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Abstract
This thesis was carried out to evaluate the flood risk in the district of Malanville located along the Niger
River. The knowledge produce by this study is useful in the implementation of adaptation and/or mitigation
measures to alleviate the impact of the flooding on the populations, the economy and the environment. Over
the course of the study, the lack of data in the area of interest has been one of the main challenges
encountered. Therefore, in the analysis of the flood hazard different sources of remotely sensed data were
used.
Moreover, the flood hazard was analysed by applying a 1D hydraulic model HEC-RAS. After setting up
the model for the study area, the different flood scenarios considered were simulated and mapped using
ArcGIS and HEC-GEORAS extension. The result of the simulation gave information about the inundated
areas and the water depths at each location.
From the analysis of the flood hazard, it was found that between 47% and 50% of the total area of the
district of Malanville would be flooded in the different flood scenarios considered, and the water depth
varies between 1 and 7 m. The townships of Malanville most at risk of flooding are Momkassa and Galiel,
located in a high-risk and very high-risk zone, respectively. Furthermore, the assessment of the flood risk
showed that the most vulnerable sector to the inundations is the agricultural sector. Indeed, the cultivated
floodplains were the most affected areas by the floodwater in every flood scenarios. Knowing that a high
proportion of the population of the district relies on their farmlands in these floodplains for their livelihood,
the floods pose a challenge not only to the food security in the area but also to its development.
Keywords: HEC-RAS, remote sensing, vulnerability, risk, flood risk management, Niger
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Résume
Cette étude a été réalisée afin d'évaluer le risque d'inondation dans l’arrondissement de Malanville situé le
long du fleuve Niger. Les connaissances produites par cette étude sont utiles dans la mise en œuvre de
mesures d'adaptation et/ou d'atténuation pour mitiger l'impact des inondations sur les populations,
l'économie et l'environnement. Au cours de l’étude, le manque de données dans le domaine d’intérêt a été
l’un des principaux défis rencontrés. Par conséquent, lors de l’analyse de l’inondation, différentes sources
de données de télédétection ont été utilisées.
De plus, l’inondation et ses caractéristiques ont été analysées avec le modèle hydraulique 1D HEC-RAS.
Après la mise en place du modèle sur la zone d'étude, les différents scénarios d'inondations considérés ont
été simulés et cartographiés en utilisant le logiciel ArcGIS et son extension HEC-GEORAS. Le résultat de
la simulation a donné des informations sur les zones inondées et les profondeurs d'eau.
De cette étude, il en ressort qu'entre 47% et 50% de la superficie totale de l’arrondissement de Malanville
serait inondé dans les différents scénarios de crue considérée, et la profondeur de l'eau varierait entre 1 et 7
m. Les cantons de Malanville les plus à risque d'inondation sont Momkassa et Galiel. Ils sont en effet situés
respectivement dans une zone à haut risque et à très haut risque dans chaque scénario d'inondation
considéré. En outre, l'évaluation du risque d'inondation a montré que le secteur le plus vulnérable aux
inondations est le secteur agricole. En effet, les plaines cultivées étaient les zones les plus touchées par les
inondations. Sachant qu'une grande partie de la population de l’arrondissement dépend de leurs terres
cultivées dans ces plaines inondables pour leur subsistance, les inondations constituent un défi non
seulement pour la sécurité alimentaire dans la région, mais aussi pour son développement.
Mots clés : HEC-RAS, Télédétection, Vulnérabilité, risque, gestion des risques d’inondation, Fleuve Niger
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1. Introduction
1.1. Background
Flooding is one of the most common natural disasters in the world. Its frequency is indeed higher than the
frequency of other catastrophes such as earthquakes, extreme temperature, landslides, drought, wildfire,
etc. It is in fact the most recurrent of all environmental hazards and it regularly claims over 20,000 lives per
year and affects around 75 million people worldwide (Pitt, 2008). As shown in Figure 1.1 flood is the first
water-related disaster affecting people all over the world 1995-2015, and it has been responsible for 8.2%
of global disaster deaths 2006-2015 (UNISDR, 2009). Due to the displacement of populations, losses in
agriculture and infrastructure, water-related hazards such as floods put a heavy strain on the development
of the Least Developed Countries (LDC), undermining previous development efforts (UNISDR, 2016).

Figure 1.1: Number of people affected by weather-related disasters (1995-2015) (NB: deaths are excluded
from the total affected) (UNISDR, 2016)
With a length of 4,200 km, the Niger River is the third-longest river in Africa. It originates on the Guinean
Fouta-Djalon Plateau after which it flows through vast flood plains in Mali (the Inner Delta) before
resuming its path through Niger and Nigeria into the Atlantic Ocean. Over the past years, several flooding
events have affected the population living along the Niger River. The most recent one happened in
September 2017 resulting in loss of lives, social disruption and damage to buildings and crops. Before this
catastrophe, several floods events have been reported in the area with an enormous impact on the population
15 | Page

living in the Niger River Basin (NRB) exacerbating the poverty-cycle in the region. The flood events of
2009 and 2010 affected 100,000 and 1 million people, respectively. The 2012 flood remains one of the most
devastating flood in the region, with more than 10 million people being affected. The riparian country
governments’ disaster management approach has mostly been focused on the response to and recovery from
the catastrophe. Less attention has been placed on mitigation and adaptation measures to limit the impact
of the floods on the population. This has left the population highly vulnerable to the disaster over time.
Furthermore, the high level of poverty that is prevalent in the region, the lack of effective early warning
systems, the poor risk governance and the civil protection mechanisms often intensify the impacts of natural
hazards and limit the ability of the population to cope when disaster strikes (Kai et al, 2004).
In recent years, several studies have shown the increase in the frequency and severity of floods in the NRB
due to a change in rainfall patterns and land use (Aich et al., 2014; Geo, 2015). Aich et al. (2016) have
established that there is an increase in the number of people affected by catastrophic floods for the entire
NRB. Previous studies have placed greater emphasis on hydrological modeling and rainfall / runoff
modeling in the Niger River Basin. Indeed, few studies have analyzed the risk posed by the floods in the
region (Behanzin et al., 2016). An understanding of the characteristics of the risk will help in effectively
managing the flood risk and thus reduce the damage caused by the hazard on the people and their properties.

Figure 1.12: Flood risk and its components (Klijn et al., 2009)
Although crucial in the understanding and the evaluation of the flood risk, pertinent data are often not
available. Futhermore, time and budget constraints limit the amount and quality of data that can be collected
in the field during a research. Those are some of the challenges this thesis was confronted with. Indeed,
even though efforts have been made by the riparian countries in this direction, the availability of reliable in
situ data is still an issue in the Niger River Basin. Thereby, this thesis had to rely mostly on remotely sensed
data for the different analyses performed. Remotely sensed data has the advantage of being readily available
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with a good coverage of the study area. Furthermore, several sources of global remote-sensing data useful
in a flood risk assessment are freely accessible (DEM, satellite images, etc.).
Malanville, a northeastern district of Benin Republic, is one of the areas located along the Niger River,
which suffers the impact of its overflow each year. Over the years, Malanville has known several flooding
episodes that have affected the lives of its different communities. Given that the majority of the population
in the region rely mostly on agriculture, the cost of the different flooding event in the region has been rather
heavy to bear. A sound flood risk management plan is needed in the region and must be supported by an
accurate assessment of the flood risk. Risk is defined as the product of the flood hazard (probability and
magnitude) and the vulnerability(Klijn et al., 2009). To study the flood risk, each of its components was
analyzed and mapped in this work and an overall flood risk map was produced. This work will be an
essential part of a flood risk management plan in the district of Malanville located in Niger River Basin
(NRB), and the results obtained will provide a scientific base in the planning and decision-making process
regarding inundations in the NRB.

Figure 1.1: Niger River basin (source: https://commons.wikimedia.org/wiki/File:Niger_river_map.svg)
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1.2

Research Objectives

1.2.1

Overall objective

The overall objective of this thesis is to assess the flood risk in the district of Malanville located in the Niger
River basin using remotely sensed data, GIS and hydraulic modeling. The analysis will yield flood hazard
maps for different exceedance probabilities and flood risk maps that take into consideration the hazard and
the vulnerability of the communities at risk.
1.2.2

Specific objectives

-

Flood hazard analysis using statistical frequency analysis and hydraulic modeling

-

Assessment of the vulnerability (exposure and socio-economic) of the study area to floods of
different return period

1.2.3

Mapping of the flood risk of the study area for floods of low, medium and high frequency
Research questions

This research will be guided by the following questions:
-

What is the exposure of the communities at risk to different flood scenarios (low, medium, high)?

-

How vulnerable the communities are to the different floods scenario?

-

What type of measure (structural and non-structural) would work best to alleviate the flood risk in
the study area?

1.3

Limitations and assumptions

The main limitation encountered in this study was that observed discharge data and topography data in the
area of interest could not be acquired.
Thus, the thesis had to rely mostly on remotely sensed data namely ALOS World 3D DEM, Landsat 8
satellite images and simulated discharge to perform the analysis. Even though such data have the advantage
of being readily accessible and free, often their low resolution limit the accuracy of the modeling output.
Furthermore, the calibration of the hydraulic model was performed with Landsat images of historical
floods. Indeed, no survey was done on the field to gather information on historical floods for the model
calibration. This is mainly due to time and financial restriction. Another limitation is that no particular
attention has been given to the question of climate change in the assessment of the flood risk.
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1.4

Thesis outline

To achieve the objectives mentioned above, this thesis is structured the following way. In Chapter 2, the
results of the literature review will be presented including a thorough discussion about concepts relevant to
this work. The third chapter will present the area of interest. The fourth chapter will focus on the dataset
used for the analysis in this work and the methodology that has been adopted. The result of the analysis is
presented in the fifth chapter followed by the discussion. The last chapter is dedicated to the conclusion and
recommendations.
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2.

