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Abstract: Flood damage in West Africa has increased appreciably during the last two decades.
Poor communities are more at risk due to the vulnerability of their livelihoods, especially in rural
areas where access to services and infrastructures is limited. The aim of this paper is to identify
the main factors that contribute to flood risk of rural communities in the Oti River Basin, Togo.
A community-based disaster risk index model is applied. The analyses use primary data collected
through questionnaires during fieldwork, the analytic hierarchy process (AHP) method, population
and housing census data and flood hazard mapping of the study area. The results showed a moderate
level of flood risk despite a high level of hazard and vulnerability for all investigated communities.
In addition, the results suggest that decreasing vulnerability through creation of new income-generating
opportunities and increasing capacity of communities to manage their own flood risk should be
paramount in order to reduce flood risk in the study area. The results of this work contribute to the
understanding of flood risk and can be used to identify, assess, and compare flood-prone areas, as
well as simulating the impacts of flood management measures in the Oti River Basin.
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1. Introduction

In many parts of the world, extreme floods have been observed and grave consequences on
ecosystems, human life and socio-economic activities have been reported. In the last two decades,
floods have caused extensive economic damage and loss of life throughout the world. For instance,
floods in September 2007 in West Africa caused 23, 46 and 56 deaths in Togo, Burkina Faso and Ghana,
respectively [1] and extraordinary floods occurred in 2010 in Pakistan and China [2]. Apart from
the effects of human-induced climate change, which is expected to exacerbate this dire situation,
many factors contribute to Africa’s high vulnerability to disasters, including a high rate of population
growth, high levels of poverty, inappropriate use of natural resources, and failures of policy and
institutional frameworks [3]. In addition, the main features that characterize an area vulnerable
to flood hazards are the flat topography, the geological conditions, urbanization and poor draining
networks [4]. Managing flood risk is important to reduce the damage and adapt to the combined effects
of climate and land use changes. With risk defined herein as the probability of harmful consequences,
or expected losses and resulting from the interactions between natural or human-induced hazards
and vulnerable conditions [5], flood risk can then be managed by reducing the hazard (probability or
magnitude) or by reducing the vulnerability of the exposed population.
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This approach to managing flood risk is based on the knowledge of the hazards and the physical,
social, economic and environmental vulnerabilities to floods that a population faces. Consequently,
efficient flood risk management is reliant on a priori assessment of flood hazards. Such assessments
give insights into what can be expected, and therefore open up the discussion on how to tackle such
situations [6]. Moreover, flood hazard assessment is indispensable for the development of policies
and plans to mitigate flood risk [7]. A risk assessment is a methodology to determine the nature
and extent of risk by analyzing potential hazards and evaluating existing conditions of vulnerability
that could pose a potential threat or harm to people, property, livelihoods and the environment on
which they depend [5]. Depending on data availability, the scale of application and the purpose
of the risk assessment, several methods have been used to assess flood risk over the last decades.
For instance, Ward et al. [8] developed and validated a model cascade to assess flood risk at the
global scale. The cascade included hydrological and hydraulic modelling, extreme value statistics
and estimation of annual expected impacts. Because of the small time required for the simulations
and the good performance of the model cascade, the authors conclude that it could be used to carry
out assessment of changes in flood risk. Remote sensing and Geographic Information System (GIS)
were used for the delineation of flood zones for flood risk analysis in Ghana [9]. Musungu et al. [10]
proposed a methodology of integration of community-based information into a GIS for flood risk
assessment of an informal settlement in Cape Town (Republic of South Africa) and Guarín [11]
integrated local knowledge into GIS-based flood risk assessment of Triangulo and Mabolo communities
in Naga city (Philippines). A Community-Based Disaster Risk Index (CBDRI) approach, developed
by Bollin et al. [12], was applied by Adeloye et al. [13] to assess flood risk and vulnerability of rural
communities in Malawi (South Africa) and the German Technical Cooperation Agency (GTZ) to assess
disaster risks in Africa, Asia, Caribbean, Central America and South America [14]. The CBDRI model
was chosen in this study because it can be applied in data sparse areas where data for conventional
flood risk assessment are missing.

