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Abstract

Households in urban flood-prone areas are particularly vulnerable to flood disaster. Therefore, adaptive-
design responses based on vulnerability assessment are needed to mitigate growing risk and associated
impacts. This study examines critical indicators influencing vulnerability of houses in the flood-prone areas
of Kosofe, Lagos, Nigeria, by assessing household socio-economic characteristics, flood attributes,
Neighborhood and architectural design characteristics of dwellings, and adaptive capacities exhibited. The
study which, aimed to fill gaps in empirical research on contextual factors affecting exposure, susceptibility,
and resilience of flood-prone households in Nigeria, was underpinned by vulnerability, social-ecological
systems and adaptive capacity theories. A cross-sectional exploratory sequential research design was
adopted. Common themes emerging from focus-group discussions were used in the questionnaire
formulation. The survey was conducted among 385 households in the study area, with a return rate of
84.15%. Opinion survey of 35 experts also served as a guide in selecting relevant indicators. IBM SPSS
statistics was used for the descriptive and factor analysis, relative importance indexes and linear regression.
With a high R2 value = 0.975, explaining approximately 98% of variance. The result of linear regression
analysis shows that flood depth (P=0.000), building elevation (P=0.000), absence of surrounding vegetation
(P=0.000), drainage system (P=0.000), low income (P=0.000), presence of household coping capacities
(P=0.000), flood duration (P=0.02) and quality of buildings (P=0.04), with a P value less than 0.05, have the
greatest impact on physical flood vulnerability. Therefore, this study concludes that the most robust adaptive
architectural design strategies for disaster risk reduction in flood-prone residential neighbourhoods are
embedded within the identified physical flood vulnerability indicators: flood depth, building elevation,
surrounding vegetation, drainage system, low income, household coping capacities, flood duration and
building quality. It is thus recommended that these critical indicators be carefully considered when
developing an adaptive architectural design framework for risk reduction in flood-prone areas.

Keywords: Adaptive Capacity, Exposure, Flood risk, Physical Vulnerability, Resilience, Susceptibility

Word count: 300



vii

Content

Table of Contents

Page

Certification i

Dedication ii

Acknowledgement iii

Abstract v

Table of Contents vi

List of Tables x

List of Figures xiii

Chapter One: Introduction

1.1 Background to the Study 1

1.2 Statement of the Research Problem 3

1.3 Justification for the Study 6

1.4 Aim and Objectives of the Study 8

1.5 Research Questions 9

1.6 Hypotheses 9

1.7 Significance of the Study 10

1.8 Scope of the Study 11

1.9 Limitation of the Study 14

1.10 Operational Definition of Terms 15

Endnotes 17

Chapter Two: Literature Review

2.1 Conceptual Review 21

2.1.1 Concept of Physical Flood Vulnerability 21



viii

2.1.2 Concept of Hazard 25

2.1.3 The Concept of Exposure 29

2.1.4 Concept of Susceptibility 32

2.1.5 Concept of Resilience 34

2.1.6 Summary of Conceptual Review 37

2.2 Theoretical Framework 38

2.2.1 Vulnerability Theory 39

2.2.2 Socio-ecological Systems Theory 40

2.2.3 Adaptive Capacity Model 42

2.3 Review of Empirical Studies 45

2.3.1 Flooding, Flood Risk, Impacts and Management 45

2.3.2 Flood Adaptation Measures 50

2.3.3 Architectural Strategies for Flood Adaptation 52

2.3.4 Determinants of Effective Architectural Design Strategies for Flood Adaptation. 54

2.3.5 Building Codes, Regulations and Bye Laws on „Flood Adaptation‟ and „Resilience‟ 56

2.3.6 Adaptive Capacity, Social Capital and Coping Strategies for Flood Disaster Risk Reduction 62

2.4 Conceptual Framework 64

2.5 Summary of Gaps in Literature Reviewed 66

Endnote 68

Chapter Three: Methodology 77

3.1 Research Design 77

3.1.1 Philosophy 77

3.1.2 Strategy 78



ix

3.1.3 Design 78
3.2 Population of the Study 79

3.2.1 Households in the Flood-prone areas of Kosofe, Lagos state 79

3.2.2 Expert 79

3.3 Sample and Sampling Techniques 79

3.3.1 Sample Size Determination 80

3.3.1.1 Sample Size of Households 80

3.3.2 Sample Size for Experts 81

3.4 Description of the Research Instrument(s) 81

3.4.1 Focused Group Discussions (FGDs) 81

3.4.2 Expert Opinion Survey 84

3.4.3 Questionnaire Design 85

3.4.4 Identification, Specification and Operationalization of Variables 86

3.5 Validity of the Research Instrument 93

3.6 Reliability of the Research Instrument 94

3.7 Method of Data Collection 95

3.8 Data Characteristics, Sources and Analyses by Objectives 96

3.9 Ethical Approval 98

Endnotes 101

Chapter Four Results and Discussion of Findings 102

4.1 Demographic Data Analysis 102

4.2 Presentation of Research Questions and Data 105

4.3 Discussion of Findings 141



x

4.4 Validation of the Conceptual Framework of the Study 170

Endnotes 178
Chapter Five: Conclusion 183

5.1 Summary of Findings 183

5.2 Conclusion 186

5.3 Recommendation 188

5.4 Contribution to Knowledge 189

5.5 Suggested Areas for further Research 190

Bibliography 191

Appendix 210

Bio-data 234

The University Compliance Certification 240



xi

List of Tables

Table

2.1

Title

Basic Criteria for Physical Vulnerability Assessment Identified in Literature

Page

25

2.2 Flood Types, Causes and Processes 27

2.3 Flood Classification of Flood Losses 28

2.4 The Three Layers of Measurement of Resilience 36

2.5 Summary of Conceptual Review 37

2.6 Theoretical Framework and Research Objectives 43

2.7 Studies on Flood Impacts in Lagos, Nigeria 45

2.8 Flood Damages in Homes 46

3.1 The Sample Sizes Derived for Each Selected Area 81

3.2 Themes Derived From the Focus Group Discussions with Home-Owners 82

3.3 Physical Flood Vulnerability Variables, Clusters, Scale and Category 84

3.4 Identification, Specification and Operationalization of Variables 86

3.5 Reliability by Objectives (Ordinal Variables) 94

3.6 Phases in Data Collection Process for Mixed-Methods Research 95

3.7 Summary of Research Methods 99

4.1 Age Distribution and Education status of the Respondents 103

4.2 Social Capital of the Respondents 106

4.3 Household Composition 109

4.4 Financial Services Available for Contingencies 113

4.5 Building Flood Damage and Flood Depth Experienced in the Study Areas 116

4.6 Factors Influencing Occurrence of Floods in the Study Area 117

4.7 Total Variance Explained 118



xii

4.8 Presentation of Result of Factor Analysis 118

4.9 Impact of Flooding in the Study Area 119

4.10 Relative Importance Index Ranking Results 121

4.11 Available Neighbourhood Characteristics in the Study Area 122

4.12 Total Variance Explained 123

4.13 Presentation of Result of Factor Analysis 124

4.14 Number of Bedrooms in the House 125

4.15 Ground Floor Height of the Buildings in the Study Area 127

4.16 Building Material 128

4.17 Finishes 129

4.18 Position of Electrical Socket 130

4.19 Flood Risk Awareness in the Study Areas 131

4.20 Chi-Square Tests 132

4.21 Household Coping Strategies 133

4.22 Intervention During and in Post-Disaster 134

4.23 Physical Flood Vulnerability Variables, Components, and Clusters 135

4.24 Feedback of Expert Opinion on Physical Flood Vulnerability Indicators 137

4.25 Coefficients of the Linear Regression Analysis of Flood Vulnerability Indicators 139

4.26 Comparison of Dimensions of Neighbourhood Characteristics Evaluation 155

4.27 Summary of Physical Vulnerability Indicators and Adaptation Options 168



xiii

List of Figures

Figure Title Page

2.1 Four Concerns for Flood Resilience 55

2.2 Factors Influencing the Planning, Design and Building Processes in England 57

2.6 Conceptual Framework for the Study 65

3.1 Cross-sectional Exploratory Sequential Mixed Methods Design 78

4.1 Gender of the Respondents 102

4.2 Employment Status of the Respondents 104

4.3 Frequency of House Types in the area 108

4.4 Reasons for Living in the Area 110

4.5 Employment Status of Respondents 111

4.6 Number of Streams of Income in a Household 112

4.7 Range of Monthly Household Income 113

4.8 Time flooding Occurs after Intense Rain Starts 114

4.9 Flooding Experienced in the Study Area 115

4.10 Causes of Flooding Experienced in the Study Area 116

4.11 Condition of the Buildings in the Study Areas 126

4.12 Roof Designs in the Study Area 127

4.13 Level of Preparedness of Residents 132

4.14 Street Flooding in Oworonsoki area 147

4.15 Water Penetration Damage to Building in the Ajegunle area 148

4.16 Development Sprawling into the Floodplains, Alapere area 151

4.17 Street Flooding Affecting Businesses in the Study Area, Kosofe Area 152

4.18 Buildings in Close Proximity to River Agboyi 156



xiv

4.19 Buildings Features in the Study Area 157

4.20 Flooded Compound in the Study Area 158

4.21 Indicators Influencing Physical Flood Vulnerability in Flood-Prone Areas 167

4.22 Validation of Conceptual Framework 172



1

Chapter One

Introduction

1.1 Background to the Study

It is generally accepted that the interferences of human with the climate system is a main cause of climate

change and the observed global warming1, 2. Given the inseparable link between climate change and

development, the Intergovernmental Panel on Climate Change (IPCC) warns of a potential increase in the

frequency and intensity of extreme weather events, such as extreme temperature changes, heavy rains and

storms 3, 4. Today, the devastating effects of climate change, together with continuous rapid urbanization, poor

urban growth and land use, especially in developing countries, are the major causes of natural and man-made

disasters such as sea-level rise, floods, tsunami, landslides, earthquakes, cyclones, and erosion5, 6. Forexample,

hydro-meteorological hazards, including floods and droughts, are considered the most common hazards in

Africa7.

Globally, floods are recognized as the most common disaster threatening urban security and community

wellbeing. It has devastating socio-economic and psychological consequences such as casualty, death,

damages to property and infrastructure, displacement of people from their homes, financial loss and loss of

livelihoods8. Over 50% of all deaths and over 30% of global economic losses from natural disasters are caused

by floods9. Aqueduct floods, a modern global tool for measuring flood risks, vulnerability and associated

impacts around the world projects that by 2030, about15 million people and urban properties worth $177

billion will be impacted annually by coastal flooding10. In Africa‟s fastest growing coastal megacity, Lagos,

Nigeria, the built environment have been impacted by severe perennial flooding particularly during the rainy

season with the most devastating episode witnessed in 2011 with estimated loss of between ₦82 billion and

₦123 billion at that period 11.

Despite considerable investment in flood risk prevention and management, flood-related disasters continue to

wreak havoc, even in many regions of the world, with the most intense in the urbanized floodplains areas of
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coastal cities12. There are several reasons for the increase in flooding and related losses. Climate change

undoubtedly plays an important role, but also changes in flow regimes such as general land use changes in

watersheds, and loss of storage capacity due to floodplain reduction exacerbate flood conditions13, 14.

Similarly, flooding has been exacerbated by hydraulic structures that are supposed to protect people from

flooding. Traditional (structural) flood protection measures such as levees separate the floodplain from active

waterways so that they no longer function as storage areas, leading to higher flood peaks and faster transit

times downstream15. Consequently, managing flood occurrences in urbanized flood-plain areas due to climate

and land use change becomes more complex.

Regardless, floodplain areas continue to attract urban development from human settlement, thereby increasing

exposure and vulnerability of households within the area to flood risk. Where, „exposure‟ refers to the

presence of vulnerable elements (e.g., people, buildings, services, infrastructure, or other assets) that can be

destructively affected16, 17. Vulnerability is the level of harm that can be expected under given conditions of

exposure, susceptibility, and resilience18. Susceptibility is the likelihood that hazardous events will occur due

to local element conditions or due to the inability of inherent characteristics to withstand the impact of an

hazard19. Resilience, on the other hand, is the ability of a vulnerable element to anticipate, absorb, cope, resist,

and recover from the impacts of a flood risk20. Therefore, flood risk within an area results from the

interactions between flood hazard, exposure, and the vulnerability of the exposed elements-at-risk.

With increasing flood risk and associated physical and socio-economic damages in coastal cities across the

world; it is of utmost importance to focus on practical strategies which can help households in flood-prone

communities adapt to floods by reducing its impacts21. Existing literature shows that effective strategies to

reduce vulnerability and build adaptation to flood disasters are through vulnerability assessments to develop

adaptation plans22. These empirical strategies are data dependent and require all kinds of information on

contextual factors that influence vulnerability. More so, designing and constructing flood resilient housing

scheme is a very complex undertaking and its performance has many aspects; because the vulnerability, or
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resilience of houses and occupants to flood risk result from multiple factors such as such as the nature of the

hazard experienced, neighborhood context and building design characteristics as well as issues surrounding

socio-demographic characteristics and adaptive capacity of individuals and households23.

However, due to the paucity of such data in data-poor regions, there are limitations to the development of

adaptive disaster risk reduction solutions in high-risk areas24. In Lagos, Nigeria and other cities in Africa,

studies on physical vulnerability assessments and flood adaptation strategies are still limited12, 25. There is

lack of knowledge and poor understanding of socio-ecological characteristics that influence the vulnerability

and the resilience of flood-prone housing schemes to flood risks26, 27. Therefore, a detailed analysis of the

contextual factors which influence the vulnerability of flood-prone houses will provide in-depth insight into

the most robust building adaptation design solutions to reduce flood disaster risks. This is line with the three

international framework agreements for a more preemptive approach to flood risk management. Based on the

aforementioned, this research aims to evaluate indicators of physical vulnerability to guide the development of

adaptive design strategies for mitigating flood disaster risk to residential buildings in flood prone communities

in Lagos, Nigeria.

1.2 Statement of the Research Problem

Over the last decade, the world has seen the adverse effects of climate change manifest, including increased

flooding due to more frequent and longer rainfall, melting ice caps and rising sea levels, among others. As

these adverse effects have increased, buildings and other physical assets have become more vulnerable to

increased degeneration and possible destruction around the world, especially along coastal areas and low-

lying communities. While the traditional strategies of micro and macro urban drainage systems have been

successfully implemented; anecdotal evidence has shown these measures to be unsustainable as they were

designed without understanding what actually causes the flooding problem, only displacing runoff in the

watershed5, 28. Consequently, they have not been very effective in providing safety for the residents and

preventing damages to buildings and other physical assets during severe flooding29. In addition, studies have
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also linked the unsustainability of traditional drainage systems to the increasing sealing of areas from

urbanization. The spatial distribution of impervious areas in cities is growing faster than the population itself,

howbeit, the world population is estimated to increase by 72% between 2000 and 2030, while, urban areas

with 100,000 or more inhabitants increase by 175% are expected30.

Cities in these areas will also have the greatest need for housing31. In order to adequately meet the economic

and social need for more affordable housing while taking into account the increasing risk of flooding,

buildings, as the smallest unit of urban space and as one of the most affected units by floods, should therefore

be designed to take cognizance of resilience, so as to appropriately adapt, respond to, and absorb future risks.

Unfortunately, the policy, regulatory and institutional arrangement for effective implementation of resilient

housing development in Nigeria remains weak as limited progress has been made so far32.

These barriers are compounded by the nature of Nigeria‟s existing housing stock which is characterized by

qualitative and quantitative deficiencies33. Previous empirical studies indicate that a vast majority of Nigerian

city dwellers live in high-density, unregulated substandard informal settlements; many of the settlements

characterized by a lack of basic and public infrastructure (e.g., roads, storm water drainage and sanitation,

water, and solid waste disposal, and public facilities) and overcrowded housing are located in flood-prone

areas34. For example, approximately 29.8% of the total land area of the city of Lagos is estimated to be subject

to extreme flooding; and more than half of the population, about 8 million residents are vulnerable to flood

disaster35. With current statistics and future population projections, ensuring flood risk reduction in urbanized

floodplains of Lagos city under climate-induced disasters is crucial.

Furthermore, weak housing right and market pressures on inner-city land in most part of Lagos pushes most of

the middle and low income residents to take residence in flood-prone areas where houses are affordable. Most

of the available housing units within these areas are weak, low-quality and prone to maintenance problems

since the materials used for its construction tend to be the cheapest available36. The highlighted problems
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coupled with policy inconsistency, and the absence of a robust housing database also make it difficult to set

any meaningful regulatory targets towards housing resilience. More so, there is no nationally endorsed

framework on housing resilience and flood adaptation to guide the design and construction of buildings and

infrastructure in urbanized floodplain areas of Nigeria37. The Federal and other state authorities in Nigeria still

rely on the more generic climate change policies enacted years earlier in their attempt to uphold their own end

of the bargain of the Kyoto protocol32.

Similarly, the dearth of knowledge about flood resilient technologies and flood resilient housing design

approaches amongst Nigerian Architects and other construction professionals makes it difficult to develop

substantive design-based responses to disaster mitigation in flood-prone areas38. More so, identifying these

design strategies would rely on understanding vulnerability in all aspects of exposure, susceptibility, and

adaptive capacity. However, the lack of relevant data on the factors influencing physical flood vulnerability in

these areas presents a major limitation in selecting the most effective adaptation measures to reduce flood risk.

Also, limited empirical studies have evaluated building adaptation strategies for flood disaster risk reduction

in Nigerian cities39.

Most of existing research provides a generalized overview of flooding rather than the context of hazards in

local conditions. For instance, prior studies examined current approaches to flood risk management by public

and private organization in Lagos state40. The study notes that Lagos and Nigeria do not have specific

provisions for building-based adaptation strategies for flood risk management. The author found the houses

built over floodplains and natural waterways. However, these buildings are often not designed to

accommodate additional stresses that come with flood disaster. Similarly, a critical review of flood risk

management efforts in the city of Lagos acknowledged that the level of information available about floods

experienced is a major limitation, and that flood modeling and a vulnerability assessment is a necessary

requisites41. The only related study carried out in Kosofe Local Government Area, Lagos State, Nigeria
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evaluated the environmental impacts of floods, and thus suggested that enlightenment programmes be carried

out for residents about the causes, impacts and management of floods42.

While these various perspectives exist, none of the past studies examined adaptive architectural design

strategies for flood disaster risk reduction from the perspective of „risk‟ by mapping out vulnerability

dimensions of exposure; susceptibility; and resilience. Therefore, this study sought to bridge this research gap

in knowledge by assessing the most significant indicators for developing adaptive design strategies to reduce

flood risk to residential buildings in flood-prone areas, using kosofe local government area of Lagos, Nigeria

as a case study.

1.3 Justification for the Study

This study is invaluable considering the risk caused by climate change and the limitations of existing flood

management systems. Therefore, this research is justified on various fronts.

First, issues linked to climate change such as changes in rainfall patterns, global warming, and general rise in

sea level; have heightened the need to make built environment components not just resistant, but adaptable to

a changing environment3. Flood intensity and frequency have increased dramatically in many coastal cities,

making residents more vulnerable to severe flooding43. Given the limited capacity and resources to cope,

coupled with a lack of flood insurance cover by most individuals in Lagos city; residents are at risk of

significant losses from floods. This study is thus, justified on the ground that it will contribute to existing

knowledge about housing adaptation for disaster risk management in flood-prone urban settlements.

Second, flood-prone settlements are where exposure to climate change impact is most acute. The distinct

vulnerability of these settlements is related to their physical location, which is often situated on unstable soils;

the socio-economic characteristics of the population, such as high levels of poverty and illiteracy, which mean

that these communities are less able to cope with climate impacts; and the marginalization of these

communities, because urbanized floodplain areas are not recognized as part of the larger urban fabric44. Yet,
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these areas provide home to some 1 billion people45. However, due to the contextual nature of the factors that

influence vulnerability and the lack of reliable data on the characteristics of residents in vulnerable

settlements, developing adaptive solutions to reduce flood risk becomes challenging. This research is thus

justified in seeking to fill this gap by examining the socio-demographic and economic characteristics of

residents in flood-prone areas, as well as the attributes of their flood experience.

Third, in Nigeria, the lack of substantive design-based disaster mitigation responses to guide architects and

urban planners in flood-prone areas has increased the vulnerability of local communities to natural disaster46.

Generally, the issue of disaster risk reduction is usually not considered in the spatial planning and building

development process within flood-prone communities47. This makes it necessity to develop a framework to

guide design professionals on adaptive strategies for reducing physical vulnerability. This study is thus

justified on the grounds that it attempts to examine the neighbourhood characteristics, architectural design

features of houses, and adaptive coping capacities exhibited by households in the study area, which are vital to

assessing current susceptibility and resilience to flood risk, and to also channel the efforts of professionals in

designing neighborhoods and buildings that are well adapted to mitigate flood impacts.

Lastly, this study is also justified as it attempts to bridge the knowledge-gap in the existing body of literature

on building adaptation. Prior to now, research on climate adaptation measures in buildings focused on thermal

comfort and energy consumption in buildings than on flood disaster risk reduction48. However, evidence in

literature shows the enormous adverse impacts of physical flood vulnerability to buildings. However, the lack

of relevant data on physical vulnerability indicators inhibits efforts towards developing building-based flood

risk management solutions41, 25. This study is therefore justified because it attempts to bridge this gap by

investigating indicators with the most influence on physical flood vulnerability, which will guide the eventual

adaptation strategies for reducing flood risk to buildings and their occupants. Furthermore, it is imagined that

the eventual adaptive architectural design strategies can be seen as supporting a Disaster Risk Management

(DRM) approach as defined in the United Nation Office for Disaster Risk Reduction (UNDRR) and United
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Nations Development Program (UNDP): „The conceptual framework of elements considered with the

possibilities to minimize vulnerabilities and disaster risks throughout a society, to avoid (prevention) or to

limit (mitigation and preparedness) the adverse impacts of hazards, within the broad context of sustainable

development‟49.

The outcome of this research promises to be beneficial to Architects, urban designers and diverse stakeholders

in the built environment, including the academia, professionals in the construction industry, property

developers, home owners and occupants as well as relevant local physical planning authorities and policy

makers in Lagos state and Nigeria.

1.4 Aim and Objectives of the Study

The aim of the study is to examine the most critical indicators influencing the vulnerability of flood-prone

residential buildings in Kosofe Local Government Area of Lagos, Nigeria. This is with a view to identify the

most robust adaptive architectural design strategies to improve housing resilience to flood disaster risk. In

order to achieve the aim of the research, the specific objectives are to:

i. assess the demographic and socio-economic characteristics of residents of the flood-prone areas of Kosofe

Local Government Area of Lagos State, Nigeria;

ii. examine the attributes of the flooding experienced in the study area;

iii. assess the neighbourhood characteristics and Architectural design features of the existing housing schemes

in the study area;

iv. investigate the adaptive capacity of households in the study area to flood risk;

v. determine the extent to which socio-economic characteristics, flood attributes,

neighbourhood/architectural characteristics, and adaptive capacity of households influence physical flood

vulnerability in the flood-prone areas of Kosofe Local Government Area of Lagos State, Nigeria.
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1.5 Research Questions

In order to achieve the goal set out in this study, the following research questions have been raised with a view

to providing answers to them in the course of this research:

i. What are the demographic and socio-economic characteristics of residents in the flood prone areas of

Kosofe Local Government Area of Lagos State, Nigeria?

ii. What are the attributes of the flooding experienced in the flood prone areas of Kosofe, Lagos State?

iii. What are the neighbourhood characteristics and architectural design features of the existing housing

schemes in the flood prone areas of Kosofe, Lagos State?

iv. What is the adaptive capacity of households in the study area to flood risk?

v. What significant socio-economic; neighbourhood and architectural design features, and adaptive capacities

have the most influence on physical flood vulnerability in the flood-prone areas of Kosofe Local

Government Area of Lagos State, Nigeria?

1.6 Hypotheses

The hypothesis has been developed based on the idea that factors of exposure, susceptibility and resilience

exhibited by a socio-ecological system determines its physical vulnerability to flood risk, and the eventual

adaptation options for flood disaster risk reduction.

H0= There is no significant linear relationship (correlation) between X and Y in the study.

Ha = There is a significant linear relationship (correlation) between X and Y in the population.

Where, X= demographics and socio-economic characteristics of the residents; flood attributes experienced;

Neighbourhood characteristics and architectural design features of buildings; and adaptive capacity.

Y= physical flood vulnerability of residents.
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It is expected that higher exposure to flood risk, lower susceptibility and higher adaptive capacity should tend

to lead to lower physical flood vulnerability and increased tendency for building resilience/adaptation to flood

risk.

1.7 Significance of the Study

Housing policies, plans, strategies related to disaster risk reduction (DRR) and climate change are based on

community realities. Floodplain communities are particularly vulnerable to climate change. Their socio-

economic vulnerability traditionally reflected in the five forms of housing deprivations: limited access to

water and sanitation, unstable rents, overcrowding, and precarious housing structures; is exacerbated by

climate vulnerability50. Residents of flood-prone areas often depend, at least in part, on climate-related

livelihoods such as agriculture, and they also rely on their assets to protect against and recover from flood

disasters51. Being located outside the „formal‟ urban fabric, means that innovative approaches to climate

adaptation are needed. Successful adaptation to climate change therefore requires increased attention to the

most vulnerable communities. Indeed, making these informal settlements more resilient to climate change

could be a transformative process towards sustainable urban development. UN-Habitat has assisted in

conducting Vulnerability Assessments (VA) for cities through the Cities and Climate Change Initiative(CCCI).

In all assessment, climate change hotspots include informal settlements. The resulting climate Change

Action Plans will thus help in the development and formulation of policies that include targeted actions to

build the resilience of these communities as part of a global system of addressing risk andvulnerabilities.

The climate vulnerability of informal settlements has been recognized in many cities around the world, giving

new impetus to improve settlements and build resilience. To help align building and improving resilience at

the sub-city level, new community-centered design strategies and processes are needed. This study is

significant as it attempts to provide guidance for architects, and urban designers tasked with facilitating flood

adaptation at the neighborhood level, with emphasis on the building-level and on the vulnerability factors of
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exposure, susceptibility and resilience of households. The importance of identifying critical indicators

influencing physical vulnerability in providing a starting point for the development of adaptive architectural

design strategies is the central focus of this study. As such, the outcome of this study can inform targeted

policies on architecture and planning as it relates to climate change induced flooding; and also empower built

environment professionals, home-owners, and particularly vulnerable people in the built environment to work

together to drive development, rather than following externally designed and instigated development

initiatives.

1.8 Scope of the Study

The study area is Kosofe Local Government Area of Lagos State, Nigeria. Kosofe is the most flood vulnerable

residential neighbourhood in Lagos, Nigeria35. There are over 35 communities in Kosofe LGA. However, the

most vulnerable communities based on proximity to the lagoon will be surveyed in this study (Figure 1.1 in

Appendix). The selected flood-prone communities within Kosofe are Owode-Ajegunle, Agboyi and

Oworonshoki respectively (Figure 1.1 in Appendix). The neighbourhoods within the selected communities are

Oworonsoki, Ifako, Alapere, Orisigun, Kosofe, Ajelogo and Akanimodo, Mile 12, Agboyi-1, Agboyi-2,

Owode-Onirin, Irawo, Ajegunle and Odo-Ogun.

This study was delimited to households living about 30m to 70m from River Agboyi and Ogun River

respectively; representing the most vulnerable to less vulnerable buildings. The housing schemes to be

investigated are self-help residential buildings. The selection is based on the idea that most of the houses in

the flood-prone areas of the communities are privately owned. More so, flood disasters are more traumatic for

homeowners as they represent personal investments and therefore, given the lack of flood insurance cover and

very little government support, homeowners are at risk of major losses in the event of severe flooding39.

The study area is located near a uniform plain with vulnerable areas located in the lower floodplain of the

Ogun River, the channel that feeds into the Lagos lagoon. This makes the region highly vulnerable to
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flooding. In recent years, the unrestricted influx of people into the study area has pushed construction work

into flood-prone areas. A Geographic Information System (GIS) analysis via IKONOS high-resolution

satellite imagery of parts of the study area clearly revealed building encroachments along the riverbank of the

area39. The study also showed that buildings were inside the meander itself, which would soon transform into

a ox-bow lake, and that erosion along the banks had narrowed the river bed (Figure 1.2 and Figure 1.3 in

Appendix). The Study Area‟s exposure to flood hazard and the anthropogenic influences from building

development, both contribute immensely to the communities‟ vulnerability to flood risk. This trend is

however not sustainable and therefore underscores the need for innovative adaptive building design

approaches for flood-disaster reduction. It also justifies the delimitation of this study to existing residential

buildings in the flood-prone areas of Kosofe Local Government Area of Lagos, Nigeria.

1.8.1 Context of the Study

Kosofe was first established in 1980 and abolished in 1984, it was thereafter re-established on 27th November

1996, along with four other local governments areas in Lagos State, in line with efforts bring government

closer to the people42. The birth of Kosofe LGA therefore marked a step towards improving the well-being

and living conditions for the residents of the area. It was also an opportunity to strengthen solidarity between

indigenous peoples and local residents. Kosofe is located in the northern part of Lagos state. It is surrounded

by three local government areas namely: Ikeja, Ikorodu and Shomolu. It also shares a boundary with Ogun

State52. There are 10 polling stations covering an area of 178.85sq/km with its headquarters at Ogudu55. In

2006, the National Population Commission estimated the population of Kosofe at 682,772 people comprising

358,935 males and 323,887 females53. Using a growth rate of 3.18%, the current population is estimated at

1,570,376.

Most of the original inhabitants of Kosofe LGA were „Aworis‟, and their main occupations were mat-

weaving, farming and fishing42. However, due to its location as the gateway to Lagos State and the hospitality

of the indigenes, Kosofe is home to people from northern and eastern Nigeria who does business at Mile 12
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and Ketu56. As a result, Kosofe is now a highly built up residential and commercial area, with houses built on

floodplains and natural waterways39. Vegetation whose root system should have intercepted runoffs has been

modified to accommodate urban sprawl associated with growing urban population. The short-sighted design

of most existing drainages is inadequate to successfully handle the local storm-water flow42. A combination of

poor urban planning and prejudicial anthropogenic activities have contributed to inducing to the high

incidence of floods in the area.

1.8.2 Physical Geography of Kosofe

Kosofe‟s main vegetation is rainforest, but today the area is fully developed42. The climate is characterized as

a humid tropical savanna (Köppen climate classification). The major water body in the area is the Ogun

River39. The areas under study have similar temperature and precipitation pattern and are characterized by two

rainy seasons, with heavy rainfall from April to July and the lighter rainfall from September to November40.

There is an August break usually characterized by a relatively dry season and a longer dry season from

December to March. Geologically, the area belongs to the Dahomey Sedimentary Basin, a sandy coastal plain

containing outcrops of silt, clay, and fine to coarse sand sediments. Kosofe is blessed with a wetland

ecosystem, which has undergone significant spatial changes due to rapid urbanization and unplanned

development54. The environment has been disturbed by the construction of housing, market and other

infrastructure.

1.8.3 Kosofe Urban Planning and Housing Condition

Kosofe Local Government Area is the only local government area in Lagos State that does not have a model

city plan55. Although in the later part of 2020, the Lagos State Government (LASG) inaugurated a technical

committee to liaise with consultants towards preparing the Kosofe Sub-Region Master plan; which is

envisioned to be a comprehensive development policy for the Sub-region over the next 20 years, while

focusing on sustainable inclusive environment. This was deemed necessary in view of the rapid development
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in Kosofe and the imperatives of ensuring orderliness in the Sub-region, which comprises of three important

local council development areas (LCDAs) namely Kosofe, Agboyi-Ketu and Ikosi-Isheri39.

Notably, Kosofe local government suffers incessantly from unmitigated flooding, often resulting in building

damages, disruption of communication, loss of lives and properties as well as the spread of various diseases as

a result of degraded urban environment42. Kosofe has witnessed rapid deterioration of many of its

neighbourhoods resulting in the proliferation of slums; mainly due to the swampy and poorly drained nature

of the soil, coupled with burgeoning population trends that characterize most part of Lagos State (see figures.

1.4, 1.5, 1.6 in Appendix).

It should be noted that the Lagos State Physical Planning Permit Regulations specified that the minimum

setback to water bodies such the ocean, lagoon shore-line, river bank or creek shoreline, and the edge of a

gorge, canal or drainage shall not be less than 150 metres, 50 metres, 15 metres and 10 metres, respectively55.

However, it is observed that despite these regulations, enforcement continues to pose a serious challenge as a

large number of buildings and other structures have been built and are still being built on drainage paths,

floodplains, and close to the coast47.

1.9 Limitation of the Study

The major limitation of this study bothered on data collection. The study adopted focused group discussions

and questionnaire survey in the qualitative and quantitative phase respectively, which had its drawbacks in

terms of difficulty in accessing interviewees and respondents. The limitation was addressed by seeking

permission with the representatives of the landlord association and residents of the areas investigated, and by

ensuring that the items in the questionnaire were designed using simple English void of ambiguous

statements. The research process was also clearly stated to respondents, providing the aim and objectives, so

that responses obtained would be as true as possible without external influences.
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1.10 Operational Definition of Terms

1. Adaptation: The process of adjustment to actual or expected climate and its effects. In human systems,

adaptation seeks to moderate or avoid harm or exploit beneficial opportunities. In some natural systems,

human intervention may facilitate adjustment to expected climate and its effects.

2. Adaptive Capacity: The ability of systems, institutions, humans and other organisms to adjust to potential

damage, to take advantage of opportunities, or to respond to consequences.

3. Climate Change: A long-term change in the average weather patterns that have come to define Earth‟s

local, regional and global climates.

4. Disaster Risk Reduction: A systematic approach to identifying, assessing and reducing the risks of

disaster.

5. Exposure: Exposure is defined as the predisposition of a system to be disrupted by flooding due to its

location in the same area of influence.

6. Flood: An overflow of water that submerges land that is usually dry.

7. Coastal Flood: A sudden and abrupt inundation of the coastal environment caused by a short-term

increase in water level dues to a storm surge or extreme tides.

8. Flash Flood: A rapid flooding of low-lying areas that begins within 6 hours, and oftens within 3 hours of

the heavy rainfall (or other cause).

9. Fluvial Floods or a river flood: a flooding that occurs when water level in a river, lake, or stream rises and

overflows onto the surrounding banks, shores and neighboring land.

10. Pluvial Floods: A flood independent of an overflowing water body

11. Flood Plain: Any land area susceptible to being inundated by floodwaters from any source

12. Flood-Prone Areas: A relatively flat or low land area adjoining a stream, river or watercourse, which is

subject to partial or complete inundation; or, any area subject to usual rapid accumulation of run-off of

surface waters from any source.
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13. Flood Risk: The measure of vulnerability to flood with consideration to the likelihood of flooding and the

total value of the assets at risk

14. Flood Risk Management: Efforts to reduce the human and socio-economic losses caused by flooding

while taking into account benefits from floods.

15. Hazards: The potential occurrence of a natural or human-induced physical event or trend or physical

impact that may cause loss of life, injury, or other health impacts, as well as damage and loss to property,

infrastructure, livelihoods, service provision, ecosystems and environmental resources. In this report, the

term hazard usually refers to climate-related physical events or trends or their physical impacts.

16. Physical flood vulnerability: This is the extent to which the built environment, including buildings and

physical assets are susceptible to floods due to exposure, a perturbation, in conjunction with its ability (or

inability) to cope, recover, or basically to adapt.

17. Resilience: This is the capacity of a system to adjust to actual or expected climate impacts based on pre-

disaster preparedness, coping capacity during and post-disaster and external interventions in post disaster.

18. Risk: The potential for consequences where something of value is at stake and where the outcome is

uncertain, recognizing the diversity of values. Risk is often represented as probability of occurrence of

hazardous events or trends multiplied by the impacts if these events or trends occur. Risk results from the

interaction of vulnerability, exposure, and hazard.

19. Stormwater:Water that comes from precipitation and ice/snow melt; which either soaks into exposed soil

or remains on top of impervious surfaces, like pavement or rooftops.

20. Susceptibility: This is defined as the elements exposed within the system, which influences the

probability of damage during severe floods.

21. Vulnerability: The extent of harm, either physically or emotionally, which can be expected under certain

conditions of exposure, susceptibility and resilience. Vulnerability encompasses a variety of concepts and

elements including sensitivity or susceptibility to harm and lack of capacity to cope and adapt.
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Chapter Two

Literature Review

2.1 Conceptual Review

2.1.1 Concept of Physical Flood Vulnerability

The concept of physical vulnerability to flooding refers to the susceptibility of the built and natural environment to the

adverse effects of flood hazard1. In other words, physical flood vulnerability refers to the extent to which physical

structures (human shelter), mainly buildings are susceptible or exposed to the adverse effects of flooding. Different

social groups or classes within a society are differentially at risk, both in terms of probability of occurrence of an

extreme flood event and helping different classes to recover; therefore, for vulnerability to exist, the capacity of the

population to absorb, respond and recover from the impacts must be taken into consideration2. Physical vulnerability

to flooding can affect urban and rural areas, causing damage to homes, businesses, transportation routes and other

essential facilities. For this reason, assessing physical flood vulnerabilities can provide the basis for the development

of mitigation or adaptation strategies aiming to reduce hazard consequences.

Vulnerability is a multifaceted concept used to explain the tendency or predisposition of assets to be adversely affected

by hazards. Vulnerability of a community has social, economic, physical, environmental, institutional and cultural

dimensions, all of which are linked3. Studies have emphasized that physical vulnerability is a primer for other

vulnerability dimensions; more so, physical vulnerability in particular is directly connected to monetary loss and

interruptions that are in the center of the interests of several stakeholders including governments, authorities, insurance

companies, engineers, and homeowners4. The capacity to predict damage is increasingly seen as an important step

towards disaster risk reduction. Several approaches have been developed over the years for the assessment of physical

vulnerability. A review of methods used for the assessment of the physical vulnerability of buildings to flooding

suggests that there are mainly three methods used, namely: vulnerability curves, the multivariate methods, and the

indicator-based methods5.

Vulnerability curves and multivariate methods used for damage prediction are commonly referred to as flood damage

models. Flood damage models generally rely on complex mathematical algorithms to estimate the potential economic

losses associated with flooding, based on factors such as water depth, velocity and duration. However, these models
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can be difficult to validate and may not accurately reflect local conditions or full range of impacts associated with

flooding6, 7. In contrast, indicator-based approaches is more flexible and rely on a more qualitative assessment of flood

risk, based on a range of indicators such as land-use, soil type, drainage patterns, building material, construction type,

number of floors, level of maintenance, ground floor material, and the presence of vulnerable populations or

infrastructure1, 8. By considering a range of indicators, the indicator based methods can provide a more holistic

assessment of flood risk that incorporates both the physical and social dimensions of vulnerability.

Therefore, both flood damage models and indicator-based approaches have their strengths and limitations, and the

choice of approach will depend on the specific needs and context of the decision making process. However, indicator-

based approaches are preferred where a more comprehensive and integrated assessment of flood risk is required. The

main practice of an indicator-based approach is the use of composite indicators. Vulnerability indicators are defined as

variables that are operational representations of a property or quality of the system. The outcome of the indicator-

based approach is indexed and represents the level of vulnerability on a scale assigned by expert judgment to reflect

policy priorities or theoretical data9. More specifically, flood vulnerability indicators measure the extent of

vulnerability to flooding. This method uses three flood vulnerability factors, namely exposure (E), susceptibility (S)

and resilience (R). Where exposure and susceptibility positively affect vulnerability; and resilience negatively affects

vulnerability. Due to exposure, susceptibility and resilience affect vulnerability to flooding. Exposure and

susceptibility indicators increase vulnerability to flooding; while indicators relating to resilience reduce vulnerability

to floods10.

In summary, four key components of physical vulnerability assessment are identified to be relevant in this study (see

Table 2.1). Firstly, the presence of a climate hazard; secondly, there must be exposure (of people, livelihoods, species

or ecosystems, etc.); thirdly, there must be some degree of susceptibility (of physical elements, neighbourhood and

housing) and fourthly, there must be resilience (as adaptive capacity)11. This is typically concerned with the resources

a system can draw upon to respond to uncertainty. Each of the components is discussed in the next section.
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Table 2.1: Basic components of Physical Vulnerability assessment identified in literature

Components of

Physical

Vulnerability

Hazard 12 Exposure 13 Susceptibility 14 Resilience15

Characteristics Flood disaster People at Risk of

flood disaster

Physical elements

that influence

likelihood of

Adaptive Capacity to

cope with flood

impacts

flood disaster

Criteria adopted Flood attributes Interaction of Neighborhood Pre-disaster

for this study (Pattern, causes and

impact)

hazard,

demographic and

socio-economic

characteristics

and architectural

features

preparedness, coping

capacity and post

disaster recovery

characteristics

Applicable

Theories

Vulnerability Socio-ecological

System thinking

Vulnerability Adaptive Capacity

Source: Researcher‘s Summary from Literature Review, 2023

2.1.2 Concept of Hazard

The concept of hazards arises from the interactions between humans and the environment16. Natural hazards are

combination of different physical processes and human activities that cause different disasters. Thematically,

hazards are characterized by their location, intensity, frequency and likelihood17. A hazard is any physical event

or condition that can lead to death, personal injury, property damage, infrastructure damage, agricultural damage,

environmental damage, business interruption, or any other form of damage or loss18. More so, a hazard is an

extreme natural or man-made event that exceeds acceptable levels within or beyond a specified period of time,

impedes adaptation, and results in catastrophic loss of property, income and life5.

It is also considered as an extreme natural event with some potential for negative consequences. In other words, it

is a potentially dangerous physical event, phenomenon or human activity that can lead to loss of life, injury,

property damage, social and economic disruption or deterioration. This means that hazards can be potentially

dangerous, especially if they occur in densely populated areas, and can have serious consequences in those areas,
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depending on the intensity of the hazard and the vulnerability of the elements at risk. Disasters are social

phenomena that occur when a community is disrupted in a particular way and suffers losses due to natural or

human processes19.

In linking hazard to flood disaster, a hazardous event can affect an uninhabited area, but a disaster can exist only

if there are people and processes associated with it20. Hazards are processes and disasters are consequences or

reactions to hazards. Disasters are measured in human terms (deaths, injuries, and economic losses) resulting

from the hazard. Hazards always lead to extremes, but not all extreme lead to disasters. Disasters usually occur as

a result of interactions between the socio-economic and physical impacts of hazardous processes and vulnerable

populations. Flood disaster is now a negative impact of flooding on people‘s socioeconomic systems. Of all

natural disasters, flooding is the most frequent21. It is one of the most devastating and pervasive threats facing the

world. The causes can be linked to hydrological factors such as rainfall patterns, precipitation intensity, and the

infiltration capacity of the soil; topographical factors such as the slope and shape of the land, and drainagepatterns;

and human related factors such as deforestation, urbanization, and the alteration of natural drainage systems,

inadequate land use planning, improper infrastructure design, and poor maintenance of drainage systems22.

Generally, there are several types of floods, but they are mainly categorized into the following classes: fluvial

(river floods), coastal floods (storm surges), and pluvial floods (flash floods and surface waters) (see Table 2.2).

Also, flood losses can be classified into direct and indirect losses23. Where, direct losses are caused by floodwater

coming into physical contact with buildings and their occupants; and indirect losses affect networks and social

activities. Also, flood consequences may be classified as tangible and intangible (see Table 2.3). Tangible and

intangible consequences can be further grouped into direct and indirect flood losses. Where, direct tangible losses

include damage to private buildings and contents, destruction of infrastructure such as roads and rail roads,

erosion of agricultural soil, destruction of harvest, and damages to livestock. It could also involve evacuation and

rescue measures, business interruption inside the flooded area, and high clean-up costs. On the other hand, direct

intangible losses involves loss of life, injuries, loss of memorabilia, psychological distress, damage to cultural
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heritage, and negative effects on habitats/ecosystems. In addition, indirect tangible losses are disruption of public

services outside the flooded area, induced production losses to companies outside the flooded area (e.g., suppliers

of flooded companies), and high cost of traffic disruption; while indirect intangible losses include inconvenience

of post-flood recovery, trauma, and loss of trust in authorities24. Flood damages and impact can be felt by a

building and its occupants in a number of ways. These include damage to building fabrics and services; damage

to contents and fittings; disruption of businesses; loss of income and livelihood; and loss of lives, and

displacement of people from their homes25.