LITERATURE REVIEW

2.1

Introduction

A flood can only be a source of damage when vulnerable human systems are exposed to the hazard.
In this research, three main topics were analysed in order to evaluate the flood risk:

2.2



The probabilities of occurrence and the hydraulic characteristics of different flood scenarios;



The level of exposure of the population to different return period floods



The vulnerability of the population at risk.
Flood Hazard

Flood is broadly understood by the temporal presence of water on an area that is usually dry. From this
simple definition two important aspect of flooding are implied: the temporality of the phenomenon and the
spatial characteristics. Floods are of mainly 3 types: floods from rivers, mountain torrents, and floods from
the sea in coastal areas (Martini and Loat, 2007). According to UNEP (2002), flood is one of the major
environmental disasters in Africa with drought. In addition to economic and social damage, floods can have
severe consequences, where cultural sites of significant archeological value are inundated or where
protected wetland areas are destroyed (Pistrika and Tsakiris, 2007). The lack of effective measure and
instrument from government institutions has put the poorest community in a high state of vulnerability to
flooding. This explains the high level of damage due to flooding recorded every year during the inundation
season. Flood frequency analysis is one of the important studies of river hydrology. It is essential to interpret
the past record of flood events in order to evaluate future possibilities of such occurrences. Floods can be
categorized according to the speed of the water, geography or cause of ﬂooding.
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Table 2.1: Summary of the different types of floods (Source EXCIMAP Handbook on good practices for
flood mapping in Europe)
Type of flooding

Causes of flooding

Effect of flooding

Relevant
parameters

River flooding in

-

flood plains

Intensive

rainfall

-

Stagnant or flowing

-

Extent

and/or snowmelt

water outside the

(according

-

Ice jam, clogging

channel

to

-

Collapse of dikes or

probability

other

)

protective
-

structures

Water
depth

-

Water
velocity

-

Propagatio
n of flood

Sea water flooding

-

Storm surge

-

-

Tsunami

water behind

-

High tide

shore line
-

Stagnant or flowing

Salinization

-

the

Same

as

above

of

agricultural land
Mountain torrent

-

Cloud burst

activity or rapid

-

Lake outburst

sediments

run-off from hills

-

Slope instability in

the

watershed

alluvial fan; erosion

-

Debris flow

along channel

-

High water level in

Groundwater
flooding

adjacent
bodies

-

water

-

Water

and

-

outside

channel

on

Stagnant water in

Same

as

above;
-

Sediment
deposition

-

Extent

flood plain (long

(according

period of flooding)

to
probability
)
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-

water
depth

-

Lake flooding

2.3

Water

level

rise

-

Stagnant

through inflow or

behind

wind induced set up

line

water
the

shore

-

Same

as

above

Flood Routing

Flow routing methods are used to predict the changes in shape of a hydrograph as water travels through
a river channel. It is one of the classical problems in applied hydrology. If the flow is a flood, the same
technique is used to determine the flood hydrograph (the magnitudes, volumes, and temporal patterns of
the flood wave) at a section of a river by utilizing the data of the hydrograph at one or more upstream
sections. Flood routing is used in the hydrologic analysis of problems such as flood forecasting and flood
protection. Reservoir design and spillway design invariably include flood routing. Numerous technic of
flood routing exist (dynamic and diffusion wave models, linear and nonlinear Muskingum models). They
can be classified as either hydrologic/Lumped or Distributed/hydraulic.
Lumped/hydrologic
Flow is calculated as a function of time alone at a particular location.
It is governed by continuity equation/storage relationship. In its simplest form, inflow to the river reach is
equal to the outflow at the river reach plus the change of storage
𝑑𝑆
𝑑𝑡

= 𝐼(𝑡) − 𝑄(𝑡) Equation 1

Q and S are unknown.
Distributed/hydraulic


Combines the continuity equation with some more physical relationship describing the
actual physics of the movement of the water.
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Flow is calculated as a function of space and time throughout the system



Governed by the continuity and the momentum equations

𝜕𝑣
𝜕𝑡

+𝑉

𝜕𝑣
𝜕𝑥

+

𝑔 𝜕(𝑦̅𝐴)
𝐴 2𝑥

+

𝑣𝑔
𝐴

= 𝑔(𝑆𝑜 + 𝑆𝑓 ) Equation 2

Momentum equation expressed by considering the external forces acting on a control section of water
as it moves down a channel
𝑆𝑓 = 𝑆𝑜 −

𝜕𝑦
𝜕𝑥

−

𝑣 𝜕𝑣
𝑔 𝜕𝑥

−

1 𝜕𝑣
𝑔 𝜕𝑡

Equation 3

Henderson (1966) expression of the momentum equation

2.4

Flood risk assessment

A sound decision-making process in the management of flood risk is bound to go through an estimation of
the risk in order to implement effective mitigation/adaptation measures. The concept of risk encompasses
both uncertainties and the damages caused by the hazard (Kaplan et al., 1981). However, a distinction
should be made between hazard and risk. Indeed, hazard is defined as a source of danger while the risk is
the probability that one would face certain losses due to the hazard. Kaplan et al (1981) regarded the risk
analysis has a process that consists of an answer to the following three questions:
•

What can happen? (i.e., what can go wrong?)

•

How likely will it happen?

•

If it does happen, what are the consequences?

Flood risk is defined as the probability that a flood of a given magnitude and a given loss will occur within
a given time span (Thieken and Merz, 2006). Likewise, The European Flood Directive defines flood risk
as the combination of the probability of a flood event and of the potential adverse impacts on human health,
the environment, cultural heritage and economic activity associated with a flood event (Martini and Loat,
2007).
Although being a natural process, humanly impossible to control, a reliable assessment of the flood risk in
a river basin is crucial for the implementation of effective measures that limit the impact of the hazard on
the people and their assets. Therefore, a flood risk assessment goal is to first identity the probability of
occurrence of the hazard and its magnitude (The geographical extent; the depth and duration the velocity
of the flood). Through the analysis of the flood hazard, the characteristics of all possible floods, small and
frequent as well as big and rare are quantified. However, In order to be thorough a flood risk analysis must
include the assessment of the impacts of flooding on the people and their assets taking into account their
sensibility to the hazard and their adaptive capacity (Thieken and Merz, 2006). A flood risk assessment
seeks to identify locations that are more susceptible to flooding and to understand the source of the risk in
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order to design the right measures and instruments that are adapted to the area. A flood risk assessment is
vital to support the mitigation or/and prevention of the damages; raise awareness among inhabitants in the
vulnerable area; support and manage emergencies in time or avoid building in flood-prone areas (GWP,
2007). In this work, risk assessment refers to the estimation of the probability of occurrence of the hazardous
phenomenon and its magnitude and the assessment of the vulnerability of the population to the hazard.

Figure 2.1: Flood risk as interaction of hazard and vulnerability, source: Thieken et al (2014)
2.5

Vulnerability

On its own, information about the flood hazard (it magnitude and its frequency) does not show entirely the
extent of the consequences of the flood. In order for a flood of a certain magnitude to pose a risk, the
population and the properties must be exposed and vulnerable to the hazard (Klijn et al., 2009). Thereby,
the analysis of flood risks must take into account the different aspects of the factors that affect the risks ,
e.g. human, social, economic and environmental (MESSNER and MEYER, 2005).
Over the years, many schools of thought have emerged around the concept of vulnerability. Recently one
school is gaining in significance in the scientific community. It considers vulnerability not only related to
the exposure to biophysical hazards but also to the social context of hazards and relates (social) vulnerability
to coping responses of communities.
UNISDR (2009) defines the vulnerability of a community as “a set of conditions and processes resulting
from physical, social, economic and environmental factors, which increase the susceptibility of a
community to the impact of hazards” (UNISDR, 2009)
According to Tsakiris (2014), vulnerability assessment in flood-prone areas depends on the following
factors:
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The degree of exposure of the system.



the initial condition of the system



the magnitude of the extreme event



the social factor

The interplay of these factors produces different patterns of vulnerability (Nardo et al, 2014) . Without
exposure there is no risk, thus the assessment of the exposure of a community to the hazard is one important
step of the vulnerability assessment. The concept of sensitivity and adaptive capacity encompasses socioeconomic factors such as gender, age, means of livelihood, income, access to drinking water, etc. Those
factors can either increase or decrease the level of vulnerability of the receptor. Vulnerability assessment
is often synonymous with vulnerability mapping given that most of the factors that influences the
vulnerability of a community are spatially differentiated (Chai-onn, 2015). The United Nations
Environment Programme (UNEP) highlights “measuring and mapping vulnerability” as a first priority for
supporting adaptation decision-making.

Sensibiltiy

Adaptive
capacity

Exposure

Vulnerabilit
y

Figure 2.2: The component of vulnerability (Sayers et al., 2013)
2.6

HEC-RAS and HEC-GEORAS

HEC-RAS is a hydrodynamic model developed by the Hydrologic Engineering Center of the US Army
Corps of Engineers. The hydraulic model offers both one and two-dimensional hydraulic modeling
capacity. HEC-RAS is widely used to simulate flood routing in river systems (Hicks and Peacock, 2005;
Timbadiya et al, 2011; Mai and De Smedt, 2017).
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This hydraulic model solves the full dynamic Saint-Venant equations through single, dendritic or looped
systems of natural and constructed open channels, including overbank/ﬂoodplain areas, levee failures,
spillways, and overﬂow structures, and so forth. The combination of free hydrodynamic model such as
HEC-RAS and global remotely sensed data provide a cost effective solution for the assessment of the flood
risk. Over the years, many studies have shown the strengths and the limitation of HEC-RAS to model
floods. Flood-prone areas with different return periods were determined over a 16 km length of the Lighvan
Chai River using GIS and HEC-RAS model. The study showed that it is possible to determine the flood
area and allowable limit of construction and the criteria for zoning flood and flood insurances by integrating
remote sensing data, field study and software such as HEC-RAS (Khaleghi, Mahmoodi and Karimzadeh,
2015). The HEC-RAS (Hydrologic Engineering Center - River Analysis System) modelling framework
was used to evaluate both the flood routing and water flow activity of the Ogunpa River. The HEC-RAS
model has been able to identify those particular sections of the Ogunpa river course that are susceptible to
high water elevation levels and head(Adewale, P. O., Sangodoyin, A. Y., 2011). Mai and De Smedt
combined hydrological (WetSpa) and hydraulic model (HEC-RAS) to predict ﬂood in Vietnam. The model
was resourceful in the development of a ﬂood forecasting and early warning systems to mitigate losses due
to ﬂooding in Vietnam (Mai and De Smedt, 2017).
HEC-RAS was designed to perform one-dimensional, two-dimensional or combined 1D and 2D hydraulic
modeling for a full network of natural and constructed channels. The hydraulic model is capable of
performing steady flow water profile calculation and unsteady flow routing. HEC-RAS computes the water
surface profile from one cross section to another by solving the energy equation with an iterative procedure
called the standard step method. The energy equation is written as follows:
𝑍2 + 𝑌2 +