Traditionally, flood risk is expressed in terms of expected damages and likelihood of occurrence.
The flood damage is combined with information on the probability of the flood event and then plotted
as return period-damage curve [15,16]. However, the results obtained using this method would
provide neither sufficient information nor the required level of detail for input into flood risk reduction
strategies. In addition, the use of damages to assess flood risk suffers from data scarcity, particularly in
developing countries where data are usually scarce. The reason is that disaster-related damage figures
are not systematically recorded and are often under-recorded, even in developed countries [17,18].
According to Birkmann [17], highly exposed regions, with high poverty levels and subject to repeated
and catastrophic floods, may not necessarily register significant deaths or damage, although these
factors make such places highly risky. Moreover, since mortality and damage figures are obtained from
actual events, the use of damage assesses actual vulnerability but potential vulnerability is ignored [18].

This study aims at assessing fluvial flood risk of seven rural communities in the study area.
Specifically, three research questions are investigated: (i) what are the major factors that contribute to
flood in the studied communities? (ii) what are the level of flood risk in the Oti River Basin? and (iii)
what type of measures are required to reduce flood risk in the basin?

This study performs an integrated flood risk assessment for rural communities of the Oti River
Basin in Togo, West Africa. This is important because this basin is subject to frequent flooding, and it is
the first time to analyze flood risk in this area. This methodology can be used to support decision-making
on possible measures that can be taken and to prioritize areas where actions are required.

2. Materials and Methods

2.1. Study Area

In this study, seven communities of the Oti River Basin in Togo (Figure 1a) are investigated.
The climate of this area is tropical semi-arid and is characterized by a rainy season starting from
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April to October with the maximum rainfall occurring in August (Figure 1b) and a dry season from
November to March. With a poverty rate of more than 90% (Table 1), these communities are the
poorest in the country. Their livelihoods are derived from subsistence farming, animal husbandry and
informal labor, all of which are threatened by the impacts of climate change. Most of the dwellings
in the studied area are informal self-housing units, poorly planned and made of mud walls, wooden
doors and windows. Consequently, many buildings collapse from the force of the flood water.

Heavy rainfall in September 2007 caused the worst flood that Oti River Basin had ever faced.
According to the International Federation of Red Cross and Red Crescent Societies (IFRCRCS), by
September 2007, 25 people were killed and 97 people were critically injured [19]. In recent years, the
most damaging floods were experienced in 2008, 2010 and 2012.
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Table 1. Socio-economic characteristics of the selected communities.

Characteristics Tambigou Borgou Tchamonga Tchanaga Mango Mogou Sadori

Density 1 (habitants per km2) 16 17 11 8 29 17 12
Area (km2) 164 630 298 267 342 432 156

Literacy level (%) 2* 25 21 18 31 81 22 31
Poverty level (%) 2 96.7 96.3 95.9 95.8 40.8 96.2 96.5
Area under forest
(% of total area) 21 9 8 24 30 18 71

Rate of access to safe
drinking water (%) 2 7.8 10.8 42.6 1.5 84.1 39.1 2.3

Area prone to flood
(% of total area) 25 12 19 24 29 18 38

Number of housing units 1 818 3441 1031 582 2808 2309 459
1 Source: DGSCN [20]; 2 Source: Coulombe et al. [21]; * Literacy level is defined as the percentage of adult
population that can read.

2.2. Conceptual Framework of the Study

This study applies the CBDRI system, which characterizes the risk of natural disaster via four
factors, namely: hazard, exposure, vulnerability, as well as capacity and measures (Equation (1)):

R = f (H,V,E,C), (1)
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where R is the flood risk index and H, V, E, C are indices for hazard, vulnerability, exposure as well as
coping capacity, and f denotes the function. In this study, a set of 37 indicators are used to quantify the
risk index for a given community (Table 2). All indicators for each of the four factors are integrated
into one index (e.g., hazard index).

Table 2. The selected factors and indicators used in the analysis (modified from Bollin et al. [12]).

Factor Component Indicator Name Indicator

HAZARD

Probability (H1) Occurrence (experienced events) Frequency of events in the past 30 years
(H2) Occurrence (possible events) Probability of possible events. Chances per year

Severity (H3) Intensity (experienced events) Intensity of the worst event in the past 30 years
(H4) Intensity (possible events) Expected intensity of possible events

EXPOSURE

Structures
(E1) Number of housing units Number of housing units (Living quarter)
(E2) Lifelines % of homes with piped drinking water

Population (E3) Local gross domestic product Total locally generated GDP in constant currency

