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Abstract

Flooding of pluvial origin has been pervasive in the Lagos area of
Nigeria, and threatens significant human populations and urban assets,
resulting in large scale economic losses. Unfortunately, investigating
especially the human impacts of this hazard is offen hampered by
the dearth of quality datasets. This study was designed to construct
indices of social vulnerability (SocVI) to pluvial urban flooding in the
Lagos areas, using available demographic datasets. This will facilitate
knowledge transfer and policy development towards mitigating the
human impacts of flooding which is a crucial concern in environmental
studies, earth sciences, disaster prevention and flood risk management
research. Social vulnerability was conceptualised in terms of exposure,
susceptibility and lack of coping capacity, whilst nine indicators were
normalised, aggregated and ranked using combined UNDP's Human
Development Index and Patnaik and Narayana methodologies.
Results reveal high indices of social vulnerability to pluvial flooding in
three local government areas of Lagos - Alimoso, Agege and Kosofe.
The study also identifies patterns of vulnerability based on individual
social components. Gender variation, socio-economic status, and
family structure were found to have significant impacts on the overall
index. In addressing the challenges of pluvial urban flooding in
Lagos, this study recommends prioritizing resources and intervention,
especially in relation to building effective coping capacity in those
areas that indicate higher social vulnerabilities to the hazard. This
study, by constructing new SocVI, has demonstrated the potential in
freely available datasets to investigate social vulnerability for Lagos.

Introduction

Flooding is the most widespread of all naturally-occurring
hazards, which threaten society’s human and economic development
[1,2]. The severity of its impact is compounded by sea level rise, rapid
population growth, urbanization and increased rainfall frequency
and intensity related to changes in climate distribution. Historically
fluvial and coastal flooding events are well documented and studied
[3,4]. However, flooding from pluvial events often overwhelms urban
drainage facilities and soil infiltration capacity [5]. In many urban
localities, for example the Lagos area of Nigeria, the incidences and
extent of these urban floods have been pervasive, and are being
attributed mainly to poor urban planning, rapid population growth,
and a lack of urban facilities [6,7]. Although these events are being
associated with large-scale economic impacts, astonishingly, efforts
to tackle the challenge, to de-escalate especially the human impacts
of this hazard appear to have been inadequate, whilst the potential
for economic losses, along with vulnerabilities associated with
social and demographic factors rises [8]. These issues are of grave
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research significance within the context of disaster prevention and
management. In relation to a risk-based management of urban
flooding, the extent to which different sections of the human
population are exposed to pluvial urban flooding and the degree
to which social factors are influencing vulnerabilities are crucial
investigations.

Unlike cities in the developed countries, the lack of quality
datasets and difficulty in accessing available ones are major issues in
Lagos. However, since increasing frequency and intensity of pluvial
events are expected to worsen the occurrence of low probability
flooding events in cities, considering the large human population and
the lack of quality datasets, the need to develop flood risk mitigation
measures using available resources is imperative. Therefore, the
present research aims to assess social vulnerability in Lagos, Nigeria,
to enable stake holders advance the goal of flood risk management
in the area. The present method utilizes a part of the UNDP Human
Development Index (HDI) approach and the Patnaik and Narayana
[9] method to normalise, aggregate, and rank social vulnerability
variables as well as to construct plausible indices. The key objective
is to investigate the potential in currently available datasets to analyse
social vulnerability, and to overcome the limitations in existing
methods of vulnerability assessment.

Social Vulnerability

The concept of social vulnerability is extensively discussed in
the literature relating to risk, hazard and the global environment
[10,11]. It suggests the likelihood that losses will occur, although with
considerations to social-economic and demographic factors, in time
and space [12]. Birkmann held a view of this losses being as a result of a
lack of social capacity to withstand stressors within the neighbourhood
of a social systems [13], while Changnon suggested that the drivers
of these losses are endogenous to the system, making the system
susceptible to stressors [14]. In addition to susceptibility and a lack
of coping capacity, social vulnerability is also defined on the basis of
the degree to which a social system is exposed to a stressor [15-17].
Intuitively, these views, in a nutshell, clarify the fact that knowledge
of social vulnerability and its analyses across various spatial and
temporal scales is an essential part of disaster risk reduction (DRR),

Citation: Nkwunonwo UC. Assessment of Social Vulnerability for Efficient Management of Urban Pluvial Flooding in the Lagos Metropolis of Nigeria. J

Environ Stud. 2017;3(1): 11.


mailto:ugonna.nkwunonwo@unn.edu.ng

Citation: Nkwunonwo UC. Assessment of Social Vulnerability for Efficient Management of Urban Pluvial Flooding in the Lagos Metropolis of Nigeria. J Environ Stud.

2017;3(1): 11.