𝑎2 𝑉22
2𝑔

= 𝑍1 + 𝑌1 +

𝑎1 𝑉12
2𝑔

ℎ𝑒 Equation 4

Where: 𝑍1 , 𝑍2 = 𝑒𝑙𝑒𝑣𝑎𝑡𝑖𝑜𝑛 𝑜𝑓 𝑡ℎ𝑒 𝑚𝑎𝑖𝑛 𝑐ℎ𝑎𝑛𝑛𝑒𝑙 𝑖𝑛𝑣𝑒𝑟𝑡𝑠
𝑌1 , 𝑌2

= 𝑑𝑒𝑝𝑡ℎ 𝑜𝑓 𝑤𝑎𝑡𝑒𝑟 𝑎𝑡 𝑡ℎ𝑒 𝑐𝑟𝑜𝑠𝑠 𝑠𝑒𝑐𝑡𝑖𝑜𝑛𝑠

𝑉1 , 𝑉2

= 𝑎𝑣𝑒𝑟𝑎𝑔𝑒 𝑣𝑒𝑙𝑜𝑐𝑖𝑡𝑖𝑒𝑠 (

𝑎1 , 𝑎2

= 𝑣𝑒𝑙𝑜𝑐𝑖𝑡𝑦 𝑤𝑒𝑖𝑔ℎ𝑡𝑖𝑛𝑔 𝑐𝑜𝑒𝑓𝑓𝑖𝑐𝑖𝑒𝑛𝑡𝑠

𝑔

= 𝑔𝑟𝑎𝑣𝑖𝑡𝑎𝑡𝑖𝑜𝑛𝑎𝑙 𝑎𝑐𝑐𝑒𝑙𝑒𝑟𝑎𝑡𝑖𝑜𝑛

ℎ𝑒

= 𝑒𝑛𝑒𝑟𝑔𝑦 ℎ𝑒𝑎𝑑 𝑙𝑜𝑠𝑠
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𝑇𝑜𝑡𝑎𝑙 𝑑𝑖𝑠𝑐ℎ𝑎𝑟𝑔𝑒
)
𝑇𝑜𝑡𝑎𝑙 𝑓𝑙𝑜𝑤 𝑎𝑟𝑒𝑎

Figure 2.3: representation of terms in the energy equation ((USACE, 2016)
The modeling process used in this study is based on the one-dimensional (1D) approaches. In this model,
the river geometry is represented by a series of discrete cross-sections perpendicular to the flow direction.
The basic data requirement to run HEC-RAS (Eleuterio, 2012) are:


Topographic data for the construction of the cross-sections cut lines and the inundation maps



Manning n coefficient (roughness coefficients)



The boundary conditions at the upstream and the downstream end of the river reach



Calibration and validation data (satellite image of historical flood or observed flood depth)

HEC-GEORAS was specifically developed to process geo-spatial data for use with the Hydrologic
Engineering Center River's Analysis System (HECRAS). HEC-GEORAS offers a set of procedures, tools,
and utilities for the preparation of GIS data to be imported into HEC-RAS and generation of GIS data from
RAS output (http://www.hec.usace.army.mil/software/hec-georas/downloads.aspx). During the data
preparation, HEC-GEORAS helps to effectively build the river geometry and extract from the DEM the
elevation data needed for the cross-sections. Once the modeling of the floods is done with HEC-RAS, the
result can be exported to ArcGIS for further analysis with HEC-GEORAS.
Hydraulic modeling offers a rather objective way to model ﬂood. Given that, this modeling method takes
into account spatially distributed characteristics of river basins such as the friction coefficient and the
riverbed geometry.
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2.7

Flood risk assessment and Geospatial techniques

Geospatial techniques which is the suite of geographic information systems (GIS), remote sensing (RS),
global positioning systems (GPS), and spatial analysis have demonstrated their potential over the year in
the management of natural hazards (Dewan, 2013). Indeed Geographic information systems (GIS) supports
the spatial decision making process, by providing tools for creating, storing, analyzing and managing
spatial data and associated attributes of the real world. Cartographic aspects are important issues in flood
mapping. GIS provides a broad range of tools in flood risk management for the determination of floodprone areas and the mapping of vulnerability. GIS tools are currently used at each step of the flood risk
assessment, from the preparation of the data to the delineation of the floodplain.
Remote sensing (RS) is the science and art of acquiring information (spectral, spatial, and temporal) about
material objects, or areas, without coming into physical contact with the objects or areas, under
investigation (Lillesand, 2004). In the process of flood risk management, RS has proven to be very efficient
in the instantaneous mapping of the flood extent by the acquisition of high-resolution satellite images. RS
provides a cost and time effective alternative to in situ data collection in order to build the databases needed
in the hazard management. The application of both GIS and RS opens a completely new realm of possibility
in the process of flood risk management (MESSNER and MEYER, 2005).
2.8

Flood risk management

Risk cannot be eliminated completely. The only alternative is its management (Connelly, Carter and
Handley, 2015).
Flood management has three distinct goals (Martini and Loat, 2007):


To prevent the further build-up of risks through appropriate and risk-conscious development (i.e.
development in safe places, appropriate forms of construction etc.)



Reduce existing risks through preventive and preparedness measures (e.g. construction of flood
dikes and implementation of early warning systems)



To adapt to changing risk factors (e.g. climate change adaptation)

The flood risk management plan must be implemented in a way that finds an optimal tradeoff between
the cost of the measures and the potential damages, with the right mix of structural and non-structural
measures (Klijn et al., 2009). Structural measures take in account the construction of protective works
such as flood storage reservoir, diversion of water to side channels storm channels, levees along the
floodway. Meanwhile, nonstructural measures are concerned with the zoning and the redevelopment of
flood-prone areas, flood forecasting and early warning systems. Although non-structural measures
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improve the preparedness to floods and reduce losses, the necessity of structural measures would
always remain for minimizing the extent of physical damage caused by floods (Udani and Mathur,
2016). It is essential to establish the flood risk management plan on a sound technical and scientific
basis. Flood risk management implementation without sufficient risk information can lead to either too
little or too much protection rendering the implemented measures ineffective (Wright, 2015).

Figure 2.4: The component of a good flood risk management (Sayers et al., 2013)
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3. STUDY AREA
3.1

Introduction

The district of Malanville is situated in the Department of Alibori in the northeast of Benin Republic. It lies
on the right bank of the Niger River. The proximity to the Niger River, exposes the district to frequent
flooding. Malanville covers an area of 183 km² and the average altitude is 200m above sea level. The
townships of Malanville are Bodjecali, Galiel, Koki, Tassi-Tedji, Tassi-Zenon, Wollo, Wouro-Hesso, and
Momkassa. The district is bounded to the north by the Niger River, the district of Guene to the south, the
district of Toumbouctou at the west and the district of Garou on the East. Malanville is one of the district
of the municipality of Malanville. The population relies mainly of agriculture for their livelihood and the
main cultivated crops are rice, onions, peanuts and tomatoes.

Figure 3.1: Location map of Malanville district
3.2

Climatic Features

Malanville is located in the Sahelo-Sudanian region, which is a semi-arid zone with a dry season from
November to April. The dry season is characterized by the “Harmattan” wind flow and temperatures
ranging between 12°C and 25°C. The district knows only one rainy season, which lasts 5 to 6 months from
May to October with an average annual rainfall between 700 mm and 900 mm. Malanville experiences
extreme seasonal variations in monthly rainfall.
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Figure 3.2: Monthly average rainfall of the district of Malanville
Figure 3.2 shows that the months of July, August and September are the wettest of the year.
3.3

Soil Type

The district of Malanville is covered with gneissic soil and in the Niger Valley and its tributaries; there is
sandy and ferruginous clay.
3.4

Hydrography

The district of Malanville is located in the Niger Valley. It is crossed from its East to the West by the Niger
River, which floods during the months of August and September. The Niger River stretches about 120 km
along the Benin border. “La Sota”, with a length of 254 Km crosses the district of Malanville entirely in
the North-South-East direction and drains an area of approximately 13,410 Km2.

3.5

Socio-economic background
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3.5.1

Population dynamic

With 68670 inhabitants, Malanville is the most populated district of the municipality of Malanville (INSAE,
2014). This population is concentrated on an area of 183 km² and almost 70% of the population lives in
rural areas. In the district of Malanville, out of 1000 children born alive 148 die before reaching their fifth
birthday (INSAE, 2015). The mortality level is higher in rural areas than in the urban environment.
3.5.2

Literacy and School Attendance

The literacy rate over 15 years old is round 18% in 2013, which is low. In 2013, 25.8% of children of
Malanville between the ages of 6-11 attended school. The net enrollment rate in Malanville is well below
the national level (65%). The net secondary school enrollment rate is 15% in 2013. Some progress was
made between 2002 and 2013 in terms of schooling but not as significant as between 1992 and 2002.
3.5.3

Religion and Socio-Cultural Groups

The dominant religion in the district of Malanville is Islam. It is practiced by 91.9% of the population while
Catholicism is practiced by 3.1%, traditional religions (1.4%), Protestantism (0.6%,) and Other religions
(3.1%). The ethnic groups commonly encountered are the Bariba and related (37.1%), Peulh or Fulani
(26.5%), Dendi and related (20.1%). The most spoken language is Dendi.
3.5.4

Community Infrastructure

With eight townships, the district of Malanville has four health centers. Access to drinking water seems to
pose enormous difficulties to the population. Barely 39% of households have access to drinking water
according to the National Statistic Institute of Benin (INSAE). The main sources of water in the district of
Malanville are wells and boreholes equipped with water pumps.
3.5.5

Economic Activities of the District

The most dominant branches of activity in the different communities of Malanville are Agriculture and
Cattle-breeding. Indeed 37% of the active population of the district rely on agriculture and livestock for
their livelihood. Meanwhile, the rest of the population are invested in trading, catering, accommodation and
other services. Non-monetary poverty (based on characteristics of habitat and household assets) affects
23.5% of the population of Malanville in 2013. Moreover, 95% of the population between 15 years and 60
years works in the informal sector.
3.5.5.1

Agriculture

Agriculture is the main source of revenue for the district; smallholdings with limited resources characterize
it. The agriculture in the district is of an extensive type.