Economy (E4) Total resident population Total resident population

VULNERABILITY

Physical/
Demographic

(V1) Density People per km2

(V2) Demographic pressure Population growth rate
(V3) Unsafe settlement Homes in hazard prone area (ravines, river banks, etc.)
(V4) Access to basic services % of homes with piped drinking water

Social

(V5) Poverty level % of population below poverty level
(V6) Literacy rate % of adult population that can read and write
(V7) Attitude Priority of a population to protect against a hazard
(V8) Decentralisation Portion of self-generated revenues of the total budget
(V9) Community participation % of voter turnout at last commune election

Economic

(V10) Local resource base Total available local budget in USS
(V11) Diversification Economic sector mix for employees
(V12) Stability % of businesses with fewer than 20 employees
(V13) Accessibility Number of interruption of road access in last 5 years

Environmental (V14) Area under forest % Area of the commune covered with forest

CAPACITY and MEASURES

Physical planning
and engineering

(C1) Land use planning Enforced land use plan or zoning regulation
(C2) Preventive structure Expected effect of impact-limiting structures
(C3) Environmental management Measures that promote and enforce nature preservation

Societal capacity
Economic capacity

(C4) Public awareness programs Frequency of public awareness programmes
(C5) School curricula Scope of relevant topics taught at school
(C6) Public participation Emergency committee with public representatives
(C7) Access to local emergency funds Release period of national emergency funds
(C8) Access to international
emergency funds Access to international emergency funds

(C9) Insurance market Availability of insurance for buildings

Management and
institutional capacity

(C10) Risk management committee Meeting frequency of a commune committee
(C11) Risk map Availability and circulation of risk maps
(C12) Emergency plan Availability and circulation of emergency plans
(C13) Early warning system Effectiveness of early warning system
(C14) Institutional capacity building Frequency of training for local institutions
(C15) Communication Frequency of contact with district level risk institutions

2.3. Data Collection

The application of CBDRI method requires a questionnaire (Table S1) to be administrated at
the commune level. In total, seven communities—Sadori, Mango, Mogou, Tchamonga, Tchanaga,
Tambigou and Borgou (Figure 1a) in the Oti and Kpendjal prefectures of Togo—were selected for this
study because of their proximity to the Oti River. In each community, one questionnaire was completed.
In order to get reliable information, only knowledgeable people (members of the local development
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committee, formal community leader, teacher, etc.) were contacted to fill out the questionnaire.
However, some data such as population density (V1), population growth rate (V2), number of housing
units (E1) access to basic services (V4) and literacy levels (V6) were obtained from Population and
Housing Census data of 2010 [20] and literature. In addition, the percentages of forested area for
each community area and flood-prone areas were derived from the FAO (Food and Agriculture
Organization) land cover database [22] and NASA MODIS data, respectively. Since the data regarding
the hazard factor should be obtained from scientific sources [12], the information on the experienced
flood hazards was obtained from the literature while the probability and severity of the possible flood
hazard (H2 and H4 ) were obtained through flood hazard mapping of the Oti River Basin.

2.4. Estimation of the Vulnerability, Exposure, Capacity and Measure Indices

To assess the vulnerability, exposure, as well as capacity and measures indices of a risk index
for a given community, many steps were followed. The first step consisted of making the different
measurement of each indicator (e.g., 10,000 residents, 10% literacy level) comparable using a scale.
The scaling was done by assigning a score (S) of one, two or three according to the level of the
indicator—low, medium, or high, respectively. A zero value was given if the indicator does not apply
for a commune. In a second step, the scores are multiplied by a specific weight (W) of each indicator.
The CBDRI model was developed in such a way that the total sum of weights for each of the four
factors is equal to 3, so that the factor indices range between 0 and 10. Finally, separate indices were
calculated for each factor using the following linear Equations (2)–(5):

V = WV1SV1 + WV2SV2 + WV3SV3 + ...... + WV4SV4, (2)

E = WE1SE1 + WE2SE2 + WE3SE3 + WE4SE4, (3)

C = WC1SC1 + WC2SC2 + ... + WC23SC23, (4)

H = WH1SH1 + WH2SH2 + WH3SH3 + WH4SH4, (5)

where V, E, C and H are the values of the vulnerability, exposure, capacity and measures indices and
hazard, respectively; Sxi refers to the scaled value of the indicator for Xi, and Wxi is the weight applied
to the indicator Xi.