ISSN: 2471-4879

and this is promoted by the UNISDR risk management framework
[18]. For an urban flood disaster, the knowledge of social vulnerability
will assist a response team in delineating where the greatest social
needs of a wider population are and in setting priorities for meeting
them. Addressing these vulnerability odds will consequently mitigate
human distress and the economic losses incurred following disaster
recovery and reconstruction [19].

Despite the usefulness of social vulnerability knowledge,
progress in its assessment towards DRR is being constrained by the
varied perspectives and their practical realisation considering data
limitations [20-22]. The majority of approaches in the literature
thrive on theoretical understanding of social vulnerability and
its relationship with risk, utilise demographic datasets, and apply
statistical modelling approaches [23-25]. With a lack of appropriate
demographic data confronting many low-income societies, the ethos
of these existing approaches is debunked by the choice of indicator
which is fundamental to vulnerability analyses [23]. However, progress
is still being made to formulate novel approaches that will rigorously
address the increasing challenges of disasters. For example Ebert
and Kerle assessed social vulnerability for Tegucigalpa, Honduras
using object-oriented analysis of remote sensing and GIS data [26].
Zeng et al. applied a high resolution satellite image to assess social
vulnerability in Guangzhou, South China [27]. Armas and Gavris
assessed social vulnerability for Bucharest, Romania using spatial
multi-criteria analysis combined with the social vulnerability index
[28]. Miao and Ding carried out a social vulnerability assessment of
geological hazards based on entropy method in Lushan earthquake-
stricken area [29]. Bizimana et al. assessed the social vulnerability to
malaria in Rwanda using a suite of statistical tools [30]. Similarly,
the present research is a novel effort, which addresses the knowledge
gaps in social vulnerability in Lagos, and constructs possible indices,
despite the lack of quality data.

Description of Lagos Area of Nigeria, and an Overview
of Pluvial Flooding in the Area

The Lagos coastal city
The Lagos metropolis is a densely populated low-lying area
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on the south-western part of Nigeria, West Africa. The city, made
up of sixteen Local Government Areas (LGAs), is encompassed
within longitude 3.1°E to 3.4°E and latitude 6.5°N to 6.8°N (Figure
1). It has complex urban features, which include a dense network
of roads and buildings, and several inland waterways and the Lagos
Lagoon, which empties into the Atlantic. The conurbation serves as
a major hub for transportation, tourism and economic activities in
Nigeria, Africa and the rest of the world. Lagos is rated as the largest
city in Nigeria (although the smallest land area), second largest
in Africa and sixth largest in the world with present population
estimated at over 20 million within a land area of about 1100 km?
(or 425 sq. miles) [31]. The population growth rate in the city is
estimated to be 3.2% per annum, making Lagos a rapidly growing
city [32]. The United Nations projects that Nigeria will be one of the
eight countries expected to account collectively for half of the total
population increase in the world from 2005-2050, and will by 2100,
record a population amounting between 505 million and 1.03 billion
people [33]. High population density is a major problem in the city,
subjecting the area to lack of space for the myriad of human activities
which often manifest itself in muddled human settlements, including
overcrowding, slum and illegal developments, pollution, and other
social and environmental disorder [8].

Pluvial flooding in the Lagos coastal city

Pluvial flooding within Lagos is often an annual occurrence
[34,35]. Whilst coastal and fluvial floods have often been recorded,
flooding due to pluvial events has been more widespread in recent
times and usually occurs between July and October (rainy season)
with severe consequences mainly in Lagos Island, Apapa, Ikeja,
Mushin, Surulere and parts of Ikorodu [36]. These floods affect many
people, mainly through displacement, mortality, physical injuries,
emotional disorders and spread of diseases. It also has severe impacts
on economic activities and urban infrastructure. These impacts trigger
concerns for environmental management, urban development,
governance, vulnerability of urban residents, etc., [37-39]. The review
of Lagos urban flooding in [8] presented a summary of major pluvial
flooding events and associated threats, covering four decades. The
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Figure 1: The Lagos metropolis of Nigeria (Inset showing Africa and Nigeria).
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2011 July flooding caused by a severe storm that lasted 17 hours is
a typical example. The flood affected many people with over 100
fatalities. There was also significant damage to public infrastructure
including roads, bridges and schools with an estimated economic loss
of about 50 billion Naira ($US 320 million) [40].