34 | Page

The district of Malanville produces different types of crops namely:


Cereal crops: Maize, rice, Sorghum, millet



Vegetable: Onion, tomato, pepper and Okra



Tubers: Potatoes, cassava, yam



Cash crops: Cotton, oil palm trees, Peanut, cashew

The predominance of cash crops on food crops raises the question of food security in the district. In fact, a
large number of agricultural producers are forced to sell cotton or onion before building up their necessary
food stocks for the year.
3.5.5.2

livestock

Livestock occupies a prominent place among the district economic activities. The species raised are mainly
cattle, small ruminants and the poultry. The stock raising of goats and pigs has increased significantly.
Livestock products are meat, milk, eggs and cheese.
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4. MATERIALS AND METHODS
This chapter will provide information about the datasets used to answer the research questions outlined in
Chapter 1 and present the methodology adopted in this study.
4.1

Datasets

The data used in this study are of three types:


Remotely sensed data (DEM and satellite images)



Census data and



Discharge data.

Accurate digital maps and digital elevation models (DEM) are important to develop realistic representations
of the extent and depth of flooding, particularly where floodplains are relatively flat. The vertical and
horizontal accuracy of the maps will have a significant impact on the reliability and the accuracy of the
flood maps produced. Landsat 8 satellite images are available on the USGS Earth Explore server
(https://earthexplorer.usgs.gov/ ), the Data products were downloaded from this server. The hydrological
catchment model HYPE was adapted to the Niger River Basin to study the potential effects of climatic
changes on floods, droughts and other water-related phenomena; and to connect this to adaptation strategies
in West Africa. The model was used to simulate daily flow data covering the entire Niger River Basin from
1980 to 2009. The flow data used in this research were acquired from the HYPE platform.
4.1.1

Landsat 8

With over 40 years of activity, The Landsat Program has provided high spatial resolution data of the Earth's
surface to a broad and varied user community. The data from the Landsat different spacecraft is until date
the longest record of the Earth's continental surfaces as seen from space. Launched on 11 February 2013,
Landsat 8 is the most recent satellite of the Landsat Program. The overall mission objectives of this new
spacecraft of the Landsat program are (USGS, 2016):


To provide data continuity with Landsat 4, 5, and 7.



To offer 16-day repetitive Earth coverage, an 8-day repeat with an L7 offset.



To build and periodically refresh a global archive of Sun-lit, substantially cloud-free land images.

Landsat 8 follows the same Worldwide Reference System (WRS) used by Landsat 4, 5, and 7, bringing the
entire world within view of its sensors once every 16 days. However, combined with Landsat 7, the repeat
cycle is shorted to 8 days. Landsat 8 data are downlinked and processed into standard products within 24
hours of acquisition, making it available rapidly to the public. As shown on the Figure 4.2 below, the
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Landsat 8 mission carries two instruments on board an Operational Land Imager (OLI) and a Thermal
Infrared Sensor (TIRS). OLI acquires data in nine shortwave bands at spatial resolutions of both 30 m (8
bands) and 15 m (1 band). TIRS has two long wave thermal bands, both with 100 m resolution.

Figure 4.1: Landsat 8 image of the district of
Malanville

4.1.2

Figure 4.2: Illustration of Landsat 8 Observatory

Topographic Data

Topographic data is one of the most important datasets in flood inundation modeling. The availability of
global coverage digital surface models has had a positive impact on scientific researches over the past
decade as they provide a fairly good base dataset with a low production time and expense(Józsa et al, 2014).
In a region that lacks detailed topographic maps, global coverage digital surface models remain the best
source of topographic data for earth science studies. Several DEM are indeed available freely online namely
the Shuttle Radar Topography Mission (SRTM), the Advanced Spaceborne Thermal Emission and
Reflection Radiometer (ASTER) Global Digital Elevation Model (GDEM) and the ALOS Global Digital
Surface Model "ALOS World 3D - 30m (AW3D30)". The latter was used as source of topographic data in
the analysis of the flood hazard.
The ALOS Global Digital Surface Model results from the effort of the Japan Aerospace Exploration
Agency (JAXA) to develop a precise global digital elevation model that can represent land terrains with
approximately 5-meter in spatial resolution and 5 meters in-target height accuracy (standard deviation).
The ALOS World 3D-30m (AW3D30) is converted from the AW3D DSM dataset (5-meter mesh) and is
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available free of charge since May 2015. This dataset is highly expected to be useful for scientific
research and education that needs geospatial information. The DSM dataset covering the research area
were downloaded from the Japan Aerospace Exploration Agency (JAXA) platform
(http://www.eorc.jaxa.jp/ALOS/en/aw3d30/index.htm) and projected in WGS 1984 UTM Zone 31N.
The Advance Land Observing Satellite (ALOS) has three remote-sensing instruments:


The Panchromatic Remote-sensing Instrument for Stereo Mapping (PRISM).



The Advanced Visible and Near Infrared Radiometer type 2 (AVNIR-2).



The Phased Array type L-band Synthetic Aperture Radar (PALSAR).

The data captured by the Panchromatic Remote-Sensing Instrument for Stereo Mapping PRISM provides
a highly accurate digital surface model (DSM). PRISM is a panchromatic radiometer with 2.5 m spatial
resolution. The DSM are posted on a 1 arc-second (approximately 30–m) grid and in GeoTIFF format.
Digital Elevation Model is a good source of auxiliary information, and it is often used to support ﬂoodmapping techniques (Forkuo, 2013).

Figure 4.3: Elevation range in the district of Malanville (DEM)
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4.1.3

Flow data

The flow data were obtained from the Niger-HYPE project platform. The data are available for each subbasin of the NRB in excel spreadsheet.
The hydrological catchment model (HYPE) developed by the Swedish Meteorological and Hydrological
Institute (SMHI) was adapted to the Niger river basin to study the potential effects of climatic changes on
floods, droughts and other water-related phenomena; and to connect this to adaptation strategies in West
Africa (http://hypeweb.smhi.se/nigerhype/about/ ). The model was used to simulate daily discharge at each
sub-basin of the entire NRB. The discharge data span from 1980 to 2009 and are available at this link:
http://hypeweb.smhi.se/nigerhype/time-series/.

Figure 4.4: Portal of the Niger-HYPE project dataset
4.2

Methodology

The methodology adopted in this study is comprised of four main tasks.


(1) Data preparation and model setup



(2) Hydrodynamic modelling and flood hazard mapping



(3) Vulnerability assessment and vulnerability mapping using ArcGIS



(4) Flood risk mapping and analysis
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4.2.1

Data preparation and model setup

4.2.1.1

Remotely sensed data

Preceding the acquisition of relevant datasets, all the remotely sensed data downloaded were first projected
into the appropriate geographic coordinate system (WGS_1984_Zone_31N). Afterwards, the raster data
were clipped to the study area. The sinks present in the DEM were filled by using spatial analysis tools
from the ArcGIS toolbox. Sinks in elevation data are most commonly due to sampling effects and the
rounding of elevations to integer numbers.
4.2.1.2

River Geometry

The preparation of the river geometry was performed using the Hec-GeoRAS extension in ArcGIS. First,
the DEM of the study area was converted to a Triangular Irregular Network (TIN) and with Hec-GeoRAS
functionalities, the digitization of the channel network and cross-section were performed. During the
Digitalization process, a Landsat 8 image of the study area acquired on the 17 Avril 2018 was overlaid on
the TIN in order to accurately draw the stream centerlines, the riverbanks and the flow path. As for the
cross section cut lines, they were drawn from left to right, from the perspective of looking downstream and
perpendicular to the stream centerline (River) to meet the recommendation of the HEC-GeoRAS user
manual (Ackerman, 2011). Due to time and financial constraints no field measurements at the sites of
application were done to gather information on the channel morphology. Such information was extracted
from the generated TIN.

Figure 4.5: example of drawn cross-section profile
Additionally, the cross-section cut lines were extended across the floodplain. Here, the first estimation of
the floodplains was performed by analyzing satellite images of historical floods.
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4.2.2

Channel Roughness

The roughness parameters (Manning's Roughness coefficient) cause energy loss during flows along a river,
leading to the attenuation of the flood wave (Mukolwe, 2016). Channel roughness is a sensitive parameter
in the development of a hydraulic model. It is a highly variable parameter, which depends upon a number
of factors like the surface roughness, the vegetation, the channel irregularities, the channel alignment, etc.
The channel roughness is not a constant parameter and it varies along the river depending upon variation
in channel characteristic along the flow (Timbadiya et al, 2011). In this work, the different Manning's
coefficients were assigned based on the land use types. A land use/land cover map was conceived using
Landsat 8 images. Each of the land use types were allocated a Manning coefficient with reference to Chow
(1959). Afterwards, using HEC-GeoRAS functions the manning n values were extracted from the land use
tables. The geometry data was then exported to RAS and corrected.
4.2.3

Flood Frequency Analysis

To better characterize the flood hazard, it is necessary to capture both its frequency and its magnitude. In
this thesis, the main approach used in the estimation of the return periods and the probabilities associated
with each of the required scenarios was the statistical analysis method based on simulated historical data.
The probability of a flood scenario characterized as the chance that it will occur in any one year (its annual
probability) (Klijn et al., 2009). The probabilistic approach tends to assume that events in the future are
predictable based on the experience of the past (Pistrika and Tsakiris, 2007). The return period was
determined by examining the record of flood events in the past, using statistical interpolation methods. The
available discharge data for the Niger River and the Sota River (tributary) covers a period of 30 years. In
order to extrapolate return periods longer than the flow dataset, different probability distributions (Gumbel,
Generalized Extreme Value and exponential) were fitted to the dataset. Subsequently, the goodness of fit
was assessed by Quantile-Quantile plotting between the hydrologic data and the fitted probability
distribution. Extreme value distributions are often used to model the smallest or largest value among a large
set of independent, identically distributed random values representing measurements or observations.
4.2.3.1