2.5. Estimation of the Indicator Weight

In the present study, the analytical hierarchy process (AHP) method was employed to compute
weights for the different indicators considered in the CBDRI model. The AHP method, which was
developed by Saaty [23], is a multi-criteria, mathematically based method which uses a set of pairwise
comparison matrices to estimate the relative importance of different criteria and alternatives, among
which the best decision is made. Saaty’s AHP model has attracted the interest of many researchers
(e.g., [7,24–29]) because it has the advantage of incorporating a test for checking the consistency of
a choice, thus reducing the uncertainty in the evaluation process.

In order to compute the weights for each indicator, the AHP starts creating a pairwise comparison
matrix M =

(
Bij

)
. Each numerical value Bij of M represents the relative importance of the ith indicator

in comparison with the jth indicator. If Bij > 1, then the ith indicator is more important than the
jth indicator, whereas if Bij < 1, then the ith indicator is less important than the jth indicator. If two
indicators have the same importance, then Bij = 1. The numerical values satisfy the condition given in
Equation (6) [23]:

Bij ∗ Bji = 1. (6)

Moreover, the relative importance between two criteria was measured based on a numerical scale
from 1 to 9 as follows: 1 = i and j are equally important, 3 = i is slightly more important than j, 5 = i
is strongly important than j, 7 = i is very strongly more important than j, 9 = i is extremely more



Hydrology 2016, 3, 42 6 of 14

important than j, and 2, 4, 6, 8 are intermediate values between the previous scales [23]. After building
the matrix M, a normalized pairwise comparison matrix was derived by dividing each value Bij by
the sum of all values of that column. Finally, the relative weight (WAHP) vector was estimated by
averaging the values on each row of the normalized pairwise comparison matrix. The AHP method
requires all indicator weights to satisfy the condition shown in Equation (7) [30]:

∑n
i=1 WAHP = 1. (7)

The AHP method provides the possibility to check consistency of the estimated weights. This is
done with the consistency ratio (CR), which is shown in Equation (8) [30]:

CR = CI/RI, (8)

where CI is the consistency index which is obtained by first computing the scalar λmax as the average
of the elements of the vector whose ith element is the ratio of the ith element of the vector (M*WAHP)
to the corresponding element of the vector WAHP [30]. Then, CI is calculated using the Equation (9):

CI =
λmax − n

n− 1
, (9)

where λmax is the largest eigenvalue of the matrix and n is the number of indicators. RI is a constant
that depends on n. When CR < 0.1, the evaluation is consistent, and reliable results can be expected
from the AHP model [23].

In this study, four pairwise comparison matrices (Tables 3–6) were constructed for the weight
estimations of the different indicators used in the CBDRI model. Furthermore, WAHP was multiplied
by three to get the final weights (Wxi) of each indicator.

Table 3. The weights estimated from the analytical hierarchy process model and the final weights for
the indicators of the hazard factor. For the definition of H1, H2, H3 and H4, see Table 2.

H1 H2 H3 H4 WAHP Wxi

H1 1 1 1/3 2 0.2 0.6
H2 1/2 1 2 0.18 0.54
H3 3 3 1 2 0.47 1.41
H4 1/2 1/2 1/2 1 0.15 0.45

CR = 0.01

Table 4. The weights estimated from the analytical hierarchy process model and the final weights for
the indicators of the exposure factor. For the definition of E1, E2, E3 and E4, see Table 2.

E1 E2 E3 E4 WAHP Wxi

E1 1 2 2 1/3 0.22 0.66
E2 1/2 1 1/2 1/5 0.1 0.3
E3 1/2 2 1 1/3 0.15 0.45
E4 3 5 3 1 0.52 1.56

CR = 0.02
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Table 5. The weights estimated from the analytical hierarchy process model and the final weight for
the indicators of the vulnerability factor. For the definition of V1, V2 . . . V14, see Table 2.