The likelihood that future population growth will increase the
future human impacts of flooding highlights the need to give more
attention to the issues of human vulnerability to urban flooding in the
Lagos area. The assessment of social vulnerability to flooding in Lagos
has arguably been inadequately assessed. Social vulnerability indices
(abbreviated as SocVI in the present research), computed by the
evaluation of how social factors relate with one another to produce the
overall vulnerability is lacking. Within the global context, vulnerability
assessment is an advanced concept in flood risk mitigation [41]. In
the Lagos area itself, Adelekan, Olajuyigbe et al., Ajibade et al. and
Nkwunonwo et al. considered vulnerability within their research
but often in a more localized context [36,37,42,43]. Research to date
has arguably lacked the element of “wider application” required for
social and political links necessary to take advantage of resources that
would accelerate recovery for populations socially vulnerable to all
types of natural hazards. Ajibade et al. assessed social vulnerability to
flooding in the area, but focused attention on gender [37]. Whereas
it can be recognized that gender is a key consideration in matters
relating to social vulnerability, it is argued that dealing with it in
isolation lacks the substance to reveal the pattern of vulnerability in
an area. In those studies, the problem of data limitation was raised
but not discussed. The means to obtain and utilize freely available
data to assess vulnerability indices remains both a promising and a
challenging issue. The data available must be good enough to give a
measure of reliability in flood risks mitigation. Attempting to address
this situation, Ajibade et al. utilized demographic data, in addition
to primary survey to adapt proven methodologies to local situations
[37]. Nevertheless, the research only addressed gender aspect of
social vulnerability, whilst other demographic and socio-economic
components that influence vulnerability in Lagos remain unknown.

The limited focus on the assessment of vulnerability to pluvial
flooding in the Lagos and the limited scope and application of the
few existing studies create a potential gap in knowledge in flood risk
mitigation in the area. Lagos is one of the places that do not have
good quality datasets to represent indicators of social vulnerability.
Although the 2006 national demographic dataset and data from the
Lagos state digest of statistics are available, but they are not detailed.
Whilst social vulnerability constructs are often based on data at
ward levels, the data for Lagos area are available at LGA and Local
Council Development Authority (LCDA) levels and at these levels,
information on social variables is generalised. However, the focus and
working theory of the present research is to construct a realistic SocVI
despite the scale of available datasets. The need to construct an index
of social vulnerability to support policy towards flood risk mitigation
remains serious. The roles such an index will play towards defining
the susceptibilities and the lack of coping capacity of different people
and places to the hazard as well as building a society more resilient
towards urban flooding are clear, and highlight the significance of the
present research.

Method and Data

The present study ranks the 16 LGAs of the Lagos coastal area

with respect to susceptibility, exposure and lack of coping capacity
to urban flooding, using demographic data (obtained from 2006
Nigerian national demographic and housing census, 2012 Lagos state
digest of statistics and 2012 Abstracts of Lagos state local government
statistics). Other relevant datasets are 30 m horizontal resolution and
20 m vertical accuracy ASTER GDEM and political boundary of the
Lagos, Nigeria in vector format. These datasets (described in Table 1)
were selected based on their availability and relevance with respect to
the study area. It should be recognised that these data sets have been
used to demonstrate an approach that could be adopted in data sparse
urban areas.

The demographic datasets represent variables on spatial
enumeration extent covering LGAs and include: population figures,
gender and age distribution, housing conditions, family structure,
marital status, disability figures and socio-economic variables.
Data from the Lagos state digests of statistics and the Abstracts of
Lagos state local government statistics are more refined in that
they contain information on Local Council District Authorities
(LCDA). Nevertheless, the data are not discrete enough to enable the
assessment of vulnerability at that scale. However, national and Lagos
state demographic datasets were carefully integrated and in addition
to topography, a set of variables from which nine indicators of SocVI
for the Lagos area were determined (see Table 2). These variables
were selected based upon previous studies, such as: [44-46] and the
authors’ local knowledge of the study area. The determined indicators
are: poverty, marital status, age distribution, gender differences,
housing condition, family structure, socio-economic, disability and

topography.

The present study has made some modifications to the existing
methodology. The first modification is the inclusion of family
structure which is represented as: the percentage of houses owned
by head of family and the percentage number of houses owned by
any other member of the family, the percentage number of people
with relationship with the head of family. Such inclusions are based
on the authors’ subjective judgement, as it is argued that a significant
amount of the causes of vulnerability to flooding in Lagos, are due to
the way the people live. It is argued that co-habitation tends to be an
advantage in such areas, but it also constitutes considerable setback
when weighed against recovery from losses after a sudden flood event.
The capacity to cope and recover quicker from losses after the hazard
is often developed by a mutual co-existence.

In order to make the vulnerability assessment exclusive to flood
hazard, the next modification was the inclusion of topographic
information to the variables for computation of SocVI. As a result
of the spatial extent of the domain being considered (i.e. LGAs), the
average elevation for each of the constituting LGAs was extrapolated,

Table 1: Datasets describing the format and source for the present research.

S/No. Data Source

National Population Census (NPC

1. 2006 Demographic data 2007)

2. 2012. Lagos  Demographic  and 2012 Lagos state digest of statistics
Housing data
3. ASTER GDEM elevation data NASA
4 Political Boundary Office . of Surveyor general of
federation
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Table 2: Summary of the data classed as indicators and variables.