Gumbel Distribution

The Gumbel distribution is the most widely used distribution to model extremes in hydrology
(Koutsoyiannis, 2004). The Gumbel’s distribution equation and the procedure for a T return period is given
as follows,
𝑋𝑇 = 𝑋̅ + 𝐾. 𝜎𝑥

Equation 5

Where:
𝜎𝑥 : The standard deviation of the Sample Size
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K: Frequency Factor, which is expressed as, 𝐾 =
Yt: Reduced Variate, 𝑌𝑡 = −[ln ln (

̅̅̅̅
𝑌𝑡−𝑌𝑛
𝑆𝑛

𝑡
)]
𝑡−1

Equation 6
Equation 7

The values of ̅̅̅̅
𝑌𝑛 And Sn are selected from Gumbel’s Extreme Value Distribution considered depending
on the sample size.
4.2.3.2

Generalized Extreme Value

The Generalized Extreme Value combines three simpler distributions into a single form, allowing a
continuous range of possible shapes that includes all three of the simplest distributions.
4.2.3.3

Exponential

The exponential distribution is special because of its utility in modelling events that occur randomly over
time. The exponential probability density function is
−𝑥

𝑦 = 𝑓(𝑥 |𝜇) =

1 𝜇
𝑒
𝜇

(4)

Equation 8

µ is the parameter of the distribution.
4.2.4

Hydrodynamic Modeling and flood hazard mapping

Once the River geometry file was imported to HEC-RAS, the next step consisted of entering the hydrologic
data and the boundary conditions.
The discharge data obtained from the frequency analysis was used as flow data in the model and a steady
flow simulation was performed for each return period considered in this study. Moreover, HEC-RAS
proposes four boundary condition options for the steady flow simulation: (1) the known water level, (2)
the critical depth, (3) the rating curve and (4) the normal depth. The choice of the boundary condition
depends on the data availability. Therefore, the lack of data in the study area led to the choice of the critical
depth as boundary condition at the upstream and downstream of the modeled reaches. The model was ran
in the subcritical flow regime and the result of the simulation was then exported to ArcMap for the flood
hazard mapping using the post processing modules of HEC-GEORAS extension. Lastly, the calibration and
validation of the model was performed on the Manning's n coefficient by comparing the modelling results
of the flood event of 2013 and 2017 with Landsat 8 images of the same historical floods.
4.2.5

Vulnerability Assessment

Vulnerability is one of the significant components in risk management and flood damage assessment
(Koutsoyiannis, 2004). Vulnerability is the degree to which a system is susceptible to, or unable to cope
with, the adverse impact of a hazard. The vulnerability of an element at risk is dependent on three
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components: the exposure, the sensitivity, and the adaptive capacity. The assessment of the vulnerability of
the district of Malanville was performed by analyzing each of the components of vulnerability.
4.2.5.1

Exposure

Exposure refers to the inventory of elements in an area in which hazard events may occur (UNISDR, 2009).
The evaluation of the exposure of the population and the asset at risk in Malanville was performed by
estimating the number of people and infrastructure that are located in the flooded areas for each flood
scenario. This analysis was done by overlaying a recent land use and land cover map of the study area with
the flood hazard maps and then estimating the total area of each land use type submerged by the floodwater.

Figure 4.6: Exposure map resulting from the overlaying of the flood hazard map and the asset map
(Eleuterio, 2012)
4.2.5.2

Adaptive Capacity and Sensibility

Several studies have shown that even though exposure is an important determinant of the vulnerability of a
community, alone, it is not enough to understand the trends in the disaster impact, and thus social and
economic vulnerability are critical components. Vulnerability maps are very useful in identifying areas at
potentially high risk of flooding and to better understand the determinants of vulnerability in order to
identify planning and capacity building needs, or to better target funding and adaptation/mitigation
programs (de Sherbinin, 2014). However, few efforts have been made to standardize vulnerability
measurement and estimation techniques. This is true particularly in developing countries and for noneconomic measures (Wright, 2015). In the context of flood risk management, the sensibility of a community
refers to the degree to which that community is affected or responsive to the flooding, while the adaptive
capacity defines the potential or capability of a community to adapt to (to alter to better suit) to the flooding
or their effects or impacts (Ipcc, 2007). One of the common approaches to quantify ﬂood vulnerability and
44 | Page

risk is to construct an index by combining various indicators (Yoon, 2012). This is the approach used in the
assessment of the vulnerability of Malanville in this research. The selection of indicators that best describe
the adaptive capacity and the sensibility of the communities at risk in the research district was guided by
the literature review on factors known to affect both components as well as data availability and quality
(Chai-onn, 2015). Data availability is one of the major factors that influences the selection of the indicators
(Tapsell et al., 2010). The socio-economic indicators used in this study are derived from Benin 2013
General Census of Population and Housing (INSAE, 2016).
To describe the adaptive capacity of the study area, information such as the number of health centers and
the access to drinking water were selected as indicators.
The sensibility in the area of interest was assessed by building indicators from data such as the percentage
of women in the communities, the percentage of old and young in the population and the ratio of agricultural
population in the exposed communities. Land use/cover is another critical factor of the flood vulnerability
that needs to be accounted for. Thereby, each type of land use was ranked relating to their susceptibility to
flooding.
Figure 4.7: sensitivity and adaptive capacity indicator
Vulnerability

Indicator

Measurement

Component

influence

of

the

indicator

on

the

vulnerability
Gender

Proportion of women in the

-

population.
Agricultural population

Proportion of the population
whose livelihood depends on

-

agriculture
Sensitivity

Age < 5

Age > 60

rate of the population under 5
years old

-

rate of the population over 60

-

years of age
Access to drinking water

Proportion of Household that
has access to drinking water

Adaptive capacity

Health

Number

of

+

health

infrastructure in the district

+

Baseline assessment using the data available from the Benin 2013 General Census of Population and
Housing(INSAE, 2015).
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The variables considered in this study were measured in different units. To be able to aggregate these
variables and create a composite score of vulnerability, a standardization procedure was applied. The
development of the different indicators was undertaken using a Min-Max scaling transformation. In this
standardization technique, the values of the indicators are rescale between zero and one, with 0 being the
worst rank for the considered indicator and 1 being the best (Yoon, 2012). One advantage of this approach
is that separate maps for each vulnerability component (e.g., into exposure, sensitivity and adaptive
capacity) can help decision-makers to analyze adaptation options (Nardo, et al, 2014)
The vulnerability indicators are normalized as follows:
𝑋𝑖′ =

𝑋𝑖 −𝑀𝐼𝑁(𝑋𝑖 )
𝑀𝐴𝑋(𝑋𝑖 )−𝑀𝐼𝑁(𝑋𝑖 )

Equation 9

Where:
𝑋𝑖′ = 𝑁𝑜𝑟𝑚𝑎𝑙𝑖𝑧𝑒𝑑 𝑣𝑎𝑙𝑢𝑒 𝑜𝑓 𝑆𝑒𝑛𝑠𝑖𝑡𝑖𝑣𝑖𝑡𝑦/𝐴𝑑𝑎𝑝𝑡𝑖𝑣𝑒 𝑖𝑛𝑑𝑖𝑐𝑎𝑡𝑜𝑟
𝑋𝑖 = 𝑂𝑏𝑠𝑒𝑟𝑣𝑒𝑑 𝑉𝑎𝑙𝑢𝑒 𝑜𝑓 𝑆𝑒𝑛𝑠𝑖𝑡𝑖𝑣𝑖𝑡𝑦/𝐴𝑑𝑎𝑝𝑡𝑖𝑣𝑒 𝑖𝑛𝑑𝑖𝑐𝑎𝑡𝑜𝑟
𝑀𝐼𝑁(𝑋𝑖 ) = 𝑀𝑖𝑛𝑖𝑚𝑢𝑚 𝑜𝑏𝑠𝑒𝑟𝑣𝑒𝑑 𝑣𝑎𝑙𝑢𝑒
𝑀𝐴𝑋(𝑋𝑖 ) = 𝑀𝑎𝑥𝑖𝑚𝑢𝑚 𝑂𝑏𝑠𝑒𝑟𝑣𝑒𝑑 𝑣𝑎𝑙𝑢𝑒
The adaptive capacity variable and the vulnerability has an inverse relationship, in other words, a high
adaptive capacity is associated with a low vulnerability. Thus, prior to averaging the vulnerability
indicators, the following formula was applied to the adaptive capacity indicator:
𝑋𝑖′′ = 1 − 𝑋𝑖′

Equation 10

Where: 𝑋1′′ is the new adaptive capacity score.
The total vulnerability index of the district was obtained by computing the arithmetic mean of the
standardized vulnerability indicator values (sensitivity, adaptive capacity and land use) at the level of each
district. No weighting factor was applied on the indicators because like in most vulnerability studies, the
indicators here, are considered independent and equally important (Yoon, 2012). The final vulnerability
index ranges between 0 and 1.
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4.2.6

Flood Risk Assessment

Risk is the result of the interplay between hazard and vulnerability (Dewan, 2013). Although there is no
single definition of risk (Klijn et al., 2009), it is often considered as the product of the hazard and
vulnerability (Wisner et al., 2005). This concept of risk has been the base of the evaluation of the flood risk
in the study area. Following the stimulation of the different flood scenarios, the flood depths were
normalized on a range between 0 and 1. This was done in order to adjust the flood depth on a common scale
with the vulnerability indicators. Using the field calculator tool, available in the ArcGIS toolbox, the
product of the total vulnerability and the normalized flood depth was spatially computed to generate the
flood risk map.
Risk = hazard × vulnerability
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Equation 11

CHAPTER 5
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5. RESULT AND DISCUSSION
5.1

Flood frequency analysis

The analysis of the flood frequency is a crucial step in the evaluation of the hazard. The frequency analysis
was performed on both the Niger River and the Sota River (a tributary of the Niger River) discharge data.
5.1.1

Niger River discharge frequency analysis

The Figure 5.1 presents the simulated maximum annual discharge by the HYPE model of the SMHI on the
Niger River between 1980 and 2009.