V1 V2 V3 V4 V5 V6 V7 V8 V9 V10 V11 V12 V13 V14 WAHP Wxi

V1 1 1 1/2 2 1/2 3 2 3 2 1 2 3 2 2 0.10 0.3
V2 1 1/2 2 1/2 3 2 3 2 1 2 3 2 2 0.10 0.3
V3 1 3 2 5 3 5 3 2 3 5 3 3 0.17 0.51
V4 1 1/2 2 1 2 1 2 1 2 1 1 0.06 0.18
V5 1 3 2 3 2 2 2 3 2 2 0.12 0.36
V6 1 1/2 1 1/2 1/3 1/2 1 1/2 1/2 0.03 0.09
V7 1 2 1 1/2 1 2 1 1 0.05 0.15
V8 1 1 1/3 1/2 1 1/2 1/2 0.03 0.09
V9 1 1/2 1 2 1 1 0.05 0.15
V10 1 2 3 2 2 0.09 0.27
V11 1 2 1 1 0.05 0.15
V12 1 1/2 1/2 0.03 0.09
V13 1 1 0.05 0.15
V14 1 0.05 0.15

CR = 0.01

Table 6. The weights estimated from the analytical hierarchy process model and the final weights for
the indicators of the capacity and measure factor. For the definition of C1, C2 . . . C15, see Table 2.

C1 C2 C3 C4 C5 C6 C7 C8 C9 C10 C11 C12 C13 C14 C15 WAHP Wxi

C1 1 2 3 2 2 3 1 1 2 3 2 2 1/3 2 2 0.10 0.3
C2 1 2 1 2 2 1/2 1/2 1 2 1 1 1/3 1 1 0.06 0.18
C3 1 1/2 1/2 1 1/3 1/3 1/2 1 1/2 1/2 1/5 1/2 1/2 0.03 0.09
C4 1 1 2 1/2 1/2 1 1/2 1 1 1/3 1 1 0.05 0.15
C5 1 2 1/2 1/2 1 2 1 1 1/3 1 1 0.05 0.15
C6 1 1/3 1/3 1/2 1 1/2 1/2 1/5 1/2 1/2 0.03 0.09
C7 1 1 2 3 2 2 1/3 2 2 0.10 0.3
C8 1 2 3 2 2 1/3 2 2 0.10 0.3
C9 1 2 1 1 1/3 1 1 0.05 0.15
C10 1 1/2 1/2 1/5 1/2 1/2 0.03 0.09
C11 1 1 1/3 1 1 0.05 0.15
C12 1 1/3 1 1 0.05 0.15
C13 1 3 3 0.18 0.54
C14 1 1 0.05 0.15
C15 1 0.05 0.15

CR = 0

2.6. Estimation of the Flood Hazard Index

In this study, the indicators of the experienced hazard (H1 and H3) were assessed by answering
the corresponding questions based on the literature (e.g., [31,32]). In contrast, the possible hazard
components (H2 and H4) of the risk index were characterized in terms of the floodplain inundation
level of the 50-year flood, which were obtained through hydraulic modelling with the sub-grid
model of LISFLOOD-FP hydraulic model [33] and regional flood frequency analysis performed by
Komi et al. [34]. The 50-year flood was chosen because it provides a plausible measure of flood-affected
populations [35]. The application of the sub-grid solver of LISFLOOD-FP requires the specification
of the streamlines of the river, floodplain topography, river widths, river bank elevation, inflow
hydrographs and downstream boundary conditions. In addition, the sub grid channel solver of
LISFLOOD-FP has four parameters, namely: the Manning’s friction coefficient separately for channel
and floodplain, the exponent (p), and coefficient (r) of the hydraulic geometry. Due to the lack
of detailed hydrological data, tributaries of the Oti River Basin were not considered in the flood
inundation modelling. For further details on the calibration of LISFLOOD-FP hydraulic model, the
reader is referred to Bates et al. [36]. Finally, the flood hazard severity was estimated based on the
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categorization proposed by Dinh et al. [37] as shown in Table 7. Since each community area has many
flood severity classes (FC) to a particular extent, an average flood severity index (FSI) was used to
estimate the average flood severity of a given community area. The FSI takes into account the areal
extent of a flood’s depth and was calculated using Equation (10) [13]:

FSI =
∑n

i=1 (FC)i Ai

∑n
i=1 Ai

, (10)

where Ai is the areal extent of the flood severity class i, n is the number of flood severity classes and
(FC)i was represented by the mean depth of the flood severity class (Table 7). Then, the flood hazard
index (H) was estimated using Equation (5).

Table 7. Categorization of flood hazard severity [36].

Flood Depth (m) Hazardseverity Definition of Hazard Severity

0–0.2 Very low The damage to property is expected to be very low

0.2–0.5 Low
The number of casualties due to floods, in terms of death or
injuries, is insignificant, and the damage to property is expected
to be relatively low

0.5–1.0 Medium Causalities, in terms of death and injuries are considerable,
relative to the number of people living in the area under study.