Table 2.2: Flood Types, Causes and Processes

Flood Type Causes Processes

Fluvial flooding (river) Rainfall and melting snow Occurs when the water level of a river,

lake, or stream rises and overflows the

surrounding banks or neighboring land.

Coastal flood storm surge and wave action Occurs when there is sudden and abrupt

flooding of the coastal environment due

to a rise in water level.

Pluvial (flash floods and

surface water)

Source:26

Increased impermeable

surfaces, inadequate, clogged

and poorly maintained local

drainage systems (storm sewers,

culverts, and drainage ditches

and swales).

When run-off exceeds the design

capacity of the drainage system, water

begins to rise and fill low areas near

system entrances and along open

ditches.

Additionally, property damage due to flooding are unique to each flood event; however, they occur depending on

the flood attributes (volume, depth, flow velocity, contaminant level, flood duration and source), and building

characteristics (construction materials and, pre-flood building condition) (see Table 2.5)27. In general, the longer a

flood lasts, the greater the damage. This is mainly because many buildings are made of hard and porous materials

such as brick and blocks. Therefore, the longer the flood stays, the longer the water will be absorbed by the
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building structure and the longer it will take for the building to dry and repair. Therefore, building repair increase

with the flood of inundation. Also, the level of preparedness of the population for the event also affects property

damages28.

However, the lack of technical information on material suitability, and previous flood experienced has overtime

prevented the construction industry from selecting and developing alternatives that perform better during floods29.

Therefore, it is imperative that adequate information concerning flood characteristics, its influencing factors, and

impact on people and physical elements exposed are provided in order to reduce flood impacts and map out ways

to improve resilience.

Table 2.3: Classification of Flood Losses

Forms of Measurement

Flood Losses Tangible Intangible

Direct

 Damage to private buildings and contents

 Destruction of infrastructure such as roads

and rail roads

 Erosion of agricultural soil, destruction of

harvest

 Damage to livestock

 Evacuation and rescue measures

 Business interruption inside the flooded

area

 Clean-up costs

 Loss of life, injuries, loss

of memorabilia

 Psychological distress,

damage to cultural

heritage

 Negative effects on

habitats/ecosystems

Indirect  Disruption of public services outside the

flooded area

 Induced production losses to companies

outside the flooded area (e.g., suppliers of

flooded companies)

 Cost of traffic disruption

 Loss of tax revenue due to migration of

companies in the aftermath of floods

 Inconvenience of post-

flood recovery

 Trauma

 Loss of trust in authorities

Source: 22
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2.1.3 The Concept of Exposure

The concept of exposure in physical flood vulnerability refers to the proximity of people and/or physical objects

to flood damage30. Exposure may also be referred to as the identification of elements in areas where hazardous

events may occur31. Therefore, if population and economic resources are not located in a potentially hazardous

environment, there would be no disaster risk issues. Exposure encompasses the location, density, and value of

assets that are located in flood-prone. While literature and common usage often mistakenly confuse exposure and

vulnerability, they are different. Exposure is a necessary but insufficient determinant of vulnerability. It is

possible to be exposed but not vulnerable (for example living in a floodplain but having sufficient resources to

modify the structure and behavior to mitigate potential losses). However, to be vulnerable to an extreme event, it

is necessary to be exposed to the risk. Exposure is a critical component of understanding flood vulnerability as it

involves identifying and quantifying the potential losses and damages likely to be sustained by people and assets

located in areas susceptible to flooding.

Exposure is dynamic, change over temporal and spatial scales, and depends on economic, social, geographic,

demographic, cultural, institutional, governance-related, and environmental factors32. Furthermore, the factors

affecting exposure vary widely depending on the hazard situation, the stage of the disaster and the state of the

country33. For people, especially the poor, high exposure are linked to environmental mismanagement, rapid

demographic change, rapid and unplanned economic processes, unsafe urbanization, poor governance, and

limited livelihood opportunities. Inequality also affects responses and coping mechanisms, putting more people at

risk. For example, demographics, changing location requirements and the gradual decline in the availability of

safe land mean that people and their activities will almost inevitably be located in potentially hazardous locations.

According to a recent study, 1.81 billion people worldwide (23% of the world population) live in areas at high

risk of flooding26. Also, urban growth trends in cities indicate that population densities are increasing at an

unprecedented rate24. Densely populated areas concentrate more people and property, increasing the likelihood of

flood damage and loss of life. These areas are particularly vulnerable to flash flooding due to the high surface
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impermeability and reduced ability of soils to penetrate the ground34. Additionally, densely populated areas may

have limited evacuation routes and emergency resources, which can exacerbate the impact of a flood event.

Many researchers believe that higher levels of exposure are a by-product of the differences that exist between

economic and societal groups. Members of the lower economic groups are disproportionately exposed to flood

hazards due to their lack of basic amenities and may live in slums or flood-prone areas where property prices are

generally low35. Based on this existing literature, people with low incomes and wealth are more likely to live in

flood-prone areas due to the higher cost of living in safer areas; which can lead to a concentration of lower-

income households in these areas. Low-income households may also lack the resources to take precautionary

measures or recover from flood damage2.

Furthermore, education levels can influence awareness and understanding of flood risks, as well as the ability to

access and use flood-related information and resources36. Higher educational attainment is associated with lower

exposure to flood risk. Also, older adults and individuals in poor health may be more vulnerable to the impacts of

flooding, as they may have limited mobility and resources to respond to flooding events. However, social capital

and community resources are important determinants of the ability to cope with and recover from flooding events.

Individuals who have access to strong social networks and community resources may be better equipped to

prepare for and respond to flooding events37. Therefore, socio-economic factors appear to have a stronger

influence on exposure to flood risk than the physical environments. This is because they determine where and

how people live and work. Exposure assessmest covers the process of estimating or measuring the extent, frequency,

and duration of exposure to hazard and the number and characteristics of the exposed population38.

Measuring exposure requires a thorough understanding of the components and how these factors collectively

contribute to community vulnerability. These approaches include methods that rely primarily on statistical data

collected from publicly available resources and approaches that involve community surveys. Efforts to quantify

vulnerability usually take into account a limited number of parameters such as physical aspects such as buildings

and mortality; and economic aspects of vulnerability, but social vulnerability is poorly understood and difficult to
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measure. In most countries, primary statistical information is collected through the census, but this information

rarely includes information on building construction and socio-demographic data necessary to assess population

vulnerability. Moreover, such statistics are often only available at a geographical aggregate level, making them

difficult to use effectively in vulnerability assessments. Issues also include access to restricted data,

confidentiality, accuracy, consistency and lack of openness39.

Despite the fact that many statistical data sources have been used to develop exposure models. However, the

development of exposure databases for the purpose of vulnerability assessments across geographic scales and for

different hazards and types of risks represents a significant challenge. The challenge is exacerbated by the fact

that exposure data is multi-faceted and complex, and the responsibility of data collection and storage seldom, if

ever, lies with a single organization. An important area of disaster research considers exposure through hazard

impact. This approach often speaks of directly or indirectly affected populations. Direct impacts include injury,

illness, and other health effects, evacuation and displacement, as well as economic, social, cultural, and

environmental damages. Indirect impacts refer to additional consequences that cause unsafe or unhealthy

conditions over time due to economic, infrastructure, social, or health and psychological disruptions and changes.

The main problem is identifying who has been affected and when. It is difficult to determine the consequences of

a disaster because there are many indirect pathways leading to it. The situation is further complicated when

populations are exposed to hazards repeatedly or continuously, with different time-to-effects. More recent

approaches, however, combine remote sensing satellites and computational techniques such as crowdsourcing and

drones with ground-based data from imagery and statistics to map population distributions and physical

characteristics of the natural and built environment with great precision.

From the literature review, it is obvious that exposure is dynamic and its influencing factors are multifaceted.

Therefore, measuring exposure requires an integrated approach that aggregates on one hand, the hazard attributes,

its influencing factors and hazard impact; and on the other hand, the demographic and socio-economic

characteristics of the population.
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2.1.4 Concept of Susceptibility

Susceptibility is the element exposed within a system that affects the probabilities or likelihood of damage during

hazardous floods40. In the context of physical flood vulnerability, susceptibility refers to the degree to which a

system, such as a community or a physical structure, is susceptible to damage or disruption as a result of

flooding41. It refers to the inherent characteristics or qualities of the system that make it more or less vulnerable to

flooding. Susceptibility can be influenced by many environmental and physical factors, such as the location and

topography of the area, the condition and age of infrastructure, the types of building materials used, and the

presence or absence of natural features such as vegetation and wetlands42. For example, a community that is

located in a low-lying area near a river, with buildings constructed with materials that are easily damaged by

water, and with inadequate drainage and flood protection infrastructure, is likely to be more susceptible to flood

damage than a community with buildings that are constructed with flood-resistant materials, effective drainage

systems, and located in higher elevations.

Therefore, flood susceptibility analysis is necessary to effectively prevent and mitigate future hazardous events,

especially in recent years when extreme rainfall and flood intensity occurs due to global warming and climate

change. Flooding within a region is influenced by many environmental and human factors. For example, factors

that typically contribute to flooding include meteorological conditions (such as heavy rainfall), landscape features

(such as watershed slope, area, and shape), and other parameters (such as land use, land cover, and soil

permeability) 9. Flooding is primarily caused by extreme rainfall, but is then exacerbated by other factors such as

the duration and nature of the rainfall. It is also influenced by the hydraulic characteristics of the basin and its

extreme response to rainfall due to steep slopes and high drainage density43. In addition, less permeable soils

accelerate surface runoff and reduce the incubation period required for floods. Also, changes in land use and

urbanization can make any watershed more susceptible to floods. Thus, complex interactions between

hydrological and climate conditions and the landscape and morphological characteristics of the watershed can

lead to catastrophic floods44.
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However, a lot of the flood susceptibility assessments do not fully consider the spatial pattern and building

characteristics in the analysis of factors that influence the likelihood of flooding occurrences39. In real terms,

neighborhood spatial characteristics and architectural features of buildings can also play a major role in defining a

community's susceptibility to flood risk45. Recent studies have highlighted the role of urban growth in flood

proneness. It is a general idea that urban areas with a high percentage of impervious surfaces, such as concrete

and asphalt, are more prone to flooding due to the reduced ability of the land to absorb water46. In addition,

neighborhoods characteristics in terms of the drainage systems, proximity to water sources, landscaping and

vegetation, influence the risk of flooding. Communities with effective drainage system, such as stormwater drains

or retention ponds, are less likely to experience flooding. Also, neighborhoods located close to rivers or other

bodies of water are at a higher risk of flooding. Similarly, neighborhoods with a lot of vegetation, such as trees

and grass, can help absorb water and reduce the risk of flooding47.

Furthermore, architectural characteristics such as building elevation, foundation type, and building materials, also

determine physical susceptibility to flood damage48. Homes and buildings that are constructed at a higher

elevation are less likely to be affected by floodwaters. Also, buildings with raised foundations or flood-resistant

materials such as concrete or masonry are less susceptible to flood damage49. Similarly, buildings made with

materials that are resistant to water damage, such as metal or concrete, are less likely to be damaged by floods50.

Other factors identified in literature as influencing susceptibility are the age and condition of infrastructure. Older

infrastructure, such as pipes and drainage systems, may be more prone to failure during heavy rainfall events51.

It is important to note that many of these factors interact with each other, and that the susceptibility to flood risk

can be influenced by a combination of these characteristics (see Table 2.5). Notwithstanding, understanding

susceptibility is important for identifying and assessing the physical vulnerability of a system to flooding, and for

developing and implementing effective strategies to reduce risk and increase resilience52. By identifying and

addressing the factors that contribute to susceptibility, it is possible to reduce the likelihood and severity of flood

damage, and to improve the capacity of the system to recover from flooding.
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2.1.5 Concept of Resilience

The word ―resilience‖ takes its origin from the Latin word resi-lire, meaning to spring back. Prior to the 19th

century, resilience, as a design principle was an inherent aspect of traditional building construction knowledge in

which buildings were designed to provide for unknown uses and adaption53. Afterwards, the 19th century

engineering concept of resilience emerged. This concept had its origin in material technology, and was based on

the elastic behaviour of materials over a single equilibrium42. Today, resilience as a concept involved a shift from

the engineering approach to ecological system which is based on the assumption that socio-ecological systems,

like urban systems are characterized by multiple equilibrium and diverse adaptive capacity. Over time, resilience

has been widely used in engineering and ecological systems, although its application in natural hazard

management is relatively new; understanding the distinctions is fundamental to defining and approaching hazard

management.

On the one hand, resilience in engineering is usually perceived as the ability of a system to return to equilibrium

or a steady state after a disturbance or to a state that existed before perturbation occurred54. In this case, resilience

is measured exclusively based on recovery, this implies that the faster the full functionality of the system is

restored, the more resilient it is. Thus, in engineering resilience, the system may undergo risks and stresses but

still maintain the old stable state of functionality. Ecological resilience on the other hand challenges the

universality of a stable state for every ecosystem, to which it is assumed to eventually return after a disturbance.

In reality, systems do not operate near equilibrium; and as such, several researchers have challenged the

equilibrium paradigm55. Their thoughts are based on the idea that ecosystems contain many components and

diverse processes, and returning to the previous state is extremely difficult if not impossible. Based on this view

point, resilience is defined as a system‘s ability to tolerate change and reorganize or renew itself after

disturbance(s)56. In other words, the focus of ecological resilience is the ability of a system to adapt and persist

regardless of the risks and stresses it might have experienced; and it is measured by the magnitude of the

disturbance that can be endured before the system shifts or changes it structure. Fundamentally, engineering and

ecological resilience are two divergent and opposing system properties. From all indications, any change from the
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old stable state is considered abnormal in engineering resilience, whereas, fluctuations are considered normal in

ecological resilience as long as it can birth a new system that is stable and functional.

In the design and management of the built environment, engineering and ecological resilience theories have been

applied. On the one hand, the recovery characteristics of engineering resilience are pertinent if a system is to be

considered resilient57. Socio-ecological systems like built up floodplains which operate more like a complex open

systems with diverse interacting agents will on the other hand require some level of self-organization, adaptive

capacity, and redundancy to be considered resilient. It can therefore be inferred from the existing literature that

resilience denotes the capacity of a system, community or group to resist, adopt, accommodate and reclaim from

the impacts of hazards in a timely and efficient manner, including reclamation of its vital infrastructures and

functions58.

Howbeit, ecological resilience is considered more appropriate for addressing flood risks that arise from the

interactions between coastal dynamics and urban system59. For example, flood associated risks in urbanized flood

plains are directly influenced by climate, socio-economic indicators, built infrastructure and riverine processes.

Also, flooding occurs naturally along every river and coastal channel. Empirical studies suggest that building

resilience to flood risk is based on the idea of ―living with floods rather than fighting them‖, and rooted in the

philosophy that flood is a natural process which societies can adapt to by being prepared and having the right

attitude towards flood damage reduction45. Therefore, effective flood risk management based on resilience theory

stems from two ideologies. First is the recognition that flooding cannot be completely prevented as integral

environmental dynamics; in order words, socio-ecological system loses resilience when these environmental

dynamics is artificially suppressed to promote stability through command-and-control management. Second is the

understanding that flooding itself is an agent for resilience because each flood presents a learning opportunity for

cities to adjust their internal structures and processes and to build knowledge that leads to diverse coping

strategies cumulated over time so as to become better prepared for future risks. Hence, the concept of resilience in

flood management is focused on building resilience as opposed to maintaining stability44. Considering that this
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research seeks to assess how existing flood prone housing stock can be adapted for flood resilience. The study

will consider specific criteria for resilience in developing a framework for flood adaptation.

Since resilience reflects a level of performance or condition, there should be factors or variables that can be

utilized to measure it. Fundamentally, resilience is a theoretical construct and is not directly observable. It is

context specific to time, space, livelihood and shocks; this fact makes framing a generic indicator of resilience a

bit difficult54. However, there has been significant progress in developing resilience measurement frameworks,

for example, the Norris model of resilience; the 3-D Resilience Framework; and ‗costs of resilience models. The

Norris model of resilience proposes that resilience can be measured in three layers: adaptation in the pre-disaster,

adaptive capacity during the disaster and intervention in post-disaster (see Table 2.4).

Each layer has different characteristics and lead to specific outcome. The first layer entails the pre-disaster level

of functioning or adaptation and the occurrence of a stressor/event. There are two pathways in this model, either

stability is maintained through resistance, or there is a transient dysfunction which may lead to a re-adaptation or

continued dysfunction in post-disaster. In the second layer of the model, adaptive capacities are considered.

Table 2.4 : The Three Layers of Measurement of Resilience

Phase Description of variables Outcome

Pre-Disaster Pre-disaster level of adaptation

and the occurrence of a stressor

Resistance to maintain stability, or

Transient dysfunction that lead to re-

adaptation or continued dysfunction

Disaster Adaptive Capacity (resources,

characteristics and conditions)

Improved resilience and post-disaster

adaptation

Post Disaster Intervention Adaptive capacity for resistance in

pre-disaster, and resilience during the

event and in post-disaster.

Source:60

These include the factors that influence the resilience process and affect the trajectory towards post-disaster

adaptation (see Table 2.5). The third layer of the model is the interventions, which are in twofold: during the pre-
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disaster and post-disaster. Pre-disaster interventions can be used to improve the adaptive capacity for resistance,

while post disaster intervention can be used at the time of the event and after to support resilience.

Table 2.5: Summary of Conceptual Review

Components Characteristics of Variables

Hazard Flood attributes

Factors that influence flooding

Flood impacts

Exposure Hazard characteristics

Demographic characteristics of the population

Socio-economic characteristics of the population

Susceptibility Neighbourhood characteristics

Building characteristics

Resilience Pre-disaster level of adaptation

Adaptive coping capacity during disaster

Post disaster Intervention

Source: Researcher‘s Summary from Literature Review, 2023

2.2 Theoretical Review

Theoretical frameworks are ‗blueprints‘ or guidelines for inquiry based on existing theory in a field of study and

often represent research hypotheses61. It consists of a combination of theoretical principles, structures, concepts

and theories. Theoretical frameworks thus provides a theoretical basis for understanding, analyzing and

designing methods for studying problems, making research findings more meaningful and generalizable. To

better understand the indicators that influence physical vulnerability to flood risk for the purpose of improving

adaptation, it is imperative to underpin this study on self-explanatory and testable theories. The present study

considers the basic components of Physical Vulnerability assessment identified in literature, and as such, the

theories identified for studying physical vulnerability (see Table 2.1) include the Vulnerability theory, Socio-

ecological System theory, and Adaptive Capacity. The next section critically reviews these three theories.
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2.2.1 Vulnerability Theory

Vulnerability is a potentially harmful condition in a socio-ecological system which increases susceptibility to

disasters62. It shows how susceptible the system is to damages. Vulnerability is also defined as a function of a

system's exposure, sensitivity or susceptibility, and adaptive capacity1. Some researchers see vulnerability as the

opposite of resilience, while others see vulnerability as part of resilience63. In other words, resilience is a negative

function of vulnerability and a positive function of adaptive capacity; where, resilience is achieved by reducing

vulnerability and improving adaptive capacity. Also, some studies consider resilience and vulnerability as related

concepts that are distinct but complementary if not mutually exclusive64. Additionally, theories of sustainability,

resilience, adaptability, and vulnerability interact and interrelate to create urban sustainability65. Where, resilience

is the ability of a system to respond, absorb, adapt or recover from shock; and vulnerability is when the system or

any part of its constituents becomes susceptible to harm due to external forces or pressures. However, studies

have argued that in discussing resilience, connections should be made with vulnerability in order to effectively

deal with disasters in practical setting so as to help the people affected66. Similarly, recent studies also found that

the resilience of urban systems depends on the presence, spatial distribution and social disparity of vulnerabilities;

thereby delineating the relationship between vulnerability and resilience56.

The concept of vulnerability has its origin in the field of natural hazard and is increasingly used in a various

research fields67. Vulnerability causes damages to lives, property and livelihoods from any hazard or natural

disaster. This means that vulnerability is a system of physical, economic, social or political vulnerability of a

community to damage caused by a dangerous event68. The concept of vulnerability in the context of the disaster

management literature is too complex and diverse. In general, it refers to the vulnerability of a community to be

harmed from an event, and is often determined by the community‘s geographic location and other factors29. A

primary goal of vulnerability assessment in disaster risk reduction is to discover how to support marginalized

people and places; and resilience also talks about the ‗resilience for who and what‘. Both expressed concern about

the potential catastrophe of welfare systems for vulnerable end-users. Both are seen to be concerned about the

disadvantaged end-recipients of the potential disasters to a social system.
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Also, vulnerability literatures from a legal perspective claim that everyone should not only be treated equally but

also have equal access to social institutions11. For example, the focus on marginalized and vulnerable groups that

was part of vulnerability research is now part of resilience analysis, where vulnerability primarily affects

vulnerable groups. This idea is supported by studies indicating that disasters are caused by vulnerabilities, not

threats3. And from the human point of view, so-called risk factors are normal environments with important

ecological and social functions. However, such incidents are considered dangerous because of their potential

harm to society. In other words, there are no disasters without vulnerabilities. Therefore, identifying and

understanding vulnerabilities and their underlying factors is important flood preparedness and management

practices6. Vulnerability analysis matrix examines the demographic and socioeconomic variables that affect a

community's ability to cope with stress. Therefore, vulnerability analysis requires a more comprehensive

approach, including qualitative, subjective, proportional and contextual approaches, as well as quantitative,

objective, absolute and non-contextual approaches. Relevant measurable factors include structural, economic,

social, educational, political, institutional, cultural, environmental, ecological, climatic, and ideological

dimensions3. In particular, all these characteristics of vulnerability can be associated with natural disasters.

It is clear from the above discussion that flood-prone communities that do not consider vulnerability components

and factors create neighborhoods that are susceptible to flood disaster risk. This in turn leads to physical damages

and losses, and disruption of socio-economic activities. As such, vulnerability analysis plays an important role in

disaster prevention. Therefore, in this case, physical vulnerability analysis is critical to identify the characteristics

of the system that influence exposure, susceptibility and resilience to flood disaster risk for the purpose of

developing a framework to guide adaptive design strategies for flood disaster risk reduction.

2.2.2 Socio-ecological Systems Theory

A system is a set of interacting and interdependent parts that form a complex whole69. Systems thinking emerged

in the 20th century as a belief that the world is systemic. This means that phenomena are understood as emergent

properties of interdependent wholes70. The socio-ecological system (SES) theory was developed in the 1980s by

the Resilience Alliance, a voluntary group of scientists from different disciplines, to study the dynamics SES and
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its evolutionary potential. However, several scientific schools are interested in their study. This theory builds on

concepts such as adaptive cycles, sustainability, vulnerability, resilience, adaptability, transformability, and

hierarchy and creates a knowledge base for managing complex adaptive systems and aims to achieve sustainable

development in theory and in practice 71. Consequently, the structure of SES appears in many methodologies in

the literature on action research, active-adaptive planning, participative design workshops and search

conferences72.

The concept of socio-ecological system (SES) emerged as a product of open systems thinking developed by von

Bertalanffy to explain life phenomenon73. This theory explains that a system is a complex of interacting elements

and that they are open to, and interacts with their environments68. It is argued that the socio-ecological

perspective takes the open systems principle as its intellectual framework of ideas. Socio-ecological systems are

based on the concept that humans are part of nature rather than separate from it. The distinction between social

and natural systems is arbitrary and artificial, and the socio-ecological system theory (SES) arose from the

recognition of the close interactions between societies in terms of socio–economic and natural systems74. The

SES theory recognizes that the human dimension is shaped and is in turn shaped by the environment, so that

societies and ecosystems are interconnected and co-evolve across scales.

In essence, social–ecological systems theory has proved to be influential in addressing complex human-nature

couplings, and as such instrumental for addressing flood hazards that arise from the interaction between riverine

and urban fabrics75. Considering that this study seeks to assess how flood prone homes can be adapted for

improved performance and disaster risk reduction, it is imperative to consider and analyze all the factors

associated with various systems (such as social, economic, public policy and environmental stresses) that

influence flood risk in an urbanized floodplain. This would provide a concise analysis of the system so as to be

able to suggest adaptive strategies for risk reduction.
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2.2.3 Adaptive Capacity Model

Some studies have perceived adaptive capacity and adaptability as the same. It is assumed that adaptation is a

manifestation of adaptive capacity and a means of reducing vulnerability‘76. In other words, in any system, higher

levels of exposure and sensitivity to climate stimuli or threats make it more vulnerable and higher levels of

adaptive capacity make it less vulnerable. In providing a clearer explanation, some authors suggest that adaptive

capacity is similar or closely related to many other commonly used concepts, including adaptability, response

capacity, coping ability, robustness, flexibility and is also used as an alternative term for resilience77. In this

context, adaptability refers to the dynamic ability to derive and unfold multiple evolutionary trajectories through

loose connections between pre-existing social agents, thereby enhancing the system-wide ability to respond to

unexpected changes78. Response capacity describes the ability to manage both the causes of environmental

change and the consequence of that change79. In contextualizing this, coping capacity consists of resistance (the

ability to absorb impact and continue to function) and resilience (the ability to recover from post-impact loss80. In

fact, other studies had related this to robustness, which is a system‘s ability to remain functioning under

disturbances81. Furthermore, it is also associated this with flexibility, which implies the quality of diversification

(number of options and strategies are available to prevent or reduce any negative impacts and to take full

advantage of opportunities should a disaster occur) and preparedness (availability of appropriate responses to

mitigate, respond and recover as quickly and efficiently as possible from a disaster)82. All of these constitute

resilience, defined as the capacity of a society or an ecosystem to adapt to disruptions, to self-organize, and to

adapt to stress and change while maintaining the same structure and same basic operation.

Adaptive capacity began to emerge as a basic organizing concept during a Workshop on Adaptation, Climate

Variability, and Change organized by the Intergovernmental Panel on Climate Change (IPCC) in April 1998 in

San Jose, Costa Rica17. Adaptive capacity has been approached and defined differently by various disciplines.

Adaptive capacity is often used to refer to ―a vector of resources and assets‖ and is generally considered as four

sets of interconnected resources: economic or financial, social, informational, and community58. In disaster

resilience literature, the concept of adaptive capacity is used to describe conflicting impacts that reduce the
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impact of exposure and susceptibility to the hazard83. In other words, adaptive capacity is the ability of a system

to adapt its properties or behaviors to improve its ability to cope with existing and future climatic conditions.

In practice, adaptive capacity is the ability to develop and implement effective strategies to cope with or respond

to changing hazards and pressures in order to reduce the likelihood and magnitude of adverse impacts from

climate-related hazards84. Based on the characteristics above, adaptive capacity refers to the set of abilities of a

person or system to change or modify itself or its environment in order to perpetuate its existence and reduce

negative impact. Adaptive capacity is therefore interesting because it relates to the variable aspect that gives any

interventions the possibility to change the characteristics of the system.

Since adaptive capacity reflects a level of ability or condition, there must be factors or variables that can be used

to measure it. Studies suggest that adaptive capacity is influenced by many factors, such as existing infrastructure

and assets, and potential for expansion/ scale, social and human capital, and previous experience in mobilizing

external support, including the presence of formal organizations and effective local government that can mediate

interventions and structural services85. Similarly, other related studies argue that adaptive capacity is determined

by variables such as technology, resources, authority, human capital, social capital, sensitivity, information,

credibility and public perception86. Adaptive capacity is therefore a set of characteristics of a system that concerns

both physical (infrastructure, material wealth, technology) and social/institutional (human capital, political

legitimacy, institutional strength) factors. It has been proposed that these properties can be used to assess how

well different systems adapt58. As explained above, this adaptive quality depends on resources (e.g. technology,

wealth, information/ knowledge), human capital (e.g. education, security), social capital (e.g. property rights),

political legitimacy (e.g. credibility, accountability) and public perception (e.g. reflection, awareness,

responsiveness).

Such multiple forms of ―capitals‖ provided within the Sustainable Livelihoods framework, are important

independent variables, whether analyzed at the household or community level87. Adaptive capacity is therefore

dynamic, context-dependent, exists and is shaped by interdependent scales. The determinants of adaptive capacity
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are specific to the adaptive systems and their properties26. Similarly, research shows that adaptive capacity is an

underlying quality that emerges when a system detects a threat. It is therefore difficult to define a metric that

directly measure adaptive capacity. A number of indicators of a system can determine its behavior and response

to unpredictable changes, but society itself is a complex system too difficult to model. Moreover, the adaptive

capacity of a system goes beyond its ability to cope; successful coping does not necessarily imply adaptation and

adaptation is ―probably minimal‖ when existing coping mechanism are successful. From this perspective,

adaptation and adaptive capacity generally refer to long-term proactive adjustments, whereas those that are more

reactive in nature and short-term adaptations are called coping strategies74. The process of adaptation requires the

ability to learn from past experiences to deal with current climate and apply those lessons to deal with future

climates88. Therefore, the ability to learn from experience is also a determinant of adaptive capacity. It is

therefore imperative that in assessing adaptive capacity, consideration should be given to levels of adaptation,

coping capacity and existence of intervention for recovery.

Table 2.6: Theoretical Framework and Research Objectives

Research

Objectives

Research objectives Applicable

Theories

1 To assess the demographic and socio-economic characteristics of residents

of the flood prone areas of Kosofe , Lagos State, Nigeria;

Systems thinking/

vulnerability

2 To investigate the attributes of the flooding experienced in the study area; Vulnerability

3 To assess the neighbourhood characteristics and Architectural design

features of the existing housing schemes in the study area;

Systems thinking/

vulnerability

4 To examine the adaptive capacity of residents of the study area to flood

risk;

Adaptive

Capacity

5 To investigate the extent to which socio-economic, neighbourhood

characteristics and architectural design features as well as the adaptive

capacity of the existing housing schemes influence the physical flood

vulnerability in the study area;

Source: Researcher‘s Summary from Literature Review, 2023

Vulnerability
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2.3 Review of Empirical Studies

2.3.1 Flooding, Flood Risk, Impacts and Management

Globally, rapid urban population growth and associated increase in demand for physical development have been

widely documented in literatures89. The effect of rapid urbanization on storm water runoff is also well

documented in literature69. This situation has been further compounded as the world continue to experience

extreme weather events characterized by more frequent intense and sudden downpours, whose severity in terms

of impact within the built environment depends significantly on the level of vulnerability and exposure to these

events. Unfortunately, communities in large floodplain area continue to increase, and avoiding floods occurrence

in these areas remains challenging90. Extreme weather and other weather events also increase vulnerability to

extreme floods by altering the resilience, coping, and adaptive capacity of communities, societies, or socio-

ecological systems affected by such events. Thus, in recent years, due to the physical and socio-economic effects

of flood (including threats to lives and livelihoods of residents, as well as direct and indirect economic impacts),

flood risk mitigation has become increasingly popular around the world24.

The costs linked with flooding are increasing in many places due to the combined effects of the increasing

concentrations of people and assets in areas at high risk of flooding (related to land use, urbanization and

development practices); and the increasing frequency and severity of climate-related weather events (e.g.

changing storm, rainfall patterns and sea level rise). Today, floods account for around a third of economic losses

from natural disasters worldwide11. In the United Kingdom (UK), the risk of flooding is expected to increase with

losses rising from £1.3 billion in 2017, to £2.1 – £12 billion by the 2080s91. Already, insured property market loss

from February 2020 flood in the UK is estimated at around £297million24. The situation is even more dramatic in

a country like china as about 137 million residents have been affected by high-intensity flash floods, which had

caused diverse fatalities and economic losses25. Lessons learnt from flood wrecked coastal city like Louisianan,

United States of America (USA) revealed that hurricane Katrina started out as a natural disaster but became a man-

made disaster due to failure of structural levees and a lack of preparedness, which resulted in approximately
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1,200 deaths and $108 billion in property damage92. Many roads and buildings were damaged; and till date, the

city and by extension the residents are still in the process of recovery from the aftermath of disaster.

In Lagos, Nigeria, the cost of flooding is increasing in many areas due to the combined impacts of increasing

concentrations of people and resources in areas of high risk of flooding, as shown in table 2.7 for flood impacts

studies in Lagos, Nigeria.

Table 2.7: Studies on Flood Impacts in Lagos, Nigeria

S/N Findings

1 In September, 2020, reports of floods in 3 local government areas of Lagos (Apapa, Mushin and

Surulere) affected 15,385 people, the National Emergency Management Agency provided food

and construction materials to assist residents27

2 The biggest impacts on Lagos, 38% of residents experienced damages to properties, disruption

of daily activities, displacement, hospitalization and loss of lives respectively88

3 In 2012, seven people died in Lagos as a result of flooding; people were injured and a number of

unknown houses was destroyed88

4 In July 2011, the floods caused by heavy rains resulted in about 17 to 25 deaths (although more

than 100 deaths were mentioned in another report), displacement of around 5,000 people

(although an IFRC report stated that 5,393 households were affected, and it appears that some

reports may have confused these figures with damage estimated at between USD 200 and 320

million)93

5 In 2010, the flood of Ikorodu, Lagos caused ‗general losses‘, several thousands of residents were

displaced, out of which 1,765 was housed temporarily for 10 months by the Lagos State

government94

6 81% of the survey respondents reported an increase in transportation costs and breakdown of

vehicles making it difficult to travel37

7 More than half of all respondents to a Lagos-wide survey had experienced property damage

worth more than NGN 52,000 (USD 330), which is more than one month‘s income for three-

quarters of the respondents91
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8 In many areas of Lagos, drainage channels carrying raw sewage and solid waste overflow during

floods, contaminating water sources and spreading waterborne diseases, although the prevalence

of diseases has not been estimated20.

9 In a survey of residents in four communities in Lagos, 91% of respondents cited ‗repeated visits

to health centres due to health problems and increased medical costs as the main impact of the

floods‘91

Furthermore, growth in population and continuous physical development in flood-prone areas exacerbate the risk

of flood damages and losses. As such, when flooding occurs in these areas, buildings and its contents are most

often subject to structural and electrical damages, appliance damage, growth of mold and mildew, damages to

septic tanks (see Table 2.8 below). Obvious structural damages include buckling floors, cracks in roof or

foundation, broken or frayed electrical wires, and damaged switches. Similarly, heating, ventilation and air

conditioning system (HVAC) may be compromised and water heaters and refrigerators can be damaged.

Furthermore, molds can grow on any damp surface such as walls, floors, furniture, and clothes within 24-48

hours; and damages to septic and contamination of well water.

Table 2.8: Flood Damages in Homes

Type Features

Structural And Electrical

Damage

Buckling floors and cracks in roof or foundation

Broken or frayed electrical wires

Damaged switches

Appliance Damage Heating, ventilation and air conditioning system (HVAC) may be

compromised

Water heaters and refrigerators can be damaged

Mold And Mildew Molds can grow on any damp surface (walls, floors, furniture, clothes)

within 24-48 hours

Septic And Well Water

Systems

Source:95

Clogged Septic tank filters by debris may prevent it from accepting water.

Sediments may be carried into wells and contaminate drinking water
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This situation is usually traumatic for most people and recovery may take a while. In fact, the most sever flood

scenario impacts are related to physical illness, psychological stress, flood-related water and safety issues, and

dispute with insurance and construction companies, exacerbating psychological health problems96. For example,

poor solid waste management is reported in most cities in West Africa; consequently waste mixes with

floodwaters as it moves through the flooded area, including people‘s homes97. However, affected people can be

left without clean water for drinking and hygiene for weeks or even months. All of this can lead to outbreaks of

deadly diseases such as typhoid fever, malaria, hepatitis, and cholera.

In addition, fatalities are generally caused by flash floods that occur without advance warning, rather than by

events such as river flooding and storm surges that may receive advance warning40. Injuries can also occur when

residents return to clear up after a flooding event. Similarly, the lack of medical care after flood damage,

poisoning from ruptured pipes, storage tanks, soil contamination and an increase in related illnesses can escalate

the negative impacts of large floods21.

The combined economic and physical impact of floods highlights the significance of mitigating flood risk,

particularly in at risk areas. Current flood risk management (FRM) approach in the UK is based on the principles

of risk analysis. In other words, risk is quantified according to the probability of flooding and the severity of

consequences such as human health, economic activity, and environmental impacts25. Till date, implementation of

sustainable drainage systems (SuDS) to manage fluvial and pluvial floods is required by the Flood and Water

Management Act (FWMA) for new developments in the UK93. In Lagos, Nigeria, there is a general low level of

awareness in the practice of Sustainable Urban Drainage System (SUDS)98. The general practice in managing

flood risk has been mainly through structural interventions such as expansion and maintenance of drainage

infrastructures within the city heartland; demolition of homes in flood-prone area; relocation and resettlement

schemes for the residents of vulnerable areas, as well as with non-structural measures such as pre-disaster

predictions, warnings and emergency management37. Whereas in China, the FRM strategy in use was inspired by

Low Impact Developments (LID) in the US, SuDS in the UK, and Water-sensitive Urban Design in Australia.

The focus was to upgrade existing urban drainage infrastructure and utilize more naturally inspired drainage
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systems. This strategy usually referred to as the Sponge City concept was adopted in 2013 to reduce the

magnitude and frequency of flooding events in china25.

It is clear from empirical studies that there has been a gradual shift from the traditional risk control to risk

reduction. The disaster reduction viewpoint is based on the need to identify effective solutions to reduce the

negative impacts of flood hazards. Over the last two decades, this ideology has experienced a transition from

structural flood control towards an integrated flood risk management approach. In this context, structural

measures aim to reduce flood risks by using channels and natural and man-made barriers to contain waters in

rivers and seas; while the non-structural measures can be effective in reducing vulnerability and developing the

capacities of socio-ecological systems to cope with floods through multidisciplinary approaches42. Non-structural

measures include flood risk mapping, zoning and land use planning, flood vulnerability assessment, flood

proofing, flood modeling, institutionalization of policies, flood awareness campaigns, flood insurance, flood

forecasting, relocation of properties, resettlement of human population, and green infrastructure planning6 5.

Studies have also indicated that integrated flood risk management approach is founded on three key

considerations, namely: (1) the limitations of traditional flood control measures; (2) the need for a more people-

friendly approach to flood management; and (3) the aim to reduce all impacts of extreme floods while reaping all

the benefits of ordinary floods20. These considerations are encapsulated in diverse resilient model which typically

includes prevention, protection, response, and recovery50. This is imperative because resilient measures are more

appropriate due to climate uncertainty, and the flexibility to change from one to another alternative is significant.

On the other hand, it is important to note that fundamental to the modern FRM is the idea of ―living with floods

rather than fighting them‖, it is rooted in the philosophy that flood is a natural process and societies can adapt to

floods by being prepared and having the right attitude towards damage reduction74.

Overall, FRM still tends to be reactive, focusing on problems that occurred during a flood event rather than

anticipating future risks and building resilience24. While research and innovations in FRM are developing, there is

a great need to integrate ‗building adaptation‘ and ‗resilience‘ in flood management paradigm, by targeting
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building codes. There is also urgency for people to take more significant roles and responsibility in enhancing

flood resilience through diverse adaptation measures, particularly at the property level. This is particularly

relevant to coastal cities where climate-change induced flooding is unavoidable. It is on the strength of the

foregoing that this study seeks to assess the important indicators that influence physical vulnerability, and the

current local property-based flood adaptation capacity, so as to leverage on the knowledge to promote flood

adaptation.

2.3.2 Flood Adaptation Measures

Multifunctional landscapes based on the application of nature-based solutions have increasingly played an

important role in flood management to achieve urban water and climate resilience. Consequently, blue-green

infrastructure and nature-based solutions are ranked by rain water storage capacity99. Within the European

Commission framework, Flood Adaptation Measures (FAMs) are assessed based on their ability to mitigate the

risk of inundation and flooding in urban areas; and are categorized according to six functional objectives that

describe the main water processes, namely: infiltration (to recharge aquifers), purification (to clean runoff),

conveyance (to move stormwater), retention (to reuse rainwater), detention (to delay stormwater), and attenuation

(to slow down flood water)100.

On one hand, Infiltration is thought to be the process by which rainwater seeps into the ground, maintaining the

natural water cycle and replenishing aquifers. Infiltration can be achieved through a combination of several

means such as infiltration walkways, bio-swales, infiltration ponds, infiltration wells, etc.101. They support urban

flow control and several ecological functions including peak flow attenuation, base flow management, erosion

control, groundwater recharge, water quality improvement, and evapotranspiration processes102. Purification, on

the other hand, defines many wastewater treatment processes or mechanism such as sedimentation, filtration,

evaporation, aeration, biotransformation, and phytoremediation. Various infiltration measures, such as green

roofs, bio-swales, bio-retention and permeable walkways have been shown to be effective in treating

contaminants from runoff103.
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Plants play a key role in rainwater management and provide the opportunity to use various bioremediation and

plant purification methods104. The effectiveness of purification measures in each individual case depends on the

site configuration, climate, soil properties, vegetation, topography, and hydrology25. In addition, conveyance

refers to measures to divert and move runoff from where it initially falls to its final outlet (such as, a basin, river,

or lake. Rainwater conveyance is often necessary to avoid flooding from densely populated areas. Linear bio-

swales, streams, infiltration ditches and dry streams provide conveyance to the urban storm water system105.

Contaminants trapped by runoff during conveyance can be removed through sedimentation, aeration, filtration,

and infiltration by using blue-green infrastructures106. Detention requires a relatively long-term storage of

rainwater for later use or until it can be discharged into public sewer system or water bodies99.

Typically, detention facilities include built wetlands combined with ponds, bio-retention basins, green roofs,

underground reservoirs, and cisterns. Integrating various systems provides both stormwater treatment, such as

filtration, and storage that enables subsequent reuse of water. Furthermore, detention is the process that

determines the short-term storage of rainwater. Detention time vary from a few hours to several days. Discharge

typically occurs in adjacent surface waters98. Various nature-based solutions can have detention features.

Detention measures can control peak flows, downstream flooding and soil erosion, and allow gravitational

sedimentation of pollutants25. Attenuation refers to engineered landscape interventions that intercept and reduces

runoff pathways to provide multiple benefits, including flood control and improved water quality107.

Runoff attenuation typically involves reducing flows by wooden barriers, levees, ditches and weirs and the use of

temporary storage ponds, riparian forest, and floodplain vegetation patches. Small- scale storage wetlands cluster

can also be used for flow reduction and can be easily integrated into the landscape13. Literatures have also

considered the identification of different types of landscape design for flood adaptation that are designed to

respond to distinct contexts (large, at the scale of urban or river basin; medium, at the site-scale; small, at the

scale of the architecture / landscape architecture). For example, a study highlighted eight types of flood

adaptation, including: flood adaptation development, wetlands, bio-retention corridors, rainwater sponges, blue-

green buffers, floodable wetlands, terraced wetlands, and water sensitive networks98.
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Overall, as flood management in urban areas requires complex interdisciplinary skill across different disciplinary

domains, more insight can be derived from a new classification of existing flood adaptation measures that can

interpret the interrelations of specific urban contexts and distinctively designed solutions. Identifying Flood

Adaptation types provides a set of optimal immersion solutions that provide a ‗toolbox‘ to help landscapers and

planners identify the most appropriate flood response mechanism for a design proposal.

2.3.3 Architectural Strategies for Flood Adaptation

For many people, a home is their most important asset, often providing a place to live, including storage space for

essentials and tools108. Residents in flood prone areas are particularly vulnerable and are at risk of flooding and

associated losses. Considering flood resistance in the design, construction, and renovation of these can

significantly reduce the damage to the homes of these vulnerable people. A number of design recommendations

and response strategies are being implemented around the world in efforts to improve flood adaptation. Building

guidelines identified four technical standards that must be met: (i) the ground level of the house must be higher

than the largest flood ever, (ii) minimum floor area must be at least 10 square meters (m2), (iii) designed housing

must be durable, and (iv) the roof must be strong enough to withstand the wind. Studies have also recommended

the integration of resilient features of robustness, redundancy, and flexibility in building design and

construction13. Where, robustness implies that houses are designed, constructed and maintained in anticipation of

high-impact climate events109.