Figure 5.1: Maximum annual discharge Niger River
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Figure 5.3: return period

Figure 5.2: Q-Q plot (GEV)

After fitting several probability distributions on the set of data, the goodness of fit was assessed through the
Quantile-Quantile plot statistical test. The Q-Q plotting between the flow data and the theoretical values of
the Generalized Extreme Value distribution does not fall about a straight-line (figure 5.5). However, from
the Q-Q plotting between the maximum annual discharge data and the Gumbel distribution, both grow at
the same pace between the discharge quantile of approximately 1300 m3/s and 3200 m3/s; therefore their
quantile match in this region. However, looking at the Q-Q plot, if the flow data followed the Gumbel
distribution, the last two maximum annual discharges should be inferior to 4500 m3/s, when in fact those
quantiles are greater than 5000 m3/s. This is due to the occurrence of floods with a large return period within
the 30 years period river flow dataset.

Figure 5.4: QQ-plot (Gumbel)
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Figure 5.5 QQ-plot (Exponential)

Nevertheless, there was a better fit with the Gumbel distribution than with the other fitted distribution. Thus,
the extrapolation of the different return period used in this study was performed using the Gumbel
distribution. Table 5.1 presents the result of the extrapolation.
Table 5.1: designed flood (Niger)
Return Period
Maximum

20 years

50 years

80 years

100 years

4051

4410

4774

4929

4997

discharge

3

(m /s)
5.1.2

10 years

Sota River discharge frequency analysis

The figure 5.6 presents the maximum annual discharge of the Sota River between 1980 and 2009. The
Quantile-Quantile plotting between the Gumbel distribution and the Sota river discharge (Figure 5.7)
revealed only one outlier which shows a good fit between the maximum annual discharge data and the
Gumbel distribution.

Figure 5.6: maximum annual discharge (Sota river)
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Figure 5.8: Return period (Sota)

Figure 5.7: Q-Q plot (Gumbel distribution)

The table 5.2 presents the discharge corresponding to the 10 years, 20 years, 50 years, 80 years, and 100
years return period flood.
Table 5.2: designed flood (Sota)
Return period

10 years

20 years

50 years

80 years

100 years

Discharge
(m3/s)1
5.2

136

152

168

175

178

River geometry

Overall, 100 cross-sections were drawn to describe the geometry of the main river and 234 cross-sections
were generated for the tributary (La Sota). The cross section N° 28444.87 was used as the upstream
boundary conditions. While the cross-section N° 642,669 of the main river was used to set the downstream
boundary conditions.
5.3

Land use/Land Cover Map

The land use maps of the study area were prepared by performing a supervised classification of a Landsat
8 image of Malanville captured on the 17 April 2018. A signature file was generated by analyzing existing
land use maps of the study area and information gathered from Google Earth. Afterwards, the area of
interest was classified into five different land uses types: built-up area, cultivated floodplain, water bodies,
forest and bare soil. The table shows the different land use types and the occupied area. As it is shown in
the Table 5.3 cultivated floodplain (61%) and forest (23%) are the most common land use types found in
the study area. A little more than 4% of the total area of the District of Malanville is built up.
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Table 5.3: land use/ land cover classification
Land use type

Area in km2

Proportion of total area %

Water

6.61

3.61

Cultivated floodplain

112.82

61.63

built-up area

7.80

4.26

Forest

42.33

23.12

Bare soil

13.50

7.37

Figure 5.9: Land use/ Land cover map of the district of Malanville
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Figure 5.10: Satellite image of bare soil
Malanville (source: google earth)

Figure 5.13: Satellite image of
floodplain, Malanville (source: google
earth)
5.4

Figure 5.11: Satellite image of built-up
area, Malanville (source: google earth)

Figure 5.12: Satellite image of forest,
Malanville (source: google earth)

Friction Coefficient and Model Calibration

The calibration of the model was performed on the Manning friction coefficient using as starting point the
reference values given by Chow (1959). After the classification of the different land use types in the area
of interest, each of them was assigned a Manning n coefficient. During the calibration process of the model,
the friction coefficient was varied and the mapped flood extents were compared with the flooded area
captured by a Landsat 8 image (4 September 2013) of the historical flood of September 2013. The discharge
data of the flood of 2013 were obtained from the Niger Basin Authority.
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Figure 5.14: Landsat 8 image flood extent (2013) Figure 5.15: RAS simulated flood extent (2013)

The Table 5.4 presents the different land use types with their associated Manning coefficients before and
after calibration.
Table 5.4: Manning’ n coefficient value before and after calibration
Land use type

Manning’

n

value

before Manning after calibration

calibration
Main channel

0.07

0.085

cultivated floodplain

0.035

0.05

Urban

0.02

0.035

Forest

0.1

0.115

Bare soil

0.030

0.045
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Figure 5.16: friction coefficient map
5.5

Validation

The model was validated by using information from the historical flood of September 2017. A Landsat 8
image (15 September 2017) of the flood extent was compared to the inundated area computed by the
hydrodynamic model. The observed flood extent area is 66.01 km2 while the simulated one is 76.36 km2.
There was an overestimation of 13.55% of the flooded area by the model. The overestimation of the flood
extent is explained by the low resolution of the DEM being unable to capture accurately the river
morphology and the error in the selection of the friction coefficient. Furthermore, the presence of a dike,
built to protect irrigated rice fields in Malanville was not accounted for in the flood modeling with HECRAS which could also explain the overestimation of the flood extent by the model.
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Figure 5.18: Landsat 8 image flood extent (2017)

Figure 5.17: HEC-RAS simulated flood extent
(2017)

The Table 5.5 shows the flooded area by land use type for the simulated and the observed. From the results,
there has been an overestimation of the water extent in the floodplain and in the built-up area by the model,
while the flooded bare soil and forest areas were underestimated.
Table 5.5: simulated and observed flooded area for each land use type
Land use type

Flooded area km2 (Simulated)

Flooded area km2 (Observed)

Water

6.31

6.54

Cultivated floodplain

67.73

58.61

Urban

0.8

0.73

Forest

0.07

0.014

Bare soil

1.30

0.06

5.6

Results of the Hydrodynamic Modelling and Exposure Assessment

The output of the simulation was in the form of water depth and water extent at each cross-section location.
Once exported to ArcGIS, this information was mapped by using the HEC-GeoRAS extension in ArcMap.
The generated maps show clearly the inundated area and the variation of the water depth for each selected
return period. Flood hazard maps are the main tools for flood control and flood management studies (NRC,
2009). The goal of the flood hazard map is to display information about the probability and the magnitude
of a flood event, e.g. Flood extent and water depth distribution. Once the flood hazard map is overlaid on a
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land-use map, it becomes possible to identify the assets and the communities that are exposed to the
different return period floods.
5.6.1

10-year return period flood

Figure 5.19 shows the water extent and the water depth for the 10 years return period floods in the district
of Malanville and the table 5.6 presents the classification of the land use type by the simulated flood depth
for the same return period.
In the scenario of a 10 years return period flood, 47.26% of the area of the district of Malanville will be
inundated and 88.6% of the affected areas are part of the cultivated floodplains areas. Furthermore, about
16.5% of the inundated area in the district will be subjected to a water depth higher than 3m and most of
this area (81%) is located in the floodplain. While 16% of the built-up area will be flooded in the 10 years
recurrence interval scenario, less than 19% of this area will be affected by a water depth higher than 3 m.

Figure 5.19: 10 years return period flood map
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Table 5.6: land use distribution by simulated flood depth for the 10yrs return period flood
Depth/Land
Use

water

floodplain

Built-up area Forest

Bare soil

Total

0-1

0.21

18.18

0.54

0.08

0.81

19.82

1-2

0.37

19.57

0.34

0.06

0.69

21.03

2-3

0.77

14.14

0.15

0.02

0.33

15.41

3-4

1.56

21.13

0.21

0.00

0.10

23.01

4-5

1.97

3.33

0.02

0.00

0.00

5.32

5-6

1.56

0.38

0.00

0.00

0.00

1.95

Total

6.44

76.74

1.26

0.15

1.94

86.53

5.6.2

20 years recurrence interval flood

Figure 5.20 presents the flood map (depth and extent of the flood) in the case of the 20 years return period
flood. A classification of the flood depth according to the land use type is presented in the Table 5.7.
Roughly, 48.10% of the area of Malanville will be submerged by the flood of 20 years recurrence interval,
and 1.51% of the affected areas are built-up. As it is the case with the 10 years return period flood, most of
the affected area (88.6%) is located in the floodplain. When analyzing the water depth, it appears that 63.7%
of the flooded area will be under a water depth lower than 3 m.
Table 5.7: land use distribution by simulated flood depth for the 20yrs return period flood
Depth/Land

water

floodplain

Built-up

Forest

Bare soil

total

0-1

0.20

17.45

0.57

0.08

0.82

19.12

1-2

0.34

19.07

0.34

0.06

0.73

20.53

2-3

0.74

15.17

0.17

0.02

0.37

16.47

3-4

1.38

21.90

0.22

0.00

0.13

23.63

4-5

2.09

4.00

0.03

0.00

0.00

6.12

5-6

1.70

0.48

0.00

0.00

0.00

2.18

Total

6.46

78.07

1.33

0.16

2.05

88.06

Use
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Figure 5.20: 20 years return period flood map
5.6.3