1.0–2.0 High Damage to property is extensive and the probability of having
dead and injured people is high.

2.7. Estimation of the Flood Risk Index

To calculate the overall flood risk index (R) in the community based system, Equation (11) was
used [38]. In this equation, a constant coefficient of 0.03 was multiplied by each factor in order to
maintain the same scale between 0 and 10 as for the individual factor indices [12]:

R = 0.03 {H ∗V ∗ E [0.1 (1− a)C + a]} , (11)

where a is a constant (0 ≤ a ≤ 1) used to reduce the total flood risk value and it is assumed to be
0.75 [38]. In addition, this equation is based on the conventional mathematical expression of risk as
a convolution of hazard, vulnerability and exposure. The coping capacity (C) was added as a reduction
factor [38]. Finally, the values of the risk index were grouped into five categories (very low, low,
moderate, high and very high) as shown in Table 8.

Table 8. Categorization of the flood risk index used in this study.

Range of the Flood Risk Index Risk Zone

0–2 Very low
2–4 Low
4–6 Moderate
6–8 High

8–10 Very high

3. Results

3.1. Scores of the Indicators

As it is expected, there are differences in the scores assigned to some of the indicators in this case
study. For example, 57.15%, 28.57% and 14.29% of the studied communities score, respectively, low,
medium and high levels for ‘lifelines’ indicator and 14.29%, 57.15% and 28.57% of the communities
score, respectively, low, medium and high levels for the ‘area under forest indicator’ (V14). However,
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these communities have almost the same scores for many indicators, for instance those which
characterize the hazard and the social vulnerability. Moreover, the scores obtained for most of
the capacity and measures indicators are relatively low and consequently high for the vulnerability
indicators. All communities score low levels for many indicators of the ‘coping capacity factor (e.g.,
C2, C7, C9, C10, C11 and C12) and high levels for many indicators of the vulnerability factor such as
poverty level and literacy rate. The low scores for the capacity and measures indicators highlight the
insufficiency of social, economic and institutional capacities to cope with extreme floods in the Oti
River Basin (Togo).

3.2. Possible Flood Hazardousness

Figure 2 shows the 50-year flood hazard map simulated by the hydraulic model (LISFLOOD-FP).
This result is used to estimate the severity of the possible flood hazard (H4). When the set of thresholds
applied in Table 7 are considered, all community areas fall in the high flood severity category. Sadori has
the highest flood depth while Mango has the lowest (Table 9). This difference in simulated flood depth
can be explained by the spatial variability in the local topography and the soil property (permeability)
of the studied villages. In addition, it is worth noting that the flood depth in the communities may be
higher than simulated, given that flooding from tributaries was not considered in this study.
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Table 9. Averaged flood depth for the 50-year flood at the different communities in the Oti River Basin.

Community Averaged Flood Depth (m) Severity

Borgou 1.57 High
Tambigou 1.53 High
Tchanaga 1.56 High

Tchamonga 1.54 High
Mogou 1.60 High
Mango 1.52 High
Sadori 1.62 High
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3.3. Indices of the Risk Factors

Figure 3 shows the indices of the four factors that contribute to the risk in the CBDRI model.
The high level of hazard index can be explained by the repeated and catastrophic floods that have
impacted the communities of the Oti River Basin during the last two decades (1998, 2007, 2008 and
2010) and the high level of simulated flood depth, while the observed elevated vulnerability index (V)
is mainly due, for instance, to the high poverty level of the communities, insufficiency of access to safe
drinking water and the little awareness of the majority of the community members regarding their
own flood risk.
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3.4. Flood Risk Index

As it is shown in Table 10, flood risk in all studied communities is moderate when we consider the
classification shown in Table 8. This moderate level of flood risk is associated with a combination of
high indices of flood hazard and vulnerability and low indices of capacities and exposure. In addition,
Mango has the highest flood risk index (5.01), while the lowest flood risk index is estimated at
Tambigou and Tchanaga (4.36). The small difference (0.65) between the highest and lowest flood risk
indices is an indication of the relative homogeneity of flood risk across these communities.

Table 10. Flood risk index of the different communities.

