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ABSTRACT
Floods claim numerous lives and generate significant direct and indirect losses to urban dwellers in
Nigeria every year. Climate change will exacerbate flood risks within cities in Nigeria and contribute to
these losses. Hence, adapting to climate vulnerabilities especially for the urban poor, elderly, children,
and people with disabilities, has become an important part of the development agenda for Nigeria.
Governments and urban planners provide top-down, reactive approaches such as flood management
infrastructure, evacuation and disaster and emergency communication. While they address large-scale
infrastructure and public services, they are not always able to address the immediate and critical dayto-day needs of poor and vulnerable populations. Fortunately, a systematic meta-analysis of over 40
peer reviewed papers published in the last two decades shows the growing evidence that individuals
and households have developed and utilized bottom-up solutions including raising plinths and sandfilling for flood resilience in housing. However, some of these design solutions have either mixed
outcomes or short-lived successes. It is important to determine the factors and conditions that contribute
to long-term success of these design solutions to successfully increase resilience of households in
Nigerian mega cities such as Port-Harcourt and Lagos. Using a pilot survey, this research collected data
from residents of flood-prone cities in tropical wet and dry regions to investigate the collection and the
combinations of factors that impact the long-term success of flood resilience bottom-up solutions in
housing. Findings from the pilot survey indicated the physical and technical conditions that were
associated with the effectiveness of these solutions. Furthermore, the findings indicated that the most
effective way to reduce flooding was to utilize multiple design solutions. These findings will provide
decision makers with an improved understanding of flood risk management and resilience in different
housing contexts within megacities globally, especially in Nigeria.
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INTRODUCTION