50 Years Return Period Flood

The result of the simulation of the 50 years return period flood scenario is presented in the Figure 5.21 and
the Table 5.8. The flood of 50 years recurrence intervals would lead to a flooded area of approximately 89.5
Km2, which represents 48.8 % of the total area of the district. 1.6 % of the total-affected areas of the district
are built-up areas. As for the water level, compared to the 20 years return period floods, more land will be
subjected to water depth higher than 3 m in the 50 years return period floods. Indeed while 36.3 % of the
inundated area in the 20 years return period flood scenarios was under a water depth higher than 3 m, this
increased to 37.46% in the 50 years return period flood scenario. However, in both cases the majority of
the affected areas by a water depth higher than 3 m are located in the floodplains. This was also the case in
the 10 years return period flood scenario.
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Table 5.8: land use distribution by simulated flood depth for the 50yrs return period flood
Depth/Landuse water

floodplain

Built-up

Forest

Bare soil

total

0.18

15.56

0.60

0.08

0.84

17.26

0.33

19.80

0.33

0.06

0.73

21.25

0.69

16.12

0.18

0.02

0.44

17.45

1.31

22.09

0.24

0.00

0.14

23.77

2.15

5.15

0.04

0.00

0.02

7.36

1.80

0.59

0.00

0.00

0.00

2.39

0.01

0.00

0.00

0.00

0.00

0.01

6.47

79.30

1.40

0.17

2.16

89.50

0-1
1-2
2-3
3-4
4-5
5-6
6-7
total

Figure 5.21: 50 years return period flood map
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5.6.4

80 years return period flood scenario

Table 5.9 and Figure 5.22 present the result of the simulation of the flood of 80 years recurrence intervals.
The result of the hydrodynamic modelling shows that 49% of the land of the district of Malanville is flooded
in the case of the 80 years return period flood. Compared to the 50 years return period flood, there is an
increase of 1.59% of the flooded area. The built-up land accounts for 1.6% of the total inundated area in
the event of the 80 years return period flood which represents 18% of the total built-up area. There is not
much of an increase of the flooded built-up areas compared to the 50 years return period flood scenario.
The analysis of the water depth in general shows that more land are exposed to higher water level than in
the 50 years return period flood scenario. None of the built-up areas will be affected by a water level higher
than 6m during the flood event.

Figure 5.22: 80 years return period flood map

62 | Page

Table 5.9: land use distribution by simulated flood depth for the 50yrs return period flood
Depth/Landus
e

water

floodplain

Built-up

Forest

Bare soil

Total

0-1

0.18

15.23

0.62

0.08

0.83

16.93

1-2

0.32

19.74

0.34

0.07

0.75

21.22

2-3

0.66

16.36

0.19

0.03

0.46

17.69

3-4

1.28

22.19

0.24

0.00

0.14

23.85

4-5

2.18

5.57

0.05

0.00

0.02

7.82

5-6

1.77

0.63

0.00

0.00

0.00

2.41

6-7

0.08

0.00

0.00

0.00

0.00

0.08

Total

6.47

79.73

1.43

0.17

2.19

90.00

5.6.5

100 years return period flood

The highest recurrence interval that was considered in this study in the flood hazard analysis was the 100
years return period. The results of the simulation are shown in the Table 5.10 and the Figures 5.23. During
a 100 years flood scenario, 90.26 km2 of the area of Malanville would be underwater; this represents 49.3%
of the total area of the district. Furthermore, it is only in the 100 years return period flood that it was noticed
a water level higher than 6m in the built-up area.
Table 5.10: land use distribution by simulated flood depth for the 100yrs return period flood
Depth/Land
Use

water

floodplain

Urban

Forest

Bare Soil

total

0-1

0.18

15.05

0.62

0.08

0.82

16.74

1-2

0.32

19.76

0.34

0.07

0.72

21.21

2-3

0.65

16.47

0.19

0.03

0.50

17.85

3-4

1.25

19.29

0.24

0.00

0.14

20.92

4-5

2.20

8.73

0.06

0.00

0.02

11.01

5-6

1.64

0.66

0.00

0.00

0.00

2.30

6-7

0.23

0.00

0.00

0.00

0.00

0.23

Total

6.47

79.95

1.45

0.18

2.21

90.26

63 | Page

Figure 5.23: 100 years return period flood map

Figure 5.24: Risk curve for area flooded for different return
periods
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5.7

Results of the Vulnerability assessment

Population distribution
The Table 5.11 presents the population distribution in each township of the district of Malanville. TassiTedji and Wollo are the two most populated township while Tassi-Zenon is the least populated.
Table 5.11: Population distribution in the district of Malanville (INSAE, 2016)
District

Population

Percentage %

MOMKASSA

4031

6

BODJECALI

7597

11

GALIEL

9401

14

KOKI

4137

6

TASSI TEDJI

22661

33

TASSI ZENON

2715

4

WOLLO

13562

20

WOURO-HESSO

4566

7

Total

68670

100

5.7.1

Land use and vulnerability

In order to prepare the vulnerability map, each land use type was ranked between 0 and 4 by considering
the assets present on the land. Therefore, the built-up areas were given the highest-ranking number while
the water and the bare soil have the lowest. Subsequently the land use ranks were standardized on a scale
between 0 and 1, with 1 implying a high vulnerability of the land use types and 0 a low vulnerability. The
vulnerability scores of each land use type are summarized in the Table 5.12 below.
Table 5.12: Land use vulnerability score
Land use type

Water

Rank
Normalized
vulnerability
scores
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Urban

Forest

Bare soil

0

Flood
plain
3

4

2

0

0

0.75

1

0.5

0

5.7.2

Adaptive capacity, sensitivity and vulnerability

Figure 5.25 presents the results of the analysis of the sensitivity and the adaptive capacity in the district of
Malanville using the indicator based method. It should be noted that the values of the indicators have been
standardized on a scale between 0 and 1. Figure 5.25 indicated that the most vulnerable townships of
Malanville are Bodjecali and Wouro-hesso; both indeed have a high sensitivity and a low adaptive capacity.
This trend can be observed, in the high proportion of old and young people in the population as well as the
low proportion of households with access to drinking water and the lack of health centers in both township.
On the contrary, Tassi Tedji, Galiel and Tassi Zenon are the least vulnerable. The relatively low agricultural
population, the high rate of households with access to drinking water and the availability of health centers
are some indicators of the low vulnerability of these townships.
Table 5.13: sensitivity indicators (source INSAE)
Indicators/
Districts

BODJECA
LI

GALIE
L

KOKI

TASS
ITEDJ
I

TASSI
ZENO
N

WOLLO

WOURO
-HESSO

MOMKA
SSA

percent
females
(PFEMALE
S)
percent
agricultural
population
(PAGRICU
LT)

0.5

0.48

0.52

0.51

0.51

0.5

0.51

0.51

0.76

0.36

0.94

0.13

0.17

0.39

0.1

0.83

percent
0.24
population
under
5
years
(PAGE5YR
S)
percent
0.03
population
over
60
years
(PAGE60Y
R)

0.22

0.26

0.2

0.17

0.23

0.2

0.23

0.04

0.03

0.03

0.05

0.04

0.05

0.04
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Table 5.14: Normalized sensitivity indicators
Districts

PFEMALES

PAGRICULT

PAGE5YRS

PAGE60YR

Sensitivity score

BODJECALI

0.57

0.78

0.80

0.19

0.59

GALIEL

0.00

0.31

0.57

0.29

0.29

KOKI

1.00

1.00

1.00

0.00

0.75

TASSITEDJI

0.65

0.04

0.36

0.05

0.27

TASSIZENO

0.72

0.09

0.00

1.00

0.45

WOLLO

0.51

0.34

0.64

0.31

0.45

WOURO-

0.79

0.00

0.36

1.00

0.54

0.77

0.87

0.65

0.28

0.64

N

HESSO
MOMKASSA

Table 5.15: Adaptive capacity indicators
Indicator/D
istrict

BODJECA
LI

Percent
24.7
households
with access
to
safe
drinking
water
(PHWASD
W)
Number of 0
Health
center
(NHEALT
HC)
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GALIE
L

KOK
I

TASSITEDJI

TASSIZENON

WOL
LO

WOUROHESSO

MOMK
ASSA

33.8

67.8

40.4

74.8

33.5

34.3

74.5

1

1

1

1

0

0

0

Table 5.16: Normalized adaptive capacity indicators
Districts

BODJECA
LI

GALIE
L

KOK
I

TASSI
TEDJI

WOLL
O

WOUR
OHESSO

MOMKASS
A

0.69

TASSI
ZENO
N
0

PHWASD
W

1

0.82

0.14

0.82

0.81

0.01

NHEALTH
C
adaptive
capacity
score

1

0

0

0

0

1

1

1

1

0.41

0.07

0.34

0

0.91

0.9

0.5

In the estimation of the total vulnerability of the study area, each element (physical, social, and existing
coping capacity attributes) upon which the vulnerability depends were taken into consideration. By using
the standard deviation from the mean, the vulnerability index values were classified as either very low, low,
moderate, high or very high.