S/No. Indicators Variables

% Below SSCE & None education

% Houses with access to more efficient cooking
fuel

% Houses without access to more efficient cooking
fuel

% Houses with access to more efficient lightning
fuel

% Houses without access to more efficient
lightning fuel

% Houses with more convenient solid waste
disposal

% Houses without more convenient solid waste
disposal

% Has no access to telephone

% Has no access to TV

% Houses with access to good drinking water

% Houses with no access to good drinking water
% Houses with no healthy sanitation facility

% Houses not owned by occupiers

Poverty

% TP (15-69) Years
Age % TP (70-85+) Years
% age 0-14 years

Gender % Male
3. % female gender

4. Marital status % Persons without marriage partner

% House on separate stand / Yard

% House made of traditional materials

% Flat in blocks of flats

% Semi-detached houses

% Rooms / Let in houses

% Informal & Others

% Earth / and Wood material for floor

% Earth / and Wood material for wall

% Thatched, Earth / and Wood material for Roof

Housing
5. condition

% Without Regular homes

% More than four persons in a room

% House owned by head of family

% House owned by wife

% Renters

% Immediate relations to head of household

% Non-immediate relations to head of household
% Absence of Regular Sleeping Room

Family structure

% Number of development projects
% Professionals
Socio-economic % Average Tenement
7. status % Number of Primary Health Care
% Number of births
% 2007 Annual Revenues
% Literacy

8. Disability % Disability

©

Topography Average elevation value for each LGA

supposing that vulnerability to flooding relates to relative differences
in elevation since flooding in the study area is also aided by flat
topography. This is particularly important for handling uncertainty
due to the absence of a flood hazard map and the lack of information
to describe the drainage systems.

The collected data were tabulated in MS-EXCEL 2010 spreadsheet

in the form of a regular matrix, with the columns representing the
indicators, and the rows representing the variables for the 16 LGAs
of the Lagos metropolis. Excel 2010 spreadsheet was chosen for this
present research because of the availability of much mathematical
functions and the flexibility to create newer ones to run the
vulnerability model. This research adopted part of the methodology
used in UNDP’s Human Development Index (HDI) [47] to normalize
the datasets of various units and scales, and to combine them to derive
various grouped sources of vulnerability. HDI method presupposes
that a functional relationship of the values with vulnerability should
be known. This is simply how each variable within the datasets
contribute to social vulnerability, either positively or negatively.
The negative contribution decreases vulnerability and is indicated
with a downward arrow. On the contrary, a positive contribution
increases vulnerability, and is shown as an upward arrow (Table 3
summarizes the functional relationships of the indicators and the
main assumptions underlying them).

Equations (1) and (2) below are two models for data normalization
by HDI methodology, and are appropriate for positive and negative
functional relationships respectively. By using the HDI methodology
for normalization, it is possible to suppress the bias of weights
assignment based on expert knowledge of the study area.

_ Xyp—mrn i)
8T Max(fi- Min 1)

Table 3: Functional relationships based on UNDP HDI methodology adopted for
normalizing the variables.

S/No. Indicators Funct.lonal_ Main Assumptions
Relationships
" Poverty T Poor people are generally
vulnerable

2a. Age (0 — 14 Years) Children are generally vulnerable.

Greater ratio of males to females,

2b. Age (15-69 the age category contributes to
Years) : .
the socio-economic status
Age (70 — 85+ Older people are generally
2c.
Years) vulnerable
3a. Gender (Female) Women are generally vulnerable

3b. Gender (Male) Men are less vulnerable

4. Disability Generally vulnerable
More houses are either
5. Housing conditions dilapidated or built with less flood-

proof materials.
General assumption is that it

6. Socio-economic T can both create and reduce

vulnerability.

7. Marital Status People without a marriage partner
are often vulnerable
The arrangement of families in

8. Family Structure terms of size and relationship to

the owner of the house / family
head contributes to vulnerability.

Places with lower elevation are

9. Topography more vulnerable

- > > e~ > > — > > — —>
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Max(j]-xy

= 2
T4 T Max)- Mim @)

- _is the value of ith row and jth column of the variable table,

Max (j), and Min (j) are the maximum and minimum values in the
jth column.

The normalized components of vulnerabilities were aggregated
and ranked using the method of aggregating in [9] which applies
simple averaging. Patnaik and Narayanan proposed equation (3)
below for use in aggregating the group variables and ranking the
resulting vulnerability scores. In using this method, the standardized
variables for each indicator were aggregated by simple averaging
to obtain a discrete vulnerability (AI) for each indicator. For those
indicators such as marital status, disability and topography having
single variable, their discrete vulnerabilities were taken as the
normalized values. The outcome of this operation is shown in Table 4.

1
_ [AlE]E
yr = E=hE (3)
"
VI is the vulnerability index, Al is the vulnerabilities of the
components, n represents the number of sources of vulnerability, and

a is equal to n.