Climate change is amplifying the impacts of floods and water-based disasters on urban dwellers
in megacities within the Global South, especially as climate conditions are becoming more
unpredictable. Deforestation, uncontrolled land encroachment, ineffective drainage infrastructure, poor
urban planning, and increased development of hard surfaces are just some of the anthropogenic
activities that increase exposure and sensitivity of urban dwellers to floods (Chakraborty et al., 2019;
Aliyu & Amadu, 2017; Wahab & Falola, 2018). Vulnerability to climatic stressors, especially flooding
from sea-level rise, torrential rainfall, and tidal inundation, increases public health risks, loss of lives,
and destruction of livelihoods and homes of urban dwellers (Chakraborty et al., 2019; Wahab & Falola,
2018).
Nigeria is one the countries in the global south widely recognized as having increased
vulnerability to floods. Annual floods in the country claim hundreds to thousands of lives and displace
several thousands (Adelekan & Asinyabi, 2016). Fatalities are especially high in cities with over a million
residents, such as Lagos, Port-Harcourt, Benin City, and Ibadan. It was reported that floods that
occurred in 2011 in Ibadan, Lagos, and the Niger Delta, which includes Port-Harcourt, resulted in a
“tremendous number of casualties” (Olarenwaju et al., 2019).
In addition to high casualties, floods have major financial implications on households and
governments due to damages and associated redevelopment costs. In the 2011 floods that affected
Ibadan, over 25% of households lost their livelihoods (Olanrewaju et al, 2019). According to Guha-Sapir
et al. (2016), the single flood event in 2012, which the World Health Organization (WHO) recognized as
“the worst flood to have hit the country in the past 50 years” (Olanrewaju et al, 2019), generated over
500 million dollars in damages. Furthermore, based on a report by Ezeokoli et al. (2019), extreme flood
events in the city of Anambra have generated billions of Naira worth of damages.
Beyond direct losses, floods disrupt normal life and inflict long-term physical and mental health
problems on individuals, especially on groups that are intrinsically more disadvantaged, including the
urban poor, elderly, children and people with disabilities (Adelekan, 2010; Odemerho, 2014; Adebimpe
et al., 2018; Adegun & Ayoola, 2019; Ezeokoli et al., 2019; Bello et al., 2017). Literature including
Tempark et al. (2013), Bich et al. (2011), Bandino et al., 2015 and Olanrewaju et al. (2019) have
reported health implications from prolonged and persistent floods and flooding consequences, which
are significant in megacities because of the poor quality of water, sanitation, and hygiene facilities and
systems (WASH). For example, the papers by Tempark et al. (2013), Bich et al. (2011), and Bandino et
al., (2015) describe the psychological disorders including trauma, immersion injuries, and cutaneous
and percutaneous diseases, that are consequences of minimal and extreme flooding events. In Nigeria
especially, waterborne diseases such as cholera and typhoid fever, and bacillary dysentery, which are
exacerbated by floods, are estimated to cause the deaths of over 860,000 children annually (Olanrewaju
et al, 2019).
Consequently, flood risk management is paramount for Nigerian mega cities, especially the
cities located in low-elevation coastal zones (LECZ’s) because of the large concentration of people
building on sites with increased exposure to flooding. This paper focuses on flood resilience design
solutions for two Nigerian mega cities in the South, i.e. Port-Harcourt and Lagos. Lagos with
approximately 10 million residents is the second largest city in Africa (Adelekan & Asinyabi, 2016). There
are also estimates that the population is northward of 15 million due to its annual growth rate of 5.8%
(Idris & Fagbenro, 2019; United Nations, 2016; Aliyu & Amadu, 2017). Port-Harcourt has a population
of approximately 1,382,592 residents and serves over 13 metropolitan zones (Azuonwu et al., 2017;
Akukwe and Ogbodo, 2015). Both Lagos and Port-Harcourt are capital cities, spurring heavy commerce
and economic activity within their respective regions, which attracts increased migration. Lagos has
evolved over the years to become a major economic hub and West Africa’s “most important” coastal
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city, while Port Harcourt has established itself as the oil and gas hub of Nigeria (Adelekan and Asinyabi,
2016; Owolabi, 2020).
As megacities with large populations, the dangers of flooding events and other climate disasters
impedes the safety and well-being of millions of inhabitants as more people are prone to suffer such
damages. Both Lagos and Port Harcourt have tropical climates, with the former being a tropical savanna
climate and the latter a tropical monsoon climate (Oluleye and Akinbobola, 2010; Abhulimen et al, 2020).
As coastal cities, they face fluvial flood risks combined with pluvial flood risks such as riverine floods,
flash floods, urban floods, and coastal floods (Lamond et al, 2019; Olanrewaju et al, 2019). The rainy
season in Nigeria occurs between the months of April and October, and during this time, many parts of
Lagos are extremely vulnerable to flooding due to houses being built on flood plains, poor drainage
systems, lack of maintenance of existing drainage systems, and higher risks of runoff (Olanrewaju et al,
2019). Port Harcourt is also at risk due to its low-lying topography combined with heavy rainfall (Akukwe
and Ogbodo, 2015). According to Akukwe and Ogbodo (2015), in 2006, Port Harcourt experienced
unprecedented flooding which submerged houses, paralyzed economic activities, and rendered some
people internally displaced in some zones.
According to Haque et al. (2014), managing the consequences of climate change in urban areas
requires a range of responses and strengthening the capacity of agents at the micro-level to respond to
climate variability. Research was conducted on flood risk management in Nigeria, and many weak spots
were discovered including, weak infrastructure, inadequate drainage networks, lack of an integrated
flood risk management system, and poverty (Olanrewaju et al, 2019). Many local governments had only
focused on infrastructural and institutional measures such as drainage and waterway construction, postdisaster relief and raising of awareness to discourage dumping of solid waste in the drainage channels
(Adelekan and Asinyabi, 2016). Notwithstanding, starting from 2008, considerable actions were taken
to raise public engagement on flood management in Lagos such as campaigns, an annual climate
change summit and other initiatives (Adelekan and Asinyabi, 2016). Although it may seem as though
progress was being made towards better flood management, awareness has been limited and
noticeably not directed at the larger population and vulnerable residents who need it (Adelekan and
Asinyabi, 2016). Additionally, Adelekan and Asinyabi (2016) explain that flood risk management in the
country has not considered useful scientific and social science knowledge that could be gleaned from
risk assessments.
These conversations are now in place as research studies have started investigating how
individuals, households, and communities from the bottom-up, cope with floods, and the efforts taken to
mitigate the risks and recover. Research at the grassroots level has produced emerging principles from
localized solutions that have been successful in flood management, such as raising building foundations
and cash-for-work systems (Wahab & Falola, 2018). Using a systematic meta-analysis method, this
research investigated the design solutions and grassroots initiatives such as those used in informal
settlements and other types of self-build housing that are successful in coping and adapting to floods in
tropical wet and dry climates.
The process included a review of over 300 conference and journal papers, reports, and white
papers focused on the global south retrieved from eleven main databases, literature trails, ‘citation
chasing’, and a broad search of google. Through the systematic process, forty-one papers published
between the years 2000 and 2020 by authors including Karki (2016), Taiwo et al., (2012), Adelekan
(2010), Jabeen et al (2010) Jabeen (2019), and Dobson et al. (2015) culminated in a catalog of flood
resilient design solutions applicable for Lagos and Port-Harcourt. These solutions were primarily selfbuilt by households. Self-building is the mainstream housing delivery process practiced in Nigeria and
many countries within the global south including Bangladesh and Ghana, and in informal settlements
(Alagbe & Opoko, 2013; Emiedafe, 2015; Ahadzie & Badu, 2011).
However, the findings from the systematic approach to the literature review had gaps in relation
to the outcomes of some of the determined design solutions. The study also revealed inconsistencies
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in the outcomes that were reported due to households applying the design solutions in the wrong
context. Households, though knowledgeable of their flood risks and the solutions that could be used to
reduce these risks, were unaware that the decision to use one option over another requires deeper
analysis and considerations of many factors and conditions to prevent failure and reduce risk of
maladaptation.
Therefore, to increase the likelihood of a design solution being effective in the long-run in both
Lagos and Port-Harcourt, it is important to investigate the conditions, factors and combination of both
that may have implications on long-term success for different contexts. This paper aims to add to the
body of literature on design solutions utilized for flood resilience in tropical wet and dry climates and the
respective outcomes of the solutions. Furthermore, the paper aims to draw conclusions on conditions
and combinations of conditions that may affect the viability of a design solution.

2

METHODS

An online pilot survey was conducted to determine design solutions individuals in tropical
climates used for flood resilience in their houses. In addition, the survey was conducted to determine
how technical and physical housing conditions played a role in the outcomes of these design solutions.

2.1 Semi-structured Survey
The online pilot survey was conducted via the Qualtrics platform between June and August
2020. The survey is part of a PhD research project at Carnegie Mellon University (CMU) which
investigates the impacts of flooding on the comfort, health, and safety of households, and the solutions
used by households to recover and adjust to these impacts in their homes. An ethics protocol by the
institutional review board (IRB) at CMU was followed and approval was granted for the survey.
Responses were solicited through email, distribution to contacts and via promotion of the survey on
multiple online social media platforms. The pilot survey was distributed to people in the Caribbean, West
Africa, East Africa, and South-East Asia, locations within the Global South. Participation in the survey
was limited to the following groups of people.
i.

People (including owner-occupants and landlords) who have purchased and/or built their
homes in countries within the Caribbean, Latin America, South Asia, and Africa that have
rainy (wet) and dry (harmattan) seasons.

ii.

Homeowners who live in regions with rainy and dry seasons and have made improvements
to their homes through either renovation or retrofits.

iii.

Renters who live in regions with rainy and dry seasons and have made improvements to
their homes either through renovation or retrofits.