Figure 5.25: vulnerability map (Adaptive capacity, sensitivity and land use type)
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5.8

Flood risk assessment

Flood risk maps are essential for the flood management planning. In the mapping of the flood risk, both the
vulnerability and the flood hazard were considered. Risk is the product of vulnerability and hazard. The
classification of the risk index was performed by using their quantiles. Table 5.17 presents the classification
of the risk score with regards to the quantiles.
Table 5.17: Risk classification
Risk score (Quantile)

Risk

0.000

Very low

0.00 - 0.103

Moderate

0.103 - 0.213

High

0.213 - 0.472

Very high

Table 5.18 presents the different levels of flood risk in terms of affected total area in the district of
Malanville for each considered flood scenario. The proportion of the area at a very low risk of inundation
for the different floods scenarios varies between 54.4% and 56.4%, while for a very high risk the percent
of the area-concerned lies between 15% and 17%. A high proportion of the cultivated floodplain is at high
or very high risk of flooding in all the considered scenarios. Bearing in mind that most of the floodplain
areas are cultivated by a high proportion (37%) of the population of Malanville district, the flood poses a
high risk to their livelihood and to the food security in the district.
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Table 5.18: Summary of total area by level of flood risk

Return
period
/
Risk

%

10

%

20

%

50

%

80 100

%

100

10 years years

20 years years

50 years years

80 years years

years

years

103.8

56.4

102.1

55.5

100.8

54.8

100.4

54.6

100.2

54.4

Moderate 21.4

11.6

20.2

11.0

18.4

10.0

18.2

9.9

18.0

9.8

High

31.3

17.0

32.5

17.7

34.1

18.5

34.3

18.6

34.4

18.7

high

27.6

15.0

29.3

15.9

30.7

16.7

31.1

16.9

31.5

17.1

Total

184.1

100.0

184.1

100.0

184.1

100.0

184.1

100.0

184.1

100.0

Very
Low

Very

Figure 5.26: Affected area by flood risk level
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Figure 5.27: Flood risk map (10 years return period)

Figure 5.28: Flood risk map (20 years return period)
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Figure 5.29: Flood risk map (50 years return period)

Figure 5.30: Flood risk map (80 years return period)
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Figure 5.31: Flood risk map (100 years return period)

Table 5.19: Malanville’ townships flood risk
Township/Flood
scenario

10yrs

20yrs

50yrs

80yrs

100yrs

MOMKASSA

High risk

High risk

High risk

High risk

High risk

BODJECALI

Very low risk

Very low risk

Very low risk

Very low risk

Very low risk

Very High

Very High

Very High

Very High

Very High

GALIEL

risk

risk

risk

risk

risk

KOKI

Very low risk

Very low risk

Very low risk

Very low risk

Very low risk

TASSI TEDJI

Very low risk

Very low risk

Very low risk

Very low risk

Very low risk

TASSI ZENON

Very low risk

Very low risk

Very low risk

Very low risk

Very low risk

WOLLO

Very low risk

Very low risk

Very low risk

Very low risk

Very low risk
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5.9

General discussion

The annual flooding of the Niger River puts a strain on the economy of the region. This is particularly true
for the District of Malanville located on the right bank of the Niger River. An understanding of the causality
of the flood risk in the Niger River Basin could assist decision-makers in the implementation of an
appropriate flood risk management plan. The goal of the present study was to assess the flood risk in the
district of Malanville using geospatial technics and hydrodynamic modelling. Over the past decade, more
than seven flood events have been recorded in Malanville (https://www.emdat.be/). These flood events have
affected the lives and the livelihood of the different communities of the district. The analysis of the flood
hazard was performed with the hydraulic model HEC-RAS. Both the floods probabilities and their
magnitudes were taken into consideration in the assessment.
From the result of the hydrodynamic modelling it was found that between 47% and 50% of the study area
will be flooded during the different flood scenarios (10 yrs, 20 yrs, 50 yrs, 80 yrs, and 100 yrs) simulated.
However, the water depth exceeds 6m only in the case of the flood of 50 yrs, 80 yrs and 100 yrs return
period. Before the risk assessment, an evaluation of the vulnerability of the communities at risk was
conducted in order to acquire knowledge about the sensitivity to floods and the adaptive capacity of the
different communities in the study area. Identifying communities that are vulnerable to natural hazards can
signiﬁcantly contribute to disaster risk reduction (Tan et al., 2012). The analysis has revealed that the
townships of Bodjecali and Wouro-Hesso are the most vulnerable to the flooding. However, because these
townships are not exposed to the hazard, there are located in a low-risk zone of flooding. The township
most at risk of flooding are Momkassa and Galiel. Indeed, the flood risk assessment revealed that in every
flood scenario studied, Momkassa and Galiel are located in a high-risk zone and in a very high-risk zone,
respectively. This is related to their high vulnerability and exposure to high water level during the floods.
A little less than 20% of the population of the district of Malanville dwell in the townships of Momkassa
and Galiel. Thereby, it is paramount to implement measures to alleviate the flood risk to the population of
both townships. This can be done by raising their adaptive capacity through the building of more health
centers in the townships and the increasing of their access to potable water. Likewise, it is important to raise
the awareness of the populations of the townships on the risk they are facing. Communities play a significant
role in flood risk management, thus the necessity of involving them at each stage of the decision-making
process regarding the flood risk management.
Moreover, the highest proportion of land use types located in a zone of high or very high risk are the
cultivated areas along the Niger River and the Sota River. This situation pose a challenge to the food
security in the area of interest and to the livelihood of the population. Indeed, a high proportion (37%) of
the population of Malanville are farmers, and most of their cultivated lands are located in the floodplains.
74 | Page

In fact, one of the most important consequences associated to previous flood events in the area of interest
has been the loss of agricultural production.
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CHAPTER 6

76 | Page

6.

Conclusions and recommendations

6.1 Conclusions
The Niger is a transboundary river located in West Africa; it is the third-longest river in Africa, exceeded
only by the Nile and the Congo River, it floods annually causing material damage and most alarming the
loss of human lives. Studies have shown an increase of the frequency and the magnitude of floods in the
NRB over the decades (Geo, 2015). Even though extreme events cannot be prevented, a better
understanding of the risk pose by such events is the first stage in building the resilience of the community.
The analysis of the risk associated with flooding produces knowledge about the hazard and the vulnerability
of the population at risk.
This thesis was carried out to assess the flood risk in the district of Malanville located along the Niger
River. In order to analyze the flood hazard a hydrodynamic model (HEC-RAS) was set up for the study
area and different flood scenarios were simulated. As for the vulnerability, each of its components were
analyzed by using an indicator-based approach. The results from the flood hazard assessment and the
vulnerability analysis were combined to produce a flood risk map of the study area.


The use of a hydrodynamic model provided an objective way to model ﬂooding. Given that, this
approach considers the spatial variability of river characteristics such as the friction coefficient and
the riverbed geometry. However, the modelling was faced with a lack of data in the study area
namely topographic data and discharge data on the Niger River and its tributary. Thus, the use of
simulated and remotely sensed data in the different analyses was performed.



Through GIS techniques, hydraulic modelling results can be presented in a more publically
intelligible manner and can provide exploitable knowledge for the decision makers in the flood risk
management planning process.



The assessment of the flood hazard revealed that only a small proportion (between 1.26% and
1.43%) of the built-area in the district would be flooded in the different flood scenarios considered.
The most flooded areas of the districts are the floodplains. This situation poses a threat to the
economy of the region given that a high proportion of the population grows crops in these
floodplains for their livelihood.



The study of the vulnerability of the area of interest was performed by analysing each of its
components (exposure, adaptive capacity, sensitivity) with the indicator-based approach. This
technique is simple and easy to implement in a GIS and the results are useful for comparing the
spatial variability of vulnerability across different spatial units (Connelly et al, 2015). From the
analysis, it was discovered that the townships of Bodjecali and Wouro-Hesso are the most
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vulnerable of the district due to the lack of health infrastructure and a high proportion of the most
vulnerable sections of society in their population.


By combining the flood analysis and the vulnerability assessment results, the study evaluated the
flood risk in the district. Two townships of the district of Malanville are at high and very high risk
of flooding, while the other townships are located in areas of low risk. Monkassa and Galiel, the
two townships at high and very high risk of flooding, respectively are not only vulnerable to the
floods but also exposed to high levels of water during the different simulated flood scenarios. In
order to minimize the effects of the disasters in both townships, it is imperative to respond
appropriately to reduce their vulnerability. This could be done by raising awareness in the
communities and through a better land use planning. Furthermore, the implementation of a peoplecentered early warning system could help manage the disaster in the district. An EWS people
centered is comprised of the four following element: (1) knowledge of the risks; (2) monitoring,
analysis and forecasting of the hazards; (3) communication or dissemination of alerts and warnings;
(4)and local capabilities to respond to the warnings received (UN, 2006).



The overall purpose of this thesis was to produce sufficient knowledge to elaborate a flood risk
management plan that provides the adequate adaptation/mitigation measures to alleviate the threat
posed by the hazard to the different communities of the District of Malanville.

6.2 Recommendations
Throughout the course of this study, data availability was a major constraint. This situation required the use
of alternative sources of data, namely global dataset that are not always adapted to the different analysis
that were carried out.


This study used a low resolution (30 m) Digital Elevation Model (DEM) in the assessment of the
flood hazard. It is recommended for future research to perform field survey measurement of the
river bathymetry in order to build a more accurate river morphology.



Using a 30 years record to extrapolate the 100 years return period floods can raise the level of
uncertainty in the results. Therefore, it will be important to look into the extent of errors related to
the extrapolation. Likewise, with climate change in play relying solely on historical data to simulate
the future is bound to carry a great deal of uncertainty. Hence, this study recommended taking into
consideration the climate change aspects in studies such as flood risk assessment.



One of the weaknesses of the indicator-based vulnerability assessment approach used in this
research is the non-consideration of the interdependency amongst the variables. We recommend to
apply a regression analysis in order to study the relationship between the different indicators.
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Annex
1. Measured Daily discharge (m3/s) of the Niger River at Malanville for the year 2013 (source ABN
GIRE2/NIGER-HYCOS - SIH/HIS)

2. Measured Daily discharge (m3/s) of the Niger River at Malanville for the year 20117 (source ABN
GIRE2/NIGER-HYCOS - SIH/HIS)
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3. River geometry

83 | Page

Master Thesis Expenditures
N°

Description

QTY

Unit Price

Cost per Unit
Dinar DZ

Price in F
CFA

Price SEK
(Swedish
Krona)

N/A

12800

N/A

N/A

N/A

N/A

4000

1

office equipment
(flash drive and HDD)

1

2

Internet

4

3

Transportation in city

3

880 SEK

N/A

N/A

2640

4

Transportation Airport
to city

2

150 SEK

N/A

N/A

300

Travel Insurance

1

7324 DZ

7324

N/A

N/A

Flight ticket

1

125 450 DZ

125 450

N/A

N/A

Cartographic Data
(Land use and Shape
file)

N/A

N/A

N/A

560 500

N/A

Printing and Binding of
Thesis

5

400 DZ

2000

N/A

N/A

147 574 DZ

560 500
F CFA

6940 SEK

Material

5

6

Expenditures for
travelling, Field work
and data

7

8

Printing and Binding
of Thesis

1000 SEK

Total
Total in USD

Please find attached a scan copy of the receipts

84 | Page

3000 USD

85 | Page

86 | Page

87 | Page

88 | Page

89 | Page

90 | Page

91 | Page

92 | Page

93 | Page

94 | Page

95 | Page

96 | Page

97 | Page

