and Adjohoun. Its value is relatively distributed 
on either side of the contact line. In the east-center, in the communes of 
Zagnanado and Za-Kpota, the alluvial depressions that shelter the tributaries of 
the river Zou are marked by steep slopes (Figure 8). 
 

 
Figure 8. Slope. 

3.1.4. Normalized Difference Water Index (NDWI) and Differential  
Vegetation Index (DVI)  

The Normalized Difference Water Index (NDWI) measures the water stress of 
vegetation. It shows positive values for water bodies and zero or negative values 
for vegetation and bare soil. In the study area, they are positive with low, medium, 
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high and very high intensities. This situation indicates the presence of a large mass 
of water due to the flooding of the main bed and the occupied or developed banks 
of the Ouémé valley (Figure 9).  
 

 
Figure 9. NDWI. 

 
NDWI values between 0.174 and 0.236 are found in the commune of Djidja, 

indicating low flooding. On the other hand, values between 0.236 and 0.294 indi-
cate medium flooding and are found in the communes of Abomey, Bohicon, Za - 
Kpota, Covè and Zagnanado. Heavy flooding is indicated by values between 0.294 
and 0.326. These define the communes of Zogbodomey, Ouinhi and Zagnanado, 
located on both sides of the contact line. The communes of Zè, Toffo and Bonou, 
which developed on the southern bank of the Ouémé valley, were very severely 
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flooded. 
The average values of this index are found in the communes of Abomey, Bohi-

con, Za-Kpota, Covè and Zagnanado and indicate the presence of bare ground in 
areas with degraded vegetation. It can be seen that its low values are characteristic 
of crops, which are relatively important in the municipality of Djidja. The high 
values of this index are relatively distributed in the south and centre of the study 
area, particularly around the contact line in the communes of Zogbodomey, Toffo 
and Ouinhi. The very high values of the DVI index are poorly represented in the 
landscape and are found in the communes of Zè, Bonou and Adjohoun. Figure 
10 shows the map of the Differential Vegetation Index (DVI 2), which is used to 
minimize the effect of bare soil on the spectral response of reflected vegetation. 
 

 
Figure 10. DVI index. 
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3.1.5. Land Use and Flood Risk Hazard in the Municipalities 
Land use is one of the main hazards of flood risk. In the study area, it is charac-
terized by a relatively large distribution of bare soil (24.55%), crops and fallow 
land (2.90%) surrounded by vast areas of wooded and shrub savannah (20.09%). 
This situation is particularly marked in the north of the study area in the com-
munes of Djidja and Covè, and in the center in the communes of Abomey, Bohi-
con, Za-Kpota and Zagnanado. It reveals a significant anthropization of the land-
scape, which is at the root of its degradation. Open forest and wooded savannah 
(20.44%) are relatively important in the south of the study area, while dense forest 
(0.38%), which is relatively fragmented, characterizes the Ouémé valley in general 
and the classified Djigbe and Lama valleys close to the contact line in particular.  
 

 
Figure 11. Land use. 
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Water bodies (1.37%) and built-up areas (1.31%) account for a relatively small 
proportion of the total. On the other hand, in the communes of Abomey and Bo-
hicon, the latter is relatively important and express a conurbation of the secondary 
towns of Abomey and Bohicon, which is more pronounced at the latitude of 
7˚10'00". In Cové and Zagnanado, the trend is less pronounced, reflecting an un-
balanced spatial development. The density of the road network decreases progres-
sively from south to north. It is relatively higher around the urban center in the 
eastern part of the study area (Figure 11).  
 

 
Figure 12. Flood risk hazard. 

 
The flood risk is unevenly distributed. In the study area, it is very high (21.40%) 

and is most pronounced in the north-west in the commune of Djidja and in the 
center in the communes of Abomey, Bohicon, Za-Kpota, Covè and Zogbodomey 
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along the contact line. Classified forests are particularly exposed. The communes 
of Toffo, Zè, Bonou and Adjohoun are particularly at risk (Figure 12). 

3.2. Soil Use and Municipalities Flood Risk Vulnerability  

In the study area, land use is made up of several elements in varying proportions: 
infrastructure (1.31%), which is relatively important on the contact line, planta-
tions (9.95%), unevenly distributed in the south of the study area and particularly 
in the classified forests, agriculture (2.95%) dominant in the north of the study 
area in the communes of Djidja, Cove and Zagnanado, classified forests made up 
of remnants of dense forest (0.38%) unevenly distributed, open forest (20.44%) 
relatively concentrated in the south, wooded and shrub savannah (20.09%) and 
rural land (24.55%) which dominates the north of the study area in the commune 
of Djidja (Figure 13).  
 

 
Figure 13. Soil use. 
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Figure 14. Flood risk vulnerability. 