Failure of one system can be compensated for by another, thus avoiding serious consequences. Residential rooms,

for example, are designed with a combination of reinforced concrete (RC) frames and RC slabs to form a vault

that allows residents to escape in the event of major flood. This room protects the occupants even if the rest of the

house collapses. Similarly, the rooms on the second floor serve as shelter for residents in case the lower floors are

flooded. Redundancy is referred to as the spare ability to absorb extreme loads. Interacting components consist of

identical similar parts and can be replaced in the event of failure of one or more parts. For example, the primary

structure of a resilient home can be designed to be stronger than the primary structure of a conventional home.

And flexibility means that actionable changes occur as circumstances change. Assets and functions are distributed
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in such a way that a particular event does not affect them all at the same time, providing several means of meeting

needs.

Another design proposal is the Pilotis architecture. It refers to a building on the ground resting on pillars,

essentially a modern house on stilt. They are not uncommon in urban areas and are been built en-masse, such as

in Singapore, where 85 percent of the city-state‘s residents live in public housing, in high-rise buildings on

pilotis. Locally known as the ―void deck,‖ the ground floor of the building was used as an open space while

promoting ventilation and security42. There appears to be a renewed focus on traditional amphibian houses. This

is a dry and wet house. Recent studies on adaptation has shown built systems need to be more resilient by

developing local flood response capabilities for proper system-wide coordination45. Amphibious houses are being

developed in the Netherlands and the UK, which can be placed on land but float vertically in floods42.

Furthermore, researchers and designers in the UK have adapted property flood resilience measures that do not

require structural changes24. This may include measures such as raising electrical systems and appliances above

flood levels, installing waterproofing materials and flood barriers, or elevating the property above the highest

expected flood level93. The goal of property flood resilience is to minimize damage and disruption caused by

flooding and to shorten recovery times. Other risk reduction strategies at the property levels are door and aperture

guards, flood doors and external wall treatment110. In the short term, government can incentivize the adoption of

property flood resilience. However, in the long term it is best if all low-lying buildings are raised or able to float

above the maximum flood level. It is especially necessary when the water is highly polluted and floods can cause

epidemics. To achieve system-wide (i.e., at the district or city scale) building adaptation, government may need to

provide flood adaptation grants to households experiencing hardship.

2.3.4 Determinants of Effective Architectural Design Strategies for Flood Adaptation.

Buildings are long-term assets that provide opportunity for climate mitigation through adaptation. Although not

all residents of affected buildings are equally vulnerable. The vulnerability of an individual building is greatly

influenced by its adaptability. Building adaptability is defined as ―the ability of a building to adapt effectively to



53

the changing demands of its circumstances, thereby maximizing its value throughout its life‖111. This includes

both user adaptations to the building and the structural changes to the buildings. Adaptability of buildings is

therefore essential to meet the changing needs of owners/users and the requirements of external factors over the

life cycle.

Based on the foregoing, the concept of Adaptive architecture has evolved in order to ensure that buildings are

well adapted to be more resilient in the face of a changing climate considering growing flood risks within the

built environment, and its implication on building design and fabric, as well as building occupants and their well-

being74. Adaptive architecture is basically about buildings that are specifically designed to adapt (to the

environment, the people who live in it, objects they contain) either automatically or as a result of human

interferences. In general, adaptive elements include building surfaces, components and modules, spatial features

and technical systems112.

Several studies have attempted to assess the motivations and drivers of adaptive design. For instance, research has

pointed to triggers not only in cultural, societal and organizational domains, but can also be related to

communication and social interaction; whereas, other studies have argued that the stimuli for designing for

building adaptability range from the local/ national scale to the building scale113. While the local/national scale

includes economic, social, and environmental factors; the building scale on the other hand considers aspect of

building obsolescence such as functional, technological, social, physical, legal, environmental and economic.

This aligns with earlier studies which defines ‗Design for Adaptability‘ as ―strategies used to prevent the

environmental and financial impacts of building aging, and the associated resource consumption and material

waste‖114.

Studies have also attempted to explain criteria for building adaptability from a general perspective. For example,

it is suggested that for a building to be adaptable it should be able to adjust to different functions, users and

change in climate scenarios. On the other hand, noted that building design and policy responses play a vital role

in adapting buildings for climate change115. Empirical examples from the UK highlight climate issues to consider
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when planning building adaptability, including: location, site layout, building design, structure, envelope and

materials, ventilation and cooling, drainage, water, outdoor spaces and connectivity116. Similarly, the Town and

Country Planning Association (TCPA) Design Guidance on Climate Change Adaptation shows how adaptation

options vary by geography and scale of development and draws on case studies from around the world to help

guide effective adaptation. Also, the BRANZ report for AGO in Australia, uses cost estimates to assess the

feasibility of adaptation options and address research needs, including the need for risk and status assessments

and cost-benefit analysis of adaptation options74.

However, literature that explicitly describes the factors that determine effective architectural design strategies for

enhancing building adaptability for flood resilience are lacking. Most of the existing studies address

considerations for flood resilience within the broader community context. For instance, recent studies identified

four concerns (Environmental, disaster management, socio-economic, and institutional/governance) in literature

on flood resilience which may be applicable in adaptive architectural design planning (see figure 2.1 below). The

authors noted that discovery from environmental concerns have highlighted the need to develop climate coping

strategies. Similarly, the disaster management literature emphasizes the need for an integrated and resilient

response to flood events based on the local context. The literature on socio-economic issues has combined the

selection and implementation of options with an understanding of investments, disbursements and compensation,

cost of climate change and flood risk in the absence of adaptation measures. All of the above activities are

influenced by institutional and governance functions, such as existing policies, authorities, political conditions,

and perceptions embedded in history and culture, as highlighted in the literature on institutional concerns and

governance.
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Figure 2.1: Four concerns for flood resilience
Source: 114

Broadly, the triggers for flood adaptation in buildings refer to a variety of events (e.g., environmental, economic,

financial) or actors (e.g., users, owners, external stakeholders), that may be external or internal to the building.

Hence, an inference may be drawn that the factors that determine effective architectural design strategies for

adapting buildings is multi-dimensional and varies from place to place, subject to levels of risk, available skill,

funding, political will, and so on.

2.3.5 Building Codes, Regulations and Bye Laws on ‘Flood Adaptation’ and ‘Resilience’

The development, application and enforcement of building codes, regulations and bye-laws are potential solution

for incorporating safety, environmental and other measures into the built environment24. Codes provide

information and guidance on how buildings are constructed, which materials are used, how much energy or water

is consumed, and whether it is designed to reduce vulnerability. Typically, building codes rely on historical

climate data to predict issues that may occur during a buildings‘ life cycle. However, considering today‘s

increasing flood risks and physical vulnerability in many regions of the world resulting from a changing climate,
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population and development growth trends; there is a growing urgency for buildings as essential components of

the built environment to be more resilient in adapting to climate risks88. Responding to climate change as it

affects the built environment from an adaptive point of view require strategic approaches from policy, regulatory

and institutional frameworks and capacities27. In resonance and considering the chief role these sectors plays in

overseeing and providing guidelines on building related activities, it is imperative to explore existing codes on

‗building adaptation‘ and ‗resilience‘ to flood risks. This is to assess the various interventional actions that have

been taken by government agencies saddled with the responsibility of protecting buildings from flooding.

From global perspective, climate change has been mentioned in some key policies in most countries that are

signatories to the Kyoto protocol and the Paris agreement, yet some of these policies are simply too generic and

does not directly address certain adverse effects of climate change in the built environment. By default,

government standards and regulations as described in building codes and planning laws mainly focus on more

general issues related to building designs. These include the maintaining of standards in the area of Health, Safety

and Environment (HSE) as depicted in planning regulations, building codes and environmental impact guidelines.

However, with increased flooding issues, some countries have had to be more concerned with developing specific

policies or strategies in the area of architectural design, planning and landscape and the use of building materials

to increase flood resilience.

For example, a whole range of policies and laws exists in the United Kingdom (UK) on risk prevention through

planning policy and land use. Through the ―Planning policy guidance note 25: Property development and flood

risk‘‘ a document published by the UK government to provide guide on when and how flood risk should be taken

into account during the different stages of planning, designing and building properties (see figure 2.2 below). The

document also recommends floor level height design and as well as spatial inclusions or non-inclusions.
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Figure 2.2: Stages, rules, policies and organizations that influence the planning, design and building
processes in England

Source: adapted from Surminski and Mehryar24

Additionally, the Royal Institute of British Architects (RIBA) Policy Note of 2018 contains more practical and

innovative examples of flood-resilient architectural designs. The policy note is inspired by multifunctional and

adaptable urban design solutions such as the flood defense in Katwijk aan Zee, Netherlands that combines

parking and hospitality amenities with storm-proofing; the floating settlement in Waterwoningen, Amsterdam and

the urban development plan of Hafen City, Hamburg that doubles as its own flood barrier27. However, a detailed

statutory guidance, building standards and regulations for such new flood resilient developments is still lacking.

The London Plan, on the other hand, contains draft policies taking into account legal requirements, planning acts,

sustainability assessments and regulatory assessments up to the year 2031. For example, section 5.12 of the

policy is the planning decision which suggests that housing development should be approved a PPS25 test

exceptions for flood resilient design and emergency planning. This part of the policy emphasizes that buildings

should be designed with the ability for recover quickly after a flood (No.4, Paragragh C, Policy 5.12).

Furthermore, Paragraph 7.19 states that ―new buildings should achieve the highest standards of environmental,

social and economic sustainability by meeting established standards of sustainable design and construction‖.
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Similarly, the US government has provided standardized building codes that are updated every 3years and

specifically addresses the use of flood resistant materials for all structures in flood hazard areas. They also

provided articles identifying some of these materials by their ability to withstand direct and prolonged contact

with water, without sustaining damage requiring more than cosmetic repairs. The USA has also gone further by

proposing future standards that use specific methods to determine the resistance of materials to flooding, as well

as materials capable of resisting flood-borne pollutants74.

In Nigeria, the federal government and a number of civil society organizations have made efforts to mitigate

risks, improve local and national adaptability and resilience to the adverse effects of climate change. For example,

the Nigerian National Adaptation Strategy and Plan of Action on Climate Change for Nigeria (NASPA-CCN)

were developed to address the impacts of climate change 13 priority sectors27. The three (3) strategies with

planning implications are as follows: i) to help reduce community vulnerability through participatory land use and

housing planning, ii) to prevent building and cities from encroaching into vulnerable areas, high risk and low

lying areas, iii) to stop inappropriate housing and settlement patterns in the face of climate change.

Unfortunately, none of the policy strategies proposed at the time addressed the specific problems of building

design and building materials in the UK and US. The three cited points above that have planning implications are

quite generic but in the years that followed, other documents such as the Federal Ministry of Environment Policy

Document of 2005, section C, focused on flood prevention, mitigation, control, forecasting and warning,

mapping, evaluation, provision of regulations to flood management and zoning. The strategies put forward to

achieve its set objectives are flood plain regulations included in the building codes, flood plain zoning and

introduction of flood control procedures as part of contract specifications in construction sites. Although, this

policy document was released in 2005, the National Building Code released a year later in 2006 which ought to

have reflected some of the strategies, had no mention of flood resilient designs, flood resilient materials or flood

proofing.
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However, in 2011, a more comprehensive flood control plan was drawn up in the Federal Republic of Nigeria

National Environmental Regulations-Official Gazette27. It included 18 flood regulations, 3 inspection and

enforcement actions, permit procedures and waivers. The regulations specified;

The requirement of special permits for location, planning and property development in areas vulnerable to flood

hazards include but are not limited to ensuring the incorporation of flood mitigation measures in all infrastructural

developments, including criteria for infrastructural development involving water diversions and other earth

intrusive works, recommendations for use of flood resistant materials for all new construction, recommendations

that the national building code incorporates the use of flood resilient electrical, heating, ventilating, plumbing and

air conditioning equipment in all new construction in flood prone areas, the development of flood elevation data

for public use to be ensured by the National Environmental standards and Regulation Agency (NESREA), the

elimination of flood damage by promoting infiltration of rainwater through sewage and sanitary systems, and

ensuring compliance and investigating all forms of violations.

The ordinance is more detailed and varied in scope than the two previous policies, but leaves the development

and implementation of more specific control/mitigation measures to individual commonwealth states. This is

mentioned in Regulation no. 4, which states that ―applicants shall comply with the zoning and building codes of

the specific states and local governments in which the development occurs‖. This is because, in Nigeria, the

Federal Government makes the laws and ordinances as they see far based on their geography. This relieves the

Federal Government of responsibility for the design and actual implementation of these regulations and places the

burden of proof on the states.

In theory, however, the conditions for approval of floodplain construction plans for federal projects require that

the following (Site Plans, Detail Plans, Construction Specifications, Drainage computations (for run-offs etc),

Flood proofing details, Flood proofing certification, and Erosion control plans) be included when applying to

NESREA.
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The purpose was to ensure compliance of regulations across flood prone areas in the country, regardless of what

State the project is to be domiciled in, but this is only in theory and not the case de facto; as they are not

demanded for by the approval boards at the State level27.

On the other hand, Lagos State has enacted policies with more direct implications on planning that are pertinent

to its environmental challenges induced by climate change. For example, out of the 44 strategies and measures

contained in the Lagos State Climate Change Adaptation Strategy (LAS-CCAS) which is updated every 3 years;

14 are directly related to planning and urban design, while just one is directly related to architecture. The

planning strategies include: community engagement in the participatory planning of their settlements in order to

mitigate vulnerability to climate change; enforcement of land use zoning regulations, through restriction of

building development in high risk areas, like the ocean front, flood plains and low- lying terrain; production of

land-use maps of the main urban settlements in the State and periodically review them; preparation of a detailed

master plan for urban settlements considering the challenges linked climate change and implement them;

incorporate the various District and Model City Plans and ensure their implementation; complete and ensure

regular review of all physical development plans in the State; foster the use of soft landscaping (i.e., grass in

external areas of buildings) rather than concrete; intensify the process of providing green parks and open spaces

in urban areas; develop a long-term physical plan for the coastal zone, using the principle of integrated coastal

zone management; integrate a disaster prevention policy into the State‘s land use planning and development

control; place strict control over all new land reclamation along the coast, increasing standard to 4metres above

sea level with a requirement for sea defenses against storm surges; create buffer zones in physical planning to

accommodate anticipated sea level rise; strengthen policies prohibiting building on water course; draw up and

implement a Lagos State energy policy, integrating climate change considerations; while the architectural

strategies is focused on encouraging the adoption of green architecture.

Although this policy document is richer in content with regards to planning implications, it is however

completely lacking in the area of building material policies and could also benefit from more specific

architectural design policies.
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Conclusively, while the level of government involvement in protecting buildings from flooding is so far highly

commendable in the UK and US; in Nigeria, climate adaptation regulations in building codes are inadequate and

much work needs to be done in this area. There is need to review the current national building code to include

policies directly linked to architecture, planning and use of building materials in high-risk flood zones.

2.3.6 Adaptive Capacity, Social Capital and Coping Strategies for Flood Disaster Risk Reduction

Adaptive capacity is the property of a system that allows it to change its properties and behavior to extend its

range of adaptation to existing and future climate conditions. Specifically, adaptive capacity is the ability to

develop and implement effective adaptation strategies and respond to changing threats and stressors to reduce the

likelihood and magnitude of negative outcomes117. Research has shown that the presence of strong social capital

and the existence of coping strategies play an important role in increasing adaptation for flood disaster risk

reduction57.

On the one hand, social capital is defined by the density of trust networks and useful relationships between

people; and it is categorized in relation to the bonding (relationships with family members and relatives), bridging

(relationships with neighbours and friends) and linking (relationships among people, communities and

organisations structured differently in terms of societal power)35. Over the last decades, much attention has been

paid to the role of social capital in promoting positive actions within and across disaster-affected communities.

Social capital has received special attention in the context of developing country because of the assumption that

strong social capital can supplement scarce resources, such as financial, human, natural or physical capital

resources35. Much of the existing literature identifies the various ways in which social capital influences risk

reduction, preparedness, response, and recovery cycles17, 77. Social capital provides information and assists

indecision-making, including evacuation before hazards occur. Social capital in the form of mutual care and

support helps provide physical, financial and emotional support during times of disaster35. In a post-disaster

setting, social capital can be essential to give people access to information and recovery resources49. In general,

positive associations have been found between the presence of social capital, and adaptive capacity to natural

disasters.
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On the other hand, coping strategies refers to the approaches people employ to successfully deal with a crisis118.

In dealing with flood disaster, people have overtime developed their own strategies to avoid loss of lives and/or

properties61. On one hand, studies have identified: appraisal-focused (adaptive cognitive), problem-focused

(adaptive behavioural), and emotion-focused strategies. On the other hand, studies have also classified coping

strategies as structural or non-structural and indigenous or modern116. Other researchers have argued that

household responses to floods can be classified into pre- and post-flood strategies, with the former consisting of

risk reduction and mitigation strategies adopted in the pre-flood period, and the latter refers to risk coping

strategies to recover from disasters in post-disaster periods26. Therefore, coping strategies focus on the hazard

event currently taking place and their benefits are often short term61.

Furthermore, common flood control measures in the built environment include raising land near buildings,

constructing gutters to drain water from buildings, placing sandbags and rock bags in flooded areas, placing

valuables on shelves and placing them in temporary shelters with neighbours and donating valuables and so on119.

In addition, the practical measures that can be considered in coping with floods as suggested in literature21 are

moving vulnerable features, and those expensive to replace, above ground level, including electrical intakes,

service meters, boilers, ovens and washing machines; install one-way valves in drain pipes to prevent backflow of

flooding and sewage through service pipes, and create external drains to drain water from the property; and the

use of more permeable materials.

Also, empirical research revealed that people rely on various indigenous strategies which are usually context

specific in coping with floods. For example, it is noted that residents in the riverine floodplains of Teesta River in

Bangladesh Households used diverse coping approaches, such as borrowing money, assets disposal, consumption

reduction, temporary migration, and grants from external sources, to cope with floods26. Whereas, in Lagos

Nigeria, residents of flood prone areas cope with flood risk by clearing their local environment and ensuring

proper waste disposal practices; construction of drains in front of houses and outlets at the back of their houses to

allow floodwater flow from their buildings, elevating buildings, constructing concrete walls, installing flood

boards and the use of pumping machines to remove water from their buildings when it floods37.
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However, in some other studies, the strategies ultimately employed usually consist of several factors, including

socioeconomic factors, types of shock, severity of event, physical location, resilience, information on

opportunities, and so on74. Consequently, the choice of coping strategy and its effectiveness may vary over time.

In other words, flood risk does not only depend on the hazard, exposure and current level of vulnerability but also

the capacity to recover from the flood‘s impact26. Traditional strategies, therefore contribute positively to

improving the capacity of populations to adapt to flood risk, but in general, it is a complex process associated

with other physical and socioeconomic variables.

2.4 Conceptual Framework

A conceptual framework presents an integrated way of looking at a research problem. It is a visual representation

or narrative of the key variables or constructs of a research and the supposed relationships between them59. It is

argued that the entire methodology must agree with the variables, as well as their relationships and context. A

conceptual framework therefore provides a logical structure of how to conduct the research as well as the

variables that would explain the basic methodology for the research.

This study is based on the assumption that Assessment of Physical Vulnerability Indicators for Developing

Adaptive Architectural Design Strategies in Flood-prone Residential Areas can be assessed by identifying the

systems‘ characteristics that are capable of providing information regarding their level of exposure, susceptibility

and resilience. This approach would leverage on vulnerability dimensions of exposure (users at risk and flood

attributes); susceptibility (likelihood of flood disaster based on neighborhood characteristics and architectural

features of buildings); and resilience (pre-disaster preparedness, household coping capacity, and interventions in

post disaster) to develop a systemic analysis of most critical indicators influencing physical vulnerability to flood

risk in the study area. In other words, the study identified a number of systems variables that influences flood risk

exposure, susceptibility and resilience. An attempt has been made at integrating all these variables into a

conceptual framework that explains the whole essence of the proposed research. The conceptual framework for
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the study (Figure 2.3) has five key components reflecting the objectives of the study. The five components are: 1)

the demographic and socio-economic characteristics of residents, 2) attributes of the flooding experienced, 3)

neighborhood characteristics and architectural features of houses, 4) adaptive capacity of households, and 5)

physical vulnerability indicators, which can be adapted for flood disaster risk reduction.

The key assumptions in the conceptual framework is that the identification of physical vulnerability indicators is

a function of several factors such as the socio-demographic and economic characteristics of the residents; the

attributes of the flooding experienced; neighborhood characteristics and architectural features of buildings; and

the adaptive capacity of the households (all of which will determine the extent of exposure, susceptibility and

resilience of houses and their occupants to flood risk). These assumptions are underpinned by the socio-

ecological system, vulnerability and resilience theories as previously explained. Based on the proposed

conceptual framework of this study, it is also assumed that the most effective adaptive architectural design

strategies for flood-disaster risk reduction in the flood-prone residential areas of Kosofe are embedded within the

most significant indicators influencing physical vulnerability in the area.
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Figure 2.3: Conceptual Framework

Source: Researcher, 2023
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2.5 Summary of Gaps in Literature Reviewed

Literature search has revealed a dearth of researches in the area of physical vulnerability assessments and building

adaptation strategies for flood disaster risk reduction, across countries, and also in Nigeria; although it is arguably

a relatively new area of study. This section highlights gaps that were identified through the review of existing

literature. Firstly, most of the literature on flood risk reduction has been mainly focused on urban resilience and

adaptation planning. Very few researchers have investigated physical vulnerability indicators for the purpose of

addressing flood disaster risk to houses located in flood-prone areas; and in the Nigerian context, search from

literature revealed that no research was carried out to identify adaptive architectural design strategies for flood

disaster risk reduction from the perspective of ‗risk‗ by factoring vulnerability dimensions of exposure;

susceptibility; and resilience.

Secondly, literature search on ‗physical flood vulnerability‘ shows that diverse factors shape a systems‘ proneness

to flood damages; and the dynamic relationships and interdependence between these factors is highly contextual

and location specific; for example, flood attributes experienced in a locality and the socio-economic

characteristics of the residents determine the exposure of such systems. Also, existing policy frameworks; and

physical environmental factors as reflected in the neighborhood and building characteristics, amongst other

factors influence a building‘s susceptibility to flood risks and its capacity for adaptation. In essence, identifying

these factors is important in developing a framework for flood adaptation. However, no comprehensive literature

was found specifically on built environment sub-systems, and factors that can provide information on the physical

vulnerability of houses in Kosofe Lagos, Nigeria to flood risk.

Thirdly, the literature review into the existing policies on ‗flood adaptation‘ and ‗resilience‘ has shown that some

of these policies are generic and does not directly address specific adverse effects of climate change in the built

environment. Although the Lagos state government has made significant progress by enacting policies with more

direct planning implications pertinent to its environmental challenges induced by climate change; for example,

the Lagos State Climate Change Adaptation Strategy (LAS-CCAS). It is however deficient in the area of building

material policies and could also benefit from more specific architectural design policies.
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Lastly, it was identified that among the literature reviewed for this study, none have explicitly described the socio-

ecological characteristics that influence vulnerability factors of exposure, susceptibility, and resilience of

households in flood-prone areas to flood risk. These identified gaps necessitated the need to examine the most

significant indicators for developing adaptive architectural design strategies to reduce flood risk to residential

buildings in flood-prone areas in Kosofe Local government area of Lagos state. This study, therefore, was

designed to fill the afore mentioned gaps by investigating the demographic and socio-economic characteristics of

the study area, the attributes of the flooding experienced by residents, the neighbourhood and building

characteristics, and adaptive capacity exhibited by households. The study also sought to fill the gap in the paucity

of literature on physical vulnerability indicators for developing adaptive architectural design strategies in flood-

prone residential areas of Lagos, Nigeria.
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Chapter Three

Methodology

3.1 Research Design

3.1.1 Philosophy

The study is focused on evaluating physical vulnerability indicators for developing adaptive architectural design

strategies in flood-prone areas of Kosofe Local Government Area of Lagos State, Nigeria. In order to effectively

answer the research questions outlined in chapter one of this study, the pragmatic philosophical stance was

adopted based on its suitability for the research problem that is being addressed1. Pragmatism, which combines

both positivist and interpretivist positions within the scope of a single research, is regarded as the root paradigm

of the mixed methods2. The pragmatic approach is often developed based on the real world experiences and thus

rejects reductionism1. Pragmatism as a research paradigm is a problem-oriented philosophy based on

epistemology that employs multiple flexible approaches to solve a given research problem and provides

freedom of choice for the researcher to choose the methods, techniques and procedures that best meet the needs

and purposes of the research.

Based on the preceding discussion and in line with the nature of the research questions in this study, which

would require practical interaction with residents of the study area and built environment professional, this

research applied the pragmatism research philosophy, to firstly examine the socio-demographic characteristics

of the residents, the neighbourhood and architectural contexts of the housing schemes that are being

investigated; the attributes of the flooding experienced in the study area, and current adaptive capacity of the

resident to flood risk; and secondly, to investigate the extent to which they influence physical flood vulnerability

in the study area. The findings will help determine the factors that influence physical vulnerability to flood risk,

so as to identify the most effective architectural design strategies for flood disaster risk reduction in the built

environment of flood prone settlements.
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3.1.2 Strategy

The research strategy for the study is the mixed-methods case study research (MMCSR). A mixed methods case

study design is a research approach in which the quantitative and qualitative data collection, results, and

integration are used to provide in-depth evidence for a case(s) or develop cases for comparative analysis”3.

3.1.3 Design

In the mixed-methods research approach, consideration was given to the design that best answers the research

questions as well as to the degree of mixture of the qualitative and quantitative data in such a way that

complements their strengths3. Therefore, as explained in mixed-methods research, and as illustrated in Figure

3.1, the proposed study will adopt the Cross-sectional Exploratory Sequential Design4. This design is ideal for

developing appropriate quantitative instrument that will provide accurate measures within the study context5.

Figure 3.1: Cross-sectional Exploratory Sequential Mixed Methods Design4

Both case study and survey design strategies offer unique methodological advantages to address the complexity

of the research problems and outlined research questions stated in chapter one of this thesis5. This is because

they allow for the use of different data collection tools and methods to collect both qualitative and quantitative

data required to address stated research questions4.

The Cross-sectional Exploratory Sequential Design has two distinct phases: the qualitative phase followed by

the quantitative phase5. The first phase involves collecting qualitative exploratory data, analyzing the

information, and using the findings to develop a quantitative instrument well adapted to the sample under study.

As stated, the proposed study began with a qualitative exploration through interviews with selected home-

owners in the study area to assess what construct should be measured to best understand physical flood
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vulnerability in the study areas. From this exploration, a questionnaire was developed, which was thereafter

tested with a sample in a pilot study.

3.2 Population of the Study

The research population for the study comprises two distinct cohorts.

3.2.1 Households in the Flood-prone areas of Kosofe, Lagos state

The first cohort consists of households in the flood-prone areas of Kosofe Local Government Area of Lagos

State, precisely, households living within Owode-Ajegunle, Agboyi and Oworonshoki. The housing schemes

investigated are privately-owned residential buildings located within 30m to70m from the existing river

channel. These buildings represent the most vulnerable, vulnerable and less vulnerable buildings6.

3.2.2 Expert

The second cohorts are the experts who have an understanding, expertise, and experience on flood vulnerability

in Nigeria. The experts include university professors/lecturers, employees of the Lagos state Ministry of

Physical planning and urban development, university post-graduate researchers, and other relevant

organizations.

3.3 Sample and Sampling Techniques

A sample is the subset of the population selected, on which the research instruments are administered1. A total

of 2309 privately-owned residential buildings located within 30m to 70m from the river channel/lagoon have

been identified for the study (Table 3.1). A sample was chosen in such a way that it represents the total number

of households identified in the study area so as to ensure full coverage. The study adopted the systematic

random sampling technique which typically involves the following steps: calculate the sampling interval (the

number of observations in the population divided by the number of observations needed for the sample); select a

random start between 1 and sampling interval; repeatedly add sampling interval to select subsequent

households.
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3.3.1 Sample Size Determination

3.3.1.1 Sample Size of Households

In estimating the sample size „n‟ for the households, the Yamane formula was used with an assumed margin of

error of +/- 5% “N” size by giving equal probability to all households. Using the Yamane formula: (n=

).
(1+ 2)

n = 2309 = 341
(1 + 2309 x 0.052 )

Where, n = Sample size, N = Population size, and e = Margin of error = 0.05 (95% confidence).

An effective sample size of 341 households was derived for the study. In order to accommodate non-response,

the adjusted value was derived using a non- response rate of 10%. The final minimum sample size for the

buildings is 379 households.

Final sample size = Effective sample size

(1 − 0.1)

n0 = 341 = 379

(1 − 0.1)

As described previously under sampling technique, the numbers of households surveyed within each area

(Owode/Ajegunle, Agboyi and Oworonshoki) was selected using systematic sampling method, based on a

random starting point, but with a fixed sampling interval. The sampling interval for each area is six, calculated

by dividing the population size of 2,309 households by the desired sample size of 341 units. The sample size

within each area was obtained by dividing the total number of households within each area by the sampling

interval. This resulted to 385 households, increasing the sample size by six units. One copy of the questionnaire

was administered to one respondent/representative of each household selected. This means that in all, a total of

385 households were sampled.
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Table 3.1: The sample sizes derived for each selected area

HOUSING STOCK (Meters)
Area Under Study Less than

30 (m)

30 – 50

(m)

50 – 70

(m)

*No. of

Households

Sample sizes

(Households)

*(Residents)

Owode-Ajegunle 325 211 222 758 126 3790

Agboyi 344 232 216 792 132 3960

Oworonshoki 309 253 197 759 127 3795

TOTAL 2309 385 11, 545

Source: Google Earth Mapping

3.3.2 Sample Size for Experts

The snowball sampling technique which is a non-probability sampling method where new units are recruited by

other units to form part of the sample was used to filter out experts with the requisite skill and experience on

flood vulnerability in Nigeria. A total of 35 experts were used for the selection of the indicators with the most

relevance on physical flood vulnerability in Nigeria.

3.4 Description of the Research Instrument(s)

The data collection instruments used in the research is structured interview (focused group discussions), expert

opinion survey form, and structured questionnaire.

3.4.1 Focused Group Discussions (FGDs)

In the first phase of the exploratory sequential design for this study as previously explained, qualitative data

were generated via focus group discussions with six (6) home-owners in the study area. The discussions were

carried out in the month of July and August 2021. The focus group discussions in the study area were carried

out in three groups within Owode-Ajegunle, Agboyi and Oworonshoki, with the assistance of the Landlord

Associations in the various areas.

Using the research objectives as a guide, the key areas of discussions with the two (2) representatives of the

landlord association of each area under study were on the perceived socio-economic and demographic
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characteristics of each community under study; flood risks, occurrences and exposure; perceived environmental

characteristics and architectural design features of most existing buildings in the study areas; as well as coping

and adaptation capacity at the household level (Appendix A for details of the questions asked in the FDG).

This helped in defining indicators for which the identified factors would be measured, and to provide variables

for the study. The sequencing of the topics discussed was carefully considered to ensure that they were easy and

impersonal questions at the beginning until communication was established. Questions were kept short, simple

but concise. Themes on the variables were identified and used in addition to information sourced from literature

in developing a questionnaire for data gathering from the residents of the study area.

Table 3.2: Themes derived from the Focus Group Discussions with home-owners
Considered Themes

Focus Group Discussion Topics Group 1 Group 2 Group 3
Existence of social ties. Considerable

existence

Considerable

existence

Considerable existence

Availability of social

activities and

infrastructure.

Low social

activities, and lack

of social

infrastructure

Moderate social

activities, but lack of

social infrastructure

Low social activities, and

lack of social

infrastructure

Government presence and

external support in crisis

situation.

Very poor Very poor Very poor

Business activities within

the area.

Medium and retail Low and retail Medium and retail

Economic status of

residents within the area.

Mixed income

status (low,

medium and high)

Mostly low and

medium income status

Mixed income status

(low, medium and high)

Cost of living in the area

compared with other parts

of the city.

Relatively low cost

of living

low cost of living Relatively low cost of

living

SO
C
IO
-E
C
O
N
O
M
IC

C
H
A
R
A
C
TE

R
IS
TI
C
S
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Rainfall pattern. Frequent in the

rainy seasons

Frequent in the rainy

seasons

Frequent in the rainy

seasons

Implication of continued

housing developments in

the flood prone areas.

Frequency of flooding in

the area

Effectiveness of existing

flood risk management

strategies at the property

level

Adequacy of services and

infrastructures within the

area

Functionality of drainages

facilities within the area

High impact High impact High impact

Very frequent Very frequent Very frequent

Very poor Very poor Very poor

Poor Poor Poor

Very poor Very poor Very poor

Performance of houses in

reducing flood risk.

Very poor Very poor Very poor

Existence of pre-disaster

flood adaptation

Existence of household

coping capacity during

disaster

Intervention during flood

events and in post-disaster

Disposition towards

building adaptation for

flood risk reduction

Not sure Not sure Not sure

Fair Fair Fair

Fair Fair Fair

Open minded Open minded Open minded

N
EI
G
H
B
O
U
R
H
O
O
D

C
H
A
R
A
C
TE

R
IS
TI
C
S

A
D
A
PT

A
TI
O
N
ST

R
A
TE

G
IE
S

H
A
ZA

R
D
A
TT

RI
B
U
TE

S
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3.4.2 Expert Opinion Survey

Expert opinion survey form were used in selecting variables with the most relevance on physical flood

vulnerability in Nigeria from a list of 37 potential physical flood vulnerability indicators identified in literature7,

8, 9, 10, 11. Using the equal (no) weight approach and direct addictive aggregation method, consideration was

given to (i) flood attributes that induce flood damage (ii) adaptive building design characteristics (iii) probability

to be exposed under certain socio-environmental neigbhourhood conditions (iv) relevance of selected variables

with respect to flood risk. Table 3.3 shows a range of potential flood vulnerability variables, clusters, scale and

category used in the expert opinion survey. The experts are required to rate the indicators on a 7-point scale

from 1 to 7, using the scale of relevance. Where, 1= Insignificant, 2= Low relevance, 3= Moderate relevance,

4= Moderate to high relevance, 5= High relevance, 6= High to Very high relevance, and 7= Very high relevance

(See Appendix 5).

Table 3.3: Physical Flood Vulnerability Variables, Clusters, Scale and Category
S/N Vulnerability variables Clusters Scale category

1. Flood water depth

2. Flood duration

3. Flood water Velocity

4. Water sedimentation

5. Flood return period

6. Frequency of flood experience

7. Construction type and material

8. Quality of the building

9. Number of floors

10. Presence of basement

11. Height of the building

12. Exterior paving material

13. Interior finishes

14. Age of building

15. Type/Use of building

Flood attributes

(A)

Architectural

characteristics

(C)

Ordinal

Ordinal

1= Insignificant,

2= Low relevance, 3= Moderate

relevance, 4= Moderate to high

relevance, 5= High relevance

6= High to Very high relevance

7= Very high relevance

1= Insignificant,

2= Low relevance, 3= Moderate

relevance, 4= Moderate to high

relevance, 5= High relevance

6= High to Very high relevance

7= Very high relevance
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16. Building size

17. Lev. of Maintenance/condition

18. Height of opening from ground

19. Stilts/ Building elevation

20. Position of electrical sockets

21. Roof design/materials

22. Site topography

23. Heavy rainfall

24. Dist. from the coasts/ river

25. Surrounding vegetation

26. Drainage system

27. Proximity to major road

28. Education/ literacy level

29. Income

30. Unemployment rate

31. Land use

32. Dam and storage capacity

33. Awareness/ preparedness

34. Warning system

35. Household coping capacity

36. Emergency service

37. Flood insurance

Neighbourhood

characteristics

(E)

Adaptive capacity

(A)

Ordinal Ditto

Ordinal Ditto

3.4.3 Questionnaire Design

The questionnaire for the homeowners consists of close-ended questions divided into four (4) sections. Section

A consists of questions on the demographic and socio-economic characteristics of resident respondents. Section

B included questions on the neighborhood characteristics and architectural design features of the existing

housing stock in the selected study areas. Section C focused on assessing the attributes of the flooding

experienced in the study area; while section D included questions on adaptive capacity, and influence of specific

indicators on physical flood vulnerability in the study area.
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3.4.4 Identification, Specification and Operationalization of Variables

Table 3.4: Identification, Specification and Operationalization of Variables
S/No Description Code

Assigned
Range
of

Values

Scale Categories

Objective 1: Demographic characteristics of residents of the flood prone areas of Kosofe Local Government

Area of Lagos State, Nigeria

1. Gender of Respondents GEN 1 – 2 Nominal 1= Male, 2=Female

2. Nationality NAT 1 – 2 Nominal 1= Nigerian 2= Foreigner

3. Ethnicity ETH 1 – 5 Nominal 1= Yoruba 2= Hausa/ Fulani
3= Ibo 4-= Ijaw 5= Others (specify)

4. Age bracket AGE 1 – 5 Interval 1= 18-30 2=31- 43 3= 44- 56
4= 57-65 5=66 Above

5. Marital status MAR 1 – 4 Nominal 1= Single 2= Married 3= Divorced 4=
Widow/Widower

6. Religious inclination REL 1 – 3 Nominal 1= Christian 2= Islam 3= other

7. Highest Level of

Education

EDU 1 – 4 Nominal 1= No formal education
2= Primary education 3=Secondary
education 4= Tertiary education

8. Employment status EMP 1 – 6 Nominal 1= Unemployed 2= Self-employed within
the area 3= Self-employed outside the area
4= Employee of private sector organization
5= Government employee 6= Retiree

9. Number of people in
the household

10. Number of Physically
challenged persons in
the house

11. Number of cars in the
household

NPL 1 – 3 Interval 1= 1 – 2 persons 2= 3 – 4persons 3= 5 –
Above

PCP 1- 4 Nominal 1= None 2= 1 – 2 3= 3 – 4
4= 5 – Above

NCR 1 – 4 Interval 1= None 2= 1 – 2 3= 3 – 4
4= 5 – Above

12. Duration of residency DUR 1 – 4 Interval 1= 1 - 5years 2= 6 - 10years
3= 11 - 15years 4= 16years +

13. Occupancy Status of
the Respondents

14. Reasons for living in
the neighbourhood

15. Close friends and
relatives live in my
neighbourhood

16. Close relationships
with my neighbours

OSR 1 – 3 Nominal 1= Official residence 2=Tenant
3= Owner occupied

RLN 1 – 5 Nominal 1= Job transfer 2= Personal residence 3=
official residence 4= to live with
spouse 5= cheap accommodation

CFN 1 – 5 Ordinal 1= Strongly disagree 2= Disagree 3= Not
sure 4= Agree 5= Strongly agree

CRN 1 – 5 Ordinal Ditto

17. Mutual trust amongst MTR 1 – 5 Ordinal Ditto
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the residents
18. Presence of ethnic PES 1 – 5 Ordinal Ditto

segregation amongst
neighbours

19. Presence of adequate PAR 1 – 5 Ordinal Ditto
religious activities

20. Presence of welfare PWS 1 – 5 Ordinal Ditto
and socio-cultural
activities

21. Presence of cultural PCA 1 – 5 Ordinal Ditto
activities

22. Presence of GPS 1 – 5 Ordinal Ditto
government and
external support in
crisis situation

23. Source of family SFI 1 – 3 Nominal 1= Single source 2= Multiple sources 3=
income None

24. Range of Family
Income

RFI 1 – 5 Nominal 1= N18,000-49,000 2= N50,000-99,000
3=N100,000-299,000 4=

N300,000-499,000 5= N500K+
25. Financial services/

security
FSS 1 – 5 Nominal 1= Stable income 2= Thrift

3= loans 4= Insurance 5= Personal
Savings

Objective 2: Attributes of the flooding experienced in the study area;

1. Cause of flood
experienced

CFD 1 – 5 Nominal 1= Intense Rainfall
2= River overflow
3= Poor Urban Design
4= Urbanization
5= Others (Dam Related)

Factors influencing flood occurrences in the study area
2. Site Topography STP 1 – 5 Ordinal 1= Strongly disagree 2= Disagree 3= Not

sure 4= Agree 5= Strongly agree
3. Absence of Vegetation ABV 1 – 5 Ordinal Ditto

4. Nature of soil NOS 1 – 5 Ordinal Ditto

5. Poor channelization PCH 1 – 5 Ordinal Ditto

6. Clogged drainages CLD 1 – 5 Ordinal Ditto

7. Violation of planning
regulation

8. Failure to heed flood
risk warning

VPR 1 – 5 Ordinal Ditto

FHW 1 – 5 Ordinal Ditto
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9. Building on flood BFP 1 – 5 Ordinal Ditto
plains

10. Time flooding occurs TFO 1 – 3 Nominal 1= 0-3 hrs.
after intense rainfall 2= 4- 9 hrs.
starts 3= 10 hrs. & above

11. Flood pattern FPE 1 – 3 Nominal 1= Street flooding
experienced 2= compound flooding

3= Neighbourhood flooding
12. Building flood damage BFD 1 – 3 Nominal 1= water penetration damage,

pattern experienced 2= chemical damage (pollution and
contamination), 3= structural damage

13. Depth of flood DPT 1 – 3 Nominal 1= less than 300mm 2= 300-600 mm
3= 600+

Impact of the flooding experienced in the study area
14. Loss of lives LOL 1 – 5 Ordinal 1= never 2= rarely

3= sometimes 4= very often
5= always

15. Displacement of DOP 1 – 5 Ordinal Ditto
people

16. Disruption of power DPS 1 – 5 Ordinal Ditto
supply

17. Disruption of DOC 1 – 5 Ordinal Ditto
communication

18. Interruption of IBA 1 – 5 Ordinal Ditto
businesses within the
area

19. Traffic disruption TRD 1 – 5 Ordinal Ditto

20. Destruction of DIF 1 – 5 Ordinal Ditto
infrastructure

21. Building collapse BUC 1 – 5 Ordinal Ditto

22. Damages to building DBC 1 – 5 Ordinal Ditto
and contents

23. Damage to livestock DTL 1 – 5 Ordinal Ditto

24. Erosion/ destruction of EDH 1 – 5 Ordinal Ditto
harvest

25. Blocked kitchen sink BKS 1 – 5 Ordinal Ditto

26. Difficulty flushing DIF 1 – 5 Ordinal Ditto

27. Blocked bathroom BBF 1 – 5 Ordinal Ditto
floor drain

28. Septic tank overflow STO 1 – 5 Ordinal Ditto
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Objective 3: Neighborhood characteristics and Architectural design features of the existing housing stock in
flood prone areas of Kosofe Local Government Area of Lagos State, Nigeria;
1. Availability of natural NRA 1 – 5 Ordinal 1= Strongly disagree 2= Disagree 3= Not

recreational areas. sure 4= Agree 5= Strongly agree
2. Availability of HOS 1 – 5 Ordinal Ditto

adequate health care
facility

3. Availability of EDF 1 – 5 Ordinal Ditto
adequate educational
facilities

4. Availability of SDF 1 – 5 Ordinal Ditto
adequate stormwater
drainage facility

5. Availability of WAS 1 – 5 Ordinal Ditto
adequate domestic
waste disposal
facilities

6. Availability of AWS 1 – 5 Ordinal Ditto
adequate water supply

7. Availability of APS 1 – 5 Ordinal Ditto
adequate power supply

8. Availability of good RSN 1 – 5 Ordinal Ditto
roads and streets
networks

9. Availability of Space SSR 1 – 5 Ordinal Ditto
for social and religious
activities

10. Availability of SHF 1 – 5 Ordinal Ditto
shopping facilities

11. Availability of PES 1 – 5 Ordinal Ditto
Pedestrian walkways

12. Availability of FBR 1 – 5 Ordinal Ditto
floodwall/ barrier
along the river channel

13. Availability of flood FRP 1 – 5 Ordinal Ditto
retention ponds/
gardens

14. Availability of flood FWS 1 – 5 Ordinal Ditto
warning systems

15. Building Condition BCN 1 – 5 Ordinal 1= Very poor t 2= Poor 3= Fair 4= Very
good 5= Excellent

16. Proximity of House to PRX 1 – 3 Nominal 1= less than 30m 2= 30 – 50m
water body 3= 50 -70m
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17. House type TYP 1 – 5 Nominal 1= Single Bungalow 2= Semi-detached
Bungalow 3= block of flats 4= Terrace row
housing 5= Massionate / Duplex

18. Number of bedrooms
in the house

NBR 1 – 5 Nominal 1=1room 2=2rooms 3=3rooms 4=4rooms
5=5rooms+

19. Ground floor height HGR 1 – 4 Nominal 1= 150mm 2= 300 3= 450 mm

20. Walling materials

21. Roofing design

22. External door material

WMR

ROD

EDM

1 – 5

1 – 5

1 – 2

Nominal

Nominal

Nominal

4= above 600mm
1= Bricks 2= Stone 3= Sandcrete
Blocks 4= Stabilized Laterite
5= Concrete
1= Concrete with garden
2= Concrete without roof garden
3= mono pitch 4= double pitch
hip roof
1= Solid hardwood 2= Steel

5=

23. Internal doors material IDM 1 – 2 Nominal 1= Solid hardwood 2= PVC

24. Window material

25. Interior floor finishes

WIM

IFF

1 – 5

1 – 6

Nominal

Nominal

1= Wood 2= vinyl 3= Aluminum
4= Fiberglass 5= composite
1= Tiles 2= Cement and sand screed 3=

26. Exterior floor finish

27. Wall finishes

EFF

WLF

1 – 4

1 – 3

Nominal

Nominal

Terrazzo finish 4= Marble
Carpet and rugs 6= Wood
1= paved stone 2= concrete flooring
3= Cement and sand screed 4= sand
1= Tiles 2= Cement plaster 3= Paint

5=

28. Kitchen cabinet CAB 1 – 3 Nominal 1= Wood 2= Steel 3= PVC

29. Position of electric
sockets

30. Position of Phone
socket

31. Position of meters

PES

PPS

PMT

1 – 2

1 – 2

1 – 2

Ordinal

Ordinal

Ordinal

1= Low Level 2= High Level

1= Low Level 2= High Level

1= Low Level 2= High Level

Objective 4: Adaptive coping strategies currently used in managing flood risks to the building;

Flood disaster Preparedness
1. Source of information

on flood risk awareness

2. I am aware of risks
attributed to flooding

SIF 1 – 3 Nominal 1= previous flood experience

2= official information

3= Environmental signals

ARF 1 – 5 Ordinal 1= Strongly disagree 2= Disagree 3= Not

sure 4= Agree 5= Strongly agree
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3. Levels of flood
preparedness

4. Practice of preparatory
measures

LFP 1 – 4 Ordinal 1= Not prepared at all

2= Not very prepared 3= Slightly

prepared 4= Very well-prepared

PPM 1 – 3 Ordinal 1= Never 2= Sometimes 3= Always

Household coping capacity during Household coping capacity during flood disaster

5. Use of drainage
systems

6. Periodic maintenance

UDS

PMD

1 – 5

1 – 5

Ordinal

Ordinal

1= Strongly Disagree 2= Disagree 3= Not
Ditto Sure 4= Agree 5= Strongly Agree

Ditto
of drainages

7. Exterior paving with EPM 1 – 5 Ordinal Ditto
permeable materials

8. Rain garden to reduce RGR 1 – 5 Ordinal Ditto
run-off

9. Trees planting to TWR 1 – 5 Ordinal Ditto
reduce run-off

10. Rainwater harvesting RHR 1 – 5 Ordinal Ditto
system to reduce run-
off

11. Roof garden to reduce RFR 1 – 5 Ordinal Ditto
run off

12. Raised building ground RDF 1 – 5 Ordinal Ditto
floor

13. Location of living LIV 1 – 5 Ordinal Ditto
accommodation on
first floor

14. Raised electrical ELC 1 – 5 Ordinal Ditto
services above flood
line

15. Use of flood barriers FBR 1 – 5 Ordinal Ditto
across external
doorway

16. Anti-flooding devices AFD 1 – 5 Ordinal Ditto
are fixed to sewage
systems

17. Use of non-return NRV 1 – 5 Ordinal Ditto
valve in bathrooms

18. Standby pump PUM 1 – 5 Ordinal Ditto

19. Use of flood alarm
system

FAS 1 – 5 Ordinal Ditto
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Post flood disaster intervention

20. Source of Intervention
in post disaster

SIP 1 – 5 Nominal 1= Government support
2= Insurance 3= Support from
family/friends 4= prayers
5= Borrowing

Objective 5: Extent to which Socio-economic, Physical Environmental characteristics and Adaptive capacity

Influence Physical Flood vulnerability in the study area.