The overall SocVI based on the discrete vulnerabilities of the
indicators were obtained from equation (3) by putting the discrete
vulnerabilities into an additive model and dividing the outcome by
the number of indicators considered, in this case nine. The number
of indicators does not affect the outcome of the SocVI as long as the
functional relationships of the variables were accurately determined
and applied at the normalization stage. This operation is repeated for
all the constituting LGAs. Then the outcome is ranked beginning with
the LGAs with the highest SocVI down to the lowest. The outcome is
shown in Table 5 which delineates the overall SocVI for the sixteen
LGAs of the Lagos area with Alimosho, Agege and Kosofe LGAs at
extreme social vulnerability to urban flooding in Lagos.

Table 4: Vulnerability scores of various components (indicators) that contribute to the overall Social vulnerability in the Lagos metropolis of Nigeria.

Emphases are on peaks for each indicator.

Marital Socio-
Age_ Disability_  Housing Family economic
status -
- condition
S/No LGAs Gender_ Poverty Topography_
Vulnerability Vulnerability Vulnerability Vulnerability condition structure Vulnerability Vulnerability Vulnerability
Vulnerability Vulnerability
1 Agege 0.5 0.48 1.9 0.22 0.48 0.38 0.75 0.41 0.1
2|Ajeromi-Ifelodun 0.49 0.55 0.43 0.43 0.69 0.58 0.5 0.49 0.61
3 Alimosho 0.5 0.75 1 1.01 0.39 0.71 0.35 0.52 0.42
4/Amuwo-Odofin 0.49 0.38 0.1 0.1 0.42 0.31 0.62 0.58 0.9
5 Apapa 0.49 0.35 0.01 0 0.5 0.29 0.52 0.5 0.92
6 Eti-Osa 0.48 0.35 0.06 0.05 0.63 0.32 0.36 0.6 0.97
7 Ifako-ljaye 0.5 0.42 0.19 0.19 0.31 0.36 0.48 0.44 0
8 lkeja 0.49 0.37 0.09 0.08 0.27 0.33 0.73 0.43 0.35
9 Kosofe 0.48 0.5 0.42 0.42 0.61 0.56 0.6 0.49 0.96
10 Logos-Island 0.5 0.44 0 0 0.4 0.29 0.48 0.47 0.9
11 Lagos-Mainland 0.5 0.42 0.1 0.09 0.79 0.35 0.66 0.51 0.54
12/ Mushin 0.49 0.6 0.38 0.37 0.53 0.52 0.47 0.4 0.35
13 Ojo 0.49 0.44 0.36 0.35 0.37 0.45 0.61 0.67 0.85
14 Oshodi-Isolo 0.49 0.5 0.38 0.37 0.49 0.5 0.62 0.43 0.95
15 Shomolu 0.5 0.47 0.17 0.16 0.48 0.38 0.6 0.44 0.51
16 Surulere 0.49 0.52 0.26 0.25 0.47 0.43 0.74 0.42 1
Table 5: Overall social vulnerability (SocVI) indices for Lagos.
S/No. LGAs .Ovt?rall Social vulnerability 8 Ikeja 0.39
indices
9 Kosofe 0.63
1 Agege 0.65
. . 10 Logos-Island 0.44
2 Ajeromi-Ifelodun 0.60
. 11 Lagos-Mainland 0.50
3 Alimosho 0.71
12 Mushin 0.51
4 Amuwo-Odofin 0.49
13 Ojo 0.57
5 Apapa 0.45
. 14 Oshodi-Isolo 0.59
6 Eti-Osa 0.48
) 15 Shomolu 0.46
7 Ifako-ljaye 0.36
16 Surulere 0.57
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A significant advantage of applying the Patnaik and Narayanan
methodology is the possibility of knowing how each group of variables
contributes to the overall vulnerability, which is simply an average of
independent group scores. It is most suitable for the study due to the
complexity in using other models, limited sample size, lack of data,
and their possible issues of multicollinearity which may be present in
the data to be modelled.

For the final mapping and visualization of the indices of social
vulnerability, ESRI ArcGIS 10.1 software was used, chosen because
of the versatility and availability of many geospatial analysis tools.
The attribute table containing the indices of social vulnerability
of the Lagos and the spatial database were linked to create a vector
map delineating the indices of social vulnerability. The resulting map
was symbolized using graduated colour scheme based on quantiles
to create five classes, ranging from less vulnerable classes to highly
vulnerable classes of social vulnerabilities. The use of graduated
schemes as against graded colours (low to high) was necessary in
order to differentiate between the LGAs in respect of their social
vulnerabilities which is important consideration of this study. Figure
2 is the map of social vulnerability indices for the sixteen LGAs
that formed the Lagos area of Nigeria. The outcome of this map is
confirmed by a previous investigation in [48] which identified Kosofe
LGA as highly vulnerable area to urban flooding in Lagos.