 
The analysis of the municipalities’ vulnerability to the risk of flooding shows an 

uneven distribution. Very high vulnerability (44.68%) is relatively widespread in 
the north-west of the study area, in the communes of Djidja and Abomey, and in 
the north-east in Covè. In the south, it is found in Toffo, Zè, Ouinhi, Bonou and 
Adjohoun. High vulnerability covers 36.06% of the study area. It is found not only 
in the classified forests of the communes of Djidja and Toffo, but also to the south 
in the municipality of Zogbodomey, Ouinhi and Ze, particularly on the banks of 
the Ouémé valley. Vulnerability averages 4.86% and is highest in the municipali-
ties located on south of the contact line in general and in Za-Kpota, Bohicon, 
Zagnanado, Zogbodomey, Toffo, Zè, Ouinhi, Bonou and Adjohoun in particular. 
The communes of Agbangnizoun, Abomey and Za-Kpota on the contact line are 
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characterized by low vulnerability (Figure 14).  

3.3. Mapping and Modelling of Municipalities Flood Risk  

The spatialization of the flood risk in the municipalities around the contact line 
shows its uneven distribution (Figure 15).  
 

 
Figure 15. Flood risk spatialization. 

 
It shows that the very high risk is visible in 8.85% of the study area, particularly 

in the north-west of the commune of Djidja, in the center in the classified forests 
and in the south in the communes of Toffo, Zè and Bonou. The highest level of 
risk (46.85%) affects the commune of Djidja in the north of the study area, and 
in particular the communes around the contact line, such as Agbangnizoun, 
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Abomey, Bohicon, Za-Kpota and Covè. In the south, the risk is highest on the 
eastern and western banks of the Ouémé Valley, particularly in the communes of 
Toffo, Zè, Ouinhi, Bonou and Adjohoun. The medium risk is observed on 26.35% 
of the study area and can be seen to the north above the contact line in the com-
mune of Djidja and to the south-east in the communes of Ouinhi, Bonou and 
Adjohoun. The low risk of 17.95% is particularly noticeable in the north-east of 
the communes of Covè and Zagnanado, in the center of Bohicon and Zogbodo-
mey and in the south of the communes of Bonou and Adjohoun in the Ouémé 
valley.  
 

 
Figure 16. Flood risk modelling. 

 
The simulation of flood by rising water shows that at a height of 10 m, the water 
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is mainly in the Ouémé valley and in the alluvial depressions in the communes of 
Ouinhi and Zè. At 20 m, the episodic bed receives water and the main bed (devel-
oped and occupied banks) of the Ouémé valley is submerged. This situation is 
particularly characteristic of the communes of Ouinhi, Zagnanado and Zogbodo-
mey. At a level of 40 m, the communes of Zè, Adjohoun and Bonou will be more 
severely flooded, particularly in the alluvial plains and on the banks of the Ouémé 
and Zou rivers on both sides of the contact line. At a height of 60 m, the banks of 
the Ouémé valley are flooded and the alluvial depressions in the communes of Zè, 
Bonou and Adjohoun are submerged. The communes most at risk in this scenario 
are Zagnanado, Ouinhi and Zogbodomey. If the water level rises by 80 meters, the 
communes of Adjohoun, Zè, Ouinhi, Zogbodomey, Zagnanado and Za-Kpota will 
be affected. Fieldwork has enabled us to identify the location of flooded infrastruc-
ture (markets, schools, roads, etc.) in the communes of Bonou and Adjohoun [19]. 
Figure 16 shows a simulation of flood by rising water. 

The model used to observe flooding by overflowing watercourses is validated 
by surveying the coordinates of flooded infrastructures in the field and projecting 
them onto the flood risk map (Figure 15, Figure 16 and Board 1). 
 

 
Board 1. Illustration of the results of the model of the risk of flooding by overflowing after rainfall. 

4. Discussion 

According to [8], the main causes of changes in flood risk are climate change, 
changes in land use and other human interventions. All these factors exacerbate 
the phenomenon, making populations highly vulnerable to floods [1]. The work 
of [9] confirms this assertion by showing that vulnerability is the main concept in 
flood risk management. According to the latter author, four groups of methods 
are used to assess it: the curve method, the looser data method, computer model-
ling methods and indicator-based methods. The latter two are used in this study. 
The results show that the presence of a contact line between the sedimentary basin 
and the crystalline basement has a strong influence on the spatialization of the 
risk. Indeed, it is around the latter that the very high and high risks are identified. 
On a regional scale, the experience of Fiorillo et al., 2010, p. 5, has shown that even 
in Sahelian countries in general and Niger in particular, floods can lead to severe 
degradation of land and vegetation. Several authors have stated in their work that 
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flood risk depends mainly on hazard and vulnerability factors ([20] [21]). The 
work carried out in this study confirms this statement. In the event of a disaster, 
rapid evacuation routes for people and their property need to be identified and 
recommended for land use planning. Flood risk mapping could be used as a deci-
sion-making tool for this purpose. 