Objective 5b: Most significant indicator influencing physical flood vulnerability in the study Area

1. Flood water depth FWD 1 – 5 Ordinal 1= Insignificant Influence 2=Little
Influence 3= Not sure 4=Significant

Influence 5= Very Significant Influence

2. Flood duration FLD 1 – 5 Ordinal Ditto

3. Flood water Velocity FWV 1 – 5 Ordinal Ditto

4. Construction type and CTM 1 – 5 Ordinal Ditto
material

5. Quality of the building QTB 1 – 5 Ordinal Ditto

6. Stilts/Elevated ELV 1 – 5 Ordinal Ditto
buildings

7. Site topography STP 1 – 5 Ordinal Ditto

8. Building distance from BDR 1 – 5 Ordinal Ditto
river

9. Presence of sur. PSV 1 – 5 Ordinal Ditto
vegetation

10. Drainage system DRS 1 – 5 Ordinal Ditto

11. Low income LIN 1 – 5 Ordinal Ditto

12. land use LNU 1 – 5 Ordinal Ditto

13. Dam and storage DSC 1 – 5 Ordinal Ditto
capacity

14. Existence of household EHC 1 – 5 Ordinal Ditto
coping capacity
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3.5 Validity of the Research Instrument

Validity indicates how sound the research has been conducted, both in the design and the methods employed. It

shows that the findings in the research rightly represent the phenomenon that is studied in the research, and that

it measures what it claims to be measuring. In order to ensure validity in this current study, construct validity,

internal validity and external validity were considered.

Construct validity deals with how well a given measurement scale is measuring the theoretical construct that it

is expected to measure, the constructs or concepts investigated have been transferred into measurable variables

in the data collection instruments and how well the variables in the research have been adequately

operationalized. To achieve this in the research, the data was subjected to factor analyses and all the constructs

investigated had been adequately operationalized into measurable variables as shown in Table 3.4. Internal

validity refers to the extent to which observations are consistent and can be generalized from one person to

another and from one time to another. It also measures the extent to which variables used in a research truly test

the situation being investigated and the extent to which the results obtained reflect the situation investigated. In

view of these, the following steps were taken to achieve internal validity in the proposed research: adoption of

mixed-method research design, the use of different data collection instruments and tools and subjection of the

numeric data to factor and regression analyses.

External validity is concerned with the generalizability of results from a sample for the entire study population,

which is known as population validity and for other group of people, organizations, contexts, or time (i.e.

ecological validity). In this study, external validity was achieved firstly, by drawing a sample from the right

population that is residents of the flood prone areas of Kosofe LGA, Lagos State and built environment experts

who have the understanding, expertise, and experience on flood vulnerability in Nigeria. Secondly was by

selecting a sample that is representative of the various sub-groups that have all the characteristics of the target

population.
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3.6 Reliability of the Research Instrument

Reliability assesses the procedure used in collecting data for a study, to ascertain quality, consistency and

relevance; and how the research can be replicated to produce the same results every time. For mixed methods

research, the legitimation step is proposed, which involves assessing the trustworthiness of both qualitative and

quantitative data and subsequent interpretation1, 2.

Therefore, in this study, the rigour of the research that would verify its validity and reliability, as well as the

credibility and relevance of the methods were obtained majorly by pre-testing the questionnaire for the residents

of the flood-prone areas of the study area and subjecting the ordinal data to reliability test using the Cronbach‟s

Alpha reliability coefficient test. The designed questionnaire was used for an external pilot study involving 72

residents of Irawo, a neighbourhood that is constantly subjected to periodic flooding in kosofe LG area of Lagos

state. This represented about 20% of the estimated sample size. The test set out to measure if all variables were

measuring the same thing. The ordinal data obtained on all the variables of each of the research objectives were

subjected to reliability test using the Cronbach Alpha reliability coefficient test. The test results showed high

Cronbach‟s Alpha of 0.710, 0.759, and 0.847 on the Attributes of the flooding experienced (Objective 2);

neighbourhod characteristics and architectural features (Objective 3); and Adaptive Capacity (Objective 4),

respectively. The values obtained were higher than the recommended of 0.70 averages on such tests. Result of

these tests is shown in Table 3.5.

Table 3.5: Reliability by Objectives (Ordinal Variables)

Objectives Cronbach’s Alpha No of items

Objective 1 - -

Objective 2 0.710 8

Objective 3 0.847 16

Objective 4 - -

Objective 5 0.759 21

Source: Researcher’s Result via SPSS Version 23, (2023)
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3.7 Method of Data Collection

Due to the nature of the research approach (mixed-methods case study research) of the study, the qualitative

data was collected from literature review and interviews, complimented with observation and photographic

materials; while the quantitative data was collected by means of well-structured questionnaires were

administered by the researcher and trained field assistants. Table 3.6 below shows the phases in the data

collection process.

Table 3.6: Phases in Data Collection Process for Mixed-methods Research
Qualitative Data Collection Phases in the process

of research

Quantitative Data Collection

 Purposive sampling strategies

 Small number of participants and sites

 From individual providing access to

sites

 Individuals

 Open-ended interviews

 Expert opinion surveys

 Photographic materials (Field pictures

and Google earth Images)

Sampling  Random sampling

 Adequate size to reduce sampling

error and provide sufficient power

Permissions  From individual providing access to

sites

 Individuals

Data sources  Instruments (Questionnaires)

 Interview protocols Recording the data  Instruments with scores that are

reliable and valid

 Attending to field issues

 Attending to ethical issues

Administering data

collection

Source: 3

 Standardization of procedures

 Attending to ethical issues.
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3.8 Data Characteristics, Sources and Analyses by Objectives

Objective 1

To assess the demographic and socio-economic characteristics of residents of the flood prone areas of Kosofe

Local Government Area of Lagos State, Nigeria;

Data Characteristics: The data for Objective 1 are nominal and ordinal, as well as quantitative in nature. The

variables are as stated in Table 3.4.

Data Source: The data for this objective will be sourced from questionnaire administered to the residents of the

selected flood-prone areas of Kosofe Local Government Area of Lagos State, Nigeria (see Appendix 3).

Data Analysis: The quantitative data obtained will be analysed using frequency distribution, cumulative

percentages, charts and descriptive summary.

Objective 2

To examine the Attributes of the flooding experienced in the study area;

Data Characteristics: The data for Objective 2 are nominal and ordinal, as well as quantitative in nature. The

variables are as stated in Table 3.4.

Data Source: The data for this objective will be sourced from questionnaire administered to the residents of the

selected flood-prone areas of Kosofe Local Government Area of Lagos State, Nigeria (see Appendix 3).

Data Analysis: The quantitative data obtained will be analysed using Charts, frequency distribution, cumulative

percentages, Mean, Std. Deviation, factor analysis, and Relative Importance Index Analysis.

Objective 3

To assess neighbourhood characteristics and Architectural design features of the existing housing stock in flood

prone areas of Kosofe Local Government Area of Lagos State, Nigeria;

Data Characteristics: The data for Objective 3 are nominal and ordinal, as well as quantitative in nature. The

variables are as stated in Table 3.4.

Data Source: The data for this objective will be sourced from questionnaire administered to the residents of the

selected flood-prone areas of Kosofe Local Government Area of Lagos State, Nigeria (see Appendix 3).
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Data Analysis: The quantitative data obtained will be analysed using Mean, Std. Deviation, factor analysis,

charts, frequency distribution and cumulative percentages.

Objective 4

To investigate the adaptive coping strategies currently used in managing flood risks in the study area.

Data Characteristics: The data for Objective 4 are quantitative in nature. The variables are as stated in Table

3.4.

Data Source: The data for this objective will be sourced using questionnaire administered to the residents of the

selected areas for this study (see Appendix 3).

Data Analysis: The data obtained will be analysed using frequency, cumulative percentages, charts, Mean and

Standard deviation.

Objective 5

To investigate the extent to which socio-economic, environmental/physical characteristics and current adaptive

capacity influence the physical flood vulnerability in the study area.

Data Characteristic: The data for Objective 5 are ordinal, as well as quantitative in nature. The variables are as

stated in Appendix 5 and Table 3.4.

Data Source: Literature review, Pilot surveys, questionnaires, field observations and expert opinion survey

were useful sources of relevant indicators. (See Appendix 3 and 5).

Data Analysis: Relative Importance Index (RII), Linear Regression, and Analysis of variance (ANOVA).
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3.9 Ethical Approval

Ethical consideration is how to authenticate the collection of data in order to prevent falsification and

fabrication, minimize error and promote knowledge and truth as well as to guard against the infringement of

human rights in the course of the research. As this research involves interaction with human population both at

homes and work places, it is important to establish trust with participants, where rights were respected.

Therefore, full consent was obtained from participants of the research, using consent forms, and privacy of the

participants would not be violated in the administration of the questionnaires and interview sessions. In

reporting the findings, the highest levels of confidentiality and anonymity were maintained as no information

provided by any participant would be linked to him/her. The research process was clearly stated to respondents,

providing the aim and objectives, so that responses obtained would be as true as possible without external

influences. The views of participants will be respected, and the data was carefully stored to avoid access by

unauthorized persons.
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Table 3.7: Summary of Research Design/ Strategy

Objectives Type of Data Nature of Data Types of Analyses

Objective 1

To assess the demographic and

socio-economic characteristics

of residents of the flood prone

areas of Kosofe Local

Government Area of Lagos

State, Nigeria;

Quantitative Nominal, ordinal Descriptive statistics such

as frequency distribution

and cumulative

percentages

Objective 2

To examine the Attributes of the

flooding experienced in the

study area;

Quantitative Nominal, ordinal, Charts, frequency

distribution, cumulative

percentages, Mean, Std.

Deviation, factor analysis,

and Relative Importance

Index Analysis.

Objective 3

To assess neighbourhood

characteristics and

Architectural design features of

the existing housing stock in

flood prone areas of Kosofe

Local Government Area of

Lagos State, Nigeria;

Quantitative Nominal, ordinal Mean, Std. Deviation,

factor analysis, charts,

frequency distribution and

cumulative percentages.

Objective 4

To investigate the adaptive

coping strategies currently used

in managing flood risks in the

study area;

Quantitative Ordinal Frequency, cumulative

percentages, charts, Mean

and Standard deviation.
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Objective 5

To investigate the extent to

which the socio-economic,

environmental/physical

characteristics and current

adaptive capacity influence

physical flood vulnerability in

the study area.

Quantitative Ordinal Relative Importance

Index (RII), Linear

Regression, and Analysis

of variance (ANOVA).



Endnotes

1. M. T. Holden & P. Lynch, Choosing the Appropriate Methodology : Understanding Research

Philosophy Choosing the Appropriate Methodology : Understanding Research Philosophy Abstract,”

The Marketing Review, 4, no. 4, 2004, 397–409.

2. R. B. Johnson & A. Onwuegbuzie, Mixed Methods Research: A Research Paradigm Whose Time

Has Come, Educational Researcher, 33, no. 7, 2004, 14–16.

3. J. W. Creswell, Research Design: Qualitative, Quantitative and Mixed Method Approaches.,

California, USA: Sage Publications, 2013, 1-59.

4. D. C. Loraine & J. K. Vimala, Mixed Methods Case Study,Mixed Methods International Research

Association, no. September 2019, 2019, http://mmira.wildapricot.org/admin/website/?pageId=1

514647%0A.

5. J. W. Creswell, V. L. Plano-Clark, M. Gutmann, & W. Hanson, Advanced mixed methods research

designs. In A. Tashakkori & C. Teddlie (Eds.), Handbook of mixed methods in social and behavioral

research, Thousand Oaks, CA: Sage Publications, 2003, 209-240.

6. E. A. Olagoke, GIS Approach Delineation of Flood Vulnerable Buildings Along River Agboyi,

British Journal of Environmental Sciences, 8, no. 4, 2020, 17–35.

7. R. J. Rasch, Assessing Urban Vulnerability to Flood Hazard in Brazilian Municipalities, Sage, 28, 1,

2015, 145–168.

8. I. U. Kaoje, Z. M. Rahman, N. H. Idris, K. A. Razak, M. W. Rani, & R. M. Salley, Physical Flood

Vulnerability Assessment Using Geospatial Indicator-Based Approach and Participatory Analytical

Hierarchy Process: A Case Study in Kota Bharu, Malaysia,Water, 13, 1786, 2021, 1–22.

9. M. P. Kohle, M. Schlogl, L. Dosser, F. Roesch, M. Borga, M. Erlicher, M. Keiler, & S. Fuchs,

Physical Vulnerability to Dynamic Flooding : Vulnerability Curves and Vulnerability Indices,

Journal of Hydrology, 607, 1, 2022, 1–11.

10. R. B. Munyai, A. Musyoki & N. S. Nethengwe, An Assessment of Flood Vulnerability and

Adaptation : A Case Study of Hamutsha-Muungamunwe Village , Makhado Municipality, Journal of

Disaster Risk Studies, 11, 2 , 2019, 1–8.

11. M. B. Malgwi, S. Fuchs & M. Keiler, A Generic Physical Vulnerability Model for Floods : Review

and Concept for Data-Scarce Regions,Water, no. 2009, 2020.

101

http://mmira.wildapricot.org/admin/website/?pageId=1


102

Chapter Four

Results and Discussion of Findings

4.1 Demographic Data Analysis

This section begins the presentation of the result of the data collected and analyzed. A total of 385 household

were surveyed through the administration of one copy of the questionnaire to each house. Out of these, 341

questionnaires were returned, of which 17 were voided due to incomplete, vague or wrongful entry of responses.

Thus, a total of 324 copies of the questionnaires were included in the analyses. This represented an acceptable

84.15% of the 385 sample size for the survey. The demographic and socio-economic characteristics of residents

of the flood-prone areas of Kosofe are presented in the following sections.

Demographic Characteristics of Residents of Flood-prone areas of Kosofe.

Figure 4.1 shows that 202 (62.3%) of the respondents were male, 113 (34.9%) were female, while 9 (2.8%) of

respondents did not indicate their gender. This shows that more than one-half of the respondents were male.

Figure 4.1: Gender of the Respondents
Source: Researcher’s Result via SPSS Version 23, (2023)
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The result also shows that a high majority (96%) of respondents are of Nigerian nationality, coming from over

50 tribes of the nation. Very few (3.4%) of the respondents are of other nationalities, comprising around 0.92%

from china, 0.31% from Cameroun, and 2.2% from Benin Republic. However, 0.62% of the respondents did not

indicate their nationality. It was further observed that majority of the respondents (60.8%) are tenants

comprising of residents from Nigeria, Cameroon and Benin Republic; while (38.3%) live in their own house, the

remaining 0.9% are Chinese who have lived in service apartments provided by their work organization for

official use for a period of between 6 and 10 years.

The third demographic characteristic studied was age of the residents in the study area. It can be seen from the

result in Table 4.1 that, majority of the respondents are between the ages of 31 years and 43 years (28.1%),

followed by those between 18 years and 30 years (26.9%); 44 years and 56 years (19.1%); 57 years and 69 years

(12.7%); and above 70 years (12%) respectively.

Table 4.1: Age Distribution and Education status of the Respondents
Age Grouping Frequency Percentage Cumulative percent

18-30 87 26.9 26.9

31-43 91 28.1 54.9

44-56 62 19.1 74.1

57-65 41 12.7 86.7

66- above 39 12.0 98.8

No Response 4 1.2 100.0

Total 324 100.0

Highest Level of

Education attained

Frequency Percentage Cumulative

percentage

Primary education 54 16.7 16.7

Secondary education 69 21.3 38.0

Tertiary education 201 62.0 100.0

Total 324 100.0

Source: Researcher’s Result via SPSS Version 23, (2023)
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It can also be observed in Table 4.1 that the employable age range of between age 18 years and 56 years had the

predominant combined proportion of 74.1%, while those at the retirement age range of 66 years and above

constitute 12% of the sample. Specifically, 14.2% of the participants in the survey were found to be retirees.

Furthermore, the employment status of the respondents was also investigated in this study, and the results

showed that 55.5% of the respondents were employed; comprising self-employed persons (24.4%), employees

of private sector organizations (15.1%), and government employees (16%); while around 30.2% of the

respondents were unemployed.

Figure 4.2: Employment Status of the Respondents
Source: Researcher’s Result via SPSS Version 23, (2023)

Concerning the marital status of the respondents, the result shows that a larger number (44.1%) of the

respondents were married, another 33% claimed that they were single persons living alone; 10.5% of them were

widowed persons; and 6.5% are divorced or separated persons; while 5.9% of respondents did not indicate their

marital status. In addition, the result shows that 57.1% of the respondents identified with the Christian religion,

while 40.7% identified with the Islamic religion.

Further, the result in Table 4.1 shows the highest level of educational attainment of the respondents in the

survey. Results reveal that most respondents (62%) in the survey reported having had tertiary education, 21.3%
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had secondary education, 16.7% had primary education, and no respondent was reported as not having any level

of formal education.

4.2 Presentation of Research Questions and Data

Research Question One

What are the demographic and socio-economic characteristics of residents in the flood prone areas of Kosofe

Local Government Area of Lagos State?

The three questions on the socio-economic characteristics were the social capital, the household composition,

and the livelihood patterns of residents of the study area.

Social Capital

The factors used to examine the social capital of the respondents were the socio-demographic ties, socio-

demographic diversity, and existence of external support in the study area. Socio-demographic ties were

investigated by examining the frequency of available family ties in the study area; relationships and mutual trust

among neighbours. In addition, the socio-demographic diversity was assessed by the extent of ethnic

segregation, shared interests and religious beliefs, and availability of socio-cultural activities; while the external

support was also investigated by examining the presence of government and external support. The data on these

variables were obtained from the questionnaires administered to the respondents in the study area. The data

were collected via questionnaire using a 5-point Likert type scale, where the respondents were asked to indicate

the extent of agreement or disagreement with the questions relating to the afore mentioned variables. The scale

of measurement used are Strongly Disagree = 1; Disagree = 2; Not Sure = 3; Agree = 4; and Strongly Agree = 5

(See Appendix 3). The result on available family ties in the study area is presented in Table 4.2.

The result in Table 4.2 shows that around 34.9% of the respondents agreed that they had close friends and

relatives living within the estates, 33% of respondents disagreed to this factor, while 31.1% of the respondents

were not sure of this.
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Table 4.2: Social Capital of the Respondents
Having close friends
and relatives living
in the area

Frequency Percentage Cumulative percent

Strongly disagree 49 15.1 15.1
Disagree 58 17.9 33.0
Not sure 104 32.1 65.1
Agree 83 25.6 90.7
Strongly Agree 30 9.3 100.0

Total 324 100.0
Relationship with Frequency Percentage Cumulative percent
Neighbours
Strongly disagree 22 6.8 6.8
Disagree 29 9.0 15.7
Not sure 17 5.2 21.0
Agree 182 56.2 77.2
Strongly Agree 74 22.8 100.0

Total 324 100.0
Mutual Trust Frequency Percentage Cumulative percent
amongst Residents
Strongly disagree 56 17.3 17.3
Disagree 104 32.1 49.4
Not sure 87 26.9 76.2
Agree 22 6.8 83.0
Strongly Agree 51 15.7 98.8
No Response 4 1.2 100.0

Total 324 100.0
Perceived ethnic
segregation

Frequency Percentage Cumulative percent

Strongly disagree 219 67.6 67.6
Disagree 34 10.5 78.1
Not sure 14 4.3 82.4
Agree 30 9.3 91.7
Strongly Agree 27 8.3 100.0

Total 324 100.0
Religious Activities Frequency Percentage Cumulative percent
in the Study Area
Strongly disagree 1 .3 .3
Disagree 5 1.5 1.9
Not sure 2 .6 2.5
Agree 99 30.6 33.0
Strongly Agree 217 67.0 100.0

Total 324 100.0
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Socio-Cultural Activities Frequency Percentage Cumulative percent
Strongly disagree 25 7.7 7.7
Disagree 42 13.0 20.7
Not sure 23 7.0 27.7
Agree 135 41.7 69.4
Strongly Agree 99 30.6 100.0

Total 324 100.0
Welfare facilities and Frequency Percentage Cumulative percent
Socio-Cultural Activities
Strongly disagree 8 2.5 2.5
Disagree 131 40.4 42.9
Not sure 42 13.0 55.9
Agree 34 10.5 66.4
Strongly Agree 109 33.6 100.0

Total 324 100.0
Source: Researcher’s Result via SPSS Version 23, (2023)

The result in Table 4.2 indicates the level of neighbourhood ties among residents. This result reveals that 79%

of the respondents agreed that they had close relationships with their neighbours, while 15.8% disagreed, and

5.2% of the respondents were not sure of this. In spite of the high level of close relationship reported among

neighbors, results as shown in Table 4.2 indicate that mutual trust amongst the residents was low. Also, Table

4.2 reveals that 16.9% of the respondents agreed that there was mutual trust amongst residents in the area;

49.4% disagreed; while 26.9% of the respondents were not sure of this. Such low level of trust amongst

neighbors was suspected to be as a result of the diversity of tribes (about 50) living within the study area.

However, it is clear that a few of the respondents perceived ethnic segregation amongst neighbors despite the

low level of trust amongst neighbors.

The result in Table 4.2 also shows that around 78.1% of the respondents disagreed to the presence of ethnic

segregation amongst neighbors, with only 17.6% saying there was ethnic segregation, and around 4.3% of the

respondents were not sure. Similarly, the result in Table 4.2 shows that majority of the respondents (97.6%)

agree to the presence of religious activities in the area; very few of the respondents (0.6%) were not sure of this,

while 1.8% disagreed with the availability of religious activities in the study area. Despite the proportion of

residents who reported a high level of religious activities, the survey on socio-cultural activities showed a

similar view.
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On the presence of socio-cultural activities within the study area, the result in Table 4.2 reveals that about

72.3% of the respondents agreed to the availability of social activities within the study area; 20.7% disagreed,

while 7% were not sure. Similarly, it was observed from the result in Table 4.2 that there is a close tie between

those who agreed (44.1%) and disagreed (42.9%) to government presence and external support within the area.

Household Composition of the Residents

This factor was examined through the study of house types, occupancy status of the respondents, household

sizes, and duration of residency in the study area; Figure 4.3 shows the frequency distribution of the different

house types within the areas. The result in Figure 4.3 shows that the predominant housing types within the study

area are the semi-detached apartment. The semi-detached housing types showed the highest frequency, with a

total of around 52.8%. This is followed by the single bungalow which accounted for 20.7%; the block of flats

accounted for 15.1% of the housing types, while the duplex housing type contributes around 6.5% of the

sample. The terrace row housing type was the lowest accounting for around 4.9% of the houses included in the

survey.
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Figure 4.3: Frequency of House Types in the area
Source: Researcher’s Result via SPSS Version 23, (2023)

This highest proportion of semi-detached appearing in the areas sampled correspond with the survey result of

occupancy status of the residents as shown in Table 4.3, which shows that around 60.8% were tenants living in

rented apartments. However, only 38.3% of the respondent households were found to be families living by

themselves; while 0.9% of the respondents were Chinese expatriate living in a service apartment provided by

their work organization. This occupancy characteristic was also reflected in the number of people living in the

households.

Table 4.3: Household Composition

Occupancy status Frequency Percentage Cumulative percent
Official Resident 3 .9 .9
Tenant 197 60.8 61.7
Owner Occupied 124 38.3 100.0

Total 324 100.0
Number of people in the
Household

Frequency Percentage Cumulative percent

1-2 67 20.7 20.7
3-4 191 59.0 79.6
5 and above 66 20.4 100.0
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Total 324 100.0
Duration of Residency in
the area

Frequency Percentage Cumulative percent

1-5 32 9.9 9.9
6-10 75 23.1 33.0
11-15 64 19.8 52.8
16 and above 153 47.2 100.0

Total 324 100.0
Source: Researcher’s Result via SPSS Version 23, (2023)

Furthermore, as revealed by the result in Table 4.3, the household sizes of between three people and four people

had the highest rate of 59%. A household size of one and two people was 20.7%; whereas a larger household

size of five people and above was the lowest at 20.4%. However, only 2.8% of residents are physically

challenged, while 62.7% of the households sampled are without cars.

Further investigation was carried out on the duration of residence of the respondents within the areas, and the

result is shown in Table 4.3. The result on duration of residence as shown in Table 4.3 reveals that the longest

staying respondents in the areas (47.2%) are those who had lived there for more than 16 years. This is followed

by respondents who had lived in the areas between 6 years and 10 years (23.1%), while about 19.8% of the

sample had lived in the area for between 11 years and 15 years, and the lowest proportion of 9.9% having lived

in the areas for less than 5 years.

The reasons given by the respondents for living in the area as presented in Figure 4.4 shows that majority

(38.3%) live in the area because of the cost of housing.
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Cheap
Accommodation

(38.3%)

Job Transfer(19.4%)

Personal residence
(25%)

To live with spouse
(16.4%)

Official residence
(0.9%)

Figure 4.4: Reasons for living in the areas
Source: Researcher’s Result via SPSS Version 23, (2023)

This is followed by those who have their personal residences within the area. The result further reveals that the

other reasons for living in the area included job transfer and to live with spouse who accounted for 19.4% and

16.4% respectively. However, the least indicated reason for taking up residency in the area is that it is an official

residence (0.9%).

Livelihood Pattern

The third set of variables used to assess socio-economic characteristics of residents in the study areas is related

to the livelihood pattern of residents, which is an indicator of resilience. To help determine the pattern of

livelihoods of the residents, their employment pattern, income patterns and financial services available within

the study areas were assessed. Figure 4.5 shows the result of the employment status of the respondents in the

household survey.

From the result in Figure 4.5 it can be seen that the unemployed formed the highest proportion of the

respondents (30.2%). This is followed by the self-employed who accounted for 24.4% of the respondents.

14.5% of the self-employed operate their businesses within the area, while 9.9% are self-employed outside the

area. Also, 16% of the respondents were in government employments.
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14.5% 15.1% 14.2%

9.9%

Figure 4.5: Employment status of Respondents
Source: Researcher’s Result via SPSS Version 23, (2023)

Employees of private sector organization formed 15.1% of the sample population, while only 14.5% of the

respondents reported being unemployed, and 14.2% of the respondents were retirees. To further investigate

employment pattern of the respondents, the survey assessed the number of streams of income within the

household. Figure 4.6 shows the result of the survey on number of streams of income within the household

where respondents were drawn from.
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Single Incomes
14.5%

No Income
28.4%

Multiple Incomes
57.1%

Figure 4.6: Number of Streams of Income in a Household
Source: Researcher’s Result via SPSS Version 23, (2023)

Results in Figure 4.6 revealed that around 57.1% of the respondents claimed to have multiple streams ofincome,

while 14.5% of the respondents claimed that they have a single source of income. However, 28.4% of the

respondents reported having no streams of income. In addition to the various numbers of streams of income of

the household, the monthly cumulative income range of employed members of the household was investigated.

The result of the monthly income is represented in Figure 4.7.

The result presented in Figure 4.7 shows that the highest percentage (64.2%) of the households represented had

a total family income of below N99, 000. This is followed by the income group of between N100, 000.00 and

N299, 000.00, which constituted 19.4% of the respondents. A very low percentage (8.3%) of the household

representative indicated earning between N300, 000.00 and N499, 000, while 5.2% of the respondents earned

above N500, 000.
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38.9%
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Figure 4.7: Range of Monthly Household Income Source:
Researcher’s Result via SPSS Version 23, (2023)

Regarding the availability of Security for contingencies, the result of financial services available to the

respondents is shown in Table 4.4. From the result in Table 4.4, majority of the respondents (47.2%) indicated

that they rely on their participation in Thrifts (Ajo); while 25.9% of the respondents rely on personal savings,

and 17.6% rely on Stable income. However, a lower value of 7.1% and 2.2% of the respondents rely on

availability of loans and insurance cover respectively.

Table 4.4: Financial Services available for contingencies

Available Financial Services Frequency Percentage Cumulative percent

Stable income 57 17.6 17.6

Participation in Thrifts (Ajo) 153 47.2 64.8

Availability of loans 23 7.1 71.9

Availability of insurance cover 7 2.2 74.1

Personal Savings 84 25.9 100.0

Total 324 100.0

Source: Researcher’s Result via SPSS Version 23, (2023)
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Research Question Two

What are the attributes of the flooding experienced in the flood prone areas of Kosofe Local Government Area

of Lagos State?

The survey on flood attributes sought to examine the patterns, causes, and impact of the flooding experienced in

the study area. The data used for this objective are nominal and ordinal in nature; and the information were

derived from section C of the questionnaires (Appendix 3) administered to the respondents living within the

study areas.

Patterns of the Flooding Experienced

There are 4 variables used to assess the pattern of the flooding experienced in the study areas. They include:

time flooding occurs after intense rainfall starts, flooding experienced, building flood damage pattern

experienced and flood depth. Figure 4.8 shows time flooding occurs after high-intensity rainfall starts. The

result in Figure 4.8 shows that majority of the respondents (50%) in the survey agree that flooding starts within

the first three hours (1-3 hrs.) after the start of an intensity rain, while 39.5% percent and 10.5% of the

respondents indicated that most flooding starts within (4- 9 hrs.) and (10 hrs. above) respectively.

Figure 4.8: Time flooding occurs after intense rain starts
Source: Researcher’s Result via SPSS Version 23, (2023)
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On the flooding experienced by residents of the study area, results in Figure 4.9 shows that most of the

respondents (67%) reported to have experienced Neighbourhood flooding, street flooding and compound

flooding. However, 11.7% of the respondents claimed to have experienced neighbourhood flooding alone, while

10.8% and 10.5% of the respondents respectively indicated having experienced compound flooding and street

flooding alone.

Figure 4.9: Flooding experienced in the study area
Source: Researcher’s Result via SPSS Version 23, (2023)

Table 4.5 shows the building damage pattern experienced and flood depth. Regarding the building flood damage

pattern experienced in the study area, results as shown in Table 4.5 shows that water penetration damages (55.9%)

were reported to be more frequent. This is followed by structural damages which accounted for 44.1%of the

flood damages experienced in the study area. Also, majority of the respondents (46%) consider the depthof the

flood experienced to be between 300mm and 600mm, while 39.5% claimed it to above 750mm. However, 14.5%

of the respondent noted that the flood depth is less than 300mm.
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Table 4.5: Building flood damage and Flood depth experienced in the study areas

Flood damage pattern Frequency Percentage Cumulative percent

Water penetration damage 181 55.9 55.9

Structural damage 143 44.1 100.0

Total 324 100.0

Depth of flood

Less than 300mm 47 14.5 14.5

300-600mm 149 46.0 60.5

750mm + 128 39.5 100.0

Total 324 100.0

Source: Researcher’s Result via SPSS Version 23, (2023)

Causes of Flooding Experienced and its Influencing Factors

Findings from the survey as shown in Figure 4.10 suggest resident‘s perception of the causes of flooding

experience in the study areas. Majority of the respondents (44.8%) attributed the cause to poor urban design,

while 25.9% of the respondents signified intense rainfall. Others attributed the cause to urbanization (9.6%),

occasional release of water from the dam or failure (11.1%), and river overflow (8.6%).

Figure 4.10: Causes of flooding experienced in the study areas
Source: Researcher’s Result via SPSS Version 23, (2023)
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Factors Influencing Occurrence of floods in the study area

8 variables were used to evaluate the factors influencing occurrence of flood events in the study area, the result

in Table 4.6 shows that the mean of the most influential factor being clogged drainages which is 4.94. This is

followed by poor channelization (4.77), building on flood plains (3.87), violation of planning regulation (3.81),

nature of soil (3.46). The mean of the three least factors influencing flood occurrences in the study area are the

absence of vegetation (3.31), failure to heed flood risk warning (2.75) and site topography (2.70).

Table 4.6: Factors Influencing Occurrence of floods in the study area

Factors Influencing flood occurrences Mean

Std.

Deviation Ranking

Clogged drainages 4.94 .235 1

Poor channelization 4.77 .603 2

Building on flood plains 3.87 1.179 3

Violation of planning regulation 3.81 1.077 4

Nature of soil 3.46 1.186 5

Absence of Vegetation 3.31 1.404 6

Failure to heed flood risk warning 2.75 1.443 7

Site Topography 2.70 1.201 8

Source: Researcher’s Result via SPSS Version 23, (2023)

In order to better understand how the residents understood and interpreted the factors influencing flood

occurrences in their areas, the 8 variables used to assess this were subjected to factor analysis. The suitability of

the survey data for factor analysis was investigated by conducting the Kaiser-Meyer-Olkin (KMO) Measure of

Sampling Adequacy and the Bartlett‘s Test of Sphericity. The KMO test produced 0.856, while the Bartlett‘s

Test of Sphericity was significant at 0.000 (See Appendix 6) hence the data were subjected to factor analysis.

Using the Principal Component Analysis (PCA) extraction method, two main dimensions (components) were

extracted as shown in Table 4.7. The Table shows the result of the total variance accounted for by the two

dimensions that have eigenvalue of 1 and above to be around 90%.
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Table 4.7:Total Variance Explained

Initial Eigenvalues

Extraction Sums of Squared

Loadings

Rotation Sums of Squared

Loadings

Component Total

% of

Variance

Cumulative

% Total

% of

Variance

Cumulative

% Total

% of

Variance

Cumulative

%

1 6.140 76.745 76.745 6.140 76.745 76.745 4.607 57.582 57.582

2 1.085 13.562 90.307 1.085 13.562 90.307 2.618 32.725 90.307

3 .318 3.970 94.276

4 .167 2.083 96.359

5 .130 1.623 97.983

6 .084 1.052 99.035

7 .053 .658 99.694

8 .025 .306 100.000

Extraction Method: Principal Component Analysis.
Source: Researcher’s Result via SPSS Version 23, (2023)

Table 4.8 shows the summary of the names, factor loadings, Eigenvalue and percentage of variance for each of

the two dimensions (components) identified. The original Table of the factor loadings on each of the dimensions

is presented in Appendix 6.

Table 4.8: Presentation of Result of Factor Analysis

Dimensions of the factors influencing flood

occurrences in the study area

Factor

Loadings

Eigen

value

% of

Variance

Cum

%

Dimension 1: Non-structural 4.607 57.582 57.582

Site Topography .909

Absence of Vegetation .914

Nature of Soil .855

Violation of Planning regulation .779

Failure to heed flood risk warning .960

Building on flood plain .735

Dimension 2: Structural 2.618 32.725 90.307

Poor Channelization .844

Clogged drainages .913

90% of Variance accounted for.
Source: Researcher’s Result via SPSS Version 23, (2023)
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Examination of the result in Table 4.8 reveals that the first dimension is site topography, absence of vegetation,

nature of soil, violation of planning regulation, failure to heed flood risk warning, and building on flood plain.

This dimension accounts for around 57.6% of the variance in the 8 variables included in the analysis. It has 6 of

the 8 variables loaded on it and hence it is the dimension with the highest contribution to understanding the

factors influencing flood occurrences in the study areas. The second dimension is poor channelization and

clogged drainages. This second dimension accounts for around 32.7% of the variance in the 8 variables, and has

two variables loaded on it.

Impact of the flooding experienced in the study areas

The data on this information were derived from questionnaires (Appendix 3) administered to the respondents

living within the study areas. The impact of the flooding experienced in the study areas were investigated using

15 variables. The variables were evaluated using descriptive statistics and exploratory factor analysis. The scale

of measurement used was the 5-point Likert-type scale of never=1; rarely=2; sometimes =3; very often=4;

always=5. The result of the descriptive analysis of the impacts of the flooding experienced is presented in Table

4.9.

Table 4.9: Impact of flooding in the study area

Impacts Mean
Std.

Deviation Ranking Level of Impact
Disruption of businesses within the area 4.45 .730 1
Displacement of people 4.43 .728 2
Traffic disruption 4.24 .797 3 SIGNIFICANT
Erosion/ destruction of harvest 4.04 .903 4
Disruption of power supply 3.99 .973 5
Disruption of communication 3.97 1.026 6
Damages to building and contents 3.86 .893 7
Damages to livestock 3.57 1.166 8
Loss of lives 3.06 .975 9 MODERATE
Destruction of infrastructure 3.01 1.090 10
Building collapse 2.72 1.064 11
Difficulty flushing 2.61 1.174 12
Blocked bathroom floor drain 2.59 1.215 13 LITTLE
Blocked kitchen sink 2.52 1.176 14
Septic tank overflow 2.46 1.471 15

Source: Researcher’s Result via SPSS Version 23, (2023)
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From the result in table 4.9, it is evident that 4 of the impacts have mean scores of between 4.45 and 4.04, and

are ranked 1 to 4. These impacts can be considered as the most significant impact of flooding experienced by

residents of the study areas. The second set of 6 impacts have mean scores of 3.99 – 3.01, and are ranked from

5 to 10. These can be seen as the moderate impacts of flooding. The last 5 impacts ranked from 11to 15 have

mean scores of between 2.72 and 2.46, and can be considered to be the least impact of flooding on the residents

of the study area. A further examination of the result reveals that the top three most significant impact of

flooding to residents of the study areas are disruption of businesses within the area with mean score of 4.45,

displacement of people (4.43), and traffic disruption (4.24). In contrast, the three least important impacts

considered by the residents of the study areas are blocked bathroom floor drain, blocked kitchen sink, and septic

tank overflow, which all emerged with mean scores of 2.59, 2.52 and 2.46 respectively.

Relative Importance Index Analysis

The data were further analyzed using the Relative Importance Index (RII). The RII is measured for each of the

variables and ranked accordingly. The RII was calculated by using the equation RII= ∑ �

*
Where, w =

weight (1, 2...4), A = highest weight, and N = number of responses. Five important levels of the relative index

values are high (H) (0.8 ≤ RI ≤ 1), high-medium (H-M) (0.6 ≤ RI ≤ 0.8), medium (M) (0.4 ≤ RI ≤ 0.6), medium-

low (M-L) (0.2 ≤ RI ≤ 0.4), and low (L) (0 ≤ RI ≤ 0.2). Generally, RII values close to 1 are considered to be of

high importance and vice versa. The results are presented in Table 4.10.

From the result presented in Tale 4.10, out of the 15 impacts investigated, 4 of them have high level of

importance based on residents‘ perception of the impact of the flooding experienced in the study areas. 6

impacts have high-medium importance, while other 5 impacts have medium importance. As stated in Table

4.10, the highest ranking impact of flooding is interruption of businesses within the area (0.871). This is

followed by displacement of people (0.886), traffic disruption (0.848), and erosion (0.809). This seems to

supports the result of the descriptive statistics analysis, which shows these four factors as the top most
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significant impact of flooding from the residents‘ perspective. The lowest ranking factor of the 15 impacts is

septic tank overflow (0.492). It is evident that no impact was ranked low.