The choice to source responses from only people in tropical climatic regions in the global south
was due to the location specificity of climate resilience. Research studies such as Karki (2016), Taiwo
et al., (2012), and Adelekan (2010) have stated that resilience is region specific. In a bid to get results
that are applicable to both Lagos and Port-Harcourt, the research utilized a climate filter. The most
vulnerable regions to floods are LECZs and countries within the tropic of cancer, which are described
as tropical and subtropical regions. These regions fall within the Koppen Geiger megathermal climate
A. The Koppen Geiger classification of megathermal climates are tropical rainforests (Af), tropical
monsoon (Am), and tropical wet and dry (Aw/As). It runs adjacent to the north and south of the equator
through the Americas, Africa, Asia, and Australia.
Participants for the survey were from over 18 cities in the global south, and responses used for
data analysis are from participants of ten reported cities and three unreported cities as shown in Figure
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1. The reported cities include Port-Harcourt, Nigeria; Lagos, Nigeria; Mumbai, India; Dharavi, India;
Accra, Ghana; Abuja, Nigeria; Benin, Nigeria; Petit Valley, Trinidad, and Tobago; Illesha, Nigeria; and
Owerri; Nigeria. The three unreported cities were in Barbados, Grenada and Nigeria.
A total of forty-four responses were received for the survey, which included seven responses
that were partially completed and nine responses from houses in the Global North. After excluding the
responses in the latter two categories, data analysis was performed on the remaining twenty-eight. Out
of the 28 responses analyzed, 17.8% of the respondents were 18-24 years old, 64.3% were 25-34 years
old, 7.1% were 35 – 44 , 3.5% were in both the 45 – 54 years old and 55- 64 years old age group, and
3.5% were 65 years or older. Furthermore, 11 of the respondents were female, 15 male, and 1 unknown
(preferred not to answer) as shown in Figure 1.

Figure 1. Respondents location of residence and sex distribution

2.2 Structure of Survey Questions
The survey was designed to identify design solutions utilized by respondents to avoid flooding
in their houses, and to identify the physical and technical conditions of the site and the surrounding
locale of the home. The physical conditions include attributes that are naturally occurring, such as
landforms, water bodies and vegetation. Technical conditions include human made or manipulated
physical attributes such as infrastructure.
The survey had four main parts which included open-ended, multiple choice and Likert scale
questions. Part A asked participants demographic questions. Part B asked participants about the
physical characteristics of their neighborhood and part C asked about the physical characteristics of
participants' houses and building sites. Lastly, part D explored flood prevention design solutions and
their outcomes.
In parts B and C, survey participants were asked to summarize the temporary and permanent
conditions of their site/yard, and the surrounding locale of their house. The surrounding locale was
defined as a radius within 20-minute walking distance of the respondents’ house. These conditions were
grouped into permanent and temporary conditions. Permanent conditions are considered the state of
the site or surrounding locale that cannot be easily manipulated including being changed or removed,
while temporary conditions can be manipulated within the site and the surrounding locale.
In part D, participants were asked to select the design solutions they have employed to avoid
flooding in their houses from the list of design solutions in Table 1. Each of the 12 suggested design
solutions were drawn from this research project’s catalog and represented coping and adaptive options
for flood avoidance (FAv), flood exclusion (FEx) and flood acceptance (FAc). Each question was
structured as an open-ended question to facilitate other responses. Solutions that are FAv, prevent
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water from entering the building by avoiding water discharge. FEx solutions resist, reject and redirect
water from the building. Lastly, FAc solutions facilitate the flow of water through the building or site, also
known as wet proofing.
Table 1. List of design solutions included in the survey questions
Flood Avoidance (FAv)

Flood Exclusion (FEx)

Flood Acceptance (FAc)

Built house on wooden stilts

Installed foundation (footing)
drainpipe

Used waterproofing materials

Deconstructed house and moved to a safer site
(relocation)
Planted trees/built green infrastructure
(bioswales, etc.)