The results of this study indicate that surface hydrodynamic processes signifi-
cantly influence the fate of water in basement zones [22]. But the experience of [2] 
has shown that even in Sahelian countries in general, flooding can lead to severe 
degradation of land and vegetation. 

5. Conclusion 

The mapping showed that the commune of Djidja is particularly exposed to a very 
high risk of flooding. The communes on the contact line, such as Agbangnizoun, 
Abomey, Bohicon, Za-Kpota and Cove, are at relatively high risk. The contact 
metamorphism of the geological formations that structure them does not facilitate 
the infiltration of run-off water and explains this situation. Medium risk has been 
identified in the communes in the centre of the study area, particularly threaten-
ing the Toffo and Zogbodomey classified forests. Flood risk management at the 
sub-catchment level, particularly around the confluence of the Oueme and Zou 
rivers, is a key factor in supporting land-use planning decisions to reduce the vul-
nerability of the population and the impact of flooding. The simulation of the risk 
of flooding due to rising water indicates that, from a height of 40 m, flooding 
around the Oueme Valley is relatively significant, inundating the alluvial depres-
sions on the banks on both sides of the contact line. For example, the Tillabéry 
and Zinder regions, located on the Liptako-Gourma and Damagaram-Mounio 
plinths, respectively, are characterized by flooding during the winter months and 
serious water shortages during the dry seasons. Mapping the risk of flooding in a 
bedrock environment is a decision-making tool for land-use planning. The limits 
of the study lie in the possibility of carrying out field surveys based on hydrogeo-
logical data in order to better characterize the causes of flooding on crystalline 
bedrock and in the sedimentary basin and to supplement the results of the present 
study. 

Conflicts of Interest 

The authors declare no conflicts of interest regarding the publication of this paper. 

References 
[1] Wallez, L. (2010) Flooding in West African Cities: Diagnosis and Elements for Strength-

ening Adaptation Capacities in the Greater Cotonou Area. Master’s Thesis, Université 
de Sherbrooke. 

[2] Fiorillo E., Hassimou I. and Tarchiani V. (2021) The Dynamics of Flooding in the 
Dosso Region, Niger, ANADIA2—Report N. 27.  
https://hdl.handle.net/20.500.14243/395204  

https://doi.org/10.4236/jgis.2024.165020
https://hdl.handle.net/20.500.14243/395204


É. A. M. Tchibozo et al. 
 

 

DOI: 10.4236/jgis.2024.165020 341 Journal of Geographic Information System 
 

[3] Hendricks, M.D., Meyer, M.A. and Wilson, S.M. (2022) Moving up the Ladder in 
Rising Waters: Community Science in Infrastructure and Hazard Mitigation Plan-
ning as a Pathway to Community Control and Flood Disaster Resilience. Citizen Sci-
ence: Theory and Practice, 7, 18. https://doi.org/10.5334/cstp.462 

[4] IPCC (2007) Contribution of Working Group II to the Fourth Assessment Report of 
the Intergovernmental Panel on Climate Change. Summary for Policymakers.  
https://www.ipcc.ch/site/assets/uploads/2018/03/ar4-wg2-spm-fr.pdf  

[5] Rango, A. and Salomonson, V.V. (1974) Regional Flood Mapping from Space. Water 
Resources Research, 10, 473-484. https://doi.org/10.1029/wr010i003p00473 

[6] Blasco, F., Bellan, M.F. and Chaudhury, M.U. (1992) Estimating the Extent of Floods 
in Bangladesh Using SPOT Data. Remote Sensing of Environment, 39, 167-178.  
https://doi.org/10.1016/0034-4257(92)90083-v 

[7] Yesou, H. and Chastanet, P. (2000) Contribution of Earth Observation Data to the 
Management of Slow Floods. Final Report WP3, Water and Fire Program, ESA. 

[8] Kourgialas, N.N. and Karatzas, G.P. (2011) Flood Management and a GIS Modelling 
Method to Assess Flood-Hazard Areas—A Case Study. Hydrological Sciences Jour-
nal, 56, 212-225. https://doi.org/10.1080/02626667.2011.555836 

[9] Nasiri, H., Mohd Yusof, M.J. and Mohammad Ali, T.A. (2016) An Overview to Flood 
Vulnerability Assessment Methods. Sustainable Water Resources Management, 2, 
331-336. https://doi.org/10.1007/s40899-016-0051-x 

[10] World Bank and United Nations System (2011) Floods in Benin. Post-Disaster Needs 
Assessment Report. 

[11] Gharaibeh, N., Oti, I., Meyer, M., Hendricks, M. and Van Zandt, S. (2019) Potential 
of Citizen Science for Enhancing Infrastructure Monitoring Data and Decision-Sup-
port Models for Local Communities. Risk Analysis, 41, 1104-1110.  
https://doi.org/10.1111/risa.13256 

[12] Saaty, T.L. (1977) A Scaling Method for Priorities in Hierarchical Structures. Journal 
of Mathematical Psychology, 15, 234-281.  
https://doi.org/10.1016/0022-2496(77)90033-5 

[13] Zogning, M.M.O. (2017) Contribution of Geographic Information Systems to the 
Mapping of Flood Risk Areas in Yaoundé: Application to the Mfoundi Watershed. 
Master’s Thesis, University of Liège. 

[14] Xu, H. (2006) Modification of Normalised Difference Water Index (NDWI) to En-
hance Open Water Features in Remotely Sensed Imagery. International Journal of 
Remote Sensing, 27, 3025-3033. https://doi.org/10.1080/01431160600589179 

[15] Masson, P. and Pieczynski, W. (1993) SEM Algorithm and Unsupervised Statistical 
Segmentation of Satellite Images. IEEE Transactions on Geoscience and Remote Sens-
ing, 31, 618-633. https://doi.org/10.1109/36.225529 

[16] Tchindjang, M. (2012) Natural Risks in Cameroon. Course Support for Master 
Uramdeur 2011/2012 Yaounde I University the OFDA/CRED International Disaster 
Database. https://www.emdat.be/  

[17] Slansky, M. (1962) Contribution to the Geological Study of the Coastal Sedimentary 
Basin of Dahomey and Togo. Memoir of the Regional Bureau of Geology and Mines 
(BRGM), No. 11, 165.  

[18] RESO-BSC (2004) Redefinition of the Base of the Coastal Sedimentary Basin of Be-
nin. Mid-Term Seminar of the Project, Cotonou, 2-3 December 2004, 159.  

[19] Henonin, J., Russo, B., Mark, O. and Gourbesville, P. (2013) Real-Time Urban Flood 
Forecasting and Modelling—A State of the Art. Journal of Hydroinformatics, 15, 717-

https://doi.org/10.4236/jgis.2024.165020
https://doi.org/10.5334/cstp.462
https://www.ipcc.ch/site/assets/uploads/2018/03/ar4-wg2-spm-fr.pdf
https://doi.org/10.1029/wr010i003p00473
https://doi.org/10.1016/0034-4257(92)90083-v
https://doi.org/10.1080/02626667.2011.555836
https://doi.org/10.1007/s40899-016-0051-x
https://doi.org/10.1111/risa.13256
https://doi.org/10.1016/0022-2496(77)90033-5
https://doi.org/10.1080/01431160600589179
https://doi.org/10.1109/36.225529
https://www.emdat.be/


É. A. M. Tchibozo et al. 
 

 

DOI: 10.4236/jgis.2024.165020 342 Journal of Geographic Information System 
 

736. https://doi.org/10.2166/hydro.2013.132 

[20] Hounton, C.C., Biao, I.E., Ouorou Barre, F.I., Vodounou, J.B. and Akponikpe, I.P.B. 
(2022) Mapping of Flood Risks in the Commune of Abomey-Calavi. Global Scientific 
Journal (GSJ), 10, 58. https://hdl.handle.net/20.500.14243/395204  

[21] UNDP (2020) Annual Repport, Benin. 

[22] Malam, A.M., Mamadou, I., Abba, B., Vandervaere, J.P., Bouzou, M.I. and Descroix, 
L. (2020) Paradox of Water in the Zones of Base in Niger: Between Flooding and 
Shortage. Journal of Geography of the University of Ouagadougou, 2, Article ID: 
7190. 

 
 
 
 
 
 
 

https://doi.org/10.4236/jgis.2024.165020
https://doi.org/10.2166/hydro.2013.132
https://hdl.handle.net/20.500.14243/395204

	Flood Risk Mapping of the Benin Municipalities at the Intersection of the Coastal Sedimentary Zone and the Crystalline Surface 
	Abstract
	Keywords
	1. Introduction
	2. Material and Methods
	3. Results 
	3.1. Mapping the Flood Risk in the Study Municipalities 
	3.1.1. Contact Line and Hydrographic Density
	3.1.2. Distance to Water and Drained Soil Types
	3.1.3. Digital Terrain Model and Slope
	3.1.4. Normalized Difference Water Index (NDWI) and Differential Vegetation Index (DVI) 
	3.1.5. Land Use and Flood Risk Hazard in the Municipalities

	3.2. Soil Use and Municipalities Flood Risk Vulnerability 
	3.3. Mapping and Modelling of Municipalities Flood Risk 

	4. Discussion
	5. Conclusion
	Conflicts of Interest
	References