Table 4.10: Relative Importance Index Ranking Results
Relative

Impact of flooding Index

Overall

ranking

Importance

level

Interruption of businesses within the area 0.871 1 High

Displacement of people 0.886 2 High

Traffic disruption 0.848 3 High

Erosion/ destruction of harvest 0.809 4 High

Disruption of power supply 0.799 5 High-medium

Disruption of communication 0.794 6 High-medium

Damages to building and contents 0.772 7 High-medium

Damages to livestock 0.727 8 High-medium

Loss of lives 0.612 9 High-medium

Destruction of infrastructure 0.601 10 High-medium

Building collapse 0.544 11 medium

Difficulty flushing 0.522 12 medium

Blocked bathroom floor drain 0.517 13 medium

Blocked kitchen sink 0.497 14 medium

Septic tank overflow 0.492 15 medium

Source: Researcher’s Result via SPSS Version 23, (2023)

Research Question Three

What are the neighbourhood characteristics and architectural design features of the existing housing schemes

in the flood prone areas of Kosofe Local Government Area of Lagos State?

The study identified 14 variables to assess the neighbourhood characteristics of the study areas. The variables

were evaluated using descriptive statistics and exploratory factor analysis. The internal consistency of the 14

variables was ascertained using Cronbach alpha reliability test. A value of 0.929, greater than the acceptable

value of 0.70, was obtained. In the survey the respondents were asked to indicate the level of agreement with the
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availability of the variables on a 5-point Likert-type scale. The result of the descriptive analysis of the

neighbourhood characteristics are presented in Table 4.11.

Table 4.11: Available Neighbourhood characteristics in the study area
Available Neighbourhood Characteristics

Mean

Std.

Deviation Ranking

Space for social and religious activities 3.32 1.343 1

Educational facilities 3.27 1.609 2

Shopping Facilities 3.19 1.360 3

Power Supply 3.05 1.276 4

Health Center 3.02 1.531 5

Pedestrian Walkways 2.77 1.530 6

Good Roads and Streets Networks 2.59 1.308 7

Floodwall/ Barrier Along the River Channel 2.31 .850 8

Flood Retention Ponds/ Gardens 2.22 .737 9

Flood Warning Systems 2.17 .682 10

Domestic Waste Disposal Facilities 1.67 1.073 11

Adequate Stormwater Drainage Facility 1.60 .937 12

Portable water Supply 1.54 .792 13

Natural Recreational Areas 1.54 .915 13

Source: Researcher’s Result via SPSS Version 23, (2023)

For the 14 variables used to assess the availability of specific neighbourhood characteristics, the result in Table

4.11 shows that the mean of the most available feature being space for social and religious activities is 3.32;

followed by availability of educational facilities (3.27); shopping facilities (3.19). The mean of the three least

available neighbourhood features were adequate stormwater drainage facilities (1.60), portable water supply

(1.54) and natural recreational areas (1.54). The result in Table 4.11, therefore suggests that the most available

neighbourhood characteristic in the study areas is space for social and religious activities, while the least are

Water supply and natural recreational areas.

To develop a better understanding of how the residents understood and interpreted the neighbourhood

characteristics of the study area, the 14 variables used to assess this were subjected to factor analysis. However,

prior to carrying out this analysis the suitability of the survey data for factor analysis was investigated by
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conducting the Kaiser-Meyer-Olkin (KMO) Measure of Sampling Adequacy and the Bartlett‘s Test of

Sphericity. The KMO test produced 0.925, which is above the acceptable value of 0.6, while the Bartlett‘s Test

of Sphericity was significant at 0.000 (See Appendix 7) hence the data were subjected to factor analysis. Using

the extraction method involving principal component analysis (PCA) and a Varimax with Kaiser Normalization

rotation method; two main dimensions (components) were extracted as shown in Table 4.12.

Table 4.12:Total Variance Explained

Initial Eigenvalues

Extraction Sums of Squared

Loadings

Rotation Sums of Squared

Loadings

Component Total

% of

Variance

Cumulative

% Total

% of

Variance

Cumulative

% Total

% of

Variance

Cumulativ

e %

1 11.286 80.616 80.616 11.286 80.616 80.616 7.222 51.589 51.589

2 1.394 9.954 90.571 1.394 9.954 90.571 5.457 38.982 90.571

3 .508 3.626 94.197

4 .276 1.970 96.167

5 .152 1.085 97.251

6 .084 .597 97.848

7 .068 .486 98.334

8 .053 .379 98.713

9 .045 .321 99.034

10 .043 .310 99.344

11 .033 .236 99.580

12 .023 .161 99.741

13 .020 .140 99.881

14 .017 .119 100.000

Extraction Method: Principal Component Analysis.
Source: Researcher’s Result via SPSS Version 23, (2023)

Table 4.13 shows the summary of the names, factor loadings, Eigenvalue and percentage of variance for each of

the two dimensions (components) identified. The original Table of the factor loadings on each of the dimensions

is presented in Appendix 7. Examination of the result in Table 4.13 reveals that the first dimension is

availability of natural recreational areas, adequate stormwater drainage facility, adequate domestic waste
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disposal facilities, adequate water supply, good roads and streets networks, floodwall/ barrier along the river

channel, flood retention ponds/ gardens, and flood warning systems.

Table 4.13: Presentation of Result of Factor Analysis

Dimensions of the Neighbourhood

characteristics of the study areas

Factor

Loadings

Eigen

value

% of

Variance

Cum

%

Dimension 1: Spatial pattern 7.222 51.589 51.589

Natural recreational areas .936

Adequate stormwater drainage facility .921

Adequate domestic waste disposal facilities .914

Adequate water supply .904

Good roads and streets networks .741

Floodwall/ barrier along the river channel .836

Flood retention ponds/ gardens .771

Flood warning systems .745

Dimension 2: Physical infrastructural

development

5.457 38.982 90.571

Health care facility .654

Educational facilities .949

Adequate power supply .780

Space for social and religious activities .875

Shopping facilities .879

Pedestrian walkways .720

90.57% of Variance accounted for.
Source: Researcher’s Result via SPSS Version 23, (2023)

This dimension accounts for 52% of the variance in the 14 variables included in the analysis. It has 8 of the 14

variables loaded on it and hence it is the dimension with the highest contribution to understanding the

neighbourhood characteristics in all the study areas put together. This second dimension accounts for around

39% of the variance in the 14 variables, and has 6 variables loaded on it (availability of health care facility,

educational facilities, adequate power supply, space for social and religious activities, shopping facilities, and

pedestrian walkways).
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Architectural design features of the housing stock in the flood prone areas of Kosofe

In order to assess the architectural design features of buildings in the study areas, the study identified 17

variables (Proximity to water bodies, House type, Number of bedrooms in the house, Building Condition,

Ground floor height, Walling materials, Roofing design, External door material, Internal doors material,

Window material, Interior floor finishes, Exterior floor finish, Wall finishes, Kitchen cabinet, Position of

electric sockets, Position of Phone socket, and Position of meters) which residents were asked to evaluate. As

shown in Figure 4.3 above, results shows that the predominant housing types within the areas are semi-detached

houses which accounted for 52.8% of the entire house types in the study areas. Furthermore, results of the

descriptive statistics reveal that 36.4% of the buildings are located within 30meters from the existing river body,

while 35.8% and 27.8% are situated within 31-50meters and 51-70meters respectively.

4.14 is a display of the result of descriptive statistics (frequency and cumulative percentage) of the number of

bedrooms in the house. A glance at the results showed that the three bedroom house design was the most

common type in the areas surveyed.

Table 4.14: Number of Bedrooms in the house

Number of Bedrooms Frequency Percentage Cumulative percent

1 59 18.2 18.2

2 55 17.0 35.2

3 182 56.2 91.4

4 28 8.6 100.0

5 above 0 0

Total 324 100.0

Source: Researcher’s Result via SPSS Version 23, (2023)

From the result in Table 4.14 it can be deduced that the highest proportion (56.2%) of the respondents indicated

that the most common housing design in the study areas are the 3 bedrooms, followed by the 1 bedroom and 2

bedrooms designs which accounted for 18.2% and 17% respectively. The least indicated housing design type by

the respondents was the 4 bedroom design which accounted for 8.6% of the survey. Unfortunately, very few of

the buildings are in excellent condition as revealed in Figure 4.11.
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Figure 4.11: Condition of the Buildings in the Study Areas
Source: Researcher’s Result via SPSS Version 23, (2023)

Regarding the conditions of the buildings in the areas under survey, the result reveals that majority of the

respondents (37.7%) consider their buildings to be in good condition, while 29.9% and 21.6% of the

respondents claimed that their buildings are in fair and poor conditions respectively. However, a relatively low

percentage of the respondents (10.8%) indicated that their buildings are in excellent conditions. Further, the

result in Table 4.15 shows the ground floor height of the buildings in the study areas.

Majority of the respondents (64.5%) claimed that their houses are 300mm higher than the natural ground floor

level (NGL), followed by respondents (19.8%) who claimed that their houses were 600mm above NGL.

However, 14.5% of the respondents agree that their houses are 150mm above NGL, while a very few

respondents (1.2%) claimed that their building height is 450mm above the ground floor level.
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Table 4.15: Ground Floor height of the Buildings in the Study Area
Floor Height Frequency Percentage Cumulative percent

150mm 47 14.5 14.5

300 mm 209 64.5 79.0

450mm 4 1.2 80.2

above 600mm 64 19.8 100.0

Total 324 100.0

Source: Researcher’s Result via SPSS Version 23, (2023)

Figure 4.12, although the predominant roof design was the Hip roof which accounted for 76.9%, followed by

the double pitch and Mono-pitch which accounted for 19.1% and 4% respectively. It was observed that there not

concrete roofs in the study areas.

Figure 4.12: Roof Designs in the study area
Source: Researcher’s Result via SPSS Version 23, (2023)

Furthermore, on the choice of wall materials, 91.6% of the respondents claimed that their homes were made of

sandcrete blocks, while the remaining 8.4% indicated that brick was used for the walls. Also, majority of the

walls were finished with cement mortar and paint (See Table 4.16). Regarding the choice of door materials as

shown in table 4.16; on one hand, results show that majority of the respondents (95.4%) in the survey reported

having a steel external door, while the remaining 4.6% of the respondent have solid hard wood external doors.
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Table 4.16: Building Material
Wall material Frequency Percentage Cumulative percent

Sandcrete block 297 91.6 91.6

Bricks 27 8.4 100.0

Total 324 100.0

Wall finishes Frequency Percentage Cumulative percent

Ceramic tiles 21 6.5 6.5

Cement plaster 178 54.9 61.4

Paint 125 38.6 100.0

Total 324 100.0

External Door Material Frequency Percentage Cumulative percent

Solid hardwood 15 4.6 4.6

Steel 309 95.4 100.0

Total 324 100.0

Internal Door Material

Solid hardwood 317 97.8 97.8

PVC 7 2.2 100.0

Total 324 100.0

Window material

Aluminum 293 90.4 90.4

Wood 31 9.6 100.0

Total 324 100.0

Kitchen cabinet

Wood 321 99.1 99.1

No response 3 .9 100.0

Total 324 100.0

Source: Researcher’s Result via SPSS Version 23, (2023)

On the other hand, 97.8% indicated having a solid hardwood internal door, while a few of the respondents

(2.2%) have a PVC internal door. Furthermore, results on the choice of window material indicate that majority

of the respondents‘ claim that their windows are made of Aluminium, only 9.6% of the buildings used wood.

However, majority of the respondents reported that their kitchen cabinets were made with wood.
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Examination of the data in Table 4.17 reveals the choice of interior floor, exterior floor finishes and the material

used for the kitchen cabinets. The result shows that majority (58.3%) of the interior floor areas of building in the

study areas are finished with tiles. 21.3% had also noted that their floors were finished with cement and sand

screed, while 10.5% and 9% claimed that their floors were finished with terrazzo and carpet/rugs respectively.

However, very few of the respondents (0.9%) in the survey reported that their interior floor area was finished

with Marble. Similarly, based on results in Table 4.26, majority (40.7%) of the compounds in the study area

were finished with cement and sand screed. This followed by concrete flooring, which accounted for 26.5%.

Table 4.17: Finishes
Interior floor finishes Frequency Percentage Cumulative percent

Ceramic Tiles 189 58.3 58.3

Cement and sand screed 69 21.3 79.6

Terrazzo 34 10.5 90.1

Marble 3 .9 91.0

Carpet and rugs 29 9.0 100.0

Total 324 100.0

Exterior floor finishes

Pave stone 33 10.2 10.2

Concrete 86 26.5 36.7

Cement and sand screed 132 40.7 77.5

Sand 73 22.5 100.0

Total 324 100.0

Source: Researcher’s Result via SPSS Version 23, (2023)

This is followed by compounds (26.5%) finished with concrete. However, 22.5% of the respondents claimed

that their compound was filled with sand while 10.2% of the respondent had their compound finished with

paving stone. Regarding the position of electric sockets, majority of the buildings in the areas surveyed have

low level electrical sockets. Table 4.18 shows the position of electric sockets and meters in the buildings

existing in the study area. On one hand, results reveal that 81.2% of the buildings have low-level sockets, 13.6%

had mid-level while 5.2% had high-level sockets. On the other hand, majority of the buildings (94.8%) had low-

level phone sockets, while a very few (5.2%) have mid-level phone sockets. However, when the respondents in
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the survey were asked on the position of meters, majority (78.1%) reported that their buildings had high-level

meter, while 21.9% of the respondents claimed that electrical meters were positioned at mid-level on the walls.

Table 4.18: Position of sockets and meters

Source: Researcher’s Result via SPSS Version 23, (2023)

Research Question Four

What is the adaptive capacity of households in the study area to flood risk?

As described in literature, adaptive capacity can be measured by assessing pre-disaster level of adaptation;

coping capacity (resources, characteristics and conditions) during disaster; and intervention during the event and

in post-disaster. Therefore, in order to address the objective, the survey sought to know resident‘s level of

awareness of flood risk and their preparedness in pre-disaster; the household coping strategies used during

severe flooding; and the intervention during and after the floods. The data on this information for the selected

areas were derived from section D of the questionnaires administered to residents of the study areas.

Position of electric sockets Frequency Percentage Cumulative percent

Low-level 263 81.2 81.2

Mid-level 44 13.6 94.8

High-level 17 5.2 100.0

Total 324 100.0

Position of Phone socket

Low-level 307 94.8 94.8

Mid-level 17 5.2 100.0

High-level 0 0

Total 324 100.0

Position of meters

Low-level 0 0 13.3

Mid-level 71 21.9 35.2

High-level 253 78.1 100.0

Total 324 100.0
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Pre-disaster flood risk awareness and Preparedness of Residents

In order to investigate flood risk awareness among residents of the study area, respondents were asked to

indicate on a 5 point likert type scale ranging from 1= Strongly Disagree to 5= Strongly Agree their awareness

of the risks attributed to flooding; and the source of information on awareness. The result in Table 4.19 shows

that majority (70.4%) of the respondents are aware of the risks attributed to flooding. This is followed by 17.6%

of the respondents who claimed not to be aware. The remaining proportions of respondents (12%) indicated that

they are not sure of the risks attributed to flooding. Also, Table 4.19 shows the results on the source of

information on flood risk awareness.

Table 4.19: Flood risk awareness in the study areas
Awareness of risk attributed to flooding Frequency Percentage Cum. percent

Strongly disagree 16 4.9 4.9

Disagree 41 12.7 17.6

Not sure 39 12.0 29.6

Agree 128 39.5 69.1

Strongly agree 100 30.9 100.0

Total 324 100.0

Source of information on awareness

Previous flood experiences 249 76.9 76.9

Official information 14 4.3 81.2

Environmental signal 61 18.8 100.0

Total 324 100.0

Source: Researcher’s Result via SPSS Version 23, (2023)

The results as shown in Table 4.19 reveal that majority of the respondents (76.9%) learnt from previous flood

experiences, while 18.8% of respondents reported that they got the awareness from environmental signals.

However, a few of the respondents ascribe their awareness to government official information. To develop a

better understanding of the relationship between flood risk awareness and previous flood experiences, a chi-

square test was carried out on the two variables. Results are presented in Table 4.20. The result of the chi-square

test confirmed a significant relationship between flood risk awareness and past flood experience (x2 = 218.602, P

= 0.000).



Source: Researcher’s Result via SPSS Version 23, (2023)
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Table 4.20: Chi-Square Tests

Asymptotic Significance

Value df (2-sided)

Pearson Chi-Square 218.602a 8 .000

Likelihood Ratio 238.140 8 .000

Linear-by-Linear Association 101.199 1 .000

N of Valid Cases 324
a. 5 cells (33.3%) have expected count less than 5. The minimum expected count is .69.

Source: Researcher’s Result via SPSS Version 23, (2023)

However, despite the extent of flood risk awareness among residents, the results of the survey concerning the

level of preparedness to face future flooding scenarios (Figure 4.14) reveal that majority (62.3%) of the

respondents‘ were ‗not prepared at all‘, while 29.6% and 5.2% of the respondents claimed they were ‗not very

prepared‘ and ‗slightly prepared‘ respectively. However, only 0.9% of the respondents reported that they were

well-prepared to face future flood risks.

Furthermore, the respondents were asked if they have engaged in any form of preparedness measures to mitigate

flood risk. The results indicate that majority of the respondents (66.4%) have never practiced any form of

preparedness measures, while the remaining portion of the respondents (33.6%) claimed to have practiced risk

mitigation measures sometimes.

Figure 4.13: Level of preparedness of Residents



Source: Researcher’s Result via SPSS Version 23, (2023)
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Household adaptive coping capacity during flood disaster

The survey also investigated household coping strategies used in managing flood risk. Respondents were asked

to indicate their level of agreement/disagreement with 15 statements describing various adaptive household

coping strategies used at the property level. The questionnaire was based on a 5- point Likert type scale ranging

from 1= Strongly Disagree to 5= Strongly Agree. The reliability of this scale of measurement for the 15 items

was investigated using the Cronbach alpha reliability coefficient test and the result produced 0.847 (see

Appendix 6), which is greater than the acceptable 0.70. Table 4.21 reveals the result of descriptive statistics

(mean and standard deviation) of the 15 items investigated. According to Zaki and Ahmad (2017), five

important levels used to interpret mean scores are Very high (V-H) (4.30-5.00), high (H) (3.50-4.20), moderate

(M) (2.70- 3.49), low (L) (1.90-2.69), and Very low (V-L) (0-1.89). The results are presented in Table 4.30.

Table 4.21: Household Coping Strategies

Std.

Coping Strategies Mean Devia Rank. Interpret.

tion

Rainwater harvesting system 3.15 1.463 1 Moderate

Use of drainage system 3.09 1.410 2

Periodic maintenance of drainages 2.53 1.439 3

Raised building ground floor 2.45 1.312 4

Raised electrical services above flood line 2.14 1.335 5 Low

Exterior paving with permeable materials 2.00 1.107 6

Rain garden to reduce run-off 1.91 1.119 7

Tree planting to reduce run-off 1.89 1.110 8

Roof garden to reduce run off 1.36 .480 9

Standby pump 1.35 .973 10

Location of living accommodation on first floor 1.26 .437 11 Very Low

Use of flood alarm systems 1.16 .368 12

Use of flood barriers across external doorway 1.13 .333 13

Anti-flooding devices are fixed to sewage systems 1.00 .000 14

Use of non-return valve in bathrooms 1.00 .000 14
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A glance at the table shows that the mean scores of the most prominent household coping strategy is the use of

rainwater harvesting system to reduce run-off (3.15). However, this is followed by the use of drainage systems

(3.09), periodic maintenance of drainages (2.53), raised building ground floor (2.45), raised electrical services

above flood line (2.14), exterior paving with permeable materials (2.00), rain garden to reduce run-off (1.91),

tree planting to reduce run-off (1.89), roof garden to reduce run off (1.36), use of standby pump (1.35), location

of living accommodation on first floor (1.26), use of flood alarm systems (1.16), and use of flood barriers across

external doorway (1.13). The lowest ranking household coping strategies are the use of anti-flooding devices on

sewage systems (1.00) and non-return valve in bathrooms (1.00).

Intervention during and in post-disaster

The last part of the fourth objective was to assess interventions residents receive during severe flooding events

and in post-disaster. In collecting the data for this, the residents were asked to indicate in the questionnaire their

perceptions on the extent to which interventions are provided through government support, insurance, support

from family/friends, prayers and borrowing.

The questionnaire was based on a 5-point Likert-type scale ranging from 1= Strongly Disagree to 5= Strongly

Agree. A total of 5 variables were used to assess interventions residents of the study areas receive during severe

flooding events and in post-disaster.

Table 4.22: Intervention during and in post-disaster

Intervention Frequency Percentage Cum. percent

Government support 51 15.7 15.7

Insurance 0 0 15.7

Support from family and friends 69 21.3 37.0

Prayer 126 38.9 75.9

Borrowing/ thrift 78 24.1 100.0

Total 324 100.0

Source: Researcher’s Result via SPSS Version 23, (2023)

The result in Table 4.22 shows that prayer (38.9%) and borrowing/thrifts (24.1%) are the most common

interventions residents of the study areas received during severe flooding events and in post-disaster. The result
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also shows that the surveyed respondents received support from friends and families (21.3%) and the Lagos

state government (15.7%) to alleviate the impact of flooding. However, none of the respondent acknowledged

any form of flood insurance cover.

Research Question Five

What significant socio-economic; neighbourhood and architectural design features, and adaptive capacities

have the most influence on physical flood vulnerability in the study area?

Variables Selection

Literatures and field survey was used for the preliminary variable selection, and expert opinion was used for the

final selection. Using the equal (no) weight approach and direct addictive aggregation method, consideration

was given to (i) flood attributes that induce flood damage (ii) adaptive building design characteristics (iii)

probability to be exposed under certain socio-environmental neigbhourhood conditions (iv) relevance of

selected variables with respect to flood risk. Table 4.23 shows a range of potential flood vulnerability variables,

components, dimensions and clusters. Thereafter, an expert opinion survey form was designed containing all

thirty seven (37) potential indicators. A total of 35 experts were used for the selection of the indicators with the

most relevance on physical flood vulnerability in Nigeria. The respondents rated the indicators on a 7-point

scale from 1 to 7, using the scale of relevance. Where, 1= Insignificant, 2= Low relevance, 3= Moderate

relevance, 4= Moderate to high relevance, 5= High relevance, 6= High to Very high relevance, and 7= Very

high relevance (See Appendix 5).

Table 4.23: Physical flood vulnerability variables, components, and clusters

Vulnerability variables Components Dimensions Clusters

Flood water depth Physical/Environmental Exposure

Flood duration Ditto Exposure

Flood water Velocity Ditto Exposure

Water sedimentation Ditto Exposure

Flood return period Ditto Exposure

Flood

attributes

(A)
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Frequency of flood experience Ditto Exposure

Construction type and material Architectural Susceptibility

Quality of the building Ditto Susceptibility

Number of floors Ditto Susceptibility

Presence of basement Ditto Susceptibility

Height of the building Ditto Susceptibility

Exterior paving material Ditto Susceptibility

Interior finishes Ditto Susceptibility

Age of building Ditto Susceptibility

Type/Use of building Ditto Susceptibility

Building size Ditto Susceptibility

Lev. of Maintenance/condition Ditto Susceptibility

Height of opening from ground Ditto Susceptibility

Stilts/ Building elevation Ditto Susceptibility

Position of electrical sockets Ditto Susceptibility

Roof design/materials Ditto Susceptibility

Site topography Physical/Environmental Susceptibility

Heavy rainfall Ditto Susceptibility

Dist. from the coasts/ river Ditto Susceptibility

Surrounding vegetation Ditto Susceptibility

Drainage system Ditto Susceptibility

Proximity to major road Ditto Susceptibility

Education/ literacy level Social Exposure

Income Economic Exposure

Unemployment rate Economic Exposure

Land use Environmental/Economic Exposure

Dam and storage capacity Physical/economic Resilience

Awareness/ preparedness Social Ditto

Architectural

characteristics

(C)

Neighbourhood

characteristics

(E)

Warning system Social Ditto Adaptive

Household coping capacity Physical/social Ditto

Emergency service Social Ditto

Flood insurance Economic Ditto

capacity

(A)
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Source: Researcher’s Result via SPSS Version 23, (2023)

Table 4.24 shows the feedback from expert opinion survey on flood vulnerability indicators in Nigeria.

Table 4.24: Feedback of Expert opinion on physical flood vulnerability indicators.

N= 35

Flood vulnerability Indicators

Weighted

Total (∑w)

RII Mean Decision

So
ci
o-
ec
on
om

ic

(S
)

Education/ literacy level 114 0.47 3.257 Rejected

Low income 166 0.68 4.743 Selected

Unemployment rate 91 0.37 2.600 Rejected

Fl
oo
d
at
tr
ib
ut
es

(A
)

Flood water depth 215 0.88 6.143 Selected

Flood duration 210 0.86 5.800 Selected

Flood water velocity 203 0.83 6.000 Selected

Water sedimentation 83 0.34 2.371 Rejected

Flood return period 91 0.37 2.600 Rejected

Frequency of flood experience 117 0.48 3.343 Rejected

A
rc
hi
te
ct
ur
al
ch
ar
ac
te
ri
st
ic
s

(C
)

Construction type and material 200 0.82 5.714 Selected

Quality of the building 206 0.84 5.886 Selected

Number of floors 73 0.30 2.086 Rejected

Presence of basement 65 0.27 1.857 Rejected

Height of the building 92 0.38 2.629 Rejected

Exterior paving material 121 0.49 3.457 Rejected

Interior finishes 101 0.41 2.886 Rejected

Age of building 103 0.42 2.943 Rejected

Type/Use of building 88 0.36 2.514 Rejected

Building size 98 0.40 2.800 Rejected

Level of Maintenance/condition 108 0.44 3.086 Rejected

Height of opening from the ground 84 0.34 2.400 Rejected

Stilts/ Building elevation 127 0.52 3.629 Selected
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Position of electrical sockets/fittings 104 0.42 2.971 Rejected

Roof design/materials 95 0.39 2.714 Rejected

N
ei
gh
bo
ur
ho
od

ch
ar
ac
te
ri
st
ic
s

(E
)

Site topography 206 0.84 5.886 Selected

Heavy rainfall pattern in the area 121 0.49 3.457 Rejected

Building distance from the coasts/ river 203 0.83 5.800 Selected

Absence of surrounding vegetation 181 0.74 5.171 Selected

Drainage system 219 0.89 6.257 Selected

Proximity to major road 118 0.48 3.371 Rejected

land use 156 0.64 4.457 Selected

A
da
pt
iv
e
ca
pa
ci
ty

(A
)

Dam and storage capacity 188 0.77 5.371 Selected

Flood risk awareness/ preparedness 105 0.43 3.000 Rejected

Warning system 107 0.44 3.057 Rejected

Existence of household coping capacity 169 0.69 4.829 Selected

Emergency service 98 0.40 2.800 Rejected

Flood insurance 91 0.37 2.600 Rejected

Source: Researcher’s Result via SPSS Version 23, (2023)

Among the expert respondents, 37% (13) are university professors/lecturers, 29% (10) are personnel of the

Lagos state Ministry of physical planning and urban development, while university post-graduate researchers

and experts from other relevant organizations represent 17% (6) each. The returned survey forms were analyzed

using the Relative Importance Index (RII) method to determine the most important of the potential indicators.

The formula adopted for RII being, RII= ∑ �

*
Where, w = score as assigned by each respondent on a scale

(1, 2...7), A = highest score (7), and N = number of responses. Based on the RII of indicators, an RII weight of

>0.50 is accepted, and indicators with an RII value below 0.50 are considered rejected, as shown in Table 4.24.

A total of 14 indicators were selected to be influential to physical flood vulnerability in the study area.

Influence of selected indicators on the physical flood vulnerability in the study area.

To examine the influence of the selected 14 indicators on the physical vulnerability of study area, the data used

were derived from section D of the questionnaires (Appendix 3) administered to the residents of the study area.

The questionnaire was based on a 5-point Likert-type scale of 1 = Insignificant Influence, 2 = Little Influence, 3
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= Not Sure, 4 = Significant Influence, and 5 = Very Significant Influence. In performing the analysis, Linear

Regression was used in the data analysis and the analysis is at 95% confidence level (i.e. p ≤ 0.05). Physical

flood vulnerability was the dependent variable, while the independent variables were (1) flood water depth (2)

flood duration (3) flood water velocity (4) construction type and material (5) quality of building (6) Stilts/

Building elevation (7) site topography (8) building distance from the coasts/ river (9) absence of surrounding

vegetation (10) drainage system (11) low income (12) land use (13) dam and storage capacity, and (14) existing

household coping capacity. From the Analysis of variance (ANOVA) table (see Appendix 10), results shows a

high significance F value = 428.257, p < 0.000. Also, the Model Summary (Appendix 11) shows that the model

having R2 = 0.975 explained around 98% of variance in the influence of the selected indicators on Physical

Flood vulnerability in the study area. The coefficients of the linear regression analysis are presented in Table

4.25.

Table 4.25: Coefficients of the Linear Regression Analysis of flood vulnerability indicators
Unstandardized

Coefficients

Standardized

Coefficients

Model B Std. Error Beta t Sig.

1 (Constant) 1.909 .147 12.954 .000

Flood water depth -.220 .059 -.360 -3.746 .000*

Flood duration .157 .051 .266 3.060 .002*

Flood water Velocity .016 .025 .029 .638 .524

Construction type and material -.032 .024 -.060 -1.331 .184

Quality of the building .122 .042 .258 2.915 .004*

Stilts/ Building elevation .453 .033 .689 13.869 .000*

Site topography .023 .033 .043 .699 .485

Building distance from river .022 .053 .047 .417 .677

Absence of sur. vegetation -.142 .026 -.272 -5.415 .000*

Drainage system .101 .023 .205 4.429 .000*

Low income .218 .038 .204 5.801 .000*

land use -.027 .033 -.063 -.812 .417

Dam and storage capacity .083 .053 .135 1.553 .122
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Existence of household coping

capacity
-.154 .039 -.136 -3.976 .000*

a. Dependent Variable: Physical flood vulnerability

Source: Researcher’s Result via SPSS Version 23, (2023)

Result of the analysis reveals that of the 14 indicators investigated, eight have a P-value lower than 0.05; and as

such have the most significant influence on physical flood vulnerability in the study area. As shown in the p-

values in Table 4.25, the eight indicators that significantly influence physical flood vulnerability in the study

area are: Flood water depth (p=0.000) Stilts/ Building elevation (p=0.000) Absence of surrounding vegetation

(p=0.000) Drainage system (p=0.000) Low income (p=0.000) Existence of household coping capacity (p=0.000)

Flood duration (p=0.02) Quality of the building (p=0.04).
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4.3 Discussion of Findings

Demographic Characteristics

The results of the demographic characteristics of the residents of the flood-prone areas of Kosofe, the local

government area of Lagos State, show diversity in gender, ethnic representations, age structure, employment

status, marital status, religion and educational attainment. First, the diversity of socio-demographic

characteristics of the inhabitants supports previous studies that human societies have always been attracted to

floodplains due to its physical geography and environmental conditions, which provide favorable conditions for

agriculture, commerce, economic growth, cultural organization and human settlement1. Furthermore, the

representation of demographic data seems consistent with the statement that the floodplains of Lagos State exert

a strong attraction for migrants, whose population represents a culturally heterogeneous composition of

numerous ethnic groups of different religious beliefs, gender, age, educational background, marital status and

family size2, 3. Furthermore, previous related studies have also suggested that the floodplains of the city of Lagos

have experienced rapid population influx over the past three decades, leading to an expansion of physical

development4. However, the clustering of a socio-culturally heterogeneous population within the study area

suggests a significant level of exposure and vulnerability to increased climate risk. This spatial development

model appears to support a recent United Nations report indicating that the greatest increase in urban

vulnerability occurred in unplanned and informal settlements, where residents' ability to adapt to climate change

is limited5.

The results of the present study also seem to confirm that the category of people moving to floodplains is mainly

made up of people of working age; suggesting that residents may not be economically vulnerable as more

people can work to recoup economic losses6. However, the results of the survey data also showed that 30.2% of

residents were unemployed, suggesting some degree of economic vulnerability given the limited financial

resources of these residents. Studies have shown that income affects vulnerability to disasters as it affects an

individual's ability to prepare, cope and recover7. Further analysis of the occupational pattern showed that

14.5% of residents in the area are self-employed, suggesting that when the environment is flooded, income and
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livelihoods would suffer. This finding corroborates previous studies that found that flood events have a negative

impact on local employment8. Moreover, despite the large proportion of inactive residents, the result continues

to show that a higher percentage of residents living with their families are married. This therefore simply

implies that the majority of respondents have dependents, which invariably increases the number of vulnerable

populations. This statement is consistent with previous studies suggesting that the presence of large numbers of

dependent populations makes the community more vulnerable to flood risk6.

Regarding the level of education of the residents surveyed, the result showed that 38% of respondents did not

have a college degree. This is important because the level and quality of education of a population are very

indicative of its vulnerability. A more educated population has the knowledge to mitigate flood damage and

implement viable solutions for reasonable post-disaster reconstruction; while low-educated households are more

likely to be at risk of flooding and less prepared for flooding9. In addition to these demographics, the religious

beliefs of the inhabitants of the sample were Christianity and Islam. However, those of the Christian faith made

up a higher percentage (57.1%) of the respondents.

Socio-economic characteristics

Three issues bordering on the socio-economic characteristics of the inhabitants of the study area were identified

and brought forward for further discussion (social capital, household composition and patterns of existence).

Social Capital

The results of the current social capital survey of the study area demonstrated the existence of relatively strong

socio-demographic ties, as reflected in the bonding network model, which is characterized by close family ties and

strong neighborly relationships. However, there appears to be little mutual trust among the inhabitants of the study

area. Furthermore, the results seem to confirm the existence of a strong socio-demographic diversity, as reflected

by the connection network model, including a good mix of ethnic groups, low perception of ethnic segregation,

high levels of religious and socio-culture within the research area. However, feedback from residents on the

presence of government and external support in the area showed a below average pattern of connectivity networks,



144

as only 44.1% of the respondents agree to the assertion. 42.9% did not agree with government presence and

outside support within the area.

A look at the summary of local government statistics of Lagos State shows the presence of police stations, primary

health care centers and primary schools in the Kosofe local government area1. However, there was a lack of

facilities such as libraries, youth centers, secondary schools and hospitals. Additionally, further analysis of the

results revealed that residents reported low levels of support from government, friends and family in crisis

situations. The diversity of ethnic origins and the lack of adequate support when needed may therefore explain the

high level of distrust among residents, as evidenced by the result. Based on the results of current research, it can be

stated that the value of social capital appears to be slightly above average in the region. This notion is supported by

evidence showing a good bonding pattern (close family ties, strong relationship with neighbors, but lack of mutual

trust); very good bridging pattern (good ethnic mix, low ethnic segregation, high level of religious and socio-

cultural activities) in the study area; and below average linkage pattern (inadequate government presence and

external support) in the area. Therefore, this finding suggests that flood-prone areas of Kosofe are socially

vulnerable due to limited social resilience from lack of adequate social structures, institutions, and organizations to

foster trust and cooperation among residents. This finding appears to be in line with the study indicating that high

social capital reduces community vulnerability, and should be a measure of their social vulnerability or

resilience10. Therefore, disaster management plans should enhance a community's ability to understand and rely on

social capital for risk mitigation.

Household Composition

Regarding the household composition of residents, house types, occupancy status, household size and length of

stay in the study area were considered. Analysis of the results showed some degree of variation in housing

typology within the study area, for example, there are apartment buildings, semi-detached houses, individual

bungalows, duplexes and townhouses. However, the predominant housing type in the study area is semi-

detached houses. This finding appears to support the OECD report that semi-detached houses are common in

most cities, although some countries report housing mix, with each type of main dwelling (semi-detached or
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multi-family, detached) accounting for less than 20% of the shares11. By definition, a semi-detached house refers

to two dwellings that share at least one wall; and is designed to accommodate more than one household in the

same building. Each housing unit has a separate entrance and access. Previous studies have shown that semi-

detached houses offer sufficient privacy and save significantly on total construction costs compared to single-

family houses12. These features make the semi-detached house a popular rental home. The outcome of the

survey seems to correspond with the occupancy status of the households in the study area, from which it

emerges that approximately 60.8% of residents live in rented accommodation. A UN Habitat report indicated

that millions of people living in African cities are renters13.

On the one hand, rented housing is known to provide a sort of permanent residence for rural residents and

migrants in urban centres13. On the other hand, it suffers from limited investment by individual owners and is

often seen as an exploitative, low quality and temporary place where the poorest citizens live14. Furthermore,

research shows that these types of homes usually exist outside formal laws and regulations15. Therefore, the high

concentration of populations at risk, combined with poor housing conditions in informal settlements, make these

areas more exposed and more vulnerable to the impacts of climate change. This finding therefore suggests that

weak housing rights, combined with limited access to quality housing, may be the cause of the growing

concentration of residents in the flood-prone areas.

Furthermore, data from the present study show that most households have between 3 and 4 occupants. This

finding is in line with statistics on the number of bedrooms in homes, which showed that three-bedroom designs

were the most common housing type. Furthermore, very few of the population are physically disabled, while

most households do not own a car. Baseline measurement of the study area showed that residents depend on the

use of motorcycles for commuting. Regardless, a higher proportion of respondents have lived in the study areas

for more than 16 years. Thus, this means that most households in the study area have experienced flooding

while living in the study area at various points in the past. This finding has a positive impact on vulnerability, as

recent study has explained that increased exposure to past flooding increases vulnerability16. Furthermore, the

outcome of the results on the reason for living in the study area assumes that the majority of residents are
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limited by financial resources. Similar studies conducted in other parts of Nigeria found that people in flood-

prone areas stayed due to cultural-ethnic affinities, lack of other places to live, local ties based on family

background, and cheaper houses to rent17. However, in Lagos State, studies have shown that land scarcity and

high rental costs in most parts of the city have led to an exodus to vulnerable areas18. The claim is backed up by

similar related studies, stating that the majority of people in Kosofe Municipality, Lagos State cannot afford

housing in high income areas19. It can be concluded that financing is a decisive indicator for the choice of place

of residence

The result of the survey also shows that the majorities of the inhabitants of the study area are between 31 and 43

years old; and are married and live with their families. Observations from past study suggest that the financial

constraints imposed by starting a family are a particularly important factor for people aged 35 and over20. The

characteristics of households in the study area therefore indicate that there are different types of dwellings in the

study area and that the majority of residents are tenants living in semi-detached houses with their families.

These residents have experienced flooding before; however, continued to live in flood-prone areas due to the

availability of cheap housing compared to other parts of the city.

Livelihood Pattern

Survey results of the livelihoods of study area residents revealed diversity in employment patterns. As already

mentioned, 30.2% of respondents were unemployed. Overall, however, 55.5% of residents surveyed are either

self-employed, employed by a private agency, or government employed. The highest proportion of employed

respondents own businesses in the region. Therefore, the income of residents with businesses in the area will be

negatively affected by flood hazard. This finding supports the claim that the income of flood-prone households

is strongly influenced by the characteristics of the floods21. Some studies also show that the self-employed run a

higher risk of poverty22. This assumes that in addition to the area's high unemployment, most families are at risk

of poverty.
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Furthermore, the IFRC report explained that a resilient community offers economic opportunities, a wide range

of employment opportunities, income and financial services to recover from a crisis situation23. It can therefore

invariably be concluded that the economic vulnerability of a community has a strong relationship with the

income of the residents. For example, people with multiple income streams are less vulnerable to flooding.

Although the results of the number of income streams per household in the study area showed that majority of

respondents (57.1%) have multiple sources of income; however, the household income distribution results

showed that 64.2% of households earned less than NGN 99,000, while 27.7% earned between NGN 100,000

and NGN 299,000, and 13.5% earned between NGN 300,000 and NGN 500,000.

On one hand, the World Bank $3.20 poverty line family income indicator for low-medium countries like

Nigeria per month stands at NGN 89, 814. On the other hand, the Anker estimated monthly living income value

which covers cost of basic but decent standard of living for a rural family in Nigeria is NGN 138,67824.

This implies that the household income of the majority of respondents is below the living wage. The results hint

at economic inequality in the study area and also support the argument that residents of flood-prone areas are

mostly low-income people who lack the economic ability to access housing in appropriate places, as previous

research has shown13.

In the current context of appalling economic disparities between residents of the study area, there seems to be a

general consensus that the most important financial services available for emergencies are participation in

savings (collective money savings venture) and personal savings. Additionally, studies argued that the personal

savings behaviors of low-income city dwellers serve as a buffer for individuals and households during times of

shock or stress; but when savings are taken collectively, they can make a significant contribution to long-term

collective vulnerability reduction.

Pattern of Flooding Experienced in the Flood-prone areas of Kosofe

The survey result shows that flooding starts 1-3 hours after heavy rains. Flooding is observed to become more

intense within 4 to 9 hours after heavy rains. This finding corroborates previous studies showing that flooding in

Lagos is mainly due to short-duration, high-intensity rainfall or long-duration, low-intensity rainfall caused by
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climate change18. The survey also shows that the neighborhood, streets and grounds will be flooded during this

time (see Figure 4.14). The outcome of these results suggests that there is a slow rate of storm water runoff in

the study area, which many studies attribute to the state of the drainage systems (insufficient and often clogged

with silt and solid waste), and increasing impervious areas due to land use change and land cover

modification25. Also, in addition to the obvious flash/pluvial flooding in the study area; other studies have

linked the recurrent flood occurrences in Kosofe in part to river flooding caused by the release of water from the

Oyan Dam upstream into the Ogun River26. For example, river flooding is said to have devastated these areas in

2010; resulting in "widespread loss and damage" and displacing several thousand residents from their homes.

Furthermore, the results of the resident survey indicate that the majority of floods are more than 300 mm deep;

implying that low-elevated buildings in the study area are subjected to severe damage from hydrostatic forces.

Similarly, the results of the present study show that the most obvious pattern of flood damage suffered by

households in the study area is water penetration damage (see Figure 4.15). This appears to support previous

studies that suggested that flood damage to building structures was primarily due to a slow increase in flood

depth rather than high flow velocity27.

Damage from water penetration is also associated with mold growth, contamination, cracks and slabs

settlements, and damage to building services, contents and equipment28. All of this has negative impact on the

structure of the building and on the health and well-being of the building users. The results of the flood pattern

observed in the study area indicate that the settlement is prone to pluvial flooding from excessive runoff and

slow fluvial flooding of the adjoining Ogun and Agboyi rivers.
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Figure 4.14: Street flooding 30minutes after heavy rainfall in the Oworonsoki area.
Source: Researcher’s Field Survey, (2023)

Figure 4.15: Water penetration damage to building in the Ajegunle area.
Source: Researcher’s Field Survey, (2023)
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Causes of Flooding Experienced in the Flood-prone areas of Kosofe

Feedback on the cause of the floods shows that a majority (44.8%) of respondents linked the recurrent flood

episodes experienced in the flood-prone area to poor urban planning, followed by 25.9% of respondents who

ascribed it to intense rains. This finding seems to be supported by past studies linking perennial flooding of

Lagos city to anthropogenic factors, including land-use change and land-cover modification29. For example, the

development of illegal structures on or across drainage channels, land reclamation or encroachment, poor

physical planning, inadequate drainage channels, blockage of canals and drains, collapsed dams and nature of

terrain were the primary causes of flooding in most part of the city. As examined in Literature, floodplains are

natural flood reservoirs; therefore, forcing floodplains to be flood-free by changing its use for urban

development purposes compromises the ecological function of the area and contributes to increasing exposure

to risk. Yet, previous studies indicate that enforcement of physical planning regulations in informal settlements

in Lagos city remains a challenge as housing continues to expand into floodplains18. This implies that intrusion

into the floodplain areas of Kosofe through anthropogenic activities and urbanization significantly influences

the spatial characteristics and indirectly increases residents‘ exposure to flood risk. These findings support the

claim that disturbances in the natural hydrological and hydraulic functions of floodplains often lead to increased

vulnerability to flooding. Thus, designing for flood risk reduction in flood prone areas becomes even more

complex due to the many social, physical and environmental variables involved. However, the influential role of

risk-informed urban design is to reconcile these variables within the design process. Thus, understanding the

factors influencing flood occurrences will facilitate decision-making on integrating the most appropriate

adaptation strategies into urban planning.