To utilize fully the potential of the method used in the research,
vulnerability based on each individual social component was mapped
(Figure 3). These maps reveal variations of social vulnerability
components across the spatial scales of Lagos. This is the main novelty
of the present research which makes contribution to the science of

AFAKO-HAIYE \_
2, \.

flood risk management especially at identifying the demographic and
socio-economic factors which influence vulnerability and how they
are spatially distributed across a geographic unit.

Results and Discussions

Overall, the social vulnerability assessment carried out in this
research reveals three LGAs in the Lagos area that are classed as
extremely vulnerable to urban flooding. Four LGAs were found to be
highly vulnerable, whilst the remaining LGAs are classed as follows:
four LGAs are relatively vulnerable, three are moderately vulnerable
and the remaining two are less vulnerable. Alimosho, Agege, Kosofe,
Ojo, Surulere, Ajeromi-Ifeledun and Oshodi-Isolo LGAs are the
highly vulnerable areas while Ifako-Ijaiye and Ikeja LGAs are the
less vulnerable ones. Apapa, Lagos Island and Shomolu LGAs are
vulnerable, but not comparable to Eti-osa, Lagos mainland and
Amuwo-Odofin LGAs (see Figure 2).

Additionally, the vulnerabilities based on each of the
demographic and socio-economic variable are also shown (Figure
3). These maps show that Alimosho along with Agege, Ifako-Ijaiye,
Lagos-Island, Lagos-mainland, and Shomolu LGAs may be ranked
as highly vulnerable in term of gender variations. This is because of
the extensive female population in the area. Data from the National
Population Commission shows that more than 8% of the total women
in the Lagos area reside in Alimosho LGA [49]. Compared to other
LGAs where there are only about 3% at most, key factors in Lagos
such as poverty, early marriage, and child care, limited education
and financial opportunities which seem to subject mainly women to
social vulnerability are more pervasive in Alimosho. Alimosho LGA
is also most highly ranked in terms of age differences, marital status,

disability and family structure. Age factors apples mostly to elderly

Less Vulnerable
Moderately Vulnerable

Vulnerable

Scale: 1: 250,000

Highly Vulnerable
Extremely Vulnerable

Lagoon

Figure 2: Map of social vulnerability indices (SocVI) for the sixteen LGAs that formed the Lagos area of Nigeria.
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Age vulnerability

Socio-economic status vulnerability

Housing condition vulnerability

Topography vulnerability

Figure 3: Map of the sixteen LGAs of Lagos area of Nigeria, based on each individual component of social vulnerability.

people in the present research, although children aged 0-14 were also
considered. Because of the large population in Lagos, there are many
elderly people who are dependants of other younger residents in the
area. Care for elderly people is a critical issue in Nigeria, and this
reflects the situation of elderly population in Lagos, whilst there are
limited well established elderly peoples” hospices [50]. To cope with
this situation, the majority of elderly population reside with relatives
and friends, and such co-habitation with no reasonably enhanced
economic potential and opportunity can constitute a major source of
social vulnerability in Alimosho LGA.

Lagos mainland, Surulere and OJo LGAs are ranked highly
vulnerable in terms of housing condition, socio-economic status
and poverty respectively. A clear picture of Lagos shows that the
great deal of slum development in Alimosho is arguably some overly
anthropogenic measure to cope with limited housing in Lagos. With
regards to socio-economic status housing condition, poverty and
family structure, these measures escalate the social vulnerability of
residents in the areas affected. For example, family structure, which
is in this research, is explained by the relationship that exits among
the members of a household, underlines a complicated situation in
Alimosho LGA. Similar to many places in Nigeria, most houses in the
Lagos are rented, whilst the relationship existing between the house
owners and tenant is purely on business grounds [49,51]. The ability to
cope with losses under such situation is often restricted since there is
lack of mutual cooperation and support. This tickles down to the fate
of disabled persons (especially in Alimosho where it is a major source
of social vulnerability) who both lack the sufficient physical capacity
and economic means to adapt to various situations at various times.
Nkwunonwo et al. argued that disability remains a poorly managed
situation due to the poor political will power, and weak institutional
capacity that plague Nigeria and undermine the formulation and
implementation of robust social and economic policies [43]. This is a

major issue of social vulnerability which highlight the importance of
the present research and in terms of identifying the specific areas in
the Lagos metropolis where key shoulders need to prioritize attention
towards building social capacities.