Communities Borgou Tambigou Tchanaga Tchamoga Mogou Mango Sadori

Risk index 4.62 4.36 4.36 4.78 4.85 5.01 4.76

4. Discussion

In the present work, a community based disaster risk index system and a simulated 50-year flood
hazard map were used to assess quantitatively and qualitatively flood risk for rural communities of
the Oti River Basin in Togo (West Africa). Thirty seven (37) indicators of flood risk were considered
for the analysis and Saaty’s AHP (analytical hierarchy process) method was applied to estimate the
weights of the indicators.
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The results showed that the hazard, vulnerability, coping capacity factors are the most important
factors in increasing flood risk in the study area. For instance, as shown in Figure 3, the hazard
and vulnerability indices are high in all the studied communities. The low index of capacity
and measures factor is associated with the insufficiency of the strategies and capacity to mitigate
flood risk. For instance, the people interviewed pointed out the absence of flood risk management
committees at the village level, non-access to local emergency funds and insurances for house owners.
In addition, education and culture of flood risk management are not part of the school curricula.
Apart from Sadori, Mango and Borgou, the investigated communities lack early warning systems
and emergency plans for floods, although advanced warning systems for floods are very helpful in
reducing flood risk and providing emergency response personnel time to prepare for and mitigate
damages [39,40]. Consequently, decreasing vulnerability and increasing capacity of the communities
to manage their own flood risk should be paramount in order to mitigate flood risk in the study area.
For instance, due to the high poverty level in the majority of the community areas (Table 1), creating
diverse income-generating opportunities could be essential to reduce the vulnerability of the local
population. The results of this study showed the need for non-structural measures to reduce the
negative consequences of floods in the study area. These measures include the implementation of
advanced early flood warning systems for all the flood-prone communes and public education about
flood risk, real involvement of wide range of local actors in national efforts to manage flood risks so
that they can contribute as much as possible to the reduction of flood risks in their own localities, and
a creation of a culture of awareness in which the population realises the negative impacts of floods on
development. Moreover, actions to discourage settlements in flood-prone areas and building codes to
make houses more resilient to flooding are useful to mitigate flood risk in the Oti River Basin.

Furthermore, the relative homogeneity observed in the majority of the vulnerability and coping
capacity is reasonable because the studied communities are almost the same in their social and
economic profiles as shown by their poverty levels (Table 1). In addition, their economic capacities for
disaster risk management are also the same: all are funded by non-governmental organisation in the
case of flood disasters. They are managed at the top by a central government (lack of decentralization).
For this reason, a large difference in vulnerability and capacities in the Oti River Basin at the village
scale is unexpected.

The presented flood risk indices summarize complex information about flood risk in a simple way
that is easy for non-experts to understand and use in flood risk management policies [12]. However,
there are some issues that need to be considered. First, the majority of the data are subjective as they
were collected from selected local residents. In addition, the results are dependent on the selected
indicators, their categorization, the set of thresholds and the spatial scale of application. Second, the
selected indicators are only a simplification of key elements of flood risks and vulnerabilities that we
wanted to measure. They are not real measures of these elements themselves. Finally, the return period
associated with the simulated flood hazard severity is 50 years. Given the significant contribution of
the hazard factor to the total flood risk, the results will differ if floods with lower or higher return
periods than 50 years are considered.

5. Conclusions

The risk of riverine flood to community facilities in the Oti River Basin is expected to increase
due to the combined effects of climate change and land use changes, economic development and
population growth. In 2005, the World Conference on Disaster Reduction emphasized the necessity to
incorporate disaster risk assessment into rural planning and management in order to mitigate disaster
risk [41]. This study performed a comprehensive flood risk assessment of rural communities in the
Oti River Basin of Togo and identified the relative contributions of hazard, exposure, vulnerability, as
well as capacity and measure factors to flood risk. While the flood risk for all communities studied
is moderate, there were high levels of hazards, vulnerability and a lack of capacity and measures,
whereas the exposure is relatively low. The outcomes of this study provide community members
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as well as government officials with empirical risks and vulnerability evidence. Consequently, the
information provided by the community-based disaster risk index system can be used to support
decision-makers at local and national levels in order to analyze and understand the flood risk to which
a community is exposed. In addition, periodic application of the proposed method can be a measure
to examine the projects undertaken to manage flood risks. In order to reduce flood risk in the Oti
River Basin, decreasing vulnerability through creation of new income-generating opportunities and
increasing capacity of communities to manage their own flood risk should be paramount.

Supplementary Materials: The following are available online at www.mdpi.com/2306-5338/3/4/42/s1, Table S1:
questionnaire used in the Community-based Disaster Risk Index, modified from Bollin et al. [12].
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