Factors Influencing Flood Occurrences in the Flood-prone areas of Kosofe

The two key dimensions identified in this study as factors that influence the occurrence of floods in the study

area. are (i) site topography, lack of vegetation, soil conditions, violation of planning regulations, failure to

comply with flood warnings and development of flood plains (ii) poor channelization and clogged drainages.

These dimensions explain local residents‘ perception of the factors influencing the occurrence of floods in the
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study area. This implies that these two dimensions are the properties of the study areas that have a significant

impact on flood events as perceived by residents of the study area. This outcome indicates that the factors

influencing flood occurrences in flood-prone areas are related to the physical and socio-economic characteristics

of the area. Linking this result to studies in a similar context carried out in Awka, Nigeria, it was found out that

the factors influencing the occurrence of floods are rainfall, soil, drainage density, distance from the drain,

height, slope, and land-use/land cover17. Also, another related study identified narrow river channels and

construction of housing units and other developments along floodplains as contributing significantly to flood

occurrence in Lagos city25. However, a similar study in Uyo, Nigeria, showed that rainfall and roads without

good drainage channel exact significant influence on flooding19. Howbeit, the outcomes of this finding indicate

that the influence of the considered factors varies according to the socio-ecological characteristics of the area.

These variations could be due to differences in climate, socio-economic trends, built systems and infrastructure

endowments, legal and policy frameworks, political conditions and hydrological processes. Regardless,

continuous anthropogenic influences through urban development in the flood-prone areas explain the reason for

the high exposure to flood risk (see Figure 4.16). Yet, consideration for flood disaster risk reduction is rarely

considered in the development of such settlement30. The implication of this result on flood disaster risk

reduction in flood prone areas is that urban design can be linked with flood risk adaptation by identifying the

role of green infrastructure in creating a more ‗permeable landscape‘ that provides for water absorption and

storage; habitat connectivity; recreational access; and the requirements of emergency response. This idea is

encapsulated into eight distinctive features appropriate for a resilient urban design planning: (i) increase the multi-

functionality of each site to provide more recreational opportunities, ecology and disaster prevention. (ii) improve

flexibility of spatial processes to eliminate the stormwater, (iii) create facilities to promote interactions between

ecological and social factors, (iv) increase the number of functions a facility can serve so as to ensure the normal

operation of certain function in disasters, (v) improve the intelligence of public services to enable communities to

advance or save more time in response to disasters (vi) emphasize the humanity of publicservices (vii)

use a dynamic management approach that can adjust to different environmental change factors,
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and (viii) make diversified parties participate in the management and form a feedback mechanism with

cooperative mode31.

Therefore, relating the findings of the current study with studies on resilient urban floodplain settlements, it is

observed that the flood-prone areas of Kosofe currently lacks features of flood adaptation in its urban design

planning. This implies that the study area is exposed and vulnerable to flood risk and associated impact.

Figure 4.16: Development sprawling into the floodplains, Alapere area.
Source: Researcher’s Field Survey (2023)

Impact of Flooding in the Flood-prone areas of Kosofe

The last issue among the flood attributes experienced in the study area is the impact of flooding as perceived by

residents. First, the result shows that flooding has had an impact on the socio-economic and physical fabric of

the study area. Of all the possible impacts evaluated, the relative importance index results show that none of the

effects scored low. Analysis of survey data shows that the main impacts of flooding in the study area are:

disruption of businesses in the area, displacement of people, disruption of traffic and erosion/destruction of
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crops. The result simply implies that the most significant impacts of flooding on residents of the study area are

the economic losses caused by flood impact (see Figure 4.17).

These results seem to support an earlier study suggesting the main impacts of floods are related to tangible flood

damage27. In addition, the results show that high to moderate impacts are associated with disruptions to

electricity and communications, damage to buildings and contents, loss of life and livestock, and destruction of

infrastructure. The results suggest that these impacts are the indirect and intangible consequence of the floods.

However, the average impacts revealed by the survey results are those perceived at the household level. They

include: building collapse, difficulty draining, clogged bathroom floor drain, blocked sink, septic tank overflow.

This finding is consistent with literatures on flood impact assessment, which appears to agree that losses from

flooding have a variety of overwhelming socio-economic and physical impacts18. Past studies indicate that

flooding affect the economic lives of people, the environment as well as animals and people17. This implies that

the vulnerability of the communities to natural hazards is affected by both their physical and social exposure.

Figure 4.17: Street flooding affecting businesses in the study area, Kosofe area.
Source: Researcher’s Field Survey (2023)
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Neighbourhood Characteristics of the Flood-prone areas of Kosofe

Findings from the study shows that the predominant neighbourhood features in the study area are: spaces for

social and religious activities, educational facilities, shopping facilities, power supply, and primary health

centres. However, the neighbourhood lacks adequate domestic waste disposal facilities, stormwater drainage

facility, portable water supply, and natural recreational areas. Furthermore, results of the factor analysis of

resident‘s perception of the Neighbourhood characteristics of the study areas are discussed in the next section.

Dimensions of the Neighbourhood Characteristics in the Study areas

From the result, two main dimensions of the neighborhood characteristics of the study areas were identified.

The first dimension includes the natural recreation areas, the rainwater drainage system, the household waste

disposal systems, the water supply, the road and road network, the flood wall/barrier along the river channel, the

flood ponds/gardens and flood warning systems. The second dimension includes health facilities, educational

facilities, energy supply, space for social and religious activities, commercial facilities and pedestrian paths. The

implication of this is that residents of the study area perceive attributes in the first dimension (natural

recreational areas, rainwater drainage facilities, household waste disposal facilities, drinking water supply,

road and street network, flood wall/barrier along the river channel, flood retention ponds/gardens and flood

warning systems) more important in explaining the physical characteristics of the neighborhood than the

attributes in the second dimension.

On the one hand, the first dimension mainly represents attributes of the spatial configuration of the

neighborhood. The sustainability of a neighborhood's development is significantly dependent on physical

development plans, which typically include appropriate land allocation, development control, provision of

facilities, services and public goods, conservation, protection and conservation of resources, among others32.

Spatial planning is an important tool to advance the proactive and preventive adaptation of human settlements to

threats caused or exacerbated by climate change. The influential role of spatial planning in mitigating flood risk

is well documented in literature33, 34. Based on empirical studies, it is argued that the use of flow delay,

detention, retention and infiltration techniques through natural recreational areas and flood retention ponds/
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gardens allow greater control over the quantity and quality of water drained, preventing flood areas from

affecting water supply systems existing downstream35. However, in Lagos City, increasing change in land-use

and natural land cover modification due to urban physical development in the flood-prone areas increases the

chance of flooding; and thus heightens exposure and susceptibility of residents to flood risk36. Also, the presence

of potholes/bad roads, poor drainage systems and poor waste disposal systems have been said to further

aggravated the incidence of flooding in the region of Kosofe in Lagos State37. Other related studies have also

confirmed the absence of flood warning systems and the absence of flood walls/barriers along the river channel,

as major contributors to the increased risk of flooding18.

On the other hand, the second dimension includes public amenities to support the residents of the study area.

The high expansion rate of physical development caused by the construction of housing and public amenities

leads to an increase in impervious area. Studies have shown that the development of impermeable surfaces

affects water resources and the hydrological cycle; thereby reducing urban surface runoff rates and peak

discharges, evaporation, and increasing pollution in runoff, reducing absorption of rainfall and the inevitable

decrease in groundwater recharge38. This is reflected in the continuing flooding in the study area.

It is clear from the result of this current study that residents considered spatial pattern to be more influential and

should therefore be given due consideration when planning flood disaster risk reduction. Past studies seem to

support this claim, arguing that disaster risk reduction efforts in high risk areas should consider land use through

appropriate land use allocation39. In this way, exposure to and susceptibility to flood disasters can be minimized

or even prevented. In a similar study, using a case study to identify neighborhood characteristics of resilient

urban communities around the world, two performance dimensions influential in addressing all kinds of natural

and man-made disasters were identified. The dimensions were: 1) spatial pattern of traffic roads, residential

buildings, activity sites and landscaping, and 2) the environmental components such as infrastructure for living

and recreation, municipal public utilities, municipal network, information and communication in urban

community. The authors however noted that specific strategies and measures for disaster risk reduction are

embedded in these dimensions. Table 4.26 shows a comparison of dimensions of neighbourhood characteristic



156

in the studies discussed. Inferences from the case studies suggest that the spaces and spatial patterns illustrated

in the characteristics of multifunctionality and flexibility have as much effect on flood management as the

neighborhood-level approach. Additionally, the interactive and diverse components of communities that span

both spaces and facilities can help build an inclusive and green community that provides diverse opportunities

in a changing climate. This means that given variations in climate patterns and increasing flood projections,

disaster-prone areas such as urbanized floodplains are expected to change and adapt in different ways to reduce

flood risk, prepare for possible floods and recover from the floods as quickly as possible.

Table 4.26: Comparison of Dimensions of Neighbourhood Characteristics Evaluation
S/N Dimensions of the Neighbourhood characteristics

of the study areas

1 Natural recreational areas, adequate stormwater

drainage facility, adequate domestic waste disposal

facilities, adequate water supply, good roads and

streets networks, floodwall/ barrier along the river

channel, flood retention ponds/ gardens, flood

warning systems

2 Health care facility, educational facilities, adequate

power supply,

space for social and religious activities,

shopping facilities, pedestrian walkways

Performance dimensions of resilient

urban communities by Case studies31

Traffic roads, residential buildings,

activity sites and landscaping,

Infrastructure for living and recreation,

municipal public utilities, municipal

network, information and communication

Source: Researcher’s Summary

It can be concluded that the reduction of the risk of flooding in flood-prone neighborhoods lies in their ability to

adapt. Adaptability in a neighborhood context aims to restore and maintain the functions of the natural

circulatory system disrupted by urbanization38. Adaptability also enables a community to cope with negative

impacts and to respond to changing climatic conditions over the long term, which includes financial resources as

well as planning and design decisions. The following section illustrates the architectural features of the existing

housing stock in the study area.
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Architectural Design Features of Buildings in the Study area

A total of 324 buildings, unevenly distributed between 30 meters and 70 meters from the Agboyi River, were

evaluated for this study. The survey result shows that 118 buildings are located 30 meters near the Agboyi

River, which are the most vulnerable buildings according to the standard criteria of the Land Use Ordinance

(Building Plan) of 1986, which is still in effect today. Furthermore, 116 buildings are located between 30 meters

and 50 meters from the river channel, representing the vulnerable; while 90 buildings are located between 50

and 70 meters from the Agboyi River, representing the least vulnerable. Vulnerable buildings are houses in low-

lying areas near the river channel5. These results are consistent with past studies, stating that most of the

buildings in the lower area of Kosofe do not respect the legal distance of 30 meters from the river floodplain

(See Figure 4.18)37. Hence, it can be inferred that a key indicator of the extent of a building's susceptibility to

flooding is its proximity to the river bed.

The result of the housing type surveys in the study area shows that the predominant housing types are semi-

detached houses, which have neither flood walls nor raised foundations. Most of the buildings are fenced with

sand concrete blocks. This means that buildings and their occupants are not only exposed but also very

susceptible to flood damages. Based on Federal Emergency Management Agency (FEMA) and Associated

Program on Flood Management (AFPM) standards for construction and renovation of buildings in flood-prone

areas; Storey buildings fenced with flood walls are recommended as suitable construction methods in flood

plains40. Additionally, there is disparity in the condition of buildings in the study area. Results show that a

higher percentage of the buildings are in good condition (37.7%), this is followed by buildings which are in fair

condition (29.9%). Very few of the buildings are in excellent condition (10.8%), while others are in poor

condition (21.6%). However, this finding suggests that many of the buildings in the study area are ill-prepared

to cope with a 100 year flood (which implies a flood event that has a 1% chance of occurring every year)41.
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Figure 4.18: Buildings in close proximity to River Agboyi
Source: Researcher’s Field Survey (2023)

Additionally, respondents indicated that most houses are 300mm above natural ground floor level (NGL).

However, this is below the standard average base height of 600mm above the estimated flood level42. The

buildings are meant to withstand flooding to a depth of 600mm, after which water can enter the building to

relieve pressure on the building structure. Furthermore, observations from empirical studies on Lagos State's

vulnerability to flooding show that most of the city's floodplains are less than 5 meters above sea level43. This

implies that the design and construction of most buildings in the study area did not take into account the current

exposure of the study area. To substantiate this claim, past related studies confirmed that the structural and non-

structural measures used to deal with the floods in the City of Lagos excluded requirements for the design and

construction of resilient buildings 44.

The results also show that different materials were used to build houses in the flood-prone areas of Kosofe.

Based on the information in Table 4.19, all the houses were built with sand concrete blocks. This is however,

not resilient as precast sand concrete blocks (mix ratio 1:8) have lower water absorption capacity and are prone

to cracking; Therefore, FEMA has recommended the use of cement blocks, concrete, and compacted clay for

construction in flood-prone areas. In addition, the survey results show extensive use of the traditional hipped

roof for roofing (see Figure 4.19) and impermeable materials such as cement and sand screed and concrete for

exterior flooring of the compounds ( see Figure 4.20).
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Figure 4.19: Buildings Features in the study area
Source: Researcher’s Field Survey, (2023)

Figure 4.20: Flooded compound in the study area
Source: Researcher’s Field Survey, (2023)

While the pitched roof is a common feature of tropical architecture; recent studies however, had argued that

structural flood mitigation measures could consider the use of green roofs to compensate for impervious areas of
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the building for backflow water drainage35. However, the adoption of green roofs in the city of Lagos remains

limited due to cost, technical challenges, lack of knowledge and constraints imposed by the interpretation of

local town planning laws45. In addition, most of the interior floors of the houses in the study area are covered

with ceramic tiles, while the walls have been covered with cement screed. Other prominent architectural

features of buildings in the study area are the use of exterior steel doors, interior wood doors, aluminumwindows,

and wood kitchen cabinets; Low level sockets and high level meters.

Whereas, adaptation and resilience strategies to flooding at building level include elevation on plinths or raised

foundations, and external protection of buildings to prevent water from entering, as well as measures such as

transferring utilities and vulnerable elements to higher floor and implementation of Sustainable Urban Drainage

Systems through permeable paving attenuation systems, filter drains, ponds, wetlands46, 47. The conclusions of

the findings imply that unreliable measures have been taken to reduce the risk of flooding for homes in the

Kosofe flood zone. The implication of knowledge about the architectural design features of houses in the study

area supports empirical studies on the lack of knowledge in the practice of flood control or adaptation measures

in flood prone houses in Nigeria48, 49. This may be attributed to different levels of vulnerability to flooding, the

diversity and complexity of architecture and construction methods; all of this is important for understanding the

adaptability of buildings to flooding. However, FEMA recommends that only highly qualified designers and

engineers be hired to design and construct all types of buildings in flood-prone areas.

Pre-disaster Level of Adaptation

Four specific issues are discussed in this section. The first issue is the level of awareness of the risks attributed

to floods. The majority of respondents (70.4%) say they are aware of the risks. Second, the majority (76.9%) of

the household representative attributes the source of information about their conscience to previous flood

experiences. A chi-square test confirmed a significant relationship between flood risk awareness and past

experience of flooding (x2 = 218.602, P = 0.000). The results of this survey are consistent with previous study

which suggested that many residents of flood-prone areas are fully aware of the risks associated with living in

the area50. Third, the results of the survey on the level of preparedness to deal with future flood risks show that
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despite the high awareness of flood risks among residents of the study area, a very high percentage (91.9%) of

respondents were "unprepared". Only 0.9% of respondents said they were well prepared for future flood risks.

This result seems to be consistent with previous studies which asserted that very few homeowners in at risk

areas adopt any mitigation measure despite the overwhelming public awareness of flood risk4. The fourth survey

of the current study also shows that many respondents (66.4%) have never practiced any form of preparedness

measures, while (33.6%) of respondents said they sometimes practice risk mitigation measures.

The implication of these results shows the docile attitude of the majority of the inhabitants of the study area to

invest in mitigation; highlighting the challenges that policymakers face in encouraging residents of flood-prone

areas to protect themselves against future floods and their associated impacts. For example, previous studies

have shown that residents of flood prone areas in the city of Lagos have reacted passively to flood warnings and

awareness campaigns over the years18. This was attributed to either a lack of knowledge of local residents on

flood mitigation measures or due to local residents' perceptions that the flood warnings and awareness campaign

were an attempt to evict them and acquire their land and the "lack of resources" and "reliance on government" to

provide structural amenities44, 50. Others simply argue that flooding is regular and unavoidable, that the cost of

moving is beyond their means, that as homeowners they were unable to leave their homes, or that past warnings

had been in vain and the consequences of the flooding were not serious.

Household Coping Capacity during Flood Disaster

Results of this survey shows that out of the 15 variables used to assess household coping strategies, 2 returned

with a moderate mean score (3.15 -3.09), while 5 reported a low mean score (2.53- 1.91). The remaining 8

variables had very low mean scores (1.89-1.00). This implies that many households have a fairly low coping

capacity. The result also shows that the most common coping strategies of households in the study area, as

reported by respondents, are rainwater harvesting systems (3.15), the use of drainage (3.09) and regular

maintenance of drainage systems (2.53). This finding appears to support previous studies that suggested that

household coping strategies were not effective in many flood-prone areas of the city of Lagos26, 51. Studies have

also shown that households in flood prone areas engage in various activities, usually dependent on their own
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resources and income, to manage flood risk52. For example, residents use sandbags to protect properties, raise

entrances to their buildings, fill depressions around property, clean their immediate surroundings and ensure

proper waste disposal.

Nevertheless, the results of this current study suggest an important conclusion about flood mitigation strategies

that differ from those proposed in previous research. Households in the study area use rainwater harvesting

systems (RWH). The motivation for RWHS may be due to lack of potable water in the study area, as suggested

by descriptive statistics of neighborhood characteristics. It is observed that most households in the study area

meet their domestic water needs by purchasing water from outside the neighborhood or through rainwater. The

existing wells are untreated, dirty and unfit for consumption. This inference is consistent with previous studies

suggesting that low-income residential areas in the city of Lagos are more dependent on unimproved water

resources and have little access to safe water supplies53. In particular, studies indicate that RWHs have several

advantages as an effective alternative water supply solution and are useful for reducing flood risks in urban

areas. However, the potential of RWH installation in flood risk reduction strongly depends on the amount of

rainfall54. This implies that RWHs are more effective in mitigating flooding from small rainfall events; however,

when combined with other building-based flood adaptation measures, there is greater potential to reduce

flooding from heavy rainfall. Be that as it may, the result of the present study shows very minimal use of flood

adaptation measures (such as: tree planting, roof garden, backup pump, arrangement of first floor living spaces,

use of flood warning systems and barriers against storm surges above the outside door, overflow devices on

sewers and the use of non-return valves in bathrooms) in many households in the study area.

According to some studies, the socio-economic characteristics of residents influence their capacity and ability to

cope with flooding55. Thus, on the one hand, the low level of household coping capacity shown by most

households in mitigating flood risks in the study area may thus be informed by the high rate of unemployment

and low income among the residents. On the other hand, the low uptake of building-based adaptations suggests

that residents have only a superficial understanding of the effectiveness of these adaptations, as previous

research has shown.
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Intervention During and in Post-Disaster

Despite the low level of household coping capacity demonstrated by households in the study area, further

analysis of the results (see survey table) shows that prayer is the most common intervention respondents

(38.9%) receive during and after severe flooding. This is followed by loans/gifts for savings purposes (24.1%)

and support from friends and family (21.3%). Government support appears to be insignificant, however, and

none of those interviewed said they received any form of flood insurance cover. This finding therefore confirms

the low level of adaptive capacity previously suspected in the households in this study.

Indicators Influencing Physical Flood vulnerability in the Flood-prone areas of Kosofe

The result of the linear regression analysis shows that 8 indicators (Flood water depth, Stilts/ Building elevation,

presence of surrounding vegetation, Low income, Drainage system, Existence of household coping capacity,

Flood duration, and Quality of the building) out of the 14 variables investigated have a P-value lower than 0.05;

and as such have the most significant influence on physical flood vulnerability in the study area. The eight

indicators have vulnerability dimensions of exposure, susceptibility and resilience. The results presented in this

study can be used to build resilience of flood-prone houses, and also to help policy and decision makers to

develop appropriate adaptation strategies and policies required for flood disaster risk reduction in the built

environment. The eight indicators are discussed in this section (see Figure 4.21).

Socio-economic Characteristics- Low income

Low income is one of the most important human factors of vulnerability56. Poverty has been identified as one of

the critical indicators of vulnerability to physical flooding55. These statements are consistent with the findings of

this study. The result of the regression analysis of the survey shows that "low income" is the most important

socio-economic characteristic affecting exposure to flood risk in the study area. Regarding the link between

flood risk and low income, a recent World Bank report estimated that more than 780 million people living on

less than USD 5.50 per day are at high risk of flooding6. In other words, the data suggests that four out of ten

people at risk from flooding globally live on low incomes. As indicated above, the results of the economic
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characteristics of the inhabitants of the study area (see Figure 4.7) indicate that many of the families live on a

low income.

The result of this current study represents an important contribution to understanding the significant link

between physical vulnerability to flooding and low income. In terms of exposure, previous related research

shows that low-income people are attracted to floodplains by cheap land and low-cost housing57. This statement

is supported by the result of household characteristics of the current study area, which showed that most of the

residents are tenants living in the area due to the availability of low-cost housing. This suggests that the

concentration of poverty in flood-prone areas hint that low-income households accept flood risk to gain access

to cheap housing.

Also in terms of susceptibility, most shelters for the poor are not of high quality as the materials put into these

shelters are usually the cheapest available58. As a result, rental housing is flimsy, of poor quality and vulnerable

to extreme flooding13. Extreme floods affect high, middle and low income people equally. Nevertheless, flood

damage relative to household income is significantly higher in low-income families58. The inability to afford

quality housing further amplifies the impact of floods and increases households' vulnerability to flood risk. In

addition, low-income households tend to be less prepared for floods, have low coping capacity and have limited

government support52. This is because most city governments do not encourage the development of informal

settlements in flood-prone areas, preferring instead that residents evacuate the area.

Nonetheless, population continues to rise in at risk areas; and considering the long-lasting and devastating

impacts of floods on livelihoods and wellbeing, policy actions and regulatory support in terms of investing

substantial financial resources to strengthen disaster prevention and recovery capacity is most urgently needed

in the hotspots where poverty and flood exposure coincide.

Flood Attributes- Flood Water Depth and Flood Duration

Physical vulnerability depends on hazards59. In other words, the level of exposure and vulnerability to floods is

strongly influenced by the characteristics of the floods. Therefore, understanding the type of flooding

experienced is helpful in reducing the potential risk to buildings and residents. From the expert survey of this



165

study, three hazard attributes (flood depth, flood duration and flood speed) were classified as relevant indicators.

However, the results of regression analysis on the extent to which hazard characteristics affect physical

vulnerability to flooding in the study area showed that "flood depth" and "flood duration had the greatest

influence. Physical vulnerability to flooding increases dramatically with increasing flood depth and duration43.

On the one hand, the extent of flood damage varies with the depth of the flood. Indeed, increasing flood depths

generally cause greater and more costly damage to buildings and residents. For example, a flood less than 0.5m

deep will inundate sidewalks, streets and most land. However, buildings with ground level elevations at least

0.61 m (2 ft) above building flood level (BFL) should remain dry40. Nevertheless, the groundwater level of

many houses in the study area is about 0.3 m; meaning that most households in the study area will likely stay

indoors if the flood is less than 0.5m deep. Prior studies claim that a significant percentage of households in the

city of Lagos stay indoors during floods. However, if the flood depth increases to 1 m, the ground floor of

buildings is expected to be flooded, affecting power outlets, appliances and other equipment. At this point, an

evacuation may be necessary. Similarly, with a flood depth of 1 to 3 m, low buildings are expected to be flooded

by high water. Building occupants must be evacuated or moved to upper floors. This therefore implies that users

of buildings, building elements, materials, finishes and service components are highly susceptible to the direct

and indirect consequences of flooding.

On the other hand, flood duration is also another critical indicator influencing physical vulnerability. Prolonged

flooding tends to increase damage to buildings. The longer the flood lasts, the greater the damage to thebuilding.

This is mainly because the structures of many properties are made of solid porous materials, such as brick, block

and concrete. Nevertheless, in areas characterized by high flood depth and longer flood duration, an adaptation

measure, raising habitable areas above the predicted flood level, could significantly reduce vulnerability60, 40.

Neighbourhood Characteristics- Absence of Surrounding Vegetation and Drainage Systems

The physical characteristics of a neighborhood can reduce or increase the susceptibility of buildings and their

occupants to the impacts of flooding. Indicators rated high and selected by the experts in this study regarding



166

neighbourhood characteristics are site topography, building distance from the coasts/ river, presence of

surrounding vegetation, drainage system, and land use. However, only the absence of surrounding vegetation,

and drainage system were ranked high by residents of the study area. Vegetation is influential in reducing the

impact of climate change on the development of human society61. The study of Chen identified the presence of

high ratio natural vegetation as one of the critical indicators that promote community resilience to flood risk in

urbanized flood-plains62. However, it was deduced that floodplain areas which lacked vegetation are less

tolerant of flooding, as there is less land functioning to convey and store floodwater and sediments and thus

limits the capacity of the area to cope with flood risks63, 5. Also, removal of native vegetation has been linked to

rising water tables and increased salinity, which reduces infiltration and inhibits crop growth64. It simply implies

that land use practices and land cover change appear to play a crucial role in levels of physical exposure and

vulnerability to flood risk. Similarly, previous studies have linked the increased physical vulnerability of

floodplains to the siting of artificial drainage systems; resulting in a significant increase in runoff velocity and

peak flows that exceed the capacity of existing drainage systems35. The introduction of impervious surfaces

through physical development activities in flood plain areas often lead to changes in the natural course of

drainage; and disturbances in the natural hydrological cycle65. As such, the volumes generated due to the

impervious areas of the ground in these areas can exceed the capacity of storm water drainage system network.

Conversely, green infrastructure strategy (GI) and sustainable urban drainage systems (SUDS) approach are

capable of reducing the impact of urban development on floodplain ecosystem at the community and building

scale35. For example, the introduction of pervious paving, trees, bioretention, and rainwater collection allows for

on-site infiltration, which lessens the pressure on existing drainage systems5. In support, it is argued that

innovation in drainage facilities, rainwater and sewage diversion, and management system may be implemented

to reduce physical flood vulnerability in at risk areas62. Therefore, modern drainage systems may be designed to

mimic natural water processes and complement natural vegetation so as to improve infiltration, attenuate flood

risks and provide passive treatment for storm water run-off as close as possible to the source, thereby reducing
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damages and expenditure on recovery. This implies that natural vegetation and drainage systems, if properly

designed through spatial analysis, can help reduce the risk of flooding.

Flood water
depth

Stilts/

Quality of the
building

Building
elevation

Flood
duration

Absence of
surrounding
vegetation

Household
coping
capacity

Low income,

Drainage
system

Figure 4.21: Indicators influencing Physical Flood vulnerability in flood-prone areas
Source: Researcher’s Result via SPSS Version 23, (2023)
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Architectural Features- Stilts/ Building Elevation and Quality of the Building

The result of the regression analysis in the present study shows that the critical indicators significantly

influencing the flood susceptibility of households among architectural features are the use of piles or the height

of buildings and the quality of construction. The structure of a building invariably serves as a predictor variable

for assessing building quality and as a determinant of occupants' susceptibility and vulnerability to flooding28.

This implies that the degree of susceptibility of buildings and their occupants to flood risks is closely related to

the design and construction of buildings66. Fundamentally, the main architectural strategy for dealing with flood

risk is the idea of avoiding flood-prone areas33. However, when this is not possible, resilient measures can be

deliberately integrated into building design and construction to address the risk of flooding.

On the one hand, the results of the regression analysis, supported by the results on building characteristics and

flooding attributes in the study area, indicate that low-rise buildings are more susceptible to damage from water

infiltration because the ground floor level is lower than the flood level. On the other hand, these results appear

to be further supported by ample empirical evidence suggesting that buildings raised on stilts above predicted

flood water levels are effective flood adaptation measures useful for reducing household vulnerability to

floods54, 63. During floods, elevated buildings on stilts are unaffected by fluctuations in the flood water level67.

For example, in the Mekong Delta in Vietnam, stilt houses are a common form of vernacular architecture that

has been used over the years to reduce the force of waves against the pavement during extreme flooding63.

Therefore, this strategy can be applied to mitigate risks in flood prone areas. Based on recent research, new

buildings in flood-prone areas can be designed with higher foundations such that the lowest story is above the

base flood height (BFE) specified. Similarly, the lowest story of existing buildings can be raised on solid

perimeter foundations, embankments, or an open foundation system so that the completed dwelling is above the

expected flood stage. Therefore, raised buildings may have a low vulnerability to flooding compared to non-

raised buildings.

In addition, the quality of a flood-prone building affects the extent of flood loss and damage68. In other words,

the ability of buildings located in flood prone areas to remain functional during floods and to recover with
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minimal damage is determined by the resilience of the structure. The resilience of homes depends both on the

housing typology (layout organization) and on the quality of the building materials. Low-income settlements

often develop organically and rapidly in floodplains, and as a result, lack of guidance or planning often results

in settlements being extremely vulnerable to flood disasters. In terms of building materials, the materials used to

build houses in low-income settlements are generally substandard and unprepared for recurring flooding. The

results of the architectural characteristics of the houses in the present study show that water resistant materials,

such as concrete blocks, fiber cement, durable or treated wood, PVC, bricks and clay tiles are rarely used on

buildings in the study area. One of the main challenges regarding these building materials is maintaining a

certain quality that allows them to withstand both structural loads and flooding.

However, access to quality building materials depends on income levels, and the current socio-economic level

of low-income people living in flood-prone areas forces them to build with what they can afford (i.e. poor

quality building materials, using less cement to save money or using inefficient compaction methods because

they cannot afford to rent or buy equipment). This outcome is supported by past studies, which argued that the

problem with increasing flood impacts on Nigeria's built environment is that many existing buildings are ill-

suited and lack a defined coping strategy34. In other words, the way they were built increases their potential

vulnerability to flood risk.

Adaptive Coping Capacity- Absence of Household Coping Capacity

Also, different vulnerabilities exist in different systems based on the inherent responsiveness4. In this study,

adaptive capacity was used to assess the ability of households in the study area to adequately respond to, cope

with, and recover from flooding. Generally, adaptive capacity is reflected in the level of preparedness before a

disaster, the capacity to adapt during a disaster and the response during and after a disaster. The results of the

resident adaptive capacity survey in this study indicate a predominantly low level of pre-disaster coping,

household coping capacity and external support in crisis situations. The findings indicate the existence of low-

level adaptability in this area. Uncertainty about the type, extent, impact and frequency of future floods requires

the development and establishment of a robust living and working environment5. For this reason, adequate flood
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preparedness ensures that households are able to plan, prepare and respond appropriately to the impact69. This

implies that disaster preparedness at the household level can help reduce flood damage and death, thereby

helping to reduce physical vulnerability. Moreover, the ability to cope with flood-related disasters is generally

inversely proportional to vulnerability. Although, coping strategies do not necessarily reduce vulnerability;

however, understanding the reasons behind coping behaviors could also help reach those most at risk52. As such,

the application of a certain set of coping strategies depends on the socio-economic circumstances of the resident.

Table 4.27: Summary of Physical Vulnerability Indicators and Adaptation Options
S/N Vulnerability indicator Adaptation strategies

Exposure

1. Low income Promote resilient affordable housing schemes in urbanized flood-plain
areas

2. Flood water depth Elevate buildings above flood level by raising the foundation or building

on stilts or piers.

3. Flood duration Design for water flow by using permeable surfaces and landscaping, or by

designing building with flood vents that allows water to flow through;

Use flood-resilient material with minimum susceptibility during the flood

(such as concrete bricks, stone and concrete blocks).

Susceptibility

4. Absence of surrounding

vegetation

Plant native vegetation, create flood sinks,

Use green roof

5. Drainage system Design modern drainage systems to mimic natural water processes and

complement natural vegetation using green infrastructure (GI) strategy

Provide passive treatment for storm water run-off as close as possible to

the source using sustainable urban drainage systems (SUDS) strategy

6. Stilts/ Building elevation Higher foundation walls for new builds (design lowest floor level of new

buildings to be above the indicated Base Flood Elevation (BFE)

Raise the lowest floor level of existing buildings on solid perimeter

foundation walls (such that finished living space is located above the

anticipated flood water level)
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7. Quality of the building Hiring qualified and experienced architects and building development

professionals.

Using high quality materials that can withstand both structural loads and

flooding

Creating a flood-resistant interior by using waterproof flooring and wall

coverings

Adaptive capacity

8. Household coping capacity Installing flood barriers around the building, such as sandbags or metal

panels

Install flood warning systems, such as sensors or alarms.

Source: Researcher’s Findings (2023)

Testing Hypotheses

H0: There is no significant linear relationship (correlation) between factors (demographics and socio-economic

characteristics; flood attributes experienced; Neighbourhood characteristics and architectural design features of

buildings; and adaptive capacity exhibited by households in the area) and physical flood vulnerability of

households.

Null Hypothesis, (H0): There is no significant linear relationship (correlation) between factors (demographics

and socio-economic characteristics; flood attributes experienced; Neighbourhood characteristics and

architectural design features of buildings; and adaptive capacity exhibited by households in the area) and

physical flood vulnerability of households.

Alternate Hypothesis, (Ha): There is significant linear relationship (correlation) between factors

(demographics and socio-economic characteristics; flood attributes experienced; Neighbourhood characteristics

and architectural design features of buildings; and adaptive capacity exhibited by households in the area) and

physical flood vulnerability of households.

The hypothesis was tested using the linear regression analysis. From the Analysis of variance (ANOVA) table

(see Appendix 10), results shows a high significance F value = 428.257, p < 0.000. Also, the Model Summary
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(Appendix 11) shows that the model having R2 = 0.975 explained around 98% of variance in the influence of

the selected indicators on Physical Flood vulnerability in the study area. The result suggests that there is a

statistical significant linear relationship between a flood-prone areas‘ characteristics (demographics and socio-

economic characteristics, flood attributes experienced, Neighbourhood characteristics and architectural design

features of buildings, and adaptive capacity exhibited by households in the area), and their physical flood

vulnerability; hence the null hypothesis (H0) is rejected, while the alternate hypothesis (Ha) is accepted.

4.4 Validation of the Conceptual Framework of the Study

The conceptual framework, presented in Chapter Three of this thesis show the five key components of the

research that were investigated, and how they relate with one another (see Figure 2.5). These five components

formed the background for data collection and analyses. Recall that the conceptual framework of this study was

developed prior to the survey. After the survey and data analysis it was important to validate the framework in

light of findings of the research. Using the result of this research, a validated conceptual framework for

developing adaptive architectural design strategies for flood disaster risk reduction in flood-prone residential

areas is presented as shown in Figure 4.22.

Result of the data analysis showed the demographic characteristics of residents, as comprising individuals from

different ethnic groups, of significant number of unemployed resident, of working-age population, and majority

earning low-income monthly wages. Similarly, the socio-economic characteristics comprised of residents with

relatively limited social capital, of long-staying tenants who have remained in the area due to availability of

cheap land and housing, of households with dependents who have had past flood experiences.

The key issue investigated in the study was to assess physical vulnerability indicators for developing adaptive

architectural design strategies for reducing flood disaster risks to houses in flood-prone areas. Attempt has been

made to achieve this goal by considering the socio-economic, physical characteristics and resilience abilities of

households in the flood-prone areas of Kosofe, Lagos, Nigeria, which influence physical vulnerability to flood

risk. It is believed that the most relevant adaptive strategies for flood disaster risk reduction are embedded



173

within these physical vulnerability pathways. The study confirmed that the vulnerability of flood-prone

residential buildings to flood risk is a function of exposure, susceptibility and resilience, as reflected in the socio-

ecological characteristics of the neighborhood.

Exposure

Figure 4.22: Validation of Conceptual framework
Source: Researcher, (2023)

In terms of exposure, the analysis of the survey data identified the socio-economic characteristics and attributes

of the flood experienced in the study area as follows:
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Demographic and Socio-economic Characteristics

The study area comprises of populations with limited social capital, and higher number dependents; residents

with limited access to quality housing and land; and households without flood insurance, majority of whom are

low income earners.

Flood Attributes

The pattern of flooding experienced within the areas are pluvial and fluvial floods; typically, occurring within 1-

3 hours after the start of an intense rainfall. It is compounded by the slow rate of storm water runoff. High

floodwater depth above building flood level; and majorly water penetration damages.

The flooding is mainly caused by poor urban design and rainfall. The dimensions of factors influencing flood

occurrences within the areas are (i) site topography, lack of vegetation, nature of soil, violation of planning

regulation, failure to heed flood warning, building on floodplains (ii) poor channelization and clogged drainages

The most significant impact of flooding within the areas is linked to physical and socio-economic impact

(majorly: disruption of businesses, displacement of people, traffic disruption, and erosion/ destruction of

harvest).

These characteristics explain exposure of the study area to flood risk. Flood exposure, as earlier discussed in

Chapter Two of this thesis, refers to the predisposition of a system to be disrupted by a flood event due to its

location in the same area of influence. It is analyzed by delineating flood characteristics and aggregating the

intersection population and/or built environment assets. Thus, the study proposed that these characteristics of

exposure would be given consideration in developing a framework of indicators influencing physical flood

vulnerability, and consequently adapts these vulnerability pathways for flood risk reduction. Furthermore, it was

observed that one of the most important characteristics that influence susceptibility to flood risk are linked to the

spatial pattern of the neighbourhood and the architecture of buildings in the study area.

Susceptibility

In terms of susceptibility, analysis of the survey data identified the neighbourhood characteristics and the

architectural features of buildings in the study area.
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Neighbourhood Characteristics

Two dimensions of the neighbourhood characteristics were identified to influence susceptibility to flood risk:

Spatial pattern (Very limited natural recreational areas, inadequate and poorly maintained stormwater

drainage systems, inadequate waste management facilities, lack of potable water supply, bad roads and streets

networks, lack of floodwall/ barrier along the river channel, lack of flood retention ponds/ gardens, and flood

warning systems); and Increasing impervious areas due to physical development (Infrastructure/ facilities such

as health care facilities, educational facilities, social and religious activities, shopping facilities, and pedestrian

walkways).

Architectural Features

In terms of the architectural features, majority of the households surveyed live in close proximity to water

bodies. The selected housing schemes can be characterized as mainly semi-detached houses without flood wall;

buildings fenced with sandcrete blocks; buildings are in fair and poor condition; lower ground floor level

(300mm) relative to floodwater depth (600mm). In terms of the choice of building materials, many of the

buildings use sandcrete blocks; external steel door, interior wooden door, aluminium window and wooden

kitchen cabinets. Furthermore, majority of the buildings are finished with ceramic floor tiles, walls finished with

cement screed and painted. Also, the most common roof design is the traditional hip roof styles. The most

common exterior floor finishes used are cement and sand screed, and concrete. Also, in terms of the positioning

of electrical sockets, many of the buildings use low-level electrical sockets, and high level meters.

Based on the above characteristics, the susceptibility factor of vulnerability to flood risk is explained by

likelihood of flood disaster based on neighborhood characteristics and architectural features of buildings in the

study area. By definition, susceptibility implies the elements exposed within flood-prone area, which influence

the probabilities of being harmed at times of hazardous floods. This study, therefore propose that first, specific

strategies for disaster risk reduction in flood prone neighbourhoods are embedded within the dimensions of the

(i) spatial pattern and (ii) physical development pattern. Thus, consideration should be given to design strategies

that provide for water absorption and storage; neighbourhood interaction and connectivity; recreational access;
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and requirements for emergency response. Secondly, the study proposes that building-based adaptation should

be pursued through building elevation; dry-flood proofing; wet-flood proofing; and implementation of

Sustainable Urban Drainage Systems.

Adaptive Capacity

In terms of the adaptive capacity exhibited by residents and households in the study area, the analysis of the

survey data identified pre-disaster preparedness, household coping capacity during disaster, and intervention

during and in post disaster.

Pre-Disaster Preparedness

Majority of the households appears to have a high level of flood risks awareness. Also, the main source of

information on awareness is from previous flood experiences. In terms of the level of flood risk preparedness,

majority of the households have low levels of preparedness. Similarly, many of the households rarely practice

flood mitigation measures.

Household Coping Capacity during Flood Disaster

Available household coping strategies are minimal usage of rainwater harvesting system, existing drainage

systems, and periodic maintenance of drainages.

Intervention During and in Post-disaster

The most common interventions received in during and in post flood disaster are prayer, borrowing/contribution

in thrifts, and support from friends and families. Very minimal government support.

Adaptive capacity is the ability of a system to adjust to actual or expected climate impacts. The above described

capacities exhibited by residents and households in the study area explain their resilience and adaptive capacity

to flood risk. Hence, this study proposes that first; measures to enable buildings cope better during flood disaster

should be planned and enforced in new and existing flood-prone buildings. Secondly, there is need to improve

the understanding of households on the effectiveness of building adaptation measures in flood disaster

mitigation.
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Physical Vulnerability Indicators

As discussed in literature, physical flood vulnerability is the extent to which buildings and other physical assets

are susceptible to floods due to exposure, a perturbation, in conjunction with its ability (or inability) to cope,

recover, or basically to adapt. Eight indicators were identified to have the most significant influence on physical

vulnerability to flood risk in the study area. These indicators were derived from the existing vulnerability factors

of exposure, susceptibility and adaptive capacity exhibited by residents and households in the study area as

follows:

Exposure

Socio-economic Characteristics

Low Income: poverty, monthly household income is below N99, 000; and high unemployment.

Flood attributes experienced

Flood Water Depth: 300-600mm inundation depth (whereas, building ground floor level is about 300mm

above the natural ground level)

Flood Duration: Short-duration-high-intensity and long-duration-low-intensity rainfall

Susceptibility

Neighbourhood Characteristics

Absence of Surrounding Vegetation: land use practices and land cover modification (physical development in

flood plains; removal of native vegetation; less land functioning to convey and store floodwater and sediments)

Drainage Systems: implantation of artificial drainage systems; introduction of impervious surfaces through

physical development activities.

Architectural features

Stilts/ Building elevation: non-elevated buildings on low foundation

Quality of the building: mal-adapted building structure; and use of non-water resilient building materials
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Chapter Five

Conclusion

5.1 Summary of Findings

The thesis presented the assessment of physical vulnerability indicators for developing adaptive architectural

design strategies in the flood-prone areas of Kosofe Local government area of Lagos state. The study sought to

understand the factors of vulnerability (based on the demographics and socio-economic characteristics of the

residents; flood attributes experienced; Neighbourhood characteristics and architectural design features of

buildings; and adaptive capacity) which influence physical flood vulnerability; so as to identify options for

adapting to the impact of flood disaster. The degree of exposure to flood risk was found to be a function of the

socio-economic characteristics and hazard attributes experienced. Susceptibility to flood-risk was found to be a

function of the neighborhood characteristics and architectural features of buildings. The adaptive capacity to

respond appropriately to flood risk was found to be a function of the pre-disaster level of adaptation, household

coping capacity exhibited during flood disaster, and external intervention during and in post flood disaster.

From the analysis of data gathered for this research, the key findings of the research can be summarized as

follows:

The demographic characteristics of residents of the flood-prone areas of Kosofe local government area of Lagos

state show diversity in the gender, ethnic representation, age structure, employment status, marital status,

religion, and education. 30.2% of the residents were unemployed and 38% had no tertiary education. 14.5% of

residents own businesses within the study area. Communities in the study area, have a good mix of ethnic

groups, low perception of ethnic segregation, high levels of religious and socio-cultural activities and a good

bonding network model. However, there is a lack of government presence and external support within the area.