The role played by topography as proxy to flood hazard in the
study area is validated, given that the highly vulnerable LGAs
(Alimosho, Agege Kosofe and Surulere LGAs) appear to be lower in
elevation. Using the ASTER GDEM dataset, the lowest elevation in
the Lagos area (which is 16 m) was found to in Surulere, and this
provides undisputable in validation for the highly social vulnerability
index in the area. Elevation data of a much higher quality is often
recommended in any study related to flood risk assessment. However,
for this study, such high quality data set was not available to the
authors. Although the use of elevation data was informed by the lack
of a suitably convenient proxy for urban flooding, the results correlate
well with the hypothesis that elevation differences which dictate the
flow of pluvial floods within spatial and temporal scales can provide a
convenient factor for modelling social vulnerability to urban flooding
in Lagos. Following this hypothesis, it is important to understand
the contribution (or strength) of each of variables to the overall
SocVLI. Thus, a simple regression analysis can be used to investigate
this relationship. The results of such analysis (without topography:
see Tables 6 and 7) firstly suggest the indicators are statistically
significant, explaining up to 97% of the total variances in the SocVI.
Then, it shows the strongest contributing indicators to the overall
SocVI are gender, socio-economic condition and poverty, while
family structure age and disability contribute minimally. However,
the high vulnerability indices shown by the highly vulnerable LGAs
may be attributed to the combination of dominant indicators of
the component vulnerabilities in those areas, and these are: age
distribution, marital status, disability, family structure and socio-
economic condition. These indicators seem to suggest susceptibility
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Table 6: Sample mean (y) and sample Standard deviation (o) of the sampled
indicators for social vulnerability assessment.

sample means Sample standard

S/No. Social Vulnerability Indicators W) T
1. Gender 0.49 0.0071
2. Age 0.47 0.1022
3. Marital Status 0.37 0.4761
4. Disability 0.26 0.2491
5. Housing condition 0.49 0.1371
6. Family Structure 0.42 0.1226
7. Socio-economic conction 0.57 0.1251
8. Poverty 0.49 0.0755

Table 7: Regression result showing the strength of indicators to SocVI.

Regression Statistics

Multiple R 0.962
R Square 0.925
Adjusted R Square 0.838
Standard Error 0.039
Observations 16
Indicators Coefficients
Gender (Female) 0.8996
Age (0-14), (70-85+) 0.2096
Marital status 0.4729
Disability 0.4491
Housing Condition 0.4326
Family structure 0.2682
Socio-economic 0.5144
Poverty 0.4784

and serious lack of coping capacity to urban flooding in the area. How
these dominant indicators (which are diagrammatically shown in
Table 8) influence social vulnerability to pluvial flooding in the Lagos
area is discussed in [43].

SocVI may be construed as a compromise in social vulnerability
assessment prompted by lack of consistent set of metrics for assessing
social vulnerability [13]. Although an index such as this is typically
a number, the issue of how it is computed remains heterogeneous
over the years, and has received considerable attention. Regardless
of research philosophy (qualitative or quantitative), a significant
challenge facing the task of constructing the SocVI is choice of/
selection of indicators, an issue which the present research attempts
to overcome. In [44] and [52], the United States Census Bureau
data have been utilized to inductively compute SocVI. These studies
determined social vulnerabilities based on such indicators as
poverty, age, gender, race, ethnicity, disability (to represent various
components underlying the framework of social vulnerability being
adopted) and have been adopted by a number of other studies [see
for examples: 37,45,53-55]. Although these approaches are being
standardised, the paucity of good quality dataset to represent these

indicators, especially in places without national database of social
variables, is a major limitation. Moreover, the methods used in
these studies required that input data have to be analysed for some
properties which tend to undermine the results of social vulnerability
computations, for examples multicollinearity (tendency to correlate
too highly) and singularity (tendency to measure essentially the same
theme).

The absence of a standard for the choice of input data for
constructing SocVI leaves the researcher with an option of finding
a way to either thin the acquired data or aggregate them. In many
previous studies (for examples, [56] and [21]), a practical approach
to this challenge was implementing a factor analysis (FA) to reduce
a large sample of a dataset to a more manageable number, whilst still
retaining their central theme. In Cutter et al. and Abson et al. the
authors applied the principal component analysis (PCA) to achieve
the purpose of dataset reduction [44,57]. Both approaches (FA/PCA),
adopted by the authors above seem to share a similar aim of thinning a
large sample of data, identifying and extracting factors that explained
most of the variations in the acquired datasets. Whilst equally being
preferred to subjective decision to create a weighting scheme, PCA/
FA produces results of social vulnerability index that compares well
with observed field data.

Although the application of PCA/FA to the computation of social
vulnerability index seems more plausible with regards to results of
vulnerability analyses, does always give an idea of the major theme
thata cluster of variables is measuring and explains the communalities
in the variables, it requires a number of stringent considerations.
First, the sample size must be reasonable enough, say at least 10-15
participants per variable, as shown in [58]. This makes the application
of PCA/FA to analysis involving an area of few districts, for example
the sixteen Local Government Area (LGAs) in the Lagos coastal
city, over very large variables difficult. Running the model requires

Table 8: Contributions of indicators to SocVI, represented by varying thickness
and sizes of arrows.