Used damp proof membrane
Built walls around house
Dug a ditch to transport water
Other – used buckets and
drums to collect rainwater

Raised entry points of house (plinth and splash
apron)

Installed French drain
system/mechanical water pump

Built an open ground story (OGS)
Sand-filled yard

2.3 Data Analysis
Descriptive statistics were completed in Excel and utilized to determine socioeconomic
characteristics of respondents. Each survey response was reviewed for completeness. Surveys that
were mostly complete contributed to the findings on houses that do not flood, and the physical home
attributes associated with their no flooding outcomes. However, those findings were excluded from this
analysis. Only completed surveys were analyzed to identify associations between the existing site
conditions, the neighborhood attributes, selection of flood prevention design solutions and flood
prevention success.
These surveys were also reviewed to determine the association between selection of a flood
prevention design solution and income of the decision maker. Socioeconomic factors such as education
and employment were not factored into the analysis, however future research will consider these factors.

3

RESULTS

Flood avoidance design solutions were primarily used by respondents as shown in Table 2. The
two most frequently used design solutions were ‘dug a ditch to transport water out of the yard’ and
‘raising the entry points of the house (e.g. the plinth and splash apron)’.
Table 2. List of design solutions utilized by survey respondents
Design Solutions

Percent of Total Responses

Tag

Dug a ditch to transport water
Planted trees/built green infrastructure
Raised entry points of house (plinth and splash apron)
Used damp proof membrane
Built walls around house
Sand-filled yard
Used waterproofing
Built an open ground story (OGS)
Installed foundation drainpipe
Other – used buckets and drums to collect rainwater
Did not use any actions

20
15
15
10
10
5
5
5
5
5
5

FEx
FAv
FAv
FAc
FEx
FAv
FAc
FAv
FEx
FEx
N/A

Fifty-eight percent of respondents reported that the outcomes of the design solutions they
utilized were very successful (VS) and twenty-one percent reported the outcomes as somewhat
successful (SS). Outcomes were considered very successful if they were very successful at preventing
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water infiltration during site flooding events. Outcomes are considered somewhat successful if solutions
worked sometimes or worked every time but only for a short period of time. Unsuccessful (US) outcomes
represented solutions that were never successful for avoiding floods. Twenty-one percent reported that
the outcome of their design solutions was unknown (UN), and none of the respondents identified the
design solutions as having no impact (unsuccessful) on flood reduction in their homes (US). The
distribution of the outcomes for each design solution is illustrated in Figure 2.

Figure 2. Flood resilience design solutions and distribution of outcomes
Survey responses for the ten design solutions in Table 2, were used to investigate the physical
and technical conditions that contributed to successful outcomes. Findings revealed that there were
multiple outcomes when ‘planted trees’, ‘damp proof membrane (course)’, ‘raised entry points of house’
and ‘dug a ditch to transport water’ design solutions were used. These four solutions were further
analyzed to determine the conditions that were associated with very successful outcomes and
somewhat successful outcomes.
The following sections discuss the design solutions that were very effective and their associated
outcomes. Table 3 highlights three flood design solutions that were very successful (VS) for flood
prevention when flood levels were below 0.9 feet (28cm). The table also highlights the permanent and
technical conditions that were associated with the effectiveness of these solutions.
Table 3. Individual design solutions associated with effective flood resilience
Design
Solution

Permanent Conditions

Temporary Conditions

Site Topography

Terrain

Neighborhood
Density

Site
Vegetation

Neighborhood
Vegetation

Surface
Type

Drainage
System

Flat

Wetland

High

Some trees

Some trees

Mostly
hard
surfaces

Open
concrete
canal

Low-lying/Valley

N/A

Low

Some trees

Forest/Bush

Mostly
soft
surfaces

Closed
concrete,
undefined

Flat

N/A

Medium

None

None

Hard and
soft
surfaces

Closed
concrete

Built walls
around house

Built an open
ground story
(OGS)

Drainage
Condition
Clogged

Clogged

Good

Second International Conference
« Water, Megacities and
Global Change »
December 2021

Raised entry
points of house
(plinth and
splash apron)

Pre-Conference
7-11 December 2020

Sloping

Wetland

Low

Some trees

Some trees,
Some lawns

Mostly
soft
surfaces

Vegetated
canal

Flat

Swamp

Medium

None

Some trees

Mostly
hard
surfaces

Closed
concrete

Clogged

Clogged

Findings also indicated that the most effective way to reduce flooding was to utilize multiple
design solutions. Table 4 highlights the three combinations of seven designs that were effective for flood
prevention for flood levels up to 4 feet (121 cm).
Table 4. Design solution combinations associated with effective flood resilience
Design
Solution
Built walls
around house
+
Planted trees +
Used drums for
rainwater
collection
Planted trees
+
Dug a ditch in
the yard to
transport water
Sand-filled site
+
Used damp
proof membrane
(course)
+
Raised entry
points of house
(plinth and
splash apron)

Permanent Conditions

Temporary Conditions

Site Topography

Terrain

Neighborhood
Density

Site
Vegetation

Neighborhood
Vegetation

Surface
Type

Drainage
System

Drainage
Condition

Low-lying/Valley

N/A

Low

Some trees

Forest/Bush

Mostly
soft
surfaces

Closed
concrete,
undefined

Clogged

Flat

Swamp

Low

Some trees

Some trees

Mostly
hard
surfaces

Open
concrete
ditch

Clogged

Flat

Swamp

Medium

None

Some trees

Mostly
hard
surfaces

Closed
concrete

Clogged

All solutions in Tables 3 and 4 can be applied in both Lagos and Port-Harcourt contexts. Both
tables can serve as a guide for decision makers' selection of design solutions that have an increased
likelihood of success for flood prevention. Beyond the conditions highlighted, recognizing the elements
of the design solutions and how it can contribute to improved success and prevent maladaptation will
further promote flood resilience in housing.
3.1 Tree planting
The findings showed that tree planting was very effective in preventing flood damage. It also
indicated that the presence of vegetation at a site or within the neighborhood improved the effectiveness
of the design solution. Nonetheless, it is important for decision makers to consider the terrain and
topography of their site and surrounding locale, when selecting the species, size, age, and quantity of
trees to use for flood resilience. This is especially important in coastal cities such as Lagos and PortHarcourt, with increased risk of salinization of soils from saltwater intrusion (Adeoti et al., 2010; Oteri
and Atolagbe, 2003) and storm surges that can cause diebacks and severely damage trees (Fagherazzi
et al, 2019). In addition, heavy storms come with intense wind that can fell trees and which may cause
blockages in the path of run-off or drainage systems. Tree damage also has significant implications on
maladaptation, as this can exacerbate existing flooding conditions, especially for vulnerable populations.
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Furthermore, for cities such as Port-Harcourt that are easily and heavily inundated after precipitation,
flood resistant tree species that are native to the region can increase tolerance to prolonged flooding
events.
Soil type is another significant consideration when tree planting. Literature has shown that trees
are very valuable for flood management, especially if planted in soil with good capillarity. Capillarity
takes water to the roots of trees through surface tension, adhesion, and cohesion forces (“Capillary
Action and Water”, n.d.). Lastly, trees and vegetation are especially beneficial for both flood
management and groundwater recharge if located on steep sloping hills. The roots of trees aid the dual
purpose by increasing the permeability of the soil (Monteiro et al., 2006).
3.2 Built walls around house (floodwalls)
Floodwalls are designed to withstand flooding with water levels of at least 4 feet (121 cm) (“Other
Flood Protection Measures”, n.d.). Findings suggest that the conditions of the drainage system of the
surrounding locale will not affect the effectiveness of floodwalls. As floodwalls are designed to resist and
redirect water, any increased flooding from clogged and/or broken drainage systems would most likely
be resisted by the wall. Findings also indicated that neither the physical nor technical conditions will
impact the success of floodwalls for both pluvial and fluvial flooding conditions when the flood level is
below 1 feet (30.48 cm).
With its capacity to resist floods levels that are at least 4 feet, the floodwall is considered the
most effective design solution utilized by respondents. It is recommended that when using a floodwall,
decision makers should be cognizant of the “bathtub effect” within their enclosed site. The bathtub effect
is a phenomenon that causes floodwater to backup leading to a rise in the flood level, and can lead to
significant maladaptation, especially with sites on flood plains (Jessop, 2019). However, this may be
alleviated by combining floodwalls with other design solutions such as tree planting, that have an equal
or greater-than drainage rate of the flood waters. Furthermore, the respondents reported that trees were
present either on the site, within the surrounding locale or in both areas, and this may have contributed
to the absence of the effect on outcomes. A more robust survey could provide further details on the
association between vegetation and the ‘bath-tub’ effect.
3.3 Raising entry points of a house
Raising the entry points of a house is important for avoiding floodwaters, however it may become
ineffective if the raised height is lower than the flood level. Flood level which may be affected by factors
including slope of a site, volume and rate of run-off, neighborhood density, and the absence of
vegetation, should be directly proportional to the height of raised entry points to increase the likelihood
of a very successful outcome.
The results also indicate that medium - high density neighborhoods coupled with a site on flat
land reduces the effectiveness of raising entry points of a house. This finding aligns with literature which
shows that compared to sloped sites that improve the flow of water, water will remain stagnant on
relatively flat land because of minimal gravity (“Types of Floods and Floodplains”, n.d., McFarlane et al.,
1985, “Floods and Floodplain Management”, n.d.). This is especially exacerbated on wetlands that have
a higher degree of waterlogging.
3.4 Dug a ditch to transport water from yard
The findings indicated that density of the surrounding locale reduced the effectiveness of
ditches, especially for sites with high risks from fluvial flooding and storm surges. The depth and width
of the ditch dictates the volume of water that can be held and conveyed offsite during a flood event
(“Chapter 7 – Ditches and Channels”, n.d.). The relationship between density and reduced effectiveness
of the solution may be a result of the volume of run-off from the surrounding locale, coupled with the
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volume of precipitation on the site. The findings also suggested that the presence or absence of drainage
systems and/or the state of their condition may not be linked to any outcomes for this design solution at
the indicated flood level.

Conclusions
In this complex and changing world, there is a growing need for mega cities to increase
resilience capacity at the household level. Over the course of the next 100 years, floods are projected
to rise because of climate change and global warming. In this same period, millions of people are
expected to build homes, especially in LECZs as urbanization increases. With the expectation that
houses will be built regardless of dynamic climatic conditions, this paper provides a source of options
for city dwellers to build homes that can increase their resilience to flood damages from increased
precipitation and rising sea levels. This paper also discusses the physical and technical conditions that
may improve or impair the effectiveness of these flood preventing design solutions. Drawn from
grassroots experiences of “urban poor”, and self-build households and communities coping with extreme
weather and reducing their vulnerability to climate change, through literature review and empirical work.
The research focuses primarily on megathermal climates, and considers the physical characteristics of
the case location, vulnerabilities (sensitivity and exposure), and the relation to outcomes of the
associated design solution.
Improving the capacity of households to recover and adapt to flood risks in the long-term
requires a range of strategies not solely at the infrastructure and institutional levels. It also requires the
provision of climate resilient information to households and individuals. By drawing on lessons from
grassroots experiences of “urban poor”, and self-build households and communities coping with extreme
weather and reducing their vulnerability to climate change, these bottom-up design solutions can provide
a pathway towards equitable, economic, and resilient solutions for developing and least developed
countries. Increasing resilience capacity at the household level provides a footstool for the development
of effective resilient policy in global south cities and will help to improve the lives of people in some of
the most vulnerable dwellings in the world.
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