Thus, the flood-prone areas are socially vulnerable due to the lack of adequate social structures, institutions and

organizations to foster trust and cooperation among residents.
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The socio-economic characteristics of residents reflected those of a predominantly low income residential

neighbourhood. 30.2% of the respondents were unemployed, but 55.5% of them are either self-employed,

employees of private organization or government employees. The highest proportion of the employed

respondents own businesses within the study area. The income of residents with businesses in the area will be

negatively impacted with increasing flood risk. Majority of the households earned below a NGN99, 000, while

27.7% earned between NGN 100,000 and NGN 299,000. Six out of ten residents at risk from flooding in the

study area live on low incomes.

Also, majority of people living in the study area live in semi-detached houses. 60.8% of the residents live in

rented accommodation. The majority of the inhabitants are between the ages of 35 and 43. Most households

have between 3 and 4 occupants. The result attributed the concentration of low-income households within the

area to the availability of cheap land and low-cost housing. Therefore, finance was a major consideration in the

choice of residence for most people living in the area.

Flooding starts 1-3 hours after heavy rains and becomes more intense within 4-9 hours. There is a slow rate of

stormwater runoff in the study area due to the state of the drainage systems and increasing impervious areas

from land use changes and land cover modification. The study area lacks adequate facilities for waste disposal,

storm water runoff and natural green areas. The majority of floods are more than 300 mm deep and the most

obvious pattern of flood damage suffered by households is water penetration damages.

There are seven factors that influence the occurrence of floods in the flood-prone areas (site topography, lack of

vegetation, nature of soil, violation of planning regulation, failure to heed flood warning, and building on

floodplains). These factors are related to the physical and socio-economic characteristics of the neighborhood.

The study area lacks flood-adaptive features in its urban planning. The main impacts of flooding in the study

area are disruption of businesses, displacement of people, disruption of traffic and erosion/destruction of crops.

Also, flooding has an indirect and intangible impact on the lives of residents. These impact increases the

vulnerability of the communities to natural hazards.
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Residents of the study area considered the spatial pattern of the neighbourhood very influential in assessing its

characteristics. The neighbourhood characteristics reflect a limited availability of natural recreational areas,

inadequate and poorly maintained stormwater drainage systems, inadequate waste management facilities, lack

of potable water supply, bad roads and streets networks, lack of floodwall/ barrier along the river channel, lack

of flood retention ponds/ gardens, and flood warning systems. It was also deduced that continuous physical

development within the neighbourhood have led to an increase in impervious areas.

The 324 buildings that are vulnerable to flooding were examined in the flood-prone areas of Kosofe, Lagos.

Most of the houses are semi-detached houses with neither flood walls nor raised foundations. Many of the

buildings are ill-prepared to cope with a 100 year flood, due to its proximity to the river channel, quality,

elevation and low foundation below the estimated flood level. The architectural characteristics of the housing

schemes in the study area indicate that there are scant resilient measures taken to mitigate flood risk to houses.

The majority of houses are built with sand concrete blocks. Most houses in the study area are 300mm above

natural ground level.

The majority of survey respondents are aware of the risks of floods, but only 0.9% of them are well prepared for

future flood risks. Many people in the study area have never practiced any form of preparedness, while 33.6%

practice preparedness measures. Survey shows that many households in the study area have a fairly low

adaptive capacity. The most common coping strategies of households in the study area are rainwater harvesting

systems, the use of drainage and regular maintenance of drainage systems. The motivation for RWHS may be

the lack of potable water in the area. Prayer is the most common intervention respondents receive during and

after severe flooding. This is followed by loans/contribution for savings purposes (24.1%) and support from

friends and family (21.3%). Government support appears to be insignificant. None of those interviewed said

they received any form of flood insurance cover.

The outcome of the regression analysis highlighted that critical indicators influencing physical flood

vulnerability in the flood-prone areas were flood water depth, stilts/ building elevation, presence of surrounding
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vegetation, low income, drainage system, existence of household coping capacity, flood duration, and quality of

the building. Thus, the study found out that the most robust adaptation options for flood disaster risk reduction

is embedded within the identified physical vulnerability indicators.

5.2 Conclusion

This study attempted to contribute to existing knowledge on flood disaster management by assessing critical

physical flood vulnerability indicators in urbanized floodplain areas of Kosofe, in Lagos, Nigeria, which can be

adapted to reduce flood risk to houses. To achieve this goal, the objectives were developed to assess the

demographic and socio-economic characteristics of residents, as well as the hazard attributes; the

neighbourhood characteristics and architectural design features of the housing scheme; and the adaptive

capacity exhibited by households in the study area in pre-disaster, during and at post-flood disaster.

Furthermore, the study examined the extent to which the above listed characteristics influence physical

vulnerability to flood disaster risk.

The assessment of physical vulnerability indicators for developing adaptive architectural design strategies in the

flood prone areas of Kosofe in Lagos, Nigeria has revealed that demographic and socio-economic characteristics

can have a significant impact on exposure to flood risk. Areas with higher levels of poverty are often at greater

risk of flooding due to inadequate infrastructure, lack of preparedness measures, and limited resources to

recover from damages. Additionally, communities that are located in informal settlements or areas prone to

flooding are more likely to experience flood-related hazards, and face additional barriers to accessing services

and external support. Furthermore, age, income, and education levels can impact an individual's ability to

prepare for and respond to floods. A predominantly working age population may not be economically

vulnerable as more people can work to recoup economic losses during a flood, however lower-income

households lack the financial resources to purchase insurance or evacuate to safer areas. Finally, individuals

with lower levels of education may be less likely to understand the risks associated with floods or how to

prepare for them. Similarly, it is obvious from the study that flood hazard attributes have a significant impact on

exposure to flood risk. For instance, higher floodwater depth causes water penetration damages to houses, and
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can make it difficult to evacuate or rescue individuals. Furthermore, the duration of the flood event can impact

exposure levels, as longer flood events increase the likelihood of damage to homes and properties. Residents of

the study area have experienced floods in the past, and are more likely to experience flood-related hazards in the

future. This means that homes and properties in the flood-prone areas of Kosofe are at greater risk of damage or

destruction in the event of a flood.

This study showed that Neighborhood characteristics of flood-prone settlements that influence vulnerability to

flood hazards are embedded within its spatial pattern. Urbanized floodplain neighbourhoods that lack natural

recreation areas, adequate drainage facilities, waste disposal systems, water supply, good road networks, flood

wall/barrier, flood ponds/gardens and flood warning systems, are prone to rapid accumulation of water during a

flood event, escalating the flood risk. Therefore, design solution at the neighborhood scale should focus on

integrating flood risk adaptation into the spatial planning by creating adaptive multi-functional and flexible

neighbourhood spaces that provides for water absorption and storage; neighbourhood interaction and

connectivity; recreational access; and requirements for emergency response. Similarly, the Architectural

features of the existing flood-prone houses, particularly its proximity to river channel, ground floor height,

elevation, and quality in terms of the construction materials, impact susceptibility to flood risk. Low-elevated

buildings experience higher risk. Also, buildings constructed using materials that are not water resistant are

highly susceptible to flood-related damages. Inversely, houses with sufficient elevation above the flood level

and flood-resistant features such as the installation of flood doors, sealants, and walls, would have greater

resilience against future floods. Also, residential buildings with enhanced architectural features that utilize smart

designs, green features, and eco-friendly materials to reduce runoff and floodwater accumulation, are highly

resilient to future flood hazards. Overall, neighborhood characteristics and architectural features play a vital role

in determining susceptibility to flood risk. Addressing the vulnerabilities inherent in these features through the

implementation of adaptation measures such as flood-resistant architectural design, improvement to

neighborhood infrastructure, and increase in community awareness and preparedness, can significantly reduce

the damage caused by future flood events.
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It is obvious from the outcome of this study that household adaptive capacity is an essential factor in developing

effective flood adaptation strategies in flood-prone areas. Therefore, by improving the social capital of residents

through inclusive designs, and integrating measures to enable new and existing buildings cope better during

flood disaster, as well as encouraging investment in building adaptation measures; households are better

positioned to deal with flood risks and are more likely to build resilience in the long run. The implications of

household adaptive capacity on flood resilience are better at pre-disaster preparation for flood events, improved

coping and financial resilience to flood risks, opportunity to learn from previous flood events, and taking steps

to build resilience over time. Households with high adaptive capacity promote and reinforce their resilience, and

these, in turn, contribute to the overall resilience of their neighborhood and communities.

5.3 Recommendations

This research was carried out with the view to identifying the most robust adaptive architectural design

strategies for disaster risk reduction in flood-prone residential neighbourhoods. Providing affordable flood

resilient buildings in low income informal settlements will require a combination of approaches. Based on the

findings the following recommendations are made:

1. Firstly, in order to achieve the goal of flood disaster risk reduction in flood-prone residential

neighborhoods, the physical vulnerability indicators identified in this study should be given

consideration in developing an adaptive architectural design framework to guide Architects and urban

designers.

2. Involving and engaging the community in the design and implementation of flood-resilient buildings can

help ensure that the solutions are tailored to their needs and local conditions. This can also help to build

an understanding of the importance of flood resilience and the need for long-term solutions.

3. Building with locally available materials and techniques can help to reduce costs and increase the

resilience of the buildings.
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4. Implement integrated land use planning that takes into account flood risk zones and restricts or

discourages development in high-risk areas.

5. Establish an effective early warning system that can provide timely and accurate information about

potential flood events.

6. Develop and enforce building codes and standards that incorporate flood-resistant design principles. This

includes requirements for flood-resistant foundations, elevated electrical systems, and flood-proofing

measures for buildings located in flood-prone areas.

7. Implement nature-based solutions for flood management, such as restoring and preserving natural

floodplains, creating retention ponds, and promoting sustainable drainage systems.

8. Implement nature-based solutions for flood management, such as restoring and preserving natural

floodplains, creating retention ponds, and promoting sustainable drainage systems.

9. Government policies and incentives can encourage the adoption of flood-resilient building practices,

such as building regulations that require flood-resistant materials and design features. Incentives such as

tax breaks or subsidies can also make flood-resilient construction more affordable for low-income

communities.

5.4 Contribution to Knowledge

The proposed study makes contributions to existing body of scientific knowledge in the areas of sustainable

housing and disaster risk reduction in the built environment of flood-prone neighbourhood by:

i. Developing a conceptual framework for assessing physical vulnerability indicators for achieving

adaptive architectural design strategies in flood-prone residential neighbourhood in developing

countries;

ii. Identifying the specific socio-economic characteristics, hazard attributes, neighborhood characteristics,

architectural design features and adaptive capacity that impact exposure, susceptibility and resilience to

flood risk in flood-prone neighborhoods;
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iii. Improving understanding of the extent to which the factors of exposure, susceptibility and adaptive

capacity exhibited by households in the study influence physical flood vulnerability;

iv. Revealing the socio-economic characteristics, hazard attributes, neighborhood characteristics,

architectural design features and adaptive capacity, that can inform adaptive architectural design

measures for flood-disaster risk reduction;

5.5 Suggested Areas for further Research

There are several areas for further research in architectural design strategies for flood disaster risk reduction in

flood-prone residential neighborhoods. Some of these areas include:

1. Integration of green infrastructure in architectural design strategies for flood-prone residential

neighborhoods.

2. Assessment of community needs and preferences for flood disaster risk reduction strategies in flood-

prone residential neighborhoods.

3. Use of technology in architectural design strategies for flood disaster risk reduction.

4. Participatory design methods and community-based planning approaches in the development and

implementation of architectural design strategies for flood disaster risk reduction.

These are just a few of the areas for further research in architectural design strategies for flood disaster risk

reduction in flood-prone residential neighborhoods. It is important to continue to explore these and other

areas to develop effective and sustainable design strategies that can help reduce the impact of flooding on

communities.



192

Bibliography

Chapters in Books

Giugni, M., Ingo S., Edoardo, B., Paolo C. D., Engelbrecht, F., Mercogliano, P.& M. E. Topa, Chapter 2 The

Impacts of Climate Change on African Cities.” In The Impacts of Climate Change, 1–43, 2015.

Gómez-Baggethun, E. Åsa G. Barton, D. N., McPhearson, T., Langemeyer, J., Andersson, E., O’Farrell, P.,

Hamstead, Z. & Kremer. P., Chapter 11: Urban Ecosystem Services. Edited by M. Schewenius & K. C.

Seto T. Elmqvist, J. Goodness, P. Marcotullio, S. Parnell, S. Marte, W. Cathy, F. Michail, B. Güneralp, R.

McDonald. Urbanization, Biodiversity and Ecosystem Services: A Global Assessment, 2013.

Hossain, M. A. & Fahad, S., Chapter 17 Measuring Vulnerability to Environmental Hazards : Qualitative to

Quantitative, In Environment, Climate, Plant and Vegetation Growth, 421–452, 2020.

Kabisch, N. Korn, H., Stadler, J. & Bonn, A., Chapter 1: Nature-Based Solutions to Climate Change

Adaptation in Urban Areas, In Linkages Between Science, Policy and Practice, 51–64, 2017.

http://link.springer.com/10.1007/978-3-319-56091-5.

Kovats, S., Osborn, D. & Whitman, G. , Chapter 5 : People and the Built Environment Chapter 5 : People and

the Built Environment, 2022.

Maxwell, K., Grambsch, A., Kosmal, A., Larson, L.Julius S. H. & Sonti, N., Chapter 11: Built Environment,

Urban Systems, and Cities, In Impacts, Risks, and Adaptation in the United States: Fourth National

Climate Assessment, Volume II, II:438–478, 2018.

Nguyen-trung, K. & Forbes-mewett, H., Chapter 2: Defining Vulnerability, In Vulnerability in a Mobile World,

5–27, 2019.

OECD, Affordable Housing. ―HM1 . 5 . Residential Stock by Dwelling Type. OECD Directorate of

Employment, Labour and Social Affairs - Social Policy Division, 2021, 1–4.

Rao, P., Chapter 1: Role of Green Spaces for Maintaining Well-Being in Residential Community Development,

In Improving Quality OfLife - Exploring Standard OfLiving, Wellbeing, and Community Development, 1–

20, 2020.

Sverdrup, H. & Svensson, M. G. E., Chapter 6: Defining the Concept of Sustainability – a Matter of Systems

Thinking and Applied Systems Analysis, In Systems Approaches and Their Application, edited by M.-O.

Olsson & G. Sjöstedt, 143–164, 2004.

http://link.springer.com/10.1007/978-3-319-56091-5


193

Journal

Abid, S. K, N. Sulaiman, C. S. Wei & Nazir, U., Flood Vulnerability and Resilience : Exploring the Factors

That Influence Flooding in Sarawak. In International Conference on Research Collaboration of

Environmental Science (IOP Conf. Series: Earth and Environmental Science), 1–9, 2021.

Abugu, A. N., Yero, A. B., Irene, A. M.& Muyiwa O., Review of Paradigm Shift in Building Construction

Occasioned by Climate Change, Global Journal of Pure and Applied Sciences, 27, 2021, 253–261.

Adedire, F.M & Adegbile, M. B. O.,The Impact of Peri-Urbanisation on Housing Development : Environmental

Quality and Residents ‘ Productivity in Ibeju-Lekki , Lagos, Contemporary Urban Affairs, 2, no. 2, 2018,

60–70.

Adelekan, I. O. Flood Risk Management in the Coastal City of Lagos , Nigeria Flood Risk Management in the

Coastal City of Lagos , Nigeria., Journal of Flood Risk Management, 9, 2016, 255–264.

Adnan, M.S.G., Dewan, A., Zannat, K.E. & Abdullah, A.Y.M., The use of watershed geomorphic data in flash

flood susceptibility zoning: a case study of the Karnaphuli and Sangu river basins of Bangladesh, Nat.

Hazards, 99,1, 2019, 425–448.

Adom, D. & Emad K. H., Theoretical and Conceptual Framework : Mandatory Ingredients of a Quality

Research, International Journal of Scientific Research, 7, no. 1, 2018, 438–441.

Ahmed, I., Ayeb-Karlsson, S., Van der Geest, K., Huq, S. & Jordan, J.C., Climate Change, Environmental

Stress and loss of Livelihoods can Push People Towards Illegal Activities: A Case Study from Coastal

Bangladesh. Climate Development, 11,10, 2019, 907–917

Ahmed, A., Abdullah A., Abdulaziz A., Ali A. M. & Guna, H., Flood Susceptibility Mapping Using Watershed

Geomorphic Data in the Onkaparinga Basin , South Australia, Sustainability 14, no. 16270, 2022, 1–23.

Ajijola, S. O, Bello, J. & Arayela, O., Equifinality of Flood Determinants in the Wetlands of Lagos State ,

Nigeria. International Journal of innovative research and development, 9, no. 8, 2020, 81–89.

Ajijola, S. O., Obaleye, O. J, Ajijola, O. & Arayela, O., Exploring Public Perceptions of Nature Based Solutions

to Flood Risk Exploring Public Perceptions of Nature Based Solutions to Flood Risk Management In

Lagos , Nigeria, International Journal of Advances in Engineering and Management, 3, no. 1, 2021,

736–747.

Akoteyon, I. S., Factors Affecting Household Access to Water Supply in Residential Areas in Parts of Lagos



194

Metropolis , Nigeria.” Sciendo, 43, no. 43, 2019, 7–24. http://doi.org/10.2478/bog-2019-0001.

Ani, C. N, Ezeagu, C. A., N. K. Nwaiwu & Ekenta, O., Analysis of Factors Influencing Flooding and

Vulnerability Asssessment of Awka and Its Environs, American Journal of Engineering Research

(AJER) 9, no. 5, 2020, 34–45.

APFM. Integrated Flood Management Tools Series: Effectiveness of Flood Management Measures,World

Meteorological Organization, no. 21,2015, 1–66.

ASFPM. Urban Flood Hazards : Challenges and Opportunities Discussion Paper, Urban Flood Hazards,

2020, 1–35.

Attems, M.S., Thaler, T., Genovese, E., & Fuchs, S., Implementation of property-level flood risk adaptation

(PLFRA) measures: choices and decisions,WIREs Water 7, 1, 2019, e1404,

https://doi.org/10.1002/wat2.1404.

Atufu, C. E & Holt, C. P., Evaluating the Impacts of Flooding on the Residents of Lagos, Nigeria, Urban

Water Systems & Floods II 81 Evaluating, 184, 2018, 81–90.

Awodumi, O. E., GIS Approach Delineation of Flood Vulnerable Buildings Along River Agboy., British

Journal of Environmental Sciences, 8, no. 4, 2020, 17–35.

Ayala, D., Wang, K., Yan, Y., Smith, H., Massam, A., Filipova, V. & Pereira, J.J., Flood vulnerability and risk

assessment of urban traditional buildings in a heritage district of Kuala Lumpur, Malaysia. Nat. Hazards

Earth Syst. Sci., 2020, 20, 2221–2241.

Ayyub, B. M., Chapman, R. E., Galloway, G. E. & Richard, N W., Economics of Community Disaster

Resilience.. National Institute of Standards and Technology Special Publication, 1600, 2016, 1–290.

Azad, J. &Pritchard, B., Bonding, Bridging, Linking Social Capital as Mutually Reinforcing Elements in

Adaptive Capacity Development to Flood Hazard: Insights from Rural Bangladesh, Climate Risk

Management, 40, 2023, 100498. https://doi.org/10.1016/j.crm.2023.100498.

Azeez, T., Adeleye, O. A &Olayiwola, L., Spatial Variation in Residents ‘ Accessibility to Land for Housing

Development in Ibadan Metropolis , Oyo State , Nigeria, Ethiopian Journal of Environmental Studies

& Management, 9, no. 2, 2016, 1047–1058.

Baky, A., Abdullah, M., Islam, M. & Paul, S. Flood Hazard, Vulnerability and Risk Assessment for Different

Land Use Classes Using a Flow Model. Earth Syst. Environ. 2019, 1–20.

http://doi.org/10.2478/bog-2019-0001


195

Balasbaneh, A.T., Abidin, A.R.Z.,.Ramli, M.Z., Khaleghi, S.J. & Marsono, A.K.,Vulnerability Assessment of

Building Material Against River Flood Water: Case Study in Malaysia, IOP Conf. Ser. Earth Environ.

Sci. 476 (2020), 012004, https://doi. org/10.1088/1755-1315/476/1/012004.

Baldassarre, G Di, Kooy, M., Kemerink, J. S. & Brandimarte, L., Towards Understanding the Dynamic

Behaviour of Floodplains as Human-Water Systems, Hydrol. Earth Syst. Sci., 17, 2013, 3235–3244.

Barnard, P.L., Erikson, L.H., Foxgrover, A.C., Hart, J.A.F., Limber, P., O’Neill, A.C., van Ormondt, M.,

Vitousek, S., Wood, N. & Hayden, M.K., Dynamic Flood Modeling Essential to Assess the Coastal

Impacts of Climate Change, Sci. Rep. 2019, 9, 1–13.

Barnes, M. L., Wang, P., Cinner, J. E., Graham, N. A. J., Guerrero, A. M. & Jasny, L., Social Determinants of

Adaptive and Transformative Responses to Climate Change. Nat. Climate Change, 10, 2020, 823–828.

doi: 10.1038/s41558-020-0871-4

Bec, A., Moyle, B. & Charlee M., Resilient and Sustainable Communities, Sustainability, 10, no. 4810, 2019,

1–16.

Begoña, P. S., Trundle A., Celaya A., Sarkar A., & Alonso, C., Climate Change Vulnerability and Risk: A

Guide for Community Assessments, Action Planning and Implementation. United Nations Habitat, 2020.

Bello, N. A., Durosinmi, W. A.& Abdulkarim, R. I., Assessment of Adaptation Strategies to Flooding Impacts in

Nigeria - A Review, Urban Design, 1, no. December,2017, 136–145.

Bhagabati, S.S., Kawasaki, A., Takeuchi, W., & Zin, W.W., Improving River Bathymetry and Topography of a

Low-lying Flat River Basin by Integrating Multiple Sources Datasets, J. Disaster Res. 15, 3, 2020, 335–

343, https://doi.org/10.20965/ jdr.2020.p0335.

Bhandari, S. B., Kalra, T. A. .& Ahmad, S., Flood Damage Reduction in Urban Areas with Use of Low Impact

Development Designs., Sustainability, no. 11 (2018): 1–13.

Bhattacharya-mis, N. & Lamond, J., Socio-Economic Complexities of Flood Memory in Building Resilience : An

Overview of Research, Procedia Economics and Finance ,18, no. September,2014, 111–119.

http://dx.doi.org/10.1016/S2212-5671(14)00920-4.

Bhattacharya, A., B. Nofal, L. Krueger, M. Jeong, & K. Gallagher, Policy and Institutional Framework for

Delivering on Sustainable Infrastructure. Policy Brief for T20 Japan. 2019. https://t20japan.org/policy-

brief- sustainable-infrastructure-to-secure-the-natural-capital-of-the-amazon/

http://dx.doi.org/10.1016/S2212-5671(14)00920-4


196

Biswas, A., Haque, A.S., Akanda, M.G.R., & Debnath, P., Communication Exposure of Sub-assistant

Agriculture Officers (SAAOs) towards e-agriculture in Khulna district of Bangladesh. Arch. Agric.

Environ. Sci. 4, 4, 2019, 434–441.

Bixler, R P., Paul, S., Jones, M. J., Preisser, .M. & Passalacqua, P., Unpacking Adaptive Capacity to Flooding in

Urban Environments: Social Capital, Social Vulnerability, and Risk Perception, Frontiers in Water, 3,

no. August, 2021, 1–12.

Bixler, R. P., Lieberknecht, K., Leite, F., Felkner, J., Oden, M. & Richter, S. M., An Observatory Framework

for Metropolitan Change: Understanding Urban Social–ecological–technical systems in Texas and

Beyond, Sustainability, 11, 2019, doi: 10.3390/su11133611

Bixler, R. P., Yang, E., Richter, S. M., & Coudert, M., Toward Co- production for Urban Resilience: a

436multi-hazard Approach in Austin, Texas. Int. J. Hazard Risk Reduct., 2021.

Bosher, L., Patricia C., Dainty, A., Glass, J. & Andrew P., Realising a Resilient and Sustainable Built

Environment : Towards a Strategic Agenda for the United Kingdom. Disaster 31, no. 3, 2007, 236–255.

Brisibe, W., A Comparative Review of the Implications of Flooding on Architecture and Planning Policies in

the UK and Nigeria, Journal of Architectural Engineering Technology 9, no. 1, 2020, 1–10.

Brisibe, W. G., Assessing Architects ‘ Knowledge of Flood Resilient and Adaptable Buildings in Yenagoa ,

Nigeria, Journal of Architecture and Construction, 1, no. 2, 2018, 16–24.

Cai, S., Fan, J. & Yang, W., Flooding Risk Assessment and Analysis Based on GIS and the TFN-AHP Method:

A Case Study of Chongqing, China, Atmosphere, 2021, 12, 623.

Cardona, O., Maarten K., Jörn B., Fordham, M., McGregor G. & Perez, R., Determinants of Risk : Exposure

and Vulnerability, In Coordinating, 65–108, 2012.

Chaudhury, M.,Strategies for Reducing Vulnerability and Building Resilience to Environmental and Natural

Disasters in Developing Countries., United Nations Department of Economic and Social Affairs, 2017,

1–10.

Chen, Y., Tao L., Chen, R. & Zhao, M., Influence of the Built Environment on Community Flood Resilience :

Evidence from Nanjing City , China., Sustainability 12, no. 2401, 2020, 1–16.

Cheong, C. & Donovan S., GGGI Technical Report No. 4 Meeting: Meeting Global Housing Needs with Low-

Carbon Materials, 2019.



197

Chung, S., Takeuchi, J., Fujihara, M. & Oeurng, C., Flood Damage Assessment on Rice Crop in the Stung Sen

River Basin of Cambodia, Paddy,Water Environ. 17, 2019, 255–263, https://doi.org/10.1007/s10333-

019-00718-1

Cohen-Salgado, D., García-Frapolli, E., Mora, F., & Crick, F., How does social Capital Shape the Response to

Environmental Disturbances at the Local Level? Evidence from Case Studies in Mexico. Int. J. Disaster

Risk Reduct. 52, 2021, 101951.

Colombi, B. J, & Courtland L. S., Adaptive Capacity as Cultural Practice, Sustainability, 17, no. 4, 2012, 2–7.

Cook, L., D., & Kamalodeen, J. V., Mixed Methods Case Study,Mixed Methods International Research

Association, no. September, 2019, http://mmira.wildapricot.org/admin/website/?pageId=1 514647%0A.

Corbane, C., Pesaresi, M., Kemper, T., Politis, P., Florczyk, A.J., Syrris, V., Melchiorri, M., Sabo, F., Soille, P.

Automated Global Delineation of Human Settlements from 40 years of Landsat Satellite Data Archives.

Big Earth Data, 2019, 3, 140–169.

Crabtree, L., Housing as a Social-Ecological System : Resilience , Adaptive Capacity and Governance

Considerations., In Refereed Papers Presented at the 4th Australasian Housing Researchers

Conference, Sydney, edited by V. Randolph, B., Burke, T., Hulse, K. and Milligan, 1–17. City Futures

Research Centre, University of New South Wales. The, 2010.

Creswell, J. W., Research Design: Qualitative, Quantitative and Mixed Method Approaches, California, USA:

Sage Publications,2013.

Cumiskey, L., Priest, S.J., Klijn, F. & Juntti, M. A., Framework to Assess Integration in Flood Risk

Management: Implications for Governance, Policy, and Practice. Ecol. Soc. 2019, 24, 4.

Dave, M. Arvind V. & Graham. P., Assessing The Climate Change Adaptability of Buildings. ACCARNSI

Discussion Paper Node 3 – Built Environment, Innovation and Institutional Reform, 2012.

DEFRA, Practitioners ‘ Handbook for Low Cost Repairable or Resilient Reinstatement . Overview of Low Cost

Flood Repairable Approach, Department for Environment, Food and Rural Affairs., no. February,

2017.

De Silva, M. & Kawasaki, A., A Local-scale Analysis to Understand Differences in Socioeconomic Factors

Affecting Economic Loss due to Floods among Different Communities, Int. J. Disaster Risk Reduct. 47,

2020, 101526, https://doi.org/ 10.1016/j.ijdrr.2020.101526.

http://mmira.wildapricot.org/admin/website/?pageId=1


198

Diarte, J., Sun H. B. & E. Obonyo., Resilient Affordable Housing for Flood Risk Reduction: A Review of

Intervention in Four Cities in East Africa., Engineering for Change, no. December, 2020, 1–22.

Do, T.L., Urban Landscape Planning Adapting to Flood in Can Tho City , Viet Nam, In IOP Conference

Series: Materials Science and Engineering Paper, 1–23, 2020.

Druschel, P., How to Do Systems Research, Educational Research, 2018, 1–20.

Du, S., Scussolini, P., Ward, P.J., Zhang, M., Wen, J., Wang, L., Koks, E. Diaz-Loaiza, A., Gao, J. Ke, Q., &

Aerts, J.C.J.H., Hard or Soft Flood Adaptation? Advantages of a Hybrid Strategy for Shanghai, Global

Environ. Change, 61, 2020, 102037, https://doi.org/ 10.1016/j.gloenvcha.2020.102037.

EEA. Green Infrastructure and Flood Management Promoting Cost-Efficient Flood Risk Reduction via Green

Infrastructure Solutions. European Environment Agency, Vol. 14, 2017.

Emran, S., Anonna J., Gazi M. A. & Setu C., Vulnerability and Coping Strategies of Floods in Bangladesh

Agriculture Vulnerability and Coping Strategies of Floods in Bangladesh Agriculture., ASA University

Review 8, no. 2, 2014, 1–22.

Englhardt, J., de Moel, H., Huyck, C.K., de Ruiter, M.C., Aerts, J.C.J., & Ward, P.J., Enhancement of Large-

scale Flood Risk Assessments using Building-material-based Vulnerability Curves for an Object-based

Approach in Urban and Rural areas, Nat. Hazards Earth Syst. Sci. 19, 2019, 1703–1722,

https://doi.org/10.5194/nhess-19- 1703-2019

EPA., Chapter 1: Introduction to Low Impact Development, In Urban Forestry/Urban Greening Research.

Green Cities: Good Health., 1–15, 2019.

Escobedo, F. J., Vincenzo G., Jim, C. Y., Giovanni S. & Lafortezza. R.,Urban Forests, Ecosystem Services,

Green Infrastructure and Nature-Based Solutions: Nexus or Evolving Metaphors?, Urban Forestry and

Urban Greening, 37, no. February, 2019, 3–12.

Ezema, I. C, Ediae, O. J & Ekhaese. E. N., Prospects , Barriers and Development Control Implications in the

Use of Green Roofs in Lagos State, Nigeria, Covenant Journal in Research & Built Environment, 4,

no. 2, 2016, 54–70.

Ezeokoli, F O., Okolie, K. C. & Onwuka, S. U., Flood Resilience Measures in Buildings on the Flood-Plains of

Ogbaru , Anambra State , Nigeria, Advances in Research, 19, no. 4, 2019, 1–10.

Ferreira, V., Barreira, A. P., Loures, L., Antunes, D. & Thomas, P., Stakeholders‘ Engagement on Nature-



199

Based Solutions: A Systematic Literature Review., Sustainability (Switzerland), 12, no. 2, 2020, 1–27.

Federal Emergency Management Agency (FEMA), Multi-hazard Loss Estimation Methodology, Flood Model,

Hazus-MH, Technical Manual, Department of Homeland Security, Federal Emergency Management

Agency, Mitigation Division, Washington, D.C., USA, 2020, https://www.fema.gov/sites/default/files/2020

-09/fema_hazus_flood-model_technical-manual_2.1.pdf.

Federal Ministry of Environment Nigeria (FME), 2050 Long-Term Vision for Nigeria (LTV-2050) -Towards the

Development of Nigeria‘s Long-Term Low Emissions Development Strategy (LT-LEDS), In LT-LEDS

(Issue November), 2021.

Flood, R. L., The Relationship of ‗ Systems Thinking ‘ to Action, Syst Pract Action Res ,23, 2010, 269–284.

Freni, G. & Liuzzo, L., Effectiveness of Rainwater Harvesting Systems for Flood Reduction in Residential

Urban Areas,Water, 11, no. 1389, 2019, 1–14.

Fuchs, S., Keiler, M., Ortlepp, R., Schinke, R., & Papathoma- Köhle, M. Recent Advances in Vulnerability

Assessment for the Built Environment exposed to Torrential Hazards: Challenges and the way forward.

Journal of Hydrology, 575, 2019, 587–595. https://doi.org/10.1016/j.jhydrol.2019.05.067

Gamil, Y. & Alhagar, A., The Impact of Pandemic Crisis on the Survival of Construction Industry: A Case of

COVID-19, Mediterranean Journal of Social Sciences, 11, no. 4, 2020, 122–128.

Garrote, J., Díez-Herrero, A., Escudero, C., & García, I. A Framework Proposal for Regional-scale Flood-risk

Assessment of Cultural Heritage Sites and Application to the Castile and León region (Central Spain).

Water (Switzerland), 12, 2, 2020, 321-329. https:// doi.org/10.3390/w12020329

Ghazali, N.H.M.& Osman, S. Flood Hazard Mapping in Malaysia: Case Study Sg. Kelantan river basin. Cat.

Hydrol. Anal. Flood Hazard Mapp., 2019, 1, 1–30.

Gilbert, S. W,& David, T. B., Community Resilience Economic Decision Guide for Buildings and Infrastructure

Systems. NIST Special Publication 1197, 2015.

Gould, I.J., Wright, I., Collison, M., Bosworth, G., Pearson, S. & Ruto, E., The Impact of Coastal Flooding on

Agriculture: A Case-Study of Lincolnshire, United Kingdom. Land Degrad. Dev. 2020, 1–15.

Govenment, Lagos-state. “Abstract OF Local Government.” Lagos Bereau of Statistics Ministry of Economic

Planning and Budget Secretariat, Alausa, Ikeja (2016).

Gu, D. Exposure and Vulnerability to Natural Disasters for World ‘ s Cities, Urban Design, 2019.

http://www.fema.gov/sites/default/files/2020
http://www.fema.gov/sites/default/files/2020


200

Halima, I. E. & Hiroaki, S., Assessing the Disparities of the Population Exposed to Flood Hazards in Nigeria

Assessing the Disparities of the Population Exposed to Flood Hazards in Nigeria. IOP Conf. Series:

Earth and Environmental Science, 1016, no. 012007 IOP, 2022, 1–10.

Hallegatte, S., Vogt-schilb, A. Julie Rozenberg, J. , Bangalore,M. & Beaudet, C., From Poverty to Disaster and

Back : A Review of the Literature, Economics of Disasters and Climate Change, 4, 2020, 223–247.

Hamidi, A. R., Jing, L. Shahab, M., Azam, K., Atiq, M., Rehman, U. & Ng, A. W., Flood Exposure and

Social Vulnerability Analysis in Rural Areas of Developing Countries: An Empirical Study of Charsadda

District, Pakistan,Water, 14, no. 1176, 2022, 1–26.

Hassler, U.& Kohler, N., Resilience in the Built Environment, Building Research & Information, 42, no. 2,

2014, 119–129. https://doi.org/10.1080/09613218.2014.873593.

Hawkesbury-Nepean. Reducing Vulnerability of Buildings to Flood Damages: Guidiance on Building in Flood

Prone Areas, 2007.

Hemmati, M., Ellingwood, B.R. & Mahmoud, H.N, The Role of Urban Growth in Resilience of Communities

Under Flood Risk, Earth Future, 2020, 8, e2019EF001382.

Hisamatsu, R., Kawabe, K., Mizuno, Y. Shinozuka, Y. & Horie, K., Development of Flood Damage Functions

based on Insurance loss due to 2015 Kanto-Tohoku Heavy Rainfall, J. Japan Soc. Civil Eng. 7 (2019) 22–

29

Holden, M. T. & Lynch, P., Choosing the Appropriate Methodology : Understanding Research Philosophy

Choosing the Appropriate Methodology : Understanding Research Philosophy Abstract, The Marketing

Review 4, no. 4, 2004, 397–409.

Hudson, P., Hagedoorn, L., |& Bubeck, P., Potential Linkages between Social Capital, Flood Risk Perceptions,

and Self-efficacy, Int. J. Disaster Risk Sci., 11, 3, 2020, 251–262. doi: 10.1007/s13753-020-00259-w

Hussein, K., Alkaabi, K., Ghebreyesus, D., Liaqat, M.U. & Sharif, H.O., Land use/land cover Change along the

Eastern Coast of the UAE and its Impact on Flooding Risk. Geomat. Nat. Haz. Risk, 2020, 11, 112–130.

Idowu, D. & Zhou, W., Land Use and Land Cover Change Assessment in the Context of Flood Hazard in Lagos

State, Nigeria.,Water, 13, no. 1105, 2021, 1–17.

IFRC. Characteristics of a Safe and Resilient Community Community Based Disaster Risk Reduction Study,

2012.



201

Ishiwatari, M. & Sasaki, D., Progress in Disaster Science Investing in Flood Protection in Asia : An Empirical

Study Focusing on the Relationship between Investment and Damage, Progress in Disaster Science, 12,

2021, 100197. https://doi.org/10.1016/j.pdisas.2021.100197.

Islam, T. William M. & Seitz, W., Galveston Futures: Developing a Disaster Resilient Community, Journal of

Geography and Regional Planning, 3, no. 1,2010, 001–007.

Jacobs, D.B. & Cramer, L.A., The Relationships between Social Capital and Concerns for Climate Change with

Increasing Wildfire Risks in Rural Communities in Central Oregon. J. Environ. Stud. Sci.,10, 1, 2020,

12–30

Jackson, S., Hitchins, D. & Eisner, H., What Is the Systems Approach ?, INCOSE, no. April,2010, 1–4.

Jakku, E. & Lynam, T., What Is Adaptive Capacity ?, National Research Flagships Climate Adaptation:

CSIRO, 2010, 1–25.

Johnson, R. B. & Onwuegbuzie, A., Mixed Methods Research: A Research Paradigm Whose Time Has Come.”

Educational Researcher, 33, no. 7, 2004, 14–16.

Jones, L., Towards a Holistic Conceptualisation of Adaptive Capacity at the Local Level: Insights from the

Local Adaptive Capacity Framework (LAC), In Building Livelihoods Resilience in a Changing Climate’

Conference, Kuala Lumpur, 3-5th March, 1–11, 2015.

Jones, P., Housing Resilience and the Informal Cit,y Journal of Regional and City Planning, 28, no. 2, 2017,

130–139.

Kabir, M.H., Azad, J. & Islam, N., Exploring the Determinants and Constraints of Smallholder Vegetable

Farmers‘ Adaptation Capacity to Climate Change: A Case of Bogura District, Bangladesh., J. Agric.

Crop Res., 8, 9, 2020, 176–186.

Kabir, K.H., Hassan, F., Mukta, M.Z.N., Roy, D., Darr, D., Leggette, H. & Ullah, S.A., Application of the

Technology Acceptance Model to Assess the Use and Preferences of ICTs among Field-level Extension

Officers in Bangladesh. Digital Geography Soc, 2022, 100027.

Karunarathne, A.Y. & Lee, G., Traditional Social Capital and Socioeconomic Networks in Response to Flood

Disaster: A Case Study of Rural Areas in Sri Lanka. Int. J. Disaster Risk Reduct. 41, 2019. 101279.

Kakulu, I. I.& Brisibe, W., Increasing Flood Resilience in Buildings Through Adaptable Designs : Learning

from the Bayelsa Experience, West Africa Built Environment Research (WABER) Conference 10th



202

Anniversary Conference, no. November, 2014.

Kamara, J. M., Heidrich, O., Tafaro, V. E., Sebastiano, M., Dejaco, M. C. & Fulvio R. C, Change Factors and

the Adaptability of Buildings, Sustainability, 12, no. 6585, 2020, 1–18.

Kaoje, I. U. & Ishiaku, I., Urban Flood Vulnerability Mapping Of Lagos , International Journal of Science

and Technology, 3, no. 1, 2017, 224–236.

Kaoje, I. U., Zulkarnain, M., Rahman, A., Idris, N. H., i Razak, K. A, Nurul, W. Mardiah W., Rani, M. & Tam,

T. H., Physical Flood Vulnerability Assessment Using Geospatial Indicator-Based Approach and

Participatory Analytical Hierarchy Process: A Case Study in Kota Bharu, Malaysia,Water, 13, no. 1786,

2021, 1–22.

Kawamoto, K. & Kim, K. Efficiencies of Bonding, Bridging and Linking Social Capital: Cleaning up after

Disasters in Japan. Int. J. Disaster Risk Reduct. 33, 2019, 64–73.

Kawasaki, A., Kawamura, G. & Zin, W.W., A Local Level Relationship between Floods and Poverty: A Case in

Myanmar, Int. J. Disaster Risk Reduct. 42, 2020, 101348, https://doi.org/10.1016/j.ijdrr.2019.101348.

Kelman, I, Physical Flood Vulnerability of Residential Properties in Coastal , Eastern England, 2002.

Khalil, M.B., Jacobs, B.C. & McKenna, K., Linking Social Capital and Gender Relationship in Adaptation to a

Post-cyclone Recovery Context. Int. J. Disaster Risk Reduct. 2021, 102601.

Khan, M., Measuring Resilience, Resilience, 5, 2016, 1–51.

Kometa, S. S., Petiangma, D. M. & Kang, E. M., Effectiveness of Flood Adaptation Strategies to Land Use

Dynamics in Ngoketunjia Division, North West Region of Cameroon, Annals of Geographical Studies, 4,

no. 1, 2021, 16–26.

Komolafe, A.A., Herath, S. & Avtar, R., Establishment of Detailed Loss Functions for the Urban Flood Risk

Assessment in Chao Phraya River basin, Thailand, Geomatics, Nat. Hazard. Risk, 10, 1, 2019, 633–650,

https://doi.org/10.1080/ 19475705.2018.1539038.

Kuang, D. & Liao, K. H., Learning from Floods: Linking Flood Experience and Flood Resilience. J. Environ.

Manag. 271, 2020, 111025. doi: 10.1016/j.jenvman.2020.111025

Kumar, U., Werners, S., Roy, S., Ashraf, S., Hoang, L.P., Kumar Datta, D. & Ludwig, F., Role of Information in

Farmers‘ Response to Weather and Water Related Stresses in the Lower Bengal Delta, Bangladesh.

Sustainability, 12, 16, 2020, 6598.



203

Kuriakose, A., Bizikova, L. & Bachofen, C., Assessing Vulnerability and Adaptive Capacity to Climate Risks :

Methods for Investigation at Local and National Levels, Social development papers: Social Dimensions to

climate change 116, no. 1–27 (2009).

Lamirande, M., Aspects of Designing Inclusively from Practitioner Perspectives, Architecture, 2, 2022, 497–

517.

Lamond, J., Adekola, O., Adelekan, I., Eze, B., & Ujoh, F., Information for Adaptation and Response to

Flooding, Multi-Stakeholder Perspectives in Nigeria, Climate Article, 7, 46, 2019, 1–18.

https://doi.org/10.3390/cli7040046

Lapuh, L, Socio-Economic Characteristics of Resilient Localities – Experiences from Slovenia, Regional

Studies, Regional Science, 5, no. 1, 2018, 149–156. https://doi.org/10.1080/21681376.2018.1459202.

Lawrence, D., Hydrological Projections for Floods in Norway under a Future Climate. NVE. Norwegian

Water Resources and Energy Directorate (NVE), Oslo, Norway. 2020.

Leal, M., Reis, E., Pereira, S.& Santos, P. P., Physical Vulnerability Assessment to Flash Floods Using an

Indicator-Based Methodology Based on Building Properties and Flow Parameters., Journal of Flood

Risk Management, e12712, no. April, 2021, 1–19.

Liao, K., A Theory on Urban Resilience to Floods--A Basis for Alternative Planning Practices, Ecology and

Society, 17, no. 4, 2012, 48. http://dx.doi.org/10.5751/ES-05231-170448%0AInsight.

Liao, K., Living with Floods : Ecological Wisdom in the Vietnamese Mekong Delta. In Landscape and Urban

Planning, Special Issue on Ecological Wisdom., 195–215. Springer Singapore, 2019.

http://dx.doi.org/10.1007/978-981-13-0571-9_11.

Liao, K., Towards Resilient , Floodable Cities: Floodability as an Alternative Flood Safety Standard to Promote

River Health, Ecology and Society, 2018, 1–8.

Li, Z., Tan, X., Disaster-recovery Social Capital and Community Participation in Earthquake-stricken Ya‘an

Areas. Sustainability, 11, 4, 2019, 993.

Liu, W., Gerber, E., Jung, S. & Agrawal, A., The Role of Human and Social Capital in Earthquake Recovery in

Nepal. Nat. Sustainab. 5, 2, 2022, 167–173.

Liu, Z., Zhang, C., Guo, Y., Osmani, M.& Demian, P., A Building Information Modelling (BIM) Based Water

Efficiency (BWe) Framework for Sustainable Building Design and Construction Managemen, Electronics,

http://dx.doi.org/10.5751/ES-05231-170448%0AInsight
http://dx.doi.org/10.1007/978-981-13-0571-9_11


204

8, no. 599, 2019, 1–19.

Loggia, G., Puleo, L. A. & Freni, G., Floodability : A New Paradigm for Designing Urban Drainage and

Achieving Sustainable Urban Growth,Water Resources Management, 34, 2020, 3411–3424.

LSPPP. Lagos State Urban and Regional Planning and Development Law, Cap U2, Lagos State Physical

Planning Permit Regulations, 2019 , 1–115.

Lucas, B., Urban Flood Risks , Impacts , and Management in Nigeria, KD4, 2021, 1-25.

Ma, F., Wang, Z., Sun, Q., Yuen, K. F., Zhang, Y. & H. Xue, Spatial – Temporal Evolution of Urban Resilience

and Its Influencing Factors : Evidence from the Guanzhong Plain Urban Agglomeration, Sustainability,

12, no. 2593, 2020, 1–24.

Malgwi, M. B., Fuchs, S. & Keiler, M., A Generic Physical Vulnerability Model for Floods : Review and

Concept for Data-Scarce Regions, Natural Hazards Earth Syst. Sci., 20, 2020, 2067-2090.

Meng, M., Dabrowski, M. & Stead, D., Enhancing Flood Resilience and Climate Adaptation : The State of the

Art and New Directions for Spatial Planning, Sustainability 12, 9, 7864, 2020, 1–23.

Mfon, I. E., Oguike,M. C.& Eteng, S. U.., Causes and Effects of Flooding in Nigeria : A Review, East Asian

Journal of Multidisciplinary Research (EAJMR), 1, no. 9, 2022, 1777–1792.

Moffo, M. O., Tonye, Z. E., Ambara, G. & Maurice, T., Cartography of Flood Prone Areas and Assessment of

Flooding Housing in Douala (Cameroon), Floods, no. October, 2015, 1–17.

Mondal, S. H., Murayama,T. & Nishikizawa, S., Determinants of Household-Level Coping Strategies and

Recoveries from Riverine Flood Disasters: Empirical Evidence from the Right Bank of Teesta River,

Bangladesh, Climate , 9, no. 4, 2021, 1–18.

Munyai, R. B., Musyoki, A. & Nethengwe, N. S. , An Assessment of Flood Vulnerability and Adaptation : A

Case Study of Hamutsha-Muungamunwe Village , Makhado Municipality. Journal of Disaster Risk

Studies, 11, no. 2, 2019, 1–8.

Myhre, G., Alterskjær, K., Stjern, C. W., Hodnebrog, O., Marelle, L. & Samset, B. H., Frequency of Extreme

Precipitation Increases Extensively with Event Rareness under Global Warming. Sci. Rep. 9, 2019, 16063.

doi: 10.1038/s41598-019-52277-4

National Academies of Sciences Engineering, Framing the Challenge of Urban Flooding in the United States.

Washington, DC: The National Academies Press, 2019, doi: 10.17226/25381



205

Nazeer, M. & Bork, H. Flood Vulnerability Assessment through Different Methodological Approaches in the

Context of North-West Khyber Pakhtunkhwa, Pakistan., Sustainability, 2019, 11, 6695.

Nkwunonwo, U., Whitworth, M. & Baily, B., A Review and Critical Analysis of the Efforts towards Urban

Flood Risk Management in the Lagos Region of Nigeria, Nat. Hazards Earth Syst. Sci, 16, 2016, 349–

369.

Norris, F. H., Stevens, S. P., Pfefferbaum, B., Wyche, K. F.& Pfefferbaum, R. L., Community Resilience as a

Metaphor, Theory, Set of Capacities, and Strategy for Disaster Readiness, Am. J. Commun. Psychol. 41,

41, 2008, 127–150.

Nurashikin, M., Rodger, E. & Rumaizah. M. N., Reducing Flooding Impacts to the Built Environment : A

Literature Review, Sustainability 01, 2019, 1–7.

Oduwaye, L., Challenges of Sustainable Physical Planning and Development in Metropolitan Lagos, Journal

of Sustainable Development, 2, no. 1, 2009, 159–171. www.ccsenet.org/journal.html.

Ojikpong, B. E, Ekeng, B. E., Obongha, U. E. & Emri, S. I., Flood Risk Assessment of Residential

Neighbourhoods in Calabar Metropolis, Cross River State, Nigeria, Environment and Natural

Resources Research, 6, no. 2, 2020, 115–127.

Olotuah, A. M, Olotuah, A. A. & Olotuah, A. O., Building Earth and Low Carbon Initiatives For Sustainable

Housing in Nigeria.” In 12th PARIS – FRANCE International Conference on Innovations in “Engineering

and Technology‖ (PIET-18) Building, 1–5, 2018.

Oluseye, A. A., Oladokun, O.M., Odedairo, Y., Babatunde, A. & Oladokun, A. V., Developing Flood Resilient

Buildings in Nigeria : A Guide, Journal of Environment and Earth Sciences, 8, no. 3, 2018, 143–150.

Ouikotan, B, R, Van D. K., Mynett, A, & Afouda. A., Gaps and Challenges of Flood Risk Management in West

African Coastal Cities, In XVI World Water Congress, 1–12, 2017.

Oyinloye, M. Olamiju, I. & Adekemi, O., Environmental Impact of Flooding on Kosofe Local Government Area

of Lagos State , Nigeria : A GIS Perspective, Journal of Environment and Earth Science, 3, no. 5, 2013,

57–66.

Palazzo, E. & Wang. S., Landscape Design for Flood Adaptation from 20 Years of Constructed Ecologies in

China. Sustainability, 14, no. 4511, 2022, 1–20.

Papalexiou, S. M. & Montanari, A., Global and Regional Increase of Precipitation Extremes under Global

http://www.ccsenet.org/journal.html


206

Warming.Water Resourc. Res. 55, 2019, 4901–4914. doi: 10.1029/2018WR024067

Papathoma-k, M., Schlogl, M., Dosser, L., Roesch, F., Borga, M., Erlicher, M., Keiler, M. & Fuchs, S.,

Physical Vulnerability to Dynamic Flooding : Vulnerability Curves and Vulnerability Indices, Journal of

Hydrology, 607, no. January, 2022, 1–11.

Partelow, S., Social Capital and Community Disaster Resilience : Post ‑ Earthquake Tourism Recovery on Gili

Trawangan , Indonesia, Sustainability Science, 16, 2021, 203–220.

Paul, S. & Routray, J. K., Flood Proneness and Coping Strategies: The Experiences of Two Villages in

Bangladesh, Disasters 34, no. 2, 2010, 489–508.

Pauleit, S., Zölch, T., Hansen, R., Randrup, T.B. & Konijnendijk C., Nature-Based Solutions and Climate

Change – Four Shades of Green, 2017.

Petrosillo, I., Aretano, R., & Zurlini,G., Socioecological Systems, Reference Module in Earth Systems and

Environmental Sciences, Elsevier, no. July, 2015.

Pike, A., Dawley, S. & Tomaney, J., Resilience, Adaptation and Adaptability, Cambridge Journal of Regions,

Economy and Society, 2, no. 4, 2010, 1–12.

Pörtner, H.-O., Roberts, D.C., Masson-Delmotte, V., Zhai, P., Tignor, M., Poloczanska, E., Mintenbeck, K.

Alegría, A., Nicolai, M. & Okem, A., Special Report on the Ocean and Cryosphere in a Changing

Climate; IPCC: Geneva, Switzerland, 2019.

UNESCO-IHE Institute for Water Education. Flood Vulnerability Indices (FVI). Available online:

http://www.unesco-ihe-fvi.org/ (accessed on 25 March 2023).

Parsons, M., Nalau, J., Fisher, K. & Brown, C., Disrupting Path Dependency: Making Room for Indigenous

Knowledge in River Management. Glob. Environ. Chang. , 2019, 56, 95–113.

Praireclimatecentre. Building a Climate-Resilient City: The Built Environment, 2020.

Purvis, B., Three Pillars of Sustainability : In Search of Conceptual Origin, Sustainability Science, 14, no. 3,

2019, 681–695. https://doi.org/10.1007/s11625-018-0627-5.

Qasim, S., Qasim, M., Shrestha, R. & Khan, A. N.., An Assessment of Flood Vulnerability in Khyber

Pukhtunkhwa Province of Pakistan, AIMS Environmental Science 4, no. 2, 2017, 206–216.

Ramos, H., Perez-Sanchez, M., Franco, B. & Lopez-Jimenez, A., Urban Floods Adaptation and Sustainable

http://www.unesco-ihe-fvi.org/


207

Drainage Measures, Fluids , 2, no. 61, 2017, 1–18.

Rana, I. A., Jamshed, A., Younas, Z. I.,& Bhatti, S. S., Characterizing Flood Risk Perception in Urban

Communities of Pakistan. Int. J. Disast. Risk Reduct. 46, 2020, 101624. doi: 10.1016/j.ijdrr.2020.101624

Rentschler, J., Salhab, M. & Jafino, B. A., Flood Exposure and Poverty in 188 Countries, Nature

Communications, 13, no. 3527, 2022. 1–11.

Rey, W., Martínez-Amador, M., Salles, P., Mendoza, E.T., Trejo-Rangel, M.A., Franklin, G. L., Ruiz-Salcines,

P., Appendini, C.M. & Quintero-Ib´a˜nez, J., Assessing Different Flood Risk and Damage Approaches: A

Case of Study in Progreso, Yucatan, Mexico, J. Mar. Sci. Eng., 8, 2020, 137,

https://doi.org/10.3390/jmse8020137.

River, Hudson. “What Is Flood Probability X.”, 2022.

Rolfe, S., Mckee,K., Feather, J., Simcock, T. & Hoolachan, J., The Role of Private Landlords in Making a

Rented House a Home The Role of The Role of Private Landlords in Making a Rented House a Home.

International Journal of Housing Policy, 2022, 1–25. https://doi.org/10.1080/19491247.2021.2019882.

Romali, N.S.& Yusop, Z., Flood Damage and Risk Assessment for Urban Area in Malaysia. Hydrol. Res.

2021, 52, 142–159.

Romero-lankao, P., & Gnatz, D. M. Conceptualizing Urban Water Security in an Urbanizing World, Elsevier,

2019, 1–11.

Rubinato, M., Nichols, A., Peng, Y., Zhang, J. & Lashford, C., Urban and River Flooding: Comparison of

Flood Risk Management Approaches in the UK and China and an Assessment of Future Knowledge Needs,

Water Science and Engineering, 12, 4, 2019, 274–283. https://doi.org/10.1016/j.wse.2019.12.004.

Rustinsyah, R., Prasetyo, R.A. & Adib, M., Social Capital for Flood Disaster Management: Case study of

Flooding in a Village of Bengawan Solo Riverbank, Tuban, East Java Province. Int. J. Disaster Risk

Reduct. 52, 2021.

Saha, S.K. & Ballard, C., Cyclone Aila and Post-disaster housing assistance in Bangladesh, Sustainability, 13

15, 2021.

Saha, S.K., Social Capital and Post-Disaster Response and Recovery: Cyclone Aila in Bangladesh, 2009

Australian National University. 2020.

Sahraei, R, A., Safari, S., Homayouni, C. E. & Terre E., Flood Susceptibility Modelling Using Geospatial-Based



208

Multi- Criteria Decision Making in Large Scale Areas, In ISPRS Annals of the Photogrammetry, Remote

Sensing and Spatial Information Sciences, Volume X-4/W1-2022 GeoSpatial Conference 2022 – Joint 6th

SMPR and 4th GIResearch Conferences, 19–22 February 2023, Tehran, Iran (Virtual), FLOOD, X:19–22,

2023.

Salami, R. O, Jason K. V.M. & Helen, G., Vulnerability of Human Settlements to Flood Risk in the Core Area of

Ibadan Metropolis , Nigeria, Journal of Disaster Risk Studies, 9, no. 1, 2017, 1–14.

Satterthwaite, D., Archer, D., Colenbrander, S., Dodman, D., Hardoy, J. & Mitlin, D., Review Building

Resilience to Climate Change in Informal Settlements, One Earth, 2, no. 2, 2020, 143–156.

https://doi.org/10.1016/j.oneear.2020.02.002.

Saulnier, D. D., & Dixit, A. M., Asian Disaster Reduction, Response Network, Kuala Lumpur, and Ana Raquel

Nunes, Disaster Risk Factors – Hazards, Exposure and Vulnerability, 2019.

Schaefer, M., Thinh, N. X. & Greiving, S., How Can Climate Resilience Be Measured and Visualized ?

Assessing a Vague Concept Using GIS-Based Fuzzy Logic, Sustainability, 12, no. 635, 2020, 1–30.

Shannon, E., Resilient Architecture: Adaptive Community Living in Coastal Locations, University of

Massachusetts Amherst 1–100, no. July (2018).

Shrestha, B. B., Kawasaki, A. & Zin, W. W., Development of Flood Damage Assessment Method for

Residential Areas Considering Various House Types for Bago Region of Myanmar, International Journal

of Disaster Risk Reduction, 66, 2021, 1–18.

Shrestha, B.B., Perera, E.D.P., Kudo, S. , Miyamoto, M., Yamazaki Y., Kuribayashi, D., Sawano, H., Sayama,

T., Magome, J., Hasegawa, A., Ushiyama, T., Iwami, Y. & Tokunaga, Y., Assessing Flood Disaster

Impacts in Agriculture under Climate Change in the River basins of Southeast Asia, Nat. Hazards, 97,

2019, 157–192, https://doi. org/10.1007/s11069-019-03632-1

Slovic, A. D. & Indvik, K., Climate Change, Vulnerability, and the Role of Social and Built Environment, In

Air Pollution, Heat, and Climate Vulnerability in Latin American Cities: Lessons from SALURBAL,

1–13, 2021.

Smith, A. B. 2020 U.S. Billion-Dollar Weather and Climate Disasters in Historical Context. NOAA

Climate.Gov., 2021, Available online at: https:// www.climate.gov/news-features/blogs/beyond-data/2020-

us-billion-dollar- weather-and-climate-disasters-historical

Smith, S., Anker, R., Anker, M. & Ian, P., Anker Living Income Reference Value: Rural Nigeria 2020, 2020.

http://www.climate.gov/news-features/blogs/beyond-data/2020-


209

Srikandini, A., Prabandari, A. & Rizal, K., The Use of ‗Village Funds‘ for Community-Based Disaster Risk

Financing in Indonesia. In: Post-Disaster Governance in Southeast Asia, Springer, 2022, 255–269.

Stagrum, A. E., Andenæs, E., Kvande, T. & Lohne, J., Climate Change Adaptation Measures for Buildings — A

Scoping Review, Sustainability, 12, no. 1721, 2020, 1–18.

Surminski, S., Mehryar, S. & Golnaragh, M., Flood Risk Management in England: Building Flood Resilience in

a Changing Climate, The Geneva Association- International Association for the Study of Insurance

Economics, no. June, 2020, 1–55.

Swain, K. C., Singha,C. & Nayak, L., Flood Susceptibility Mapping through the GIS-AHP Technique Using the

Cloud., International Journal of Geo-information, 9, no. 720, 2020, 1–23.

Tammar, A., Abosuliman, S.S. & Rahaman, K.R., Social Capital and Disaster Resilience Nexus: A Study of

Flash Flood Recovery in Jeddah City, Sustainability, 12, 11, 2020, 4668.

Tasantab, J. C, & Gajendran, T., Adaptation : A Conceptual Framework, In 9th International Conference on

Building Resilience (ICBR 09, 13-15th January, 2020 Nusa Dua, Bali, Indonesia), 1–18, 2020.

Tasin, T.R., Noman, A. A., Prottoy, A. R.& Islam, S., Carbon Emission and Carbon Sequestration of

Residential Building, Journal of Construction and Building Materials Engineering, 8, no. 1, 2022, 1–

10.

Tate, E., Rahman, M. A., Emrich, C. T. & Sampson, C. C., Flood Exposure and Social Vulnerability in the

United States, Nat. Hazards, 106, 2021, 435–457. doi: 10.1007/s11069-020-04470-2

Tunstall, R. Bevan, M., Bradshaw, J. & Croucher, K., The Links Between Housing and Poverty : An Evidence

Review, 2013.

United Nations (UN) Habitat. Quick Guides for Policy Makers- Housing the Poor in African Cities: Rental

Housing: Amuch Neglected Housing Option for the Poor, 2014.

United Nations Economic Commission (UNEC). A Handbook on Sustainable Urban Mobility and Spatial

Planning: Promoting Active Mobility, 2020.

United Nations Environment Programme (UNEP)., A Practical Guide to Climate-Resilient Buildings &

Communities, 2021. https://www.unep.org/resources/practical-guide-climate-resilient-buildings.

United Nations Environment Programme (UNEP), Global Status Report for Buildings and Construction:

Towards a Zero-Emission, Efficient and Resilient Buildings and Construction Sector. Nairobi. 2021.

http://www.unep.org/resources/practical-guide-climate-resilient-buildings
http://www.unep.org/resources/practical-guide-climate-resilient-buildings


210

https://www.unep.org/resources/ report/2021-global-status-report-buildings-and-construction

United Nations Framework Convention on Climate change (UNFCCC), Human Settlements : Sustainable Low-

Emission Housing and Building Solutions. United Nations Technical Paper, 2020.

United Nations International Strategy for Disaster Reduction (UNISDR), Exposure and Vulnerability, In

UNISDR Science and Technology Conference on the Implementation of the Sendai Framework for

Disaster Risk Reduction 2015- 2030, 1–12, 2016.

Victoria-State-Government. Guidelines for Development in Flood Affected Areas. Department of Environment,

Land, Water and Planning, 2019.

Wang, G., Hu, Z., Liu, Y., Zhang, G. & Liu, J., Impact of Expansion Pattern of Built-Up Land in Floodplains

on Flood Vulnerability : A Case Study in the North China Plain Area, Remote Sensing, 12, no. 3172,

2020, 1–29.

Wang, P., Ryberg, M., Yang, Y., Feng, K., Kara, S., Hauschild, M. & Chen, W.Q., Efficiency Stagnation in

Global Steel Production Urges Joint Supply-and Demand-side Mitigation Efforts. Nat. Commun. 12,

2021,1–11.

Wang, Y., Shen, J., Xiang, W. & Wang, J., Identifying Characteristics of Resilient Urban Communities through

a Case Study Method, Journal of Urban Management, 7, no. 3, 2019, 141–151.

https://doi.org/10.1016/j.jum.2018.11.004.

Wilson, R. S., Herziger, A., Hamilton, M. & Brooks, J. S., From Incremental to Transformative Adaptation in

Individual Responses to Climate-Exacerbated Hazards. Nat. Climate Change, 10, 2020, 200–208. doi:

10.1038/s41558-020-0691-6

Wingfield, T., Macdonald, N., Peters, K., Spees, J. & Potter, K. , Natural Flood Management: Beyond the

Evidence Debate. Area 2019, 1–9.

Yu, I., Park, K. & Lee. E. H., Flood Risk Analysis by Building Use in Urban Planning for Disaster Risk

Reduction and Climate Change Adaptation, Sustainability, 13, no. 13006, 2021, 1–16.

Yunita, F. T., A Developing Country Perspective On The Adaptive Capacity: Flood Defence Insitutions For

Climate Change Adaptation In Indonesia, 2010.

Yomo, M., Villamor, G.B., Aziadekey, M., Olorunfemi, F. & Mourad, K.A., Climate Change Adaptation in

Semi-arid Ecosystems: A Case Study from Ghana. Clim. Risk Manag. 27, 2020, 100206.

http://www.unep.org/resources/
http://www.unep.org/resources/


211

Younos, T.B., Hasan, M.K. & Nasreen, M., Are nurses Ready? Bangladeshi Nurses‘ Perceived Preparedness

for Disasters: A Mixed-methods Approach. Int. J. Disaster Risk Reduct., 58, 2021, 102195.

Zhang, Y., Liu, X., Vedlitz, A., How Social Capital Shapes Citizen Willingness to Co-invest in Public Service:

The Case of Flood Control. Public Adm. 98, 3, 2020, 696–712.

Zhang, M., Chen, W., Cai, K., Gao, X., Zhang, X. & Liu, J., Analysis of the Spatial Distribution Characteristics

of Urban Resilience and Its Influencing Factors : A Case Study of 56 Cities in China, International

Journal of Environmental Research and Public Health, 16, no. 4442, 2019, 1–22.

Zin, W.W., Kawasaki, A., ormann, G. H., Acierto, R.A., San, Z.M.L.T. & Thu, A.M., Multivariate Flood Loss

Estimation of the 2018 Bago flood in Myanmar, J. Disaster Res., 15, 3, 2020, 300–311,

https://doi.org/10.20965/jdr.2020.p0300



212

Appendix 1

Focus Group Discussion Guide with Home-Owners in the Study Area

Demographic and Socio-Economic Characteristics

1. What are your views about the people living in your area within the period you have lived here? (Age

groups, tribe, Income level / financial status, level of education, increasing number, etc).

2. What are your experiences living within the area? (Housing condition, Family ties, friendliness, trust,

assistance, safety, crime, noise, vehicular and human traffic etc).

3. What are your views about the living condition of residents in this area, compared to other residential

areas in Lagos? (Source of income, employment pattern, Housing condition, etc).

Flood Risks, Occurrence and Exposure

1. How would you describe the rainfall pattern within the area?

2. What are your views about the flooding situation in your area? (frequency, pattern, impacts, etc)

3. What are your views about continued housing developments in the areas? (Land acquisition, land-use

planning, land-cover modification, building development control etc)

4. What are your views about the effectiveness of current flood risk management efforts in preventing

flood damages within the built environment (flood prevention and mitigation strategies, drainages

and storm water channelization etc)

Environmental Characteristics and Architectural Design Features of Buildings in the Study Areas

1. How would you rate the condition of services and infrastructures provided in the area over the period

of your residence? (Drainages, waste, sewage, water, power, playgrounds/recreation).

2. How would you describe the condition of drainage facilities in the area compared to the flooding

situation experienced?

3. How would you describe the condition of the house you are living in, compared to the flooding

situation experienced?

Coping and Adaptation Capacity at the Household Level

1. How have you been living with the flooding situation within the area?

2. How would you describe the effectiveness of your coping strategies in mitigating flood risk?

3. What changes would you consider making to improve the condition of your house’s against flooding?
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Appendix II

Focus Group Discussion Guide with Members of the Nigerian Institute of Architects (NIA)

Provisions in the Existing Building Codes, Regulations and Bye-Laws on Building Adaptation and

Resilience to Flood Risk;

1. What are your views about the availability of the national building code, regulations and bye-laws in

addressing issues related to flood risk reduction in the built environment across Nigeria?

2. How would you describe current provisions in the national building code, regulations and bye-laws

on building development in flood-prone areas?

3. How would you describe current provisions in the national building code, regulations and bye-laws

on building adaptation and resilience considering the possibility of more floods linked with climate

change projections?

4. What are your views about possible review of the existing building policies in Nigeria to address

modern building challenges; as it relates to flood risk reduction?

The Factors that Determine Effective Architectural Design Strategies for Enhancing Building Adaptability

for Disaster Risk Reduction in the Flood Prone Areas of Kosofe

1. What are your views about the factors that will influence effective architectural design strategies for

enhancing building adaptability for flood risk reduction in the study area? (Socio-economic

characteristics of the occupants, Geographical location and neighborhood characteristics, Spatial

planning and land-use activities, Building design and materials, Resilient measures and coping

capacities, Building policy response on flood adaptation and resilience )
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Appendix III

PhD Architecture Research Project
Department of Architecture
Lead City University Ibadan, Oyo- State Nigeria

Questionnaire for Residents of the Flood-Prone Areas of Owode-Ajegunle, Agboyi and Oworonshoki
Areas of Kosofe Local Government Area, Lagos-State

Dear Resident,

This questionnaire is designed to obtain responses on issues relating to building adaptation strategies for
reduced property damages and resilience to flood risk in the flood-prone areas of Kosofe. Particularly it is
meant to examine the socio-demographic characteristics, neighbourhood and architectural design
characteristics of houses in the area, attributes of flooding experienced as well as their adaptive capacity. It is
solely for the purpose of gathering data for an on-going research. All information provided will be used
confidentially and used purely for academic purposes. Thanks for providing true and accurate responses as
much as possible.
Researcher:

Saudat Ajijola
08106608653

Section A: Demographic and Socio-Economic Characteristics of Residents of the Flood Prone Areas of
Kosofe Local Government Area of Lagos State, Nigeria

1. Gender of Resident Respondents: Male ( ) Female ( )
2. Nationality: Nigerian ( ) Foreigner ( )
3. Duration of residency: 1 - 5years ( ) 6 - 10years ( ) 11 - 15years ( ) 16years + ( )
4. Ethnicity: Yoruba ( ) Hausa/ Fulani ( ) Ibo ( ) Ijaw ( ) Others ( )
5. Age bracket: 18-30years ( ) 31-43years ( ) 44-55years ( ) 56-65years ( ) 66years+ ( )
6. Marital status: Single ( ) Married ( ) Divorced ( ) Widow/Widower ( )
7. Religious inclination: Christian ( ) Islam ( ) Other ( )
8. Highest Level of Education: No Formal Education ( ) Primary Seducation ( )

Secondary education ( ) Tertiary education ( )
9. Employment status: Unemployed ( ) Self-employed within the area ( ) Self-employed

outside the area ( ) Employee of private sector organization ( ) Government employee ( )
Retiree ( )

10. Number of people in the household: 1 – 2 persons ( ) 3 – 4persons ( ) 5 – Above ( )
11. Physically challenged person: None ( ) 1 – 2 ( ) 3 – 4 ( ) 5 – Above ( )
12. Number of cars in the household: None ( ) 1 – 2 ( ) 3 – 4 ( ) 5 – Above ( )
13. Occupancy Status of the Respondents: Official residence ( ) Tenant ( ) Owner occupied ( )
14. Reasons for living in the area: Job transfer ( ) Personal residence ( ) Official

residence ( ) To live with spouse ( ) Cheap accommodation ( )
15. Source of family income: Single ( ) Multiple ( ) None ( )
16. Range of Family Income: N18,000-49,000 ( ) N50,000-99,000 ( ) N100,000-299,000 ( ) N300,000-

499,000 ( ) N500-Above ( ) No response ( )
17. Financial services/ security: Stable income ( ) Thrift ( ) Availability of loans ( ) Availability

of government incentives ( ) Availability of insurance cover ( )
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How would you evaluate the availability of the following social capital in your area? Please tick (√) the column that
best gives your answer to the question

Familial and social ties Strongly
disagree

Disagree Not sure Agree Strongly
agree

18. Close friends and relatives live in my area
19. Close relationships with my neighbours
20. Mutual trust amongst the residents
21. Presence of ethnic segregation amongst

neighbours
22. Presence of adequate religious activities
23. Presence of social activities
24. Presence of cultural activities
25. Presence of government and external

support in crisis situation

Section B: Neighborhood Characteristics and Architectural Design Features of the Selected Housing
Stock in Flood Prone Areas of Kosofe Local Government Area of Lagos State, Nigeria

How would you evaluate the availability of the following neighbourhood features in your area? Please tick (√) the
column that best gives your answer to the question

Neighbourhood characteristics Strongly
disagree

Disagree Not sure Agree Strongly
agree

26. Natural recreational areas
27. Adequate health care facility
28. Adequate educational facilities
29. Adequate stormwater drainage facility
30. Adequate domestic waste disposal facilities
31. Adequate water
32. Adequate power supply
33. Good roads and streets networks
34. Space for social and religious activities
35. Shopping facilities
36. Pedestrian walkways
37. Floodwall/ barrier along the river channel
38. Flood retention ponds/ gardens
39. Flood warning systems
40. Proximity of building to a water body: less than 30m ( ) 30-50m ( ) 50-70m ( )
41. House type: Single Bungalow ( ) Semi-detached Bungalow ( ) block of flats ( )

Terrace row housing ( ) Massionate / Duplex ( )
42. Number of bedrooms in the house: 1room ( ) 2rooms ( ) 3rooms ( ) 4rooms ( )

5rooms+ ( )
43. Building Condition: Very poor ( ) Poor ( ) Fair ( ) Very good ( ) Excellent ( )
44. Ground floor height: 150mm ( ) 300 ( ) 450 mm ( ) above 600mm ( )
45. Walling materials: Bricks ( ) Stone ( ) Sandcrete Blocks ( ) Stabilized Laterite (

) Concrete ( )
46. Roofing design: Concrete with roof garden ( ) Concrete without roof garden ( )

Mono pitch ( ) Double pitch ( ) Hip roof ( )
47. External door material: Solid hardwood ( ) Steel ( )
48. Internal doors material: Solid hardwood ( ) PVC ( )
49. Window material: Wood ( ) vinyl ( ) Aluminum ( ) Fiberglass ( ) composite ( )
50. Interior floor finishes: Tiles ( ) Cement and sand screed ( ) Terrazzo finish ( ) Marble ( )

Carpet and rugs ( ) Wood ( )
51. Exterior floor finish: paved stone ( ) concrete flooring ( )

Cement and sand screed ( ) sand ( )
52. Wall finishes: Ceramic Tiles ( ) Cement plaster ( ) Paint ( )
53. Kitchen cabinet: Wood ( ) Steel ( ) PVC ( )



216

54. Position of electric sockets: Low Level ( ) High Level ( )
55. Position of Phone socket: Low Level ( ) High Level ( )
56. Position of meters: Low Level ( ) High Level ( )

Section C: Attributes of the Flooding Experienced in the Study Area

1. Causes of flooding experienced: Intense Rainfall ( ) River overflow ( ) Poor Urban
Design ( ) Urbanization ( ) Others ( )

How would you rate the following in agreement to factors influencing flood risk in the study area? Please tick (√) the
column that best gives your answer to the question.

Factors Strongly
disagree

Disagree Not sure Agree Strongly
agree

2. Site Topography
3. Absence of Vegetation
4. Nature of soil
5. Poor channelization
6. Clogged drainages
7. Violation of planning regulation
8. Failure to heed flood risk warning
9. Building on flood plains
10. Time flooding occurs after intense rainfall

starts
11. Flood pattern experienced
12. Building flood damage pattern experienced
13. Depth of flood
14. Time flooding occurs after high-intensity rainfall starts: 0-3 hrs. ( ) 4- 9 hrs. ( ) 10 hrs. & above ( )
15. Flood pattern experienced:Street flooding ( ) compound flooding ( ) Neighbourhood flooding ( )
16. Building flood damage pattern experienced:

contamination ( ) Structural damage ( )
Water penetration damage ( ) Pollution and

17. Depth of flood: less than 300mm ( ) 300-600 mm ( ) 600+ ( )

Based on your previous flood experiences, rate the following flood impacts associated with the area
Flood impacts Never Rarely Sometimes Very

Often
Always

18. Loss of lives
19. Displacement of people
20. Disruption of power supply
21. Disruption of communication
22. Interruption of businesses within the area
23. Traffic disruption
24. Destruction of infrastructure
25. Building collapse
26. Damages to building and contents
27. Damage to livestock
28. Erosion/ destruction of harvest
29. Blocked kitchen sink
30. Difficulty flushing
31. Blocked bathroom floor drain
32. Septic tank overflow

Section D: Adaptive Capacity and Physical Flood Vulnerability in the Study Area

1. What is your source of information on flood risk awareness:
Previous flood experience ( ) official information ( )Environmental signals ( )

2. Levels of flood preparedness: Not prepared at all ( ) Not very prepared ( ) Slightly prepared ( )
Very well-prepared ( )
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3. Practice of preparatory measures: Never ( ) Sometimes ( ) Always ( )
4. I am aware of risks attributed to flooding: Strongly disagree ( ) Disagree ( ) Not sure ( ) Agree ( )

Strongly agree ( )
5. What form of intervention have you received after severe flooding in your area:

Government support ( ) Insurance cover ( ) Support from family/friends ( )
Prayers ( ) Borrowing ( )

How would you rate the following in agreement to coping strategies used in managing flood risks during
severe flooding events in the study area? Please tick (√) the column that best gives your answer to the
question.

Your Coping strategies Strongly
disagree

Disagree Not
sure

Agree Strongly
agree

6. Use of drainage systems
7. Periodic maintenance of drainages
8. Exterior paving with permeable materials
9. Rain garden to reduce run-off
10. Trees planting to reduce run-off
11. Rainwater harvesting system to reduce run-off
12. Roof garden to reduce run off
13. Raised building ground floor
14. Location of living accommodation on first

floor
15. Raised electrical services above flood line
16. Use of flood barriers across external doorway
17. Anti-flooding devices are fixed to sewage

systems
18. Use of non-return valve in bathrooms
19. Standby pump
20. Use of flood alarm system
How would you rate the influence of following indicators on the physical flood vulnerability in the study
area.? Please tick (√) the column that best gives your answer to the question.
Influence of selected indicators on the physical flood vulnerability in the study area.

Indicators Insignificant
Influence

Little
Influence

Not
sure

Significant
Influence

Very Significant
Influence

21. Flood water depth
22. Flood duration
23. Flood water Velocity
24. Construction type and material
25. Quality of the building
26. Stilts/Elevated buildings
27. Site topography
28. Building distance from river
29. Presence of sur. vegetation
30. Drainage system
31. Low income
32. land use
33. Dam and storage capacity
34. Existence of household coping

capacity
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Appendix IV

Survey form for Experts on Scale of importance and relevance of indicators to the physical flood
vulnerability.
Scale 1 2 3 4 5 6 7 8 9 10
Importance and
relevance

Insigni. V.
low

V. low
to low

low Low to
mod.

Mod. Mod. to
high

High High
to V.
high

Very
high

Flood water depth
Flood duration
Flood water Velocity
Water sedimentation
Flood return period
Frequency of flood
experience
Construction type and
material
Ground floor
foundation material
Number of floors
Presence of basement
Height of the building
Exterior paving
material
Interior finishes
Age of building
Type/Use of building
Building size
Level of
Maintenance/condition
Height of opening
from the ground
Stilts/Elevated
buildings
Position of electrical
sockets/fittings
Roof design/materials
Site topography
Heavy rainfall pattern
in the area
Building distance
from the coasts/ river
Presence of
surrounding
vegetation
Drainage system
Proximity to major
road
Dam and storage
capacity
Flood risk awareness/
preparedness
Warning system
Existence of
household coping
capacity
Emergency service
Flood insurance

V. stands for very; Mod stands for moderate; H stands for high.
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Appendix V

Cronbach Alpha’s result

Objective 2

Objective 3

Objective 4



220

Appendix VI

Result of KMO Measure of Sampling Adequacy and Bartlett’s Test of Sphericity on factors influencing flood occurrences in the Study area

KMO and Bartlett's Test
Kaiser-Meyer-Olkin Measure of Sampling
Adequacy. .856

Bartlett's Test of Approx. Chi-Square 3901.274
Sphericity df 28

Sig. .000

Table 4.16: Total Variance Explained

Component

Initial Eigenvalues
Extraction Sums of Squared

Loadings
Rotation Sums of Squared

Loadings

Total
% of

Variance
Cumulative

% Total
% of

Variance
Cumulative

% Total
% of

Variance
Cumulati
ve %

1 6.140 76.745 76.745 6.140 76.745 76.745 4.607 57.582 57.582
2 1.085 13.562 90.307 1.085 13.562 90.307 2.618 32.725 90.307
3 .318 3.970 94.276
4 .167 2.083 96.359
5 .130 1.623 97.983
6 .084 1.052 99.035
7 .053 .658 99.694
8 .025 .306 100.000

Extraction Method: Principal Component Analysis.
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Rotated Component Matrixa

Component
1 2

Site Topography .909 .190
Absence of Vegetation .914 .313
Nature of soil .855 .460
Poor channelization .356 .844
Clogged drainages .136 .913
Violation of planning regulation .779 .575
Failure to heed flood risk warning .960 .157
Building on flood plains .735 .609

Extraction Method: Principal Component Analysis.

Rotation Method: Varimax with Kaiser Normalization.

a. Rotation converged in 3 iterations.
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Appendix VII

Result of KMO Measure of Sampling Adequacy and Bartlett’s Test of Sphericity on availability of neighbourhood characteristics of the study areas

KMO and Bartlett's Test
Kaiser-Meyer-Olkin Measure of Sampling
Adequacy. .925

Bartlett's Test of Approx. Chi-Square 10194.281
Sphericity df 91

Sig. .000
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Table of factor loadings on dimensions that best represent variables used in assessing availability of neighbourhood characteristics in the study areas.

Table 4.21: Total Variance Explained

Component

Initial Eigenvalues
Extraction Sums of Squared

Loadings
Rotation Sums of Squared

Loadings

Total
% of

Variance
Cumulative

% Total
% of

Variance
Cumulative

% Total
% of

Variance
Cumulative

%
1 11.286 80.616 80.616 11.286 80.616 80.616 7.222 51.589 51.589
2 1.394 9.954 90.571 1.394 9.954 90.571 5.457 38.982 90.571
3 .508 3.626 94.197
4 .276 1.970 96.167
5 .152 1.085 97.251
6 .084 .597 97.848
7 .068 .486 98.334
8 .053 .379 98.713
9 .045 .321 99.034
10 .043 .310 99.344
11 .033 .236 99.580
12 .023 .161 99.741
13 .020 .140 99.881
14 .017 .119 100.000

Extraction Method: Principal Component Analysis.
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Rotated Component Matrixa

Component
1 2

Availability of natural recreational areas .936 .269
Availability of an hospital/ health center .644 .654
Availability of adequate educational facilities .146 .949
Availability of adequate stormwater drainage facility .921 .313
Availability of adequate domestic waste disposal facilities .914 .299
Availability of adequate water supply .904 .355
Availability of adequate power supply .525 .780
Availability of good roads and streets networks .741 .619
Availability of Space for social and religious activities .448 .875
Availability of shopping facilities .384 .879
Availability of Pedestrian walkways .621 .720
Availability of floodwall/ barrier along the river channel .836 .448
Availability of flood retention ponds/ gardens .771 .503
Availability of flood warning systems in the area .745 .491

Extraction Method: Principal Component Analysis.

Rotation Method: Varimax with Kaiser Normalization.

a. Rotation converged in 3 iterations.
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Appendix VIII

KMO and Bartlett's Test
Kaiser-Meyer-Olkin Measure of Sampling
Adequacy. .792

Bartlett's Test of Approx. Chi-Square 4709.494
Sphericity df 21

Sig. .000

Total Variance Explained

Componen
t

Initial Eigenvalues
Extraction Sums of Squared

Loadings
Rotation Sums of Squared

Loadings

Total
% of

Variance
Cumulative

% Total
% of

Variance
Cumulative

% Total
% of

Variance
Cumulati
ve %

1 6.191 88.438 88.438 6.191 88.438 88.438 3.928 56.118 56.118
2 .379 5.419 93.858 .379 5.419 93.858 2.642 37.740 93.858
3 .219 3.135 96.992
4 .154 2.197 99.190
5 .029 .418 99.608
6 .018 .251 99.859
7 .010 .141 100.000

Extraction Method: Principal Component Analysis.
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Appendix IX

ANOVAa

Model
Sum of
Squares df Mean Square F Sig.

1 Regression 39.551 14 2.825 428.257 .000b

Residual 2.038 309 .007
Total 41.590 323

a. Dependent Variable: Physical flood vulnerability

b. Predictors: (Constant), Existence of household coping capacity, Drainage system, Site

topography, Low income, Flood water Velocity, Construction type and material, Stilts/Elevated

buildings, Presence of surrounding vegetation, Flood duration, land use, Dam and storage

capacity, Quality of the building, Flood water depth, Building distance from the coasts/ river
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Coefficientsa

Model

Unstandardized
Coefficients

Standardized
Coefficients

t Sig.B Std. Error Beta
1 (Constant) 1.909 .147 12.954 .000

Flood water depth -.220 .059 -.360 -3.746 .000
Flood duration .157 .051 .266 3.060 .002
Flood water Velocity .016 .025 .029 .638 .524
Construction type and
material

-.032 .024 -.060 -1.331 .184

Quality of the building .122 .042 .258 2.915 .004
Stilts/Elevated
buildings

.453 .033 .689 13.869 .000

Site topography .023 .033 .043 .699 .485
Building distance from
the coasts/ river

.022 .053 .047 .417 .677

Presence of
surrounding vegetation

-.142 .026 -.272 -5.415 .000

Drainage system .101 .023 .205 4.429 .000
Low income .218 .038 .204 5.801 .000
land use -.027 .033 -.063 -.812 .417
Dam and storage
capacity .083 .053 .135 1.553 .122

Existence of household
coping capacity -.154 .039 -.136 -3.976 .000

a. Dependent Variable: Physical flood vulnerability
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Appendix X

Model Summary

Model R R Square
Adjusted R
Square

Std. Error of
the Estimate

1 .975a .951 .949 .081

a. Predictors: (Constant), Existence of household coping capacity,

Drainage system, Site topography, Low income, Flood water Velocity,

Construction type and material, Stilts/Elevated buildings, Presence of

surrounding vegetation, Flood duration, land use, Dam and storage

capacity, Quality of the building, Flood water depth, Building distance

from the coasts/ river
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Appendix XI

KMO and Bartlett's Test
Kaiser-Meyer-Olkin Measure of Sampling
Adequacy.

.913

Bartlett's Test of Approx. Chi-Square 5568.587
Sphericity df 190

Sig. .000
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Appendix XII

Total Variance Explained

Extraction Method: Principal Component Analysis.

Component

Initial Eigenvalues
Extraction Sums of Squared

Loadings
Rotation Sums of Squared

Loadings

Total
% of

Variance
Cumulati
ve % Total

% of
Variance

Cumulati
ve % Total

% of
Variance

Cumulati
ve %

1
16.103 80.516 80.516

16.10
3 80.516 80.516 9.992 49.962 49.962

2 1.233 6.167 86.683 1.233 6.167 86.683 7.344 36.721 86.683
3 .842 4.211 90.894
4 .491 2.457 93.351
5 .383 1.914 95.265
6 .253 1.267 96.531
7 .150 .749 97.281
8 .134 .670 97.951
9 .091 .453 98.404
10 .080 .401 98.805
11 .053 .263 99.068
12 .046 .228 99.295
13 .036 .182 99.478
14 .030 .151 99.628
15 .025 .123 99.752
16 .016 .082 99.833
17 .013 .064 99.897
18 .012 .058 99.955
19 .007 .037 99.993
20 .001 .007 100.000
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Irawo
River Ogun LAGOS LAGOON

OWODE-AJEGUNLE

AGBOYI
KOSOFE LGA

PROPOSED STUDY AREA OWORONSHOKI

Figure 1.1: satellite imagery showing proposed study area within kosofe local government Area
Source: Google earth imagery

Figure 1.2: Damped imagery showing encroachment on the riverbanks in parts of the proposed
study area.

Source: Google earth imagery



233

Figure 1.3: Map of Lagos-state showing Kosofe and other geographical locations within Lagos
Source: Google earth imagery
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Figure 1.4: Housing situation in the Ajelogo/Mile 12 area of the proposed study area.
Source: Google Earth imagery

Figure 1.5: Housing situation in Irawo part of the proposed study area.
Source: Google Earth imagery
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Figure 1.6: Housing situation in Oworonshoki part of the proposed study area.
Source: Google Earth imagery
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