Contributions /

S/No. Indicators Strength
1. Gender (Female) A
2. Age (0 — 14 Years) and (70 — 85+ Years) A
3. Marital status *
4. Disability T
5. Housing conditions T
6. Family Structure *
7. Socio-economic A
8. Poverty A
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knowledge of the mathematics of orthogonal projection and Eigen
values and eigenvector simplifications (a case that resides within
engineering and most earth sciences). It is equally important to have
a good knowledge of statistics to be able to run such PCA/FA models.
To overcome these limitations, the present research has proposed and
implemented an efficient method to assess the vulnerabilities of social
systems to urban flooding in Lagos. The new method, which utilizes
a part of the UNDP Human Development Index (HDI) approach
and the Patnaik and Narayana method to normalise, aggregate, and
rank vulnerability indices is the first published attempt to rank social
vulnerability for the LGAs that form Lagos area [9].

The method described in the present research is based on specific
issues relating to social vulnerability to Lagos urban flooding [59].
Such issues as family structure, peculiar gender variations, and
settlement pattern have been exploited, to construct the Lagos
SocVI. Key features of this method are: (1) Simple modifications
based on location-specific issues, (2) modularity, in which specific
vulnerabilities are computed based on individual social variables, and
(3) sparse-data sensitivity.

Conclusion

Pluvial flooding events have been traumatic in the Lagos area
of Nigeria, and the question of how to assist human populations
to reduce their susceptibilities and develop capacities to cope with
such increasing hazard requires more attention. With respect to
recent integrated approaches to flood risk mitigation by United
Nation International Strategy on Disaster Reduction (UNISDR) and
Climate Change Adaptation (CCA) methodologies, the way-forward
arguably involves assessment of vulnerability. In this regard, social
vulnerability is for the most part considered since it takes social
characteristics, such as age variation, gender differences, socio-
economic status, etc., to compute indices which generally explain the
extents and variation to which coastal human populations are easily
affected by flood hazard. Such characteristics dynamically relate to
disaster risk losses and generally drive focus on human beings. Whist
a lack of data about social characteristics constrains efforts towards
computing more accurate social vulnerability indices (SocVI), freely
available data can be utilized to an approximate counterpart that can
serve immediate purposes.

SocVI for the 16 Local Government Areas (LGAs) of the Lagos
metropolis has been computed in this study by utilizing demographic
data from Nigeria Population Commission, Lagos state digest of
statistic and abstract of Lagos local government statistics along with
elevation values extrapolated from Advanced Space-borne Thermal
Emission and Reflection Radiometer Global Digital Elevation Model
(ASTER GDEM). The inclusion of elevation values was necessary
to make the indices exclusive to flood hazard. Carefully selected
variables were normalized by means of a part the UNDP human
development Index methodology (HDI). To deal with the challenge
of equal weighting which would suggest that the indicators contribute
equally to the overall social vulnerability, the study applies the method
proposed by Patnaik and Narayanan (2009) to aggregate and rank
the indicators. In the end, with the exception of topography which
served as proxy for flood hazard, there were eight different indicators,
which whilst showing different strengths to the overall SocV1, suggest
a tendency towards susceptibility and a lack of capacity to cope with

flood hazard. Besides the final mapping of the SocVI in a Geographic
Information System (GIS), some statistics were run along with a
simple linear regression analysis to further explore the indicators
with respect to their ranges of contribution to the overall SocVI.

In view of social vulnerability assessment for the Lagos area, the
study reveals three LGAs (Agege, Alimosho and Kosofe) as very highly
vulnerable to flood hazard. Other LGAs are also delineated. The high
vulnerability indices shown by the some of the LGAs are as a result of
their high scores in five of the indicators which are: age distribution,
marital status, disability, family structure and social-economic status.
While there is a great deal of slum development in the Lagos area,
disability remains a poorly managed situation. The study further
reveals the ability to cope with flood hazard is also compromised by
poor socio-economic status, gender variations, poverty and housing
condition, which also played considerable roles in the overall SocVI.

One major issue that requires immediate attention with regards
to future study is dataset quality. The demographic data that were
utilized in the study lack detailed spatial resolution. This also applies
to the elevation data used for flood risk assessment. A more detailed
demographic data would be able to improve the quality of the SocVI,
as well as clarify the assumption made about the flood hazard, which
was represented by means of elevation. The elevation data applied was
of a 30 m spatial resolution, which previous studies have identified
to overestimate inundation extent during flood modelling. It is also
recommended that a study which integrates these results with flood
hazard simulated by means of hydraulic models be carried out. This
will be necessary to validate the results which the authors do not have
the resources to undertake at this stage. It is also recommended for
future studies that the application of land use scenarios for sensitivity
analysis of the indices, and the need to define the uncertainty in the
output. While the results obtained from the study can serve as working
document towards mitigating the loss of lives and properties, as well as
disruption of human and economic activities during flooding events
in the area, it could also be useful for decision making and prioritizing
plans and strategies with regards to building effective coping capacity
in those areas with higher susceptibility to the flood hazard.
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