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Perennial pluvial flooding presents significant challenges to the urban environment g
Harcourt Metropolis, impacting infrastructure, public health, and overall urban functiong
This research investigates architectural adaptation strategies aimadigating the negativg
effects of recurrent flooding, focusing on the impact of perennial pluvial floodin
residential buildings in Port Harcourt Metropolis, with the intent on identifying vulner
areas, assessing the impact of perennial plufl@bding on building performance, arn
evaluating existing mitigation measures. Breen Infrastructure (BGI) Theory ar
Resilience Theory guided the theoretical framework of this study. The methodology int
both primary and secondary data sourc@th a population of 1,416, a sample frame of 7
and a sample size of 512 determined using the Taro Yamane method, the study emplg
observations, surveys, and statistical analysis, including descriptive statistics. Additi
Geographic Inforration Systems (GIS) were used to identify fipozhe areas within the
metropolis. The findings highlight highly vulnerable areas, such as Rumuewharg
Layout/Eneka (elevation 17.1m) and NTA/Apara Link Road (elevation 13.5m),
floodwaters can reactepths of up to 200mm. Over 90% of respondents identified streg
Obio/Akpor Local Government Area (LGA) as the most affected in the metropolis. Mod
and lowflooded areas display communityiven mitigation efforts, such as flood barrie
but government strategies are found to be lacking. The findings also revealed that flg
negatively impacts building safety, aesthetics, comfort, and durability, with 80
respondents reporting moderate damage and 25% highlighting severe effects onadt
integrity. The study recommends a comprehensive Flood Resilient Design Framework
involving a multifaceted approach to mitigate perennial pluvial floods in Port Harc
Metropolis, including architectural adaptations, urban planning and polibanges,
community engagement, and infrastructdexelopment.

Keywords:Pluvial Flooding; Architectural Adaptation; Blu&reen Infrastructure; Urban
Resilience; Building Performance; Geographic Information Systems; Port Harcourt.
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CHAPTER 1
INTRODUCTION

1.1Background of the Study Coastal floods, resulting from extreme tidal conditions and
storm surges, are the leading causes of flooding in low
lying coastal areas (Andrew, Samuel, & Caitlyn, 2020).
Fluvial or river floods occur when excessive rainfall
snowmelt causes rivers to eflow, with severity
depending on factors such as precipitation, soil saturation,
ang, fpgaly (Andap. Sapug s Gaifvg, 2020). Rluyig
floods occur when intense rainfall overwhelms urban
drainage systems or flows over impervious surfaces,
causing water @umulation in urban areas, even those
above coastal and river floodplains (Terence, Ayodele| &

Samuel, 2020).
It is becoming clear that climate change has influenced

many watetrelated variables contributing to perennial
floods, such as rainfall intensity and patterns (IPCC, 2021).
While a warming world may not directly cause floods, it
exacerbates factors that .ddFor instance, heavier
precipitation events are linked to climate change. A warmer
atmosphere holds more water vapor, leading to increased
precipitation intensity. According to the Clausius Therefore, this study seeks to analyze the determinants of
Clapeyron equation, for every 1°C of warming, saturated flooding in Port Harcourt Metropolis, focusing o
air contans approximately 7% more water vapor, which architectural adaptation strategies to mitigate and curtalil
may lead to higher rainfall intensity under the right perennial pluvial flooding. Hence in systematicall
conditions (Richard, Thorsten, & Deborah, 2020). Global reviewing the challenges faced bgsidents, this study
warming has been shown to significantly increase the aimed to propose solutions for the recurring flooding issues
number of recordreaking rainfall events (Eraf Reto, in the metropolis of Port Harcourt.
2021).

One of the most prevalent natural disasters in Nigeria is
perennial flooding. Many states are increasingly

experiencing annual flooding during the rainy season, and
a growing body of evidence links these events to climate
change. Climate change referste periodic modification

of Earthés climate brought
and interactions with various geologic, chemical,

biological, and geographic factors within the Earth system
(Intergovernmental Panel on Climate Change [IPCC],

2021;Jackson2021).

n g

Additionally, pluvial flooding accounts for 41% of floodin
incidents nationwide (Terence, Ayodele & Samuel, 2020).
However, understanding the types and causes of flooding
provides clarity for detecting the problems associated
perennial pluvial floodig and identifying architectural
adaptation strategies to mitigate its impacts.

1.2 Statement of Problem
Climate change manifests through rising sea levels
desertification, crop failure, and flooding, all of which pose
significant threats to humanity (United Nations Human
Settlements Programme [UNabitat], 2020). These

impacts, particularly perennial floodi, are evident in the
Port Harcourt Metropolis, Rivers State. In urban centres like Port Harcourt Metropolis, perennial

pluvial flooding has become a recurring challenge,
particularly during the rainy season, resulting in signific

' Perennial pluvial flooding in Port Harcourt Metropoli
urgently requires effective, reseatiohsed solutions to
mitigate damage, protect residents' health and livelihoods,
and improve urbafunctionality.

Urban flooding in Nigeria is a growing concern, affecting
. 0 .
approximately 20% of the population annually (Terence, economic losses and disruption to daily feroverbs &

Ayodele, & Samuel, 2020)_‘ Flood sources include rlvers., Brebbia, 2016)hese floods disrupt daily activities, hinder
canals, overwhelmed drainage systems, and excessive . . . )

) : i economic growth, and compromise urban functionality,
rainfall. Flooding occurs when wateverflows its normal

) i i i . highlighting the limitations of current flood management
boundaries, inundating land that is usually dry (Subir, . . . . _
: . strategies and urban planning practices in addressing|the
Amlan, & Priyanka, 2019). Perennial floods refer to the

, _ specific challenges posed by pluvial ftthog (Hammond et
recurring overflow of water over dry land, often linked to P gesp P : ( ,

e : al., 2015) Rapid urbanization, inadequate drainage
climatic and environmental factors.

systems, and the absence of climaslient architectural
Recent flooding events, such as the 2010 Sokoto flood, designs further exacerbate the vulnerability of residents to
2011 Ibadan flood, and widespread 2012 flooding, health risks, property loss, and displacem@mukwe &
underscore the severe environmental challenges NigeriaOgbodo, 2015)This issue requires urgent attention, asit
faces (National Emergency Management Agency [NEMA], impacts not only the physical environment but also the
2021). Furthermore, the three primary typésloods are social and economic welleing of the city's population
coastal (storm surge), fluvial (river), and pluvial (surface). (Formetta & Feyen, 2019However, despite the critical
nature of this problem, there has been limited focus jon
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incorporating architectural adaptation strategies to mitigate affected by severe flooding during the rainy season, faces
pluvial flooding in Port Harcourt MetropoliDurowoju, frequent disruptions to its infrastructure, economy, and the
2019) This study seeks to identify and propose effective daily lives of its residents. This research focused on finding
architectural solutions to address these challenges,architectural solutions to mitigate thedverse effects of
contributing to a more resilient and sustainable urban flooding and reduce the damage caused to buildings and public
environment in the metropolis. spaces. The significance of this research lay in its potential to

develop practical, contexdpecific solutions that can improv
1.3 Aim and Objectives of the Study flood resilience in Port Harcourt Metropolis.

1.3.1 Aim of the Study Beyond reducing infrastructural damage, the findings of this
This study aims to investigate how architectural adaptation Study will have a directimpact on the safety andbelhg of |
strategies will enhance pluvial flood disaster resilience the residents. Perennial flooding posed serious risks to public
capacity in residential buildings in Port HarcoMigtropolis. health, property, and economic stability.

1.32 Objectives of the Study The study also holds significant implications for urban
planning and policy development. However, in evaluating
existing architectural strategies and proposing new solutions,
1. Identify the areas within Port Harcourt Metropolis that are the research will guide urban planners, architects,
most vulnerable to perennial pluvial flooding. policymakers in making fiormed decisions about flood risk
2. Examine the impact of perennial pluvial flooding on the management.
architectural quality and performance of residential

The objectives of the research are to:

- ) ] _ Furthermore, this study aimed to address a knowledge ga
buildings in Port Harcourt Metropolis, focusing on safety, ¢ existing literature by focusing on architectural adaptatians
functionality, aesthetics, comfort, and durability. specific to the unique urban characteristics of Port Harcourt

3. Analyze the architectural strategies currently employed t0 \1aopolis. While there is considerable research on flooding
address pluvial flooding in Port Harcourt Metropolis.

X o i in Nigeria, few studies have concentrated on architectural
4. Evaluate the effectiveness of existing architectural and

. ERe Y A - ] solutions for urban flood management. This study provides
urban planning strategies in mitigating the risks associated valuable data and contespecific strategies that can b

with perennial pluvial.fﬁoods. ] applied directly to Port Harcourt Metropolis and other cities
5. Propose a Flood Resilient Design Framework (FRDF) for facing similar flood riskse nsuring the rese

Port Harcourt Metropolis, that integrates innovative
architectural adaptation  strategies, stakeholder . _ _ .

applicability.

enhance urban resilience and minimize floekdted Metropolis, the findings have the potential to benefit other
risks. urban centers worldwide that face similar flood challenges due
1.4 Research Questions to climate change. The strategies developed in this research

can seve as a model for other cities looking for effectiv
architectural adaptations to reduce flood risk. The global
relevance of this study underscores its importance in the
context of growing environmental concerns and the need for
resilient urban infrastruate.

1. Which areas within Port Harcourt Metropolis are most
vulnerable to perennial pluvial flooding?

2. What is the impact of perennial pluvial flooding on the
architectural quality and performance of residential
buildings in Port Harcourt Metropolis, considering safety,
functionality, aesthetics, comfort, and durability? 1.6 Scope of the Study

3. What architectural strategies have been adopted in Port Thjs research focused on exploring architectural adaptation
Harcourt Metropolis to address the challenges posed by girategies to mitigate the persistent problem of recurrent
pluvial flooding? pluvial flooding in Port Harcourt Metropolis, Nigeria. Th

4. How effective are the existing architectural strategies in primary goal was to assess how architectural practices and
mitigating the risks of perennial pluvial flooding in Port  gesign solutions edd reduce the risk of flooding and enhance

Harcourt Metropolis? the resilience of buildings and infrastructure within the city.
5. What floodresilient architectural design framework can

be developed for Port Harcourt Metropolis to enhance
flood mitigation and resilience?
15 Significance of the Study

The study area encompasses Port Harcourt local government
area and parts of the Obio/Akpor local government areas.
areas included in the study are Rukpokwu, Eneka, Nkpolu,
Eliowhani, Elimgbu, Rumuodomaya, Rumuokor
This study played a crucial role in addressing the persistent Rumuodara, Mgbuoba, Rumuola, RumuagbUmurolu,

problem of perennial pluvial flooding in Port Harcourt Mgbuosimini, Diobu, Old Port Harcourt township, an
Metropolis, providing insights into how architectural  aApyloma.

adaptation strategies can enhance resilience against flood
related challenges. Portartourt Metropolis, a city often
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This research deliberately narrowed its scope to pluvial 1.7 Limitations of the Study
flooding, a type of flooding that arises from intense rainfall
exceeding the capacity of urban drainage systems, resulting in

surface water accumulation and subsequent damage to ) R
properties and infrasicture. By exploring pluvial flooding in Harcourt Metropolis, had some limitations that were to be

the context of Port Harcourt Metropolis, this study sought to considered. Firstly, the study was limited to selected areas

identify effective architectural adaptation strategies to mitigate Within Port Harcourt Metpolis. This research focused on

its impacts and enhance the resilience of udmanmunities specific urban zones in Port Harcourt Metropolis, which,
while representative of areas significantly affected by

pluvial flooding, may not capture the full complexity and
variability of flooding dynamics in other parts ofvers
State or different urban environments in Nigeria.
Consequently, the study's findings might have limited
Harcourt Metropolis, such as its coastal location, high rainfall generallzabll!ty to other contexts, yvhere factors _S_UCh as
intensity, and urban development characteristics, may not be ©0P0graphy, infrastructure, and so&iconomic conditions
representative of other urban areas in Nigeria. Therefore, May differ. This limitation uderscores the need for caution
caution should be excised when attempting to generalize the When applying the research outcomes to other urban areas,
results of this study to other contexts, and further research mayand highlights the potential for future studies to explore
be necessary to adapt the findings to specific urban flooding dynamics in diverseontexts.
environments with distinct flooding profiles.

This study, which focused on architectural adaptatipn
strategies to mitigate perennial pluvial flooding in Port

Findings from this research may not be universally applicable
to all urban environments in Nigeria, given the differences in
flood patterns, topography, infrastructure, and s@ecionomic
contexts that exist across various regions. The unique
combination 6factors contributing to pluvial flooding in Port

—

Furthermore, it was difficult to fully engage all relevan
This research examined specific fleptbne areas within Port ~ stakeholders such as residents, urban planners, |and
Harcourt Metropolis, identifying those most vulnerable to policymakers in the research process. Stakeholder
severe flooding during the rainy season. It assessed howengagement was critical for gaining insights into the current
perennial pluvial flooding impacts the architectural quality and  sjtuation and proposed solutiorsjt logistical issues and
performance obuildings, focusing on safety, functionality,  |imited willingness to participate affected the breadth of
durability, and aesthetics. Particular attention was given t0 perspectives incorporated into the study. This, in turn,
residential buildings located in selected areas in the flood i, fluenced the development of the Flood Resilient Design
affected zones. Framework (FRDF), which will not fully reflect the
Additionally, the study evaluated existing architectural diversity of opinions or needs of all stakeholders.

strategies designed to address flooding. It assessed theFinaIIy, the study faced financial and resource constraints

effectiveness of these strategies, such as ftesibtant . . .
o ) . that limited the scale of interventions assessed and |the
building materials and elevated structures, which had been - . . .
practicality of implementing all proposed strategie

implemented by variougakeholders in the public and private i
particularly on a large scale.

sectors.
Another critical component of this research was the 18 Study Area

development of a Flood Resilient Design Framework (FRDF). 1€ Study area, depicted in figure 1.1, is situated in Rivers
This framework will integrate architectural adaptation State, Nigeria, and encompasses various towns across|Port

strategies, urban planning practices, and policy Harcourt city and Obio/Akpor local government areas. The
recommendations. The aim was to provideomprehensive, ~ Port Harcourt Metropolis originally include the local
adaptable approach that can be applied to Port Harcourt government areas of Pd#arcourt City, Obio/Akpor, and
Metropolis and potentially other urban areas facing similar Eleme. The study area comprised numerous towns, such as
flooding challenges in Nigeria and beyond. Rukpokwu, Eneka, Nkpolu, Eliowhani, Elimgbu
Rumuodomaya, Rumuokoro, Rumuodara, Mgbuoba,

iZ

While the primary focus was on Port Harcourt Metropolis, the S
insights gained from this study could have broader Rumuola, Rumuogba, Umurolu, Mgbuosimini, Diobu, Old

applications for other Nigerian cities that experience similar Port Harcourt township, anlouloma, which are grouped

flooding issues. The study focused on architectural solutions int_o 13 zones: Rumukwurushi, Rumuodara, Elekahja,
specifically for miigating perennial pluvial flooding. Eligbolo, Bori Camp, Bodo, Orogbum, Golf Course,
Mgbuoba, Rumuepirikom, Mgbuosimini, Amatagwolq,

Ultimately, the scope of the study is aimed at identifying and Town (Akukwe, Okpal@kaka & Ojeh, 2015)

practical and sustainable architectural solutions that can help
reduce the impacts of perennial pluvial flooding, contributing 1.8.1 Geography of the Study Area
to the longterm resilience and sustainability of Port Harcourt

) The study area is situated in Rivers State, Nigeria, within the
Metropolis.

Niger Delta region, between Latitude 4°45'N and Latitude
4°55'N, and Longitude 6°55'E and Longitude 7°05'E.
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Port Harcourt Metropolis, located at the mouth of the are usually recorded between July and September.

Bonny River and approximately 25 km from the Atlantic Although still relatively warm, average daily temperatures

Ocean, plays a significant role in the urbanization process during this period range from 26°C to 26°C. Notably, eve

n

in the Niger Delta region of Nigeria. It lies within two local during these cooler months, daytime temperatures often

government areas Port Haurt and Obio/Akpor covering  reach 29°C, while nighttime temperatures rarely drp

a total area of 664 km?, which includes cosmopolitan areas below 22°C. Overall, Port Harcourt's tropical climate |s

P

t hat contribute to the ci tharacterized bylhightemmeaturesiwhiougholt theeyearc Ont

strategically positioned, making it easily accessible through average, the city experiences 329slavith temperatures
land, air, and sea transport, which has greaflyénced its above 25°C, indicating a predominantly warm and humi

d

development. As an urban hub, Port Harcourt serves as aenvironment. Conversely, temperatures never drop below

major center for industrial activity, including oil and gas 0°C, reflecting the city's proximiti theequator

exploration, with an increasingly diverse population drawn (Copernicus Climate Change Service, 2022). This constant

from various parts of Nigeria. The 2006 census recorded ahigh humidity hasimplications for public health, as it

population of 1,017,461, and this number has grown supports the spread of waterborne diseases and wvector

exponentially, with estimates suggesting a population of borne diseases like malaria (Eze, 2022).
over 2.6 million by 2024 (Ogba & Okon, 2012; Paulinus,

N 1.8.4 Rainfall and Precipitation
Agba & Ekanem, 2015; Udo & Oriji, 2023).

Port Harcourt experiences its wettest period during the

The city's population density and rapid urban expansion
have been driven by economic opportunities in the
industrial, commercial, and service sectors, especially in
the wake of the oil boom in the 1970s. As a result, Port
Harcourt faces challenges relatéd urban planning,
housing, environmental sustainability, and infrastructure
development. Given its significance as a port city and its
pro.X|m|ty to major oil reserves, urbgn planners  and periods, Port Harcourt receives substantially lesnfall,
policymakers have had to adapt strategies to accommodate
a growing ppulation and ensure that developmental
policies address the environmental and social impacts of
rapid urbanization.

months of June, July, and September. These months
characterized by significant rainfall, with an average of 2

month. This prolonged rairifas a hallmark of the city's
tropical monsoon climate, bringing muokeded moisture

them ideal for outdoor activitiendtravel.

1.8.2 Climate and Weather Patterns 1.85 Cloud Cover and Sky Conditions
Port Harcourt's climate is classified as Af in the K&ppen
system, which means it experiences tropical rainforests
W't_h yealiround War.mth and significant moisture. The November to March, the city experiences relatively. cle
cityds climate features twaq
and the dry season. According Adebayo and Oladipo
(2021), characterized by stable temperatures ranging from
26°C to 28°C throughout the year. Although temperatures
rarely fluctuate, they can drop to 18°C or rise to 37°C in
extreme cases. The city experiences significant rainfall,
with an annual average of 2815 mm and approximately 295
rainy days per year. Port Harcourt receives ample sunshine
with an average of 3162 hours annually, and daylight hours
vary from 11 hours 50 minutes to 12 hours 1.8.6 Monthly Sunshine Hours

Port Harcourt experiences significant seasonal variations

month. However, cloud covarcreases significantly during

which | imits sunshine and
potential (Eze, 2022). This extended cloudvaroalso

affects the quality of air and visibility, particularly in area
‘with high traffic or industrial emissions.

22 minutesdaily. Port Harcourt experiences its sunniest period during the
1.8.3 Temperature and Seasonal Trends months of March, April, and December. Throughout these

, i months, the city enjoys an abundance of sunshine, with
Port Harcourt's warmest period spans from February to

April, with average daily temper'atures consistently rang?ng day. This prolonged sunligimakes these months ideal for
between 28°C and 28°C. During these months, daytime
temperatures typically peak around 32°C, while nighttime
temperatures remain relatively wg, rarely dipping below
24°C. In contrast, the coolest temperatures in Port Harcourt

gardens or taking a stroll along the riverside. In contrast, {
city's least sunny months occur from June to Septemb
During this period, Port Harcourt receives digantly less

UKR Journal of Arts, Humanities and Social Sciences (UKRJAH®SIplished by UKR Publisher

with an average of only 55 mm (2.2 inches) of precipitation
per month. These relatively dry months offer a brief respite
from the region's otherwise high levels of rainfall, making

cloud cover, which influences its overall climate. From
ar

. maj.orn seasons: the_ 7T ai.n
skies, pértlcularly in ?_)ecemrber, whichi§ thé 2idalbst

the rainy season, with April being the cloudiest month |of
the year. During this period, the skies are often overcast,

are
9

rainy days and 365 mm (14.4 inches) of precipitation per

to the region. In contrast, the city's driest months occur from
January to February and again in December. During these

in

%)

an

average of 9 hours and 19 minutes of direct sunlight per

outdoor activities, such as exploring the city's parks and

he
er.



sunlight, with an average of only 8 hours and 7 minutes of are typically gentle, with sustained speeds that ha
direct sunshine per day. Although still relatively sunny minimal impact on daily life. The dry season, which las
compared to many other cities, these months mark thefrom November to March, is characterized by relative
beginning of the wettest season in Port Harcourt, with calm winds, particularly in December when wind spee
increased cloud covandrainfal. are at their lowest (Weatherspadag, 2016). While wind

1.8.7 Wind and Air Movement

Wind speeds in Port Harcourt exhibit mild seasonal refining of oil and gas, often results in air pollution
variation. The windiest months occur from June to October, contributing to health issues like respiratory diseases.
with August being the peak of wind activity. These winds

Table 1.1: Monthly Average Temperatures in Port Harcourt

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

Maximum ¥C 0 3C FC OMC MC 3C 0 3MC WC RO R B M
O O¥R  OFH  ®H @GP OB ¥R B¥H B 90H (A (©OFR

Mean maximum M€ 3FC C BC 3¢ 3C WC T 3 3¢ e 3B
OFR  96°H  OFH 2R (@D (°H  GTR BTH  8H  ©9CH @ 9P

Average high ¥C O O3FC O OWC T NT XC ®C ®C WC  WC NC3C
PR XA ¥R ®R  @TH (¥ EB¥H BN P @ BT (0P

Daily mean C WC ®C WC T %C 6C  %C HC %C  2AC 20C
B2 (¥ ®FH  B2F @' (R ¥R (R (YR [0¥H B (TR

Average low M€ C T FC T MC MC MC MC MC MC MC
e I s D o2 DO 4 O (s IO Lt T 1 I (5 I (3 I o I ;I e
Mean minimum AC  WC WC MC MC XC 2®C WC WC AC BC2C
PR ¥R @SR (SR 0SR 4B @FH @ (P 4R 049 (TR
Minimum 1C °C T ¢ B¢ ¢ WC T BT /C BC AT
69 (R  (4H (MR 4P U¥H @FH ¥R [0 4N @F (0P

Monthly average temperatures with daily means, minimums and maximums for period, average high and low temperatures in Port Harcourt, Nigeria.Generated using Copernicus
Climate Change Service information.Data for peried from January 2017 to June 2022.

Nomadseason.com (2022)

Table 1.2: Monthly Average Precipitation in Port Harcourt

Jn Feh  Mar Apr My  Jm Aug S Ot Now De

Average precipitationmm (inches) ~ 43(17) 63(27) 186(713) 241(05) 284(112) 362(142) W0(142) W21y 44 3B (135 19978 521
Average precipitation days (2 1mm) 12 ¥ 7 5 & 2 2 28 X0 30 B 1

Monthly average precipitation and precipitation days in Port Harcourt Nigeria Generated using Copericus Climate Change Service information.Data for period from January 2017 1o
January 2022.

Nomadseason.com (2022)
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patterns play a role in dispersing air pollutants in Port
Harcourt,the city's heavy industrial activity, including the



Table 1.3: Monthly Sunshine Hours in Port Harcourt

Jan Feb Mar  Apr May Jun Jul Aug Sep Oct Nov Dec

Mean monthly sunshine hours 250 267 275 an 266 249 28 258 40 252 M 308
Mean daily daylight hours Th52m  1h57m  12hdm 12h12m 12h19m  12h22m 12h2Im 12h15m 12h7m 11h59m  1Th53m  11h 50m

Mean menthly sunshine duration, average sunshine hours per day and mean daily daylight hours in Port Harcourt, Nigeria Generated using Copernicus Atmosphere Monitoring Service

information Data for period from January 2017 to January 2022,

Nomadseason.com (2022)

1.8.8 Implications for Urban Development Flood Mitigation: This encompasses the measures
practices designed to prevent or reduce the adverse impacts
of flooding. Flood mitigation strategies may includ
infrastructure improvements, drainage system
enhancements, and trfe adoption of resilient building
€ Ol urr e we'l |

designgSandink & Binns, 2021)

The climate and weather patterns in Port Harcourt are
important factors for urban development, particularly
regarding infrastructure and public health planning. The
cityods frequent-mansainedfdmaihabe r
systems to prevent flooding, aitd high humidity levels

demand adequate housing and sanitation systems t0l.10  Structure of the Thesis

mitigate the spread of diseases. Furthermore, the troplcalThiS thesis was organized into six chapters, each focused

cllmatet Wlt:: IIhlgh temp?raturesfand humidity Iev?S on specific aspects of the research. Chapter 1 introduced the
presents challenges in terms ot energy consump IOn’study. It covered the background of the research, the

particularly air onditioning, and water management for statement of the problem, the research aim, objectives, and

residents and industries. Urban planners need to consider . . R
o . i guestions. It also ieded the justification for the study,
these climatic factors when designing sustainable urban

limitations, delimitations, scope, study area, definitions of

spaces that accommodate t he C|tr¥9ns G Qi popul ati o
. L . ) key terms, and the thesis structure.

while minimizing environmental impacts.

Chapter 2 provided a detailed review of existing literature

Urban planning also needs to incorporate the effects of written by various authors on the subject. This chapter

seasonal weather on the ci§y0so&elildmk highighting whil #ds 2Iftday -
agricultural sector benefits from consistent rainfall, but known and identifying gaps that the research aimed to
heavy rains in the rainy season can damage Crops, _ ydress

especially in lowlying areas, reulting in loss of revenue.
Meanwhile, the oil and gas industry in Port Harcourt has to Chapter 3 explained the methodology and techniques used
account for weather disruptions that may delay projects or in the study. It described the philosophical framework,

impact production during the rainy season (Paulinus, Agba research paradigms, design, and the reasoning behind the
& Ekanem, 2015). choice of research instruments. It also detailed the methods

of data collection, analiss and measures taken to ensure

1.9 Definition of Terms the accuracy and reliability of the findings.

g\rchnectu;al Ad?ptatt'lon Strateglhes: Thelse :;ef:ar 10 i Chapter 4 presented the analysis and interpretation of|the
e§|gn an con; ruction approac e's empioye o.rno ity data. It provided an organized account of the responses|and
buildings and infrastructure to withstand or mitigate

environmental challengeéSchnéadelbach, 2010)n the
context of this study, these strategies involve architectural
technique& materials, and designs aimed at reducing theChapter 5 discussed the findings in relation to the research
impact of pluvial floods in urban areas. objectives. It examined their significance, connected them
to existing knowledge, and explored their implications for
understanding the research problem.

insights from participants, focusing on how the findings
related to the research questions.

Perennial Pluvial Floods: This term describes recurring

flooding caused by heavy and prolonged rainfall, leading to
water accumulation in areas with inadequate drainage Chapter 6 concluded the study by summarizing the key
systems. Unlike riverine or coastal flooding, pluvial floods findings,  drawing  conclusions, and  providin
occur independently of water bodies and are common recommendations. This chapter also reflected on the

urban areas with poor water runoff managenteRtr ok i istewdy ds | i mitations and
al., 2019) offering suggestions for future research.
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CHAPTER 2
LITERATURE REVIEW

In the literature review, this section explores prior research and encompasses a range of sustainable urban drain

age

academic contributions related to the topic. It helps identify approaches, including green roofs, rain gardens, bioswales,
gaps in the existing body of knowledge, highlight areas that permeable pavements, retention ponds, and wetlands. These

need further investigation, and positions the current study features not only manage stormwater but also deliy
within the broader academic context. ecosystem services like flood miiton, water purification,

21 Theoretical Eramework and habitat creation (Ahern, 2013; Lennon, 2015).

Theoretical models provide a conceptual basis for Ahern (2013) emphasizes the multifunctionality of BG

understanding complex phenomena and guiding research
investigations. In the context of mitigating perennial pluvial
flooding and enhancing urban resilience, two key theories
were used to provide significaimtsights into the architectural
adaptation strategies to mitigate perennial pluvial floods in
Port Harcourt Metropolis. These theories include: BRreen
Infrastructure (BGI) Theory, conceptualized in sustainable
urban design practices and advanced hokes like Ahern

enhance biodiversity, and improve urban aesthetics. This
particularly relevant to Port Harcourt, where urbanization h

designs, such as incorporating green roofs or permesg

enhance flood management.

highlighting its capacity to simultaneously address flooding,

led to the lossof permeable surfaces, exacerbating pluvial
flooding. The application of BGI features in architectural

er

ble

pavements, can significantly reduce surface runoff and

(2013), and Resilience Theory, introduced by Holling (1973). Further, the treatment train approach, as detailed by Qin, Lj &

Chen. (2013) and Liu, Li, & Qin, (2014), demonstrates ha
combining multiple BGI measures can amplify the
effectiveness in mitigating flood risks. For instance, ra
gardens and bioswalesrcalow and filter runoff before it

These theories provide a robust foundation for developing
architectural adaptation strategies and informing urban
planning policies. They not only address the technical aspects
of managing urban flooding but also emphasize the importance
of ecosystenbasedapproaches and systemic adaptability. In

Port Harcourt Metropolis, where rapid urbanization has stormwater management.

W

=

enters larger retention systems, ensuring comprehensive

exacerbated flooding risks, the integration of these theories is The European Commission (2021) defines green infrastructure
critical to creating sustainable, resilient urban environments. as fia strategically pl @wauakd n
areas designed to deliver a w

The following sections provide an-trepth examination of
these theories, emphasizing their principles, relevance, and

application to the study area. ) . ~ ;
infrastructure is fa resi.l

2.1.1 Blue-Green Infrastructure Theory i mpacts that provides nume
e perspectives validate BGIl's applicability in Port Harcour
where effective stormwater managerestrategies are
turgently needed to address recurring floods.

Blue-Green Infrastructure (BGI) Theory advocates for th
integration of water management (blue) and vegetative
systems (green) to address urban stormwater challenges. |

Source
control Onsit
nsite

t 1t
ty 1y 0] control oW

i transport Downstream

= ﬁ =N control
\/——-

Private land Public land
Figure 2.1: Key Elements of Blu&sreen Infrastructure for Stormwater Management

SourceeCzyUa & Kowalczyk, (2024)
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The U.S. Environmental Protection Agency (EPA, 2022)
underscores its costeffectiveness, stating that green




Additionally, in addressing the challenges of stormwater in cities where reduced vegetation and water bod
management and adapting to climate change,-8heen intensify heat waves and high temperatures. A study
Infrastructure (BGI) is gaining significant attention. This Lee, Lyu & Jang, (2020) confirms that urban areas w

system combines natural and engineered elements such agtegrated green infrastructure, including parks, green

green spaces (e.g., parkgghsts) and water elements (e.g., roofs, and permeable surfaces, shasigaificant reduction

ponds, wetlands) to mitigate the adverse effects of in surface temperatures. Similarly, Nouri, Goh &

urbanization. In particular, BGI serves as an effective Mohammed, (2021) further emphasize that these green

adaptation strategy by managing extreme weather eventsinterventionscan effectively lower urban temperatures,
like floods, reducing urban heat, and enhancing biodiversity improving climate resilience and public health.
(Keesstra, van Beek & de Leeuw, 2018; Tzoulas, Korpela Urbanizationrelated challenges, such as increased

& Venn, 2020). heatwaves, can be mitigated through such ecological

. . . . solutions, as evidenced by various diysed case studies
The integration of blue and green infrastructure provides )
. . . . . (Lee, Lyu & Jang, 2020; Nouri, Goh & Mohammed, 2021
various ecosystem services, including cooling through

evapotranspiration, water storage, peak discharge These systems not only help in temperature regulation

attenuation, and groundwater recharge (Kabisch, Qureshi & also in managing stormwater runoff and reducing flood

).
but

Haase, 2017). Moreover, when comlinevith grey risks, which are crucial as urbanization and climate change
infrastructure (traditional, harengineered solutions like increase the frequency and intensity of such events

sewer systems), BGI contributes to a more resilient urban (Rahman, Haque & Islam, 2019ahza, Preti & Lupo,
environment that is better equipped to handle the challenges2020).
posed by climate change (Fletcher, Shuster & Hunt, 2015

o ;Thus, in incorporating BGI into urban planning an
Vardoul&is, Dimitriou & Carson, 2019).

development, cities (Port Harcourt) can reduce the impa
Studies highlight the importance of green infrastructure in of climate change while improving the quality of life fo
mitigating the Urban Heat Island (UHI) effect, particularly their inhabitants (Mitchell, 2018).

) r

Infiltration Retention
Permeable paving, soak- Green roofs, wetlands,
aways, trees, swales, rain gardens, retention
bioswales, wetlands, ponds, detention basins
rain gardens -

S TN —

! | 5'/§L ! | | |
t ] §
HIE Evapotranspiration Conveyance

I
i I
: Green roofs, trees, Swales, bioswales,
\ . wetlands, rain gardens channels, rills
1 S—

-—
—

Figure 2.2: Hydrological Processes in Blu&reen Infrastructure for Urban Flood Mitigation

Source:(Sorensen, 2018)

2.1.2 Resilience Theory restoration of functionality after flood events, whilg

transformation involves lonterm adaptability to changing

Resilience Theory, introduced by Holling (1973), explores ~ | i
climatic conditions.

the capacity of systems to absorb disturbances and

d
ICtS
r

19

reorganize while undergoing change to retain essentialHo |l | i ng6s foundational wor

functions. This theory has evolved to include urban capacity of systems, a principle crucial for designing

resilience, particularly in the conteottclimate change and  buildings and urban spaces that can withstand and recover

natural hazards (Meerow & Newell, 2019). from flooding. Meerow and Newell (2019) extend this hy

defining ur ban pacity ef urban gstems
to survive, adapt, and thrive despite chronic stresses
acute shocks. 0

In urban flooding scenarios, resilience involves three
critical dimensions: resistance, recovery, and
transformation. Resistance focuses on minimizing flood
impacts through proactive measures like flgodof In Port Harcourt, resilienethinking can inform

a
and

architectural designs. Recovery emphasizes kquic architectural strategies such as elevated foundatigns,
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modular designs, and adaptive building materials that resist Zhang, Wu & Wang, (2023) provide a case study of urban
water damage. Dong, Yang & Li, (2022) note that resilient resilience in floogorone regions, emphasizing th¢
urban planning integrates local knowledge, community integration of naturdased solutions and community
participation, and innovative designs to create flood driven approaches. These insights are particularly relevant
resistant cities. For exampleincorporating flexible to Port Harcourt, where engaging lo@mmunities in
drainage systems and mtiitinctional spaces can enhance flood mitigation strategies can enhance their effectiveness

a cityds ability to manageandslstwinathiityn g whi |l e mai nt ai nji n
socigeconomic vitality.

A%

couvuny W FLOD

SS3ng3yvaavd

ENGAGEMENT | RESILIENCE

LOCAL & INTENATIONAL KNOWLEDEGE

Figure 2.3 Relationship between Flood Resilience and Community Engagement.

(Source:Roslan, Jamaludin & Mohamad, 2015

2.2 Conceptual Framework during cyclonic/tidal surges (Handmer, Pennigwsell,
and Tapsell, 1999; Stoltman, Lidstone, and DeChano,
2004). Floods have been noted to cause abouthingeof
all deaths, onghird of all injuries, and onéhird of all
damage from natural disast¢fskew, 1999).

The conceptual framework for Architectural Adaptation

Strategies to Mitigate Perennial Pluvial Floods in Port

Harcourt Metropolis brings together diverse concepts and
methodologies designed to address the persistent
challenges posed by urban flooding. Thamework Flooding in various parts of Nigeria has forced thousands

considers how urban architecture and urban planning canof people away from their homes, destroyed businesses,
adapt to reduce flood risks, promote resilience, and ensurepolluted water resources, and increased the risk of diseases
sustainability in the face of changing climate conditions.  (Jeb and Aggarwal, 2008; Etuonovbe, 2011; Olorunfemi,
2011). The occurrence of fids in Nigeria is not a recent
phenomenon (Ayoade, 1979; Ayoade and Akintola, 1980;
Oxford Dictionary defines a flood as an overflow of a large Qlaniran, 1983; Ologunorisa and Terso, 2006; Adeloye and
amount of water beyond its normal limits, especially over Rustum, 2011). The recent occurrences of flooding |in
what is normally dry land. A flood is the accumulation of Nigeria such as the Sokoto flood in 2010, the Ibadan flood
too much water which rises to overflow land that is not in 2011, the Lagos flood in 2011, most parts of the country
normally submerged (Mukipadhyay, 2010). Flooding can  in 2012, and the recent flooding of 27 states in 2022, have
comprise overflow of a river as a result of prolonged shown that flooding is one of the major environmental
seasonal rainfall, rainstorms, snowmelt, eamaks, problems faced in Nigeria. Widespread flooding killed
accumulation of rainwater in lodying areas with a high more than 500 people in Nigeiia2022, left around 90,000
water table, or inadequate storm drainage. Floods could homes underwater, and blocked food and fuel supplies. The
also ke caused by the intrusion of seawater onto coastlandsfloods have hit 27 of Nigeria's 36 states and impacted

2.2.1 Floods: Definition and Types
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around 1.4 million people (NEMA). Nigerian authorities Coastal flooding is categorized into three levels:
said flooding caused by heavidranusual rains had been
building and intensified after water releases from the Lagdo
dam in neighbouring Cameroon.

Minor: A slight amount of beach erosion will occur
but no major damage is expected.

To plan for floods, one has to understand the type or typesz' Moderate: A fair amount of beach erosion will
of floods that might be encountered. Each one has a occgr as well as damage to some homes and
different impact in terms of its duration, how it occurs, how businesses.

it is forecast, the damage it causes, and the type of 3, Major: Serious threat to life and property. Large
protection needed. scale beach erosion will occur, numerous roads
2.2.1.1Coastal (Surge) Floods will be flooded, and many structures will be

damaged. Citizens should review safety

A coastal flood, as the name suggests, occurs in areas the precautions and prepare to evacuate if necessary.

lie on the coast of a sea, ocean, or other large body of open _ _ _
water. It is typically the result of extreme tidal conditions 1€ severity of a coastal flood is determined by several

caused by severe weather. Storm sérgproduced when factors, including the strength, size, speed, and direction of
high winds from hwricanes and other storms push water the storm. The onshore and offshore topography also plays
onshoré is the leading cause of coastal flooding and often @1 important role. To determine the probability and
the greatest threat associated with a tropical storm. In this Magnitude of a storm surgeoastal flood models consider

type of flood, water overwhelms lelying land and often this information in addition to data from historical storms
causes devastating loss of life and geny. (Maddox that have affected the area, as well as the density of nearby
2021) development.

: EoWave nuryp -
R i | __stormsurgs

--------;m;----
-
Figure 2.4 Coastal Flood Diagram.
Source: Gillilard, (2017).
2.21.2 Fluvial (River) Floods There are two main types of riverine flooding:

Fluvial, or riverine flooding, occurs when excessive rainfall
over an extended period causes a river to exceed its
capacity. It can also be caused by heavy snow melt and ice
jams. The damage from a river flood can be widespread as
the overflow affects smigr rivers downstream, often

Overbank flooding occurs when the water rises and
overflows over the edges of a river or stream. This
is the most common and can occur in any size
channeld from small streams to huge rivers.

causing dams and dikes to break and swamp nearby area:2. Flash flooding is characterized by an intense,-high
(Maddox, 2021) velocity torrent of water that occurs in an existing
river channel with little to no notice. Flash floods
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are very dangerous and destructive not only terrain surrounding the river system. In flatter areas,
because of the force of the water but also the floodwater tends to rise more slowly and be more shallow,
hurtling debris that is often swept up in the flow.  and it often remains for days. In hilly or mountainous areas,
floods can occur within minutes after heavy rain. To
determine the probabilityf oiver flooding, models consider
past precipitation, forecasted pugtation, current river
levels, and temperatures.

The severity of a river flood is determined by the amount of
precipitation in an area, how long it takes for precipitation
to accumulate, the previous saturation of local soils, and the

River floods (fluvial floods)

Excessive rain
Snowfall

Overflowing water 32; i"“
J N = i4 ‘ S —
D ps “- Normal river level

D 213989390 © Maryna Hlushko

o
dreamstime.com

Figure 2.5 Depiction of River Floods (Fluvial Floods).
Source: Maryna Hlushko, (2021).

2.2.1.3 Groundwater Floods but can also occur in places with sand and gravel, like
Groundwater flooding is a lessknown type of river valleys.
flooding. It is the emergence of groundwater at the
ground surface away from perennial river channels and
can also include the rising of groundwater into man
made ground, including basements and other sulzgurfa
infrastructure (Macdonald et al., 2012}looding from
groundwater can happen when the level of water within

the rock or soil undergrouridknown as the water table systems or aquifers. There is abot tines as much

T rises. When the water table rises and reaches grounc .
water that seeps into the groundwater systems than there
level, water starts to seep through to the surface and.

: . _ is in surface reservoirs. With the increase in frequency
flooding can happerhis means that water may rise up

and duration of rainfall due to climate change,
through floors or underground rooms such as cellars or . . o .
R groundwater aquifers increase in size by absorbing more
basement s. Wat er doesnodt u

: . water. With increasedgroundwater comes high(e)r
would expect it te such as valley bottonisit may also

I _ groundwater table or artesian conditions. If the
emerge on hillside§what Is Groundwater Flooding? . .
. groundwater table exists behind a basement wall, then
2019) Groundwater flooding takes much longer to

the wall will be subject to hydrostatic pressure which can
develop than river flooding, often appearing days, warw I Y °p Hre Wh

. force large quantities of water through wall cracks or
weeks, or even months after heavy or prolonged rainfall. . . . o
: _ _ joints and led to basement flooding (Brisibe et al.,
This type of flooding can persist for weeks or even
: . , 2021).
months. It is most common in areas with chalk bddroc

To understand groundwater and basement floods, one
needs to first understand groundwater. An estimated
40kn? of water runs across the surface of the earth per
year, some of it gets collected in surface reservoirs like
rivers and streams that flow back into the ocean while the
rest seeps into the ground to recharge groundwater
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SURFACE WATER
AND RIVER FLOODING

River banks
overflow

GROUNDWATER
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Groundwater
emerges and
floods the surface

Figure 2.6 Depiction of Groundwater Floods.

Source:projectgroundwater.co.uk, (2023).

2.2.1.4 Pluvial (Surface) Floods particularly in densely builip areas (Piroozfar, Sarlak

Pluvial or surface water flooding occurs when intense & Erdem, 2020).

rainfall overwhelms the natural or mamade drainage Pluvial flooding frequently interacts with other forms of
systems, causing water to accumulate on the surface ratheflooding, such as coastal and riverine floods, exacerbating
than flowing into rivers or other water bodies. This form of the overall flood risk. Although pluvial floods are typically
flooding is typically indepesient of overflowing water shallow, even a few centimeters of water can cause
bodies and is often associated with extreme precipitation significant damage to pperty and disrupt daily life. While
events, which have been increasingly recognized as athis type of flooding is distinct from flash flooding often
growing hazard in many urban areas (Kundzewicz, caused by rapid runoff from a river or stream both types
Hoozemans & Svensson, 2022). Unlike traditional flood share similar causes in terms of higtensity rainfall
risks, pluvial fboding can impact even elevated areas that (Falconer, Smith & Jones, 2022). In particulgdhe
are not directly near rivers or coastal zones, challenging thefrequency of these rainfall events appears to be rising,
common misconception that flood risks are limited to which may be linked to broader climate change patterns,
proximity to water bodies (Maddox, 2021). leading to more frequent and severe flood events in urban

There are two primary types of pluvial flooding: centers (World Bank, 2023).

The Niger Delta region, including Port Harcourt
Metropolis, is particularly vulnerable to pluvial flooding
due to its lowlying topography, intense rainfall, and
urbanization. Various studies have highlighted that| a
combination of environmental factors,cbuas laneuse
changes, deforestation, and urban sprawl, contribute to|the
severity of pluvial floods in this region (Kenny, Booth &
Austin, 2021). Notably, while rainfall is a key driver of
Runoff from Impermeable Surfaces: When rain falls on  these floods, it is often the result of a complex interplay of

hard, impermeable surfaces like asphalt or concrete, topographical and anthropogenic factors that exacerbatel the
water cannot be absorbed into the ground. This runoff flood risk.

can quickly accumulate, leading to surface flooding,

1. Saturated Drainage Systems: In urban environments,
heavy rainfall can exceed the capacity of drainage
systems, causing water to overflow onto streets and
properties. This is most common in areas where rainfall
intensity surpasses the designed capacity rbfru
stormwater systems, leading to localized flooding
(Nufez, Fernandez & Gomez, 2021).

N
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In response to these recurring flood events, Nigeria hasflooding, working alongside statevel entities such as the
taken steps to address disaster management through th®ivers State Emergency Management Agency (SEMA)|to
National Emergency Management Agency (NEMA), mitigate floodrelaed hazards (Ogu & Adekola, 2022),
established by the NEMA Act (12 as amended by Act 50 of Understanding flooghrone areas is essential to creating
1999). NEMA is tasked with disaster respangolicy effective prevention and mitigation strategies, a task which
formulation, risk assessment, and providing relief efforts. requires collaboration between government bodies and
The agency's focus extends to areas at risk of pluvial local communities.

Pluvial floods

Excessive lingering rain

24 | :

-

Flat areas can’t absorb the rainwater, causing puddles and ponds to appear

Figure 2.7 Depiction of Surface Water Floods (Pluvial Floods).
Source:Hlushko, (2021).

2.2.2 Causes and Impacts of Perennial Pluvial Floods  during the wet season. Heavy and prolonged rainfall events
in Port Harcourt Metropolis overwhelm the drainage systems, leading to water
accumulation and subsequent flooding. Climate change
exacerbates the situation, with changing rainfall patterns
and an increased frequency of exteemveather events
contributing to more intense and frequent floods.

Several studies have identified the causes of perennial
pluvial flooding in Port Harcourt Metropolis and have

attributed it to one or all of the following; topography,

soil/lvegetation/river alteration, increased heavy rainfall,
uncontrolled waste dumpingland use change, and Inadequate Drainage Infrastructure: The city's drainage
unplanned urbanization (Oriola, 1994; Onokerhoraye, infrastructure has not kept pace with rapid urbanization and
1995; Parker, 1999; Folorunsho and Awosika 2001; population growth. The existing drainage systems often
Ologunorisa, 2004; Ogba and Utang, 2008; Adeloye and lack sufficient capacity and are unable to efficiently
Rustum, 2011). Perennial pluvial flooding in Port Harcourt manage the volume of water during heavy rainfall.
Metropolis can be atbuted to a combination of these Additionally, inadequate maintenance and the dumping|of
factors. Based on available literature and data, the causes ofolid waste into drains contribute to blockages and hinder
perennial pluvial flooding in Port Harcourt Metropolis the flow of water(Chiadikobi et al., 2011)

include: Encroachment on Waterways and Floodplains:

Heavy Rainfall and Climate Change:Because of climate Uncontrolled urban expansion and improper land use
change, rainfall variation is projected to continue to practices, such as construction on floodplains and
increase. Precipitation in southern areas is expected to riseencroachment on natural waterways, disrupt the natyral
and rising sea levels are expected to exacerbate floodingflow paths of water (Oriola, 1994). This reduces the storage
and submersion of coastal lan{Beyioku, 2016) Port capacity for excess water and incesathe risk of flooding.

Harcourt Metropolis experiences high levels of rainfall The loss of natural buffers, such as wetlands and
throughout the year, with particularly intense rainfall floodplains, further exacerbates the impacts of flooding.
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Deforestation and Soil  Erosion: Unregulated the rainy season from June to September. In 2017, jthe
deforestation, particularly in upstream areas, leads to intensity of the rains was unusually high, exacerbated by
increased surface runoff and soil erosion (Adeloye & climate change factors, which contributed to the extreme
Rustum, 2011). The removal of vegetation reduces the weather patterns observed. Another contributing factor was
ability of the land to absorb water, resulting in enhanced poor urban planning and inegluate drainage infragtture
runoff and sediment dnsport. Deforestation also in many cities and towns. Rapid urbanization without
contributes to the clogging of drains and water channels corresponding improvements in infrastructure led to
with sediment, further impeding drainage systems (Ogba & clogged drainage systems, which could not handle the
Utang, 2008). volume of water. This situation was further aggravated by
deforestation and land degradati which reduced the
land's natural ability to absorb and manage rainfa
(Sullivan, 2022)

Inefficient Waste Management:Improper waste disposal
practices, including the dumping of solid waste into drains
and water bodies, obstruct the flow of water and exacerbate
drainage issues (Folorunsho & Awosika, 2001). Blocked Impact on Affected Regions
drains and water channels reduce the capacity of the
drainage systems, leading to increased flood risks.

The floods of 2017 affected numerous states across Nigeria,
with particularly severe impacts in Benue, Kogi, Niger, and
Lack of Urban Planning and Regulation: Inadequate Lagos States.
urban planning and zoning regulations have contributed to

haphazard development, particularly in flepne areas. experienced severe flooding that displaced over 100,000

The absence of strict regulations on land use and . . .
: people. The flooding was so severe that it submerged entire
construction standards has allowed for the encroachment on

i i ) communities, destroying homes, farmlands, and critical
floodplains and thdevelopment of infrastructure that is not . . . .
- ) i infrastructure. The state capital, Makyrdaw significant
resilient to floodingOriola, 1994)

portions underwater, leading to the displacement |of
2.2.3 Floods: Some Major Flood Events in Nigeria thousands of residents who sought refuge in temporary
samps and shelte(®lujobi, 2024)

Benue State One of the worshit areas, Benue State

By studying the past, we learn about the present and are abl
to plan for the futur€dAngelakis et al., n.d.)Since 2012, Kogi State: Kogi State, located along the confluence of the
Nigeria has experienced numerous significant flood events Niger and Benue rivers, also experienced catastrophic
that have caused substantial damage, loss of life, andflooding. The rise in water levels of both rivers led
disruption to communities and economies. These eventswidespread inundation, displacing thousands and causing
highlight the critical need for improved flood management, extensive damage to property and adtioal lands. The
infrastructure, ath preparedness strategies. The major flood flooding disrupted transportation and communication
events featured the different types of floods. But for this networks, hampering relief efforts.
study, the focus was on the part of pluvial floods. This
detailed review, therefore, delved into the major flood
events of 2017 and 2021, examiningitliauses, impacts,
and the lessons learned to better prepare for future
occurrences.

Niger State In Niger State, the floods resulted in th
displacement of many communities, particularly those
situated along riverbanks. The swollen rivers led to the
destruction of homes and farmlands, severely impacting the
livelihoods of residents who rely on agriture.

2231 The 2017 Floods Lagos State As Nigeria's economic hub, Lagos was not

The 2017 floods in Nigeria were a devastating natural spared from the flooding. Urban areas in Lagos experienced
disaster that impacted several regions of the country, significant waterlogging, leading to traffic congestio
resulting in about 18 deaths, displacement of communities, property damage, and disruptions to business activities. The
and widespread damage to property and infrastructure. city's drainage systems were ovennned, highlighting the
These floods were primarily trigggd by intense and  urgent need for infrastructural improvements to mitigate
prolonged rainfall, which overwhelmed rivers, reservoirs, future flood risks.

and drainage systems, leading to severe inundation aCToSRivers State Residents of Port Harcourt, the capital city of

many states. Rivers State, reported that they were counting their losses
Causes of the 2017 Floods after three days of continuous rainfall which started in the

early hours of 22 July 2024. The 2017 floods cause
widespread flooding and destruction of property.
According to reports, three people lost their lives in various
parts of the city due to the flooding. Areas such dsdri2,

The primary cause of the 2017 Nigerian floods was heavy
and sustained rainfall during the rainy season. Nigeria's
geographical location and climatic conditions make it prone
to seasonal flooding, especially during the peak months of
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Diobu, Elekahia, and Ad&eorge were identified as being Long-Term Implications and Lessons Learned
the hardest hit. Besides the loss of property, many victims
were temporarily displaced from their homes. (TVC News,
2017).

The 2017 floods underscored the urgent need for
comprehensive flood management and mitigation strategies
in Nigeria. The disaster highlighted the vulnerabilities of

Humanitarian Response and Relief Efforts urban and rural communities to extreme weather events and
the consequences of inadequaté&asiructure and poor

The scale of the disaster prompted a swift response from™
environmental management.

both the Nigerian government and international
organizations. The Federal Government, through the In response to the floods, there were calls for improved
National Emergency Management Agency (NEMA), urban planning, investment in resilient infrastructure, and
coordinated relief efforts, providing emergency asstgan the implementation of early warning systems to better
to affected populations. This included the distribution of prepare for and respond to future flood events. Enhancing
food, clean water, medical supplies, and temporary shelterscommunity awareness and pagedness through educatio
to those displaced by the floods. and training programs was also recognized as a critical

International humanitarian organizations and local NGOs component in reducing the impact of such disasters.

also played a critical role in the response. They assisted inThe floods also emphasized the importance of addressing
conducting needs assessments, delivering aid, andbroader environmental issues, such as deforestation [and
supporting the establishment of temporary camps for land degradation, which contribute to increased flood risks.

displaced persons. These efforts @verucial in alleviating Reforestation and sustainable land management practi
the immediate suffering of those affected and preventing were identified as necesgameasures to enhance the
further health crises due to waterborne diseases and poomnatural resilience of the environment to heavy rainfall and
sanitary conditions. flooding.

Plate 2.1 Flooding of Federal Road Safety Commission Port Harcourt Office along Aba Road.
Source Echendu, (2021)
2.2.3.2 The 2021 Floods in Port Harcourt began at dawn and continued for several hours,

Residents reported that on 21st September 2021, the capitai\éem;elge%th? FRSC's P?rt Harct:ogertAZ;nal Offlhce J_T
city of Rivers State, Port Harcourt, experienced severe a Road. business operations a were heaylly

flooding due to torrential rains. Among the most impacted disrupted as staff scrambled to protect merchandise from

were the Federal Road Safety Corps (FRSC) office and the;l\og;wateRr thjt Is\lubmged the ground ro:)r of tr;)e mall Zr
Port Harcourt Shopping Ma(SPAR). The rains, which zIiKiwe road. NUMErous cars were aiso submerged on
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major roads throughout the city, leaving many commuters g o v e r n mestrdin@édsland ractamation on waterways

stranded and residents facing significant property losses. that used to absorb floodwater had exacerbated

Several respondents and victims blamed the flooding on
inadequate drainage systems in the city. Additionally, some
criticized the Rivers State Government for the rapid and
concurrent construction of road projects concentrated in the

level. The result is what we are seeing now. The affec
areas may have been prone to flooding in the pasthe
experience today is unprecedented. (Vanguard, 2021)

situation. They remarked, the water will always find its

the

ted

capital city and the mtamation of waterways that Ultimately, the consensus among many was that

previously absorbed floodwater. The most affected areasurbanization and the indiscriminate construction ov

included Station Road, Abali Motor Park, Rivers State natural waterways were the primary causes of the severe

Judiciary Complex, Ikwerre Road, Ada George, and Sanni flooding in Port Harcourt.
Abacha Road. One resident highlighted that the

Plate 2.2 Flooding of Port Harcourt Mall Flood along Azikiwe Road.
Source Vanguard Newspaper, (2021)

2.2.4 Nature-Based Mitigation and adaptation 2.2.4.1 Definition and Types of NatureBased Mitigation
Strategies for Flooding and Adaptation Strategies

Flooding is a recurring and devastating natural disaster thatNaturebased mitigation and adaptation strategies f
affects communities worldwide. As the frequency and flooding involve the use of natural ecosystems, such
severity of floods continue to increase due to climate wetlands, forests, and floodplains, to reduce the risk g
change, urbanization, and land use changes, there is @mpacts of flooding (World Bank, 2019). These strategi
growing need for effective mitigion and adaptation can be divided into two mainategories: mitigation and
strategies (Intergovernmental Panel on Climate Change adaptation.

[IPCC], 2019). Naturdased solutions, which utilize
natur.al ecosystgms and proggsses to mitigate the impacts og nd severity of flooding by restoring or preserving natu
flooding, are gaining recognition as a valuable approach to

reducingflood risk (United Nations Office for Disaster

European Commission, 2019).
Risk Reduction [UNDRRY], 2019). (Europ )

Examples of mitigation strategies include:
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. Wetland restoration: Restoring wetlands can help V.  Costeffective: Naturebased strategies can be

to absorb and filter floodwaters, reducing the risk more coskeffective than traditional engineering

of flooding downstream (Mitsch & Gosselink, approaches, which often require significant

2015). investment in infrastructure (European
Il. Floodplain management: Allowing floodplains to Commission, 2019).

flood naturally can help to reduce the risk of 2.2.4.3 Challenges and Limitations
flooding in nearby communities (Tockner &
Stanford, 2002).

1. Green infrastructure: Incorporating green
infrastructure, such as green roofs and permeable

While naturebased mitigation and adaptation strategies for
flooding offer numerous benefits, there are also challenges
and limitations to consider, including:

pavements, into urban design can help to reduce |- Land availability: Restoring and preserving natural
stormwater runoff and alleviate flooding (Fletcher ecosystems often requires significant land areas,
et al., 2015). which can be a challenge in densely populated
Adaptation strategies: These strategies focus on reducing urban areas (Fletcher et al., 2015).
the vulnerability of communities to flooding by promoting ~ Il. ~ Community engagement: Natubased strategies
sustainable land use practices, improving flood forecasting often require community engagement and
and warning systems, and enhancing community resilience participation, which can be tir@nsuming and
(International Union for Conservation of NatJt&/CN], challenging to achieve (IUCN, 2019).
2019). Il Funding: Implementing natwigased strategies

can require significant funding, which can be
challenge for communities with limited resource

Q

Examples of adaptation strategies include:

%)

I Ecosystenrbased adaptation: This approach (World Bank, 2019).
involves restoring and preserving natural V. Policy and regulatory frameworks: Nattbased
ecosystems, such as mangroves and coral reefs, to strategies often require supportive policy and
provide natural barriers against flooding and storm regulatory frameworks, which can be lacking in
surges (Adger et al., 2005). some countries (European Commission, 2019).

Il. Floodresilient agriculture: Implementing floed Naturebased mitigation and adaptation strategies for
resilient agricultural practices, such as agroforestry flooding offer a valuable approach to reducing flood risk
and conservation agriculture, can help to reduce and promoting community resilience. By restoring and
the vulnerability of agricultural communities to  preserving natural ecosystems, these strategies can help to

flooding (Ziervogel et al., 2016). reduce the likelihood and seitgrof flooding, improve
2.2.4.2 Benefits of NatureBased Mitigation and water quality, and enhance biodiversity. While there are
Adaptation Strategies challenges and limitations to consider, the benefits |of

naturebased strategies make them an important tool in the

Naturebased mitigation and adaptation strategies for ) )
fight against flooding.

flooding offer numerous benefits, including:

I Reduced flood risk: By restoring and preserving 225 Floods: Sponge City Concept

natural ecosystems, these strategies can help toThe Sponge City Concept isimnovative approach to urban
reduce the likelihood and severity of flooding flood management that has gained significant attention|in
(World Bank, 2019). recent years (Fletcher et al., 2015). The concept involves
1. Improved water quality: Natural ecosystems can designing cities to absorb and filter rainwater, reducing the
help to filter and purify floodwaters, improving burden on drainage systems and minimizing trs 1of
water quality and reducing the risk of waterborne flooding (Li et al., 2019). This report provides an overview of
diseases (Mitsch & Gosselink, 2015). the Sponge City Concept, its benefits, and examples of|its
m Enhanced biodiversity: Natuimased strategies implemer.\tation i.n F:ities around thel world. The Sponge City
can help to preserve and restore natural habitats, Con.cept is a hollstlc.appr.oach that mtegratgs urban planrlm ng,
promoting biodiversity and ecosystem services a.r.chtecture, and er?gllneerlng to create sustainable and resilient
(IUCN, 2019). cities (Wuhan Municipal Government, 2019). The concept has

IV | d it i B i been recognized as a key strategy for mitigating the impacts of
' ncre(?\se community”resl |e.nce. y promo '”9 urbanization on flood risk (Fletcher et al., 2015).
sustainable land use practices and enhancing
community awareness and preparedness, nature 2-2.5.1  Sponge City: Definition

bas_gd strategies -can help to increase community sponge city is an urban area designed to absorb and filter
resilience to flooding (UNDRR, 2019). rainwater, reducing the burden on drainage systems and
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minimizing the risk of flooding (Fletcher et al., 2015). The and urban parks, to reduce stormwater runoff and improve

concept is inspired by the natural water cycle, where water quality.
rainwater is absorbed by the soil, filtered by vegetation, and
slowly released into waterways (Mitsch & Gosselink,

2015). Sponge cities aino replicate this process through As cities around the world face increasing challeng

2.2.5.2 Sponge City: Examples

the use of green infrastructure, such as parks, green roofsfelated to urbanization, climate change, and water

esS

and permeable pavements (Li et al., 2019). Green management, the concept of the "sponge city” has gained

infrastructure is a key component of sponge cities, as it significant attention (Li et al., 2019). A sponge city is an

provides a range of ecosystem services, including urban area that is designed to @bsand filter rainwater,

stornwater management, air quality improvement, and reducing the risk of flooding and improving water quality.
habitat creation (Benedict & McMahon, 2006). The use of Here are five examples of cities that are implementing

green infrastructure in sponge cities can also help to sponge city initiatives:

mitigate the urban heat island effect, improve air quality, Chicago, USA: Chicago's Green Infrastructure Plan aim
and enhance biodiversity (Taha, 1997). to reduce stormwater runoff and improve water quali

S

ty

The concept of sponge cities is not new, but it has gained through the use of green roofs, rain gardens, and permeable
significant attention in recent years due to its potential to pavements (ProQuest, n.d.). The plan, which was launched

mitigate the impacts of urbanization on flood risk (Fletcher in 2014, includes a range of initiativesch as the creation
et al., 2015). The concept has been implemented in severaPf green infrastructure in public spaces, the implementat
cities around He world, including Chicago, Rotterdam, of green roofs on private buildings, and the use
Singapore, Copenhagen, and Wuhan (City of Chicago, Permeable pavements in urban areas (City of Chica
2019; City of Rotterdam, 2019; Urban Redevelopment 2014). According to a study by the University of lllinois
Authority of Singapore, 2019; City of Copenhagen, 2019; Chicago's green infrastructure plan has the potential
Wuhan Municipal Government, 2019). These cities have reduce stormwater runoff by up to 70% (University ¢
implemented a range of green infrastructure initiatives, lllinois, 2018).
including green roofs, rain gardens, permeable pavements,
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Plate 2.3 One Central Park, Chicago
Source Cook, (2014)
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Rotterdam, Netherlands: The Netherlands, literally space and stormwater storage (Salinas et al., 2014). This
translating to "lowlands," is famously situated below sea innovative square holds a twofold strategy, serving as both a
level. To cope with this unique challenge, the country has public space and a stormwater storage facility. By integrating

developed and implemented numerous innovative strategies tothese two functions, the square provides a unique solution to
coexist with water, minimizing the risk of floodjnover the urban floodhg and climate change resilience. As part of
years (Jonkman & Kelman, 2005). Rotterdam's Water Rotterdam's strategy to increase climate resilience through
Management Plan includes the creation of green roofs, urbanadaptive measures, the Water &guBenthemplein showcases
parks, and floodesistant construction to reduce the risk of a new approach to urban design (City of Rotterdam, 2019).
flooding (City of Rotterdam, 2019). The plan, which was The square's design allows it to store excess rainwater during
launched in 2013ims to make Rotterdam a "watessilient” heavy rainfall events, reducing the burden on the city's

city by 2025 (City of Rotterdam, 2013). According to a study drainage system and minimizing the risk of floodirg
by the Delft University of Technology, Rotterdam's water addition to its functional benefits, the Water Square
management plan has reduced the risk of flooding in the city Benthemplein also demonstrates a new model for funding
by up to 50% (Delft University ofechnology, 2019). high-quality public spaces. The square was largely financed by
water management departments and innovation subsidies,
highlighting the potendil for collaborative funding approaches
to support urban design initiatives (Zevenbergen et al., 2018).

The Water Square Benthemplein in Rotterdam, Netherlands,
is a pioneering example of urban design that combines public

Plate 2.4 Benthemplein Water Square, Rotterdam.
Source Salinas et al, (2014)

Singapore: Singapore's Urban Redevelopment Authority has Singapore's national agenda on sustainable development
implemented a range of green infrastructure initiatives, (Zheng, 2021). The plan is built around five key pillars: City
including green roofs, rain gardens, and permeable pavements,jn Nature, Sustainable Living, Energy Reset, Green Economy,
to reduce stormwater runoff and improve water quality (Urban and Resilient Future. Under the City in Nature pillar, the plan
Redevelopment Authority of 8gapore, 2019). The initiatives,  aims to add D00 hectares of green spaces by 2035 and double
which were launched in 2014, aim to make Singapore a "City the annual tree planting rate (Zheng, 2021).
in a Garden" by 2030 (Urban Redevelopment Authority of
Singapore, 2014). According to a study by the National
University of Singapore, Singapore's greenfrastructure
initiatives have reduced stormwater runoff by up to 30%
(National University of Singapore, 2020).

The Sustainable Living pillar focuses on reducing carbon
emissions, keeping the environment clean, and saving
resources. Some of the targets include reducing household
water consumption to 130 liters per capita per day, expanding
the rail network to 360kmand tripling cycling paths to
The Singapore Green Plan 2030 is an ambitious initiative 1,320km (Zheng, 2021).

launched on February 10, 2021, with the goal of advancing
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The Energy Reset pillar aims to increase the use of cleanerEnvironment, 2021). Finally, the Resilient Future pillar
energy and improve energy efficiency. Targets include focuses on building Singapore's climate resilience and
increasing solar energy deployment by ffedd, greening enhancing food security.
80% of buildings, and reducing energy consumption in HDB
towns by 15% (Zheng, 2021).

The Singapore Green Plan 2030 is a "living plan" that wil
evolve over time, taking into account technologica
The plan also emphasizes the importance of a Green Economydevelopments and public feedback (Ministry of Sustainability
seeking green growth opportunities to create new jobs and and the Environment, 2021).
transform industries (Ministry of Sustainability and the

Plate 2.5 Singapore Green Plan 2030: 1,000ha more green spaces & tripling cycling paths to 1,320km
Source Zheng, (2021)

Copenhagen, Denmark: Copenhagen's Cloudburst “cloudburstresilient" city by 2030 (City of Copenhagen,
Management Plan includes the creation of green roofs, 2012). According to a study by the Technical University of
urban parks, and floerksistant construction to reduce the Denmark, Copenhagen's cloudburst management plan|has
risk of flooding (City of Copenhagen, 2019). The plan, reduced the risk of flooding in the city by up to 40%
which was launched in 2012, aims to make Copenhagen a(Technical Universityof Denmark, 2020).
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Plate 2.6Copenhagen Cloudburst Management Plan
Source Tauhid, (2021)
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Wuhan, China: Wuhan's Sponge City Initiative aims to I.  Provide recreational space for various user groups,
reduce flood risk and improve water quality through the use promoting an active lifestyle.

of green infrastructure, including green roofs, rain gardens, Il Preserve and enhance the natural stormwater
and permeable pavements (Wuhan Municipal Government, corridor by integrating the Sponge City concept
2019). The initiative, which was launched2016, aims to (Tauhid, 2018).

make Wuhan a "sponge city" by 2030 (Wuhan Municipal Il Offer opportunities for public access and
Government, 2016). According to a study by the Wuhan environmental education, consistent with restored
University, Wuhan's sponge city initiative has reduced habitat areas.

flood risk by up to 20% (Wuhan University, 2020). V. Establish connections between existing and

The Wuhan Xinyuexie Park plays a vital role in the east restored hills and water bodies.

ecacorridor of the Optics Valley Center Area, connecting
Jiufeng Forest Park with Baoxie Lake (Tauhid, 2018). As
the primary recreational space in the new Optics Valley
CBD area, the park must incamate several key functions:

needs beyond merely improving its image and val
(Tauhid, 2018). Upon completion, the park will be wel

communities and user groups while piraving local

conditions (OBERMEYER Engineering Consulting, n.d.),

.

Plate 2.7Wuhan Spoge Ciy Initiati\)é
Source OBERMEYER, (n.d.)
2.2.5.3 Sponge City: Benefits absorb and filter rainwater, reducing the burden on draing

Sponge cities offer numerous benefits, including reduced
flood risk, improved water quality, enhanced biodiversity,

mitigated urban heat island effect, and improved public
health (Li et al., 2019). The use of green infrastructure in
sponge cities can aldelp to improve air quality, reduce  Improved Water Quality: Sponge cities can also improve
noise pollution, and enhance aesthetic value (Benedict & water quality by reducing stormwater runoff and filterin
McMahon, 2006). Additionally, sponge cities can provide out pollutants and sediments (Li et al., 2019). Gre

2015). This can help to protect homes, businesses,

losses and improving publsafety.

By serving these purposes, the park can fulfill the city's

integrated into the Optics Valley city context, serving

systems and minimizing the risk of flooding (Fletcher et al.,

infrastructure from flood damage, reducing economic

age

and

opportunities for physical activity, social interaction, and infrastructure, such as green roofs and rain gardens, |can
community engagement, which can help to imprpublic absorb and treat stormwater runoff, reducing the atrafun
health and welbeing (Sallis et al., 2016). pollutants and sediments that enter urban waterways. This

can help to improve the quality of urban waterways, maki

Reduced Flood Risk:One of the primary benefits of . T
them safer for recreation and aquatic life.

sponge cities is the reduced risk of flooding. By

incorporating green infrastructure, such as green roofs, rainEnhanced Biodiversity: Sponge cities can also enhance

gardens, and permeable pavements, sponge cities carbiodiversity by providing habitat for urban wildlife ang
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promoting ecosystem services (Mitsch & Gosselink, 2015). infrastructure can be a significant barrier for cities,
Green infrastructure, such as parks and green spaces, caparticularly those with limited budgets. However, the tong
provide habitat for urban wildlife, such as birds, bees, and term benefits of green infrastructure, such as reduced flood
butterflies. Additionally, sponge cities can promote risk and improved water quality, can outweigh the initia
ecosystem services, such @dlination, pest control, and  costs.
climate regulation.

Community engagement:Sponge city initiatives require
Mitigated Urban Heat Island Effect: Sponge cities can ~ community engagement and participation, which can e
also mitigate the urban heat island effect by reducing the time-consuming and challenging to achieve (Mitsch &
temperature in urban areas (Taha, 1997). Green Gosselink, 2015). Community engagement is critical to the
infrastructure, such as green roofs and urban parks, cansuccess of sponge city initiatives, as it helps to builgetp
provide shade, reduce the amount of impervious surfaces,and ownership among local residents. However, engaging
and promote evap@nspiration, all of which can help to  with the community can be challenging, particularly in
reduce the temperature in urban areas. cities with diverse populations and competing priorities.

Improved Public Health: Sponge cities can also improve Policy and regulatory frameworks: Sponge city
public health by providing opportunities for physical initiatives require supportive policy and regulatorn
activity, social interaction, and community engagement frameworks, which can be lacking in some cities (Li et g
(Sallis et al., 2016). Green infrastructure, such as parks and2019). Policy and regulatory frameworks play a critical rale
green spaces, can provide opportunities for physical in supporting the implementation of sponge city initiatives.
activity, such as walking, cycling, and playing sports. However,in some cities, these frameworks may not be |in
Additionally, sponge cities can promote social interaction place, or may even create barriers to implementation.
and community engagement, which can help to improve
mental health and welleing.

- <<

Maintenance and upkeep:Green infrastructure requires
regular maintenance and upkeep, which can be challenging
Improved Air Quality: Sponge cities can also improve air to ensure (Fletcher et al., 2015). Maintenance and upkeep
guality by reducing air pollution and promoting ecosystem are critical to the longerm effectiveness of green
services (Benedict & McMahon, 2006). Green infrastructure. However, ensuring that maintenance and
infrastructure, such as green roofs and urban parks, canupkeep are carried out regularly can be challenging,
absorb and filter air pollutants, reducing the amount of particularly in cities with limited resources.

particulate matter and other pollutants in the air. . . L .
Overcoming these challenges will require innovative

Reduced Noise Pollution:Sponge cities can also reduce solutions and collaborative approaches. Cities can learn
noise pollution by providing a natural barrier between from each other's experiences and share best practices in
urban areas and noise sources (Benedict & McMahon, implementing sponge city initiatives. Additionally, cities
2006). Green infrastructure, such as green roofs and urbancan engage with local commue#, stakeholders, and
parks, can provide a natural barrier between urban areas aneéxperts to build support and ownership for sponge city
noise sources, reducing the amount of noise pollution in initiatives.

urban areas. " . I .
Furthermore, cities can also explore innovative financing

Enhanced Aesthetic Value: Sponge cities can also mechanisms, such as green bonds and pphiate
enhance aesthetic value by providing a natural and beautiful partnerships, to support the implementation of sponge city
environment (Benedict & McMahon, 2006). Green initiatives. Governments can also provide incentives, such
infrastructure, such as parks and green spaces, can providas tax credits and grants, #ncourage private sector
a natural and beautiful environment, enhancing the investment in green infrastructure.

aesthetic vale of urban areas. L . e
In conclusion, implementing sponge city initiatives can be

2.2.5.4 Sponge City: Implementation and Challenges challenging, but with innovative solutions and collaborative
approaches, cities can overcome these challenges |and

Implementing sponge city initiatives can be challenging, i - .
create more sustainable and resilient urban environments.

requiring significant investment in infrastructure and
community engagement (Li et al., 2019). 2.2.6 Flood Risk Management (FRM) and Planning

Some of the challenges include: Effective flood risk management in Port Harcourt involves
identifying areas prone to pluvial floods and incorporating
architectural adaptations to reduce vulnerability. This
includes strategies such as elevating buildings to keep them
above the floodplain,creating detention ponds, and

Cost: Implementing green infrastructure can be expensive,
requiring significant investment in materials and labor
(Fletcher et al., 2015). The cost of implementing green
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designing drainage systems that direct water flow away Additionally, communitydriven solutions often promote
from urban areas (Kundzewicz, Hoozemans & Svensson, greater ownership and ensure ldegn maintenance of
2019). Comprehensive flood risk management involves a flood resilience measures.

crossdisciplinary approach, where architects collaborate
with urban planners, engineers, andvisonmental
scientists to design solutions that address both structuralEffective flood mitigation and architectural adaptation
and nonstructural aspects of flood mitigation require strong policy frameworks and governance
(Kundzewicz, Hoozemans & Svensson, 2019). Urban mechanisms. In Port Harcourt, local authorities must
planning must incorporate policies that mandate flood develop zoning laws and building codes that enforce flood
resilience measures, ensuring thaéw developments  resistant construction practices. Addiadly, urban
adhere to floogproofing standards. governance must prioritize the inclusion of flood resilience
measures in development plans and urban regeneradtion
projects. Collaboration between different sectors, such| as
Sustainable architecture is another essential element inurban planning, environmental management, and
mitigating flooding. This approach includes using -eco infrastructure developme, is critical for ensuring that
friendly building materials, energgfficient systems, and  flood resilience becomes an integral part of the city
low-impact  construction  techniques.  Sustainable architecture and urban landscape (Sovacool, Kivimaa &
architecture in Port Harcourt could tégrate water Mitchell, 2017).
collection and recycling systems, solar power, and green
roofs to help manage both floodwater and energy use
(IPCC, 2022). Moreover, sustainable designs should
prioritize the reduction of impervious surfaces, increasing

water infiltration inb the ground. Climateesilient L . )
hitect b licipating the | inq f q principles, and community engagement. Th&nmework
architecture, by anticipating the increasing Irequency an highlights the importance of interdisciplinary collaboratio

intensity of rain events due to climate change, ensures that.

buildi ble of with ding both q in urban planning, emphasizing the role of architecture|in
”eV.V ureings are.capa e ot wit stan. '|ng oth current an adapting to flood risks while enhancing the overall quality
projected flood risks (Sovacool, Kivimaa & tdhell,

2017 of urban life. The framework serves as a guideline for
): creating aresilient, sustainable, and flosdsistant urban
2.2.8 Integrated Water Management (IWM) environment in Port Harcourt, helping the city respond

The integration of Integrated Water Management (IWM) in effectively to the |.ncr.easmg challenges posed by climate
change and urbanization.

architectural strategies ensures that water systems are
designed to manage both stormwater and wastewater. IWM2.3 Empirical Review

encourages the use of permeable surfaces, retention pond%ort Harcourt Metropolis, a major city in the Niger Delt
and bioswales to capture raiater and prevent flooding, ’

2.2.10 Policy and Governance

2.2.7 Sustainable Architecture

The Architectural Adaptation Strategies to Mitigat
Perennial Pluvial Floods in Port Harcourt Metropol
involve a multifaceted approach integrating byreen
infrastructure, resilience theory, sustainable design

n @

—

a
hile al ing that th tor | q effectivel region of Nigeria, is frequently affected by perennial
VI-\|I re aso'er:jsur'mg. ab 'Ide' Wa;ahr ls reL:SfE tetec 'V? y: pluvial floods that have significant negative impacts on the
°We?’er' n gsgnmg u.| INgs that contribute to water environment, infrastrycture, and livelihoods of its residents.
retention and filtrationos i t e, Port Harc odLr t 0,s, ar c;}n i &5 t &
| ital role in flood mitiai Rainwat erennial pluviallbéds are floods that Occur every year,
can p:?ly a vital role n food mitigafion. Rainwate usually as a result of a combination of factors such |as
harvesting systems, for example, can store runoff for later rainfall, topography, and land use changes. This Thematic
tjhse’ rteduc(:jlng the |mmet,\d|ate(;/ol'ume oftwater fIOV\;mg n;to Empirical Review aims to synthesize the existing literature
e city's drainage systems during a storm event (Oc 92 0n architectural adaptation strategiegritigate perennial

Gonzalez & Latorre, 2022). floods in Port Harcourt Metropolis.

2.2.9 Community Engagement in Design 231 Adaptation Strategies

The “success of flood resilience strategies depends.l.he Intergovernmental Panel on Climate Change (IPCC,

S|gn_|f|c§1ntly on community engaggment. .Part|CIpatory 2007) defines adaptation as the process of adjusting natural
design involves the local population in planning processes . .
or human systems in response to current or anticipated

to ensure that flood mitigation measures are contextually . . i . ,
ot abl q ie. In Port H . climatic conditions or their effects, with the goal 0
appropriate, acceptablé, and s ©. In Fort Harcoln, reducing harm or taking advantagf potential benefits.

involving local communities, residents, and stakeholders in . . . . .
) . ) Adaptation to climate change is generally categorized into
architectural decisions can lead to solutions that address ) . ) .
two types. The first type, adaptation strategies, involves

local flood patterns and the specific needs of different .
i i long-term measures designed to address and prepare for
neighborhoods (Roslan, Ali & Rahman, 2015).

=
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climate change impacts (Thomas et al., 2007). The seconddredging rivers and lakes and building embankmen
type, coping strategies, consists of stierin actions taken These measures require significant financial investmg
at the household level to mitigate the immediate effects of and are often implemented by government agencies
climaterelated events such as floods (Thomas et al., 2007; through collaborative efforts between communities a
DFID, 2008). authorities (IPCC, 20% Queensland Government, 2018).

Adaptation strategies can be further divided into two Ologunorisa (2010) categorizes structural flood mitigatig
categories: proactive (or anticipatory) and reactive (De strategies into three main types. The first categg
Bruin, 2011). Proactive adaptation involves planning and encompasses engineering schemes, which include both sn
implementing measures in anticipation of future climate scale interventions, such as minor embankments and

changes, while reactive adaptatiinvolves responding to ~ 'éténtion measures, and largeale projects, such as majo
and managing the impacts of climate change after they haveflood control infrastructure, significant sea walls, an
occurred (Shongwe et al., 2014). For example, reactive substantial dam constructions..The :?_econd category consis
adaptation might include measures like controlling soil flo0d abatement schemes, which utilize natural methods, s
erosion, building irrigation dams, developing new crop as afforestation, to manage land use andgatél flood

- . . . impacts. These schemes aim to manage flood runoff at
varidies, and adjusting planting and harvesting schedules. .
.. . . . upstream catchment level to reduce its downstream effe
In contrast, anticipatory adaptation might involve

developi limateesilient ot ducti (Ologunorisa, 2010). The third category is fletection
ceve op}:ng clima eefl ient crop var.|e 'TS’ co.n uc |n? schemes, which focus on modifications to buildings

research and deve o.pmenF, and imp emgntlng POICY anhance their silience to flooding. These can include bot
measures such as tax incentives and reguiti permanent and temporary alterations to a building's struct
In practice, most adaptation measures tend to be reactive 2nd design to withstand flood conditions, often referred to

as they are often implemented in response to problems ad’uilding adaptation strategies (Ologunorisa, 2010).

they arise rather than in anticipation of future issues Non-Structural Measures

(Bierbaum et al., 2013). This tendency reflects the | mitiqati _ ici
immediate nature of many challgs faced by In contrast, nosstructural mitigation strategies are policie

communities and the need for urgent responses to mitigate2d regulatory measures designed to manage flood r
their impacts through planning and prevention rather than physic

construction. These strategies focus on regulating land
According to Brody et al. (2009), structural mitigation and reducing the exposucé people and assets to flooc
strategies involve the construction or modification of hazards. Nomtructural measures include floodplai
physical infrastructure to protect people, buildings, and the zoning, flood insurance, public relief funds, floo
environment from the impacts of flooding. These strategies forecasting and warning systems, weather modificatic
are designed to prevemr minimize the intrusion of and lossbearing and acceptance (Ologunorisa, 201
floodwaters into areas where they could cause damage,These approdes have been adopted in various countri
effectively serving as barriers between the water and the 3round the world to complement structural measures :
built environment. The effectiveness of these structural provide a comprehensive approach to flood managem

measures in reducing flood damage has been supported bycreach et al., 2020; Queensland Government, 2018; Br
various studies (IPCC, 2014; Queensland Government, et a|., 2009).

2018). Such strategies aim to manage flood damage by
controlling factors such as water height, flow rate, and
seepage into structures (Queensland Government, 2018).

Additional nonstructural strategies involve evacuatio
plans, relocation efforts, and other measures aimed
moving people and property out of harm's way during flo
Structural And Non-Structural Measures events. These strategies are crucial for minimizing the r

Structural and nostructural measures are not limited to 0 human lives and redugjrproperty damage when floods

just mitigation strategies. They play roles in various stages °ccur (Lumbroso & Davison, 2016; Kolen, Slomp &

of disaster management, including preparedness, responseJonkman, 2013; Priest, 2007). By integrating bo
and recovery. structural and nostructural approaches, communities ca

better prepare for, respond to, and recover from floodit
thereby enhncing overall resilience to these natur

Examples of structural mitigation strategies include the hazards.
construction of dams, levees, sea walls, and detent|on2.3_2 Architectural Adaptation Strategies

basins. Other techniques involve modifying natural and - _ ' _ o
artificial waterways, such as widening, deepening, or To mitigate the impacts of perennial pluvial flooding in Po

realigning canals, rivers, and fldplains, as well as Harcourt Metropolis, researchers have proposed vari
architectural adaptation strategies that are largely Struct

Structural Measures
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measures. Permeable pavements, for example, have beebhe employed for adaptation purposes (Environmen
identified as an effective strategy for reducing surface Resilience Institute, Indiana).

runoff and increasing infiltration (Efe and Opoko, 2020).. 232 1 Use of Bioretention to Collect Stormwater

Blue roofs have also been proposed as a way of reducngunoff

runoff, increasing evapotrarisgtion, and improving

thermal performance (Sarai and Oloke, 2021). Other Bioretention is a form of landscape feature that is specially
strategies include the use of rain gardens, retention basinsdesigned to collect, store, and allow the infiltration of

and elevated buildings. Rain gardens are vegetatedStormwater runoff ossite (Davis et al., 2012). When it
depressions that collect and filter runoff from impervious rains, water falling on surfaces like rooftops, driveways,

surfacesyhile retention basins are designed to temporarily parking lots is diected towards a shallow depression, which

store and release stormwater runoff (Enaruvbe et al., 2021).enables runoff to pool before slowly infiltrating the groun
Elevated buildings are designed to raise the ground floor of (Dietz, 2007). This depression, which is filled with a filte

buildings above flood levels, reducing the exposure of bed, is typically planted with vegetation that can withstand

buildings to floodwaters (Adnde et al., 2020). watertolerant conditions (Hut et al., 2017). As stormwater
runoff accumulates, it will gradually travel through th

Architecture in general can be adapted to some degree, Bilter bed, where it will either be absorbed into the ground

buildings can always be modified manually in some
manner. Brand's book How Buildings Learn provides
insight into the different levels of adaptation that can be
expected and how they apply over vaseriods (Brand,
1994). Therefore, the term Adaptive Architecture must be
considered in this broader context, and the distinction
betwegn adapte}ble and adaptive architt.ecFure is as foIIows:ﬂooding and erosion (Hunt et.al2017). The use of
Adaptive Architecture refers to buildings that are

purposefully @signed to adapt, whether automatically or
through human intervention, to their environment,

commercial areas as it is a ce$tective and efficient way
of managing stormwater (EPA, 2017). Bioretention can
used to help reduce the volume and peak flow rate

To manage potential climate hazards, such as extremesettinggEPA, 2017). These features are typically design
storms and flooding, that could impact water quality, to manage stormwater runoff from rooftops or other sm
infrastructure, and safety, the Environmental Resilience impervious surfaces (Hunt et al., 2017). They are oft
Institute in Indiana suggests adaptation strategies. Theseplanted with native vegetation that is adapted to the lo
strategies include the use of gnanfrastructure techniques climate and soil conditions, wtth can help reduce
to mitigate recurrent flooding. One or more methods may maintenance needs and enhance biodiversity in the &

(Dietz, 2007).

Figure 2.8Bioretention Pond in a Residential Property
(Source:mixnew15.bitbucket.io, 2023)
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or discharged via an underdrain (Davis et al., 2012). Th
method is commonly used in both residential and

tal

D
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stormwater runoff, which can help prevent downstream

vegetation within the bioretention area can help improve
the quality of the runoff by removing pollutants and

. i nutrients (Dietz, 2007). Smadcale bioretention areas, also
occupants, and objects within them (Schnadelbach, 2010). known as rain gardens, are often found in resident

cal

area




Inflow Hydrograph Bottom of Pond

Overflow Weir

Underdrain
(Optional)

Figure 2.9 Section Through a Typical Bioretention Pond.
(Source encycloall.com, 2023)

2.3.2.2 Use of Blue Roof to hold Precipitation peak discharge rate of runoff and allowing for evaporati

One of the strategies that can be used to manage stormwate‘wor.‘gf 2017)_' This process is regulated through a flc.
. . ) . restriction device that is located around the roof drain, whi
runoff is the installation of a blue roof. A blue roof is a roof

- . . . controls the discharge rate of water and ensures that the w
explicitly designed to capture and slowly release rainwater, in . ) .
. is slowly relesed into the drainage syst¢@arter & Fowler,
order to slow the rate of runoff and reduce the potential for 2009). Bl ‘ b di i i includ
relaied flooding (BKSK Architects, n.d.). According to Wong )- Blue roofs can be used in various settings, inclu

. . . commercial, industrial, and residential buildings, to mana
(2017), a blue roof is designed to retain and manage . .

) S -~ stormwater effectively (Wong, 2017). They are particular
stormwater by temporarily holding it on the roof surface or in

. . : useful in areas where there is limited space for otheergr
engineered trays. The roof can hold up to eight inches of . ) . .

o . . o infrastructure practices, such as bioretention areas or I
precipitation, and it funa@ins similarly to a vegetated roof, but
without the need for soil or vegetation (Carter & Fowler,

2009). The stored water is then slowly released at a controlled
) y island effect by reflecting sunlight and reducing the need {

rate to the drainage system after the storm event, reducing the " o .
ge sy g air canditioning during the summer months (Taha, 2017).

blue roofs offer other benefits, such as reducing the urban

DIRECT TO MUNICIPAL SYSTEM HELD ON-SITETEMPORARILY

Figure 2.9 Blue Roof (Source: bskarch.com, 2014).
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2.3.2.2 Use of Permeable Pavement grease in the runoff (Barrett, 2008). In addition, permeable

To manage stormwater runoff effectively, one strategy is to pavement also helps remove nutrients such as phosphorous

use permeable pavement that allows water to flow through and nitrogen (Dietz, 2007). As runoff infiltrates through the

and be temporarily stored before being discharged (Fletcherporous surface, soil and engineered media filter pollutants

et al., 2018). Permeable pavement includes pavements anéFIetcher et aJ.2018). The void gpaces in the permeable
. . pavement surface and reservoir layers provide storage
pavers that have voidpaces that permit runoff to flow

through them (Dietz, 2007). After the runoff flows through capacity for runoff, thereby reducing peak volume (Bean et

the pavement, it is stored in an underground stone baseal" 2007). By implementing permealpavement systems,

before infiltrating into the ground or discharging from an )[Ar/le can etffec.tlvely :narfmagg stprn;water runtoff andl.tmltlg;ﬁte
underdrain (Bean et al., 2007). Permeable paezes € negative impacts ot urbanization on water quality, while

particularly efficient at removing heavy metals, oils, and also providing a durable and functional pavement surface
(Barrett, 2008).

e ~
LTS

ompany.com, 2022).

'Figure 2.11: Permeable Concrete Péver (Source: thepaverc

Spaces between
pavers.

Aggregate
bedding course
and open graded
bases.

NRCS-lowa

Figure 2.12:Permeable Concrete Paver Section (Source: metroblooms.org, 2017).
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2.3.2.3 Use of Underground Storage Systems different materials, including polyethylene tanks, fibergla

Underground storage systems are an effective way totanks, and concrete tanks (ASCE, 2014).

manage stormwater runoff by detaining it in receptacles Polyethylene Tanks
located beneath the surface of roadways, parking lots, or
athletic fields (EPA, 2017). They can also be used in private
compounds (Wong, 2017). Tresystems have varying

designs, including culverts, engineered stormwater

popularity due to their numerous advantages (Aladenolg
Adekitan, 2012). Firstly, these tanks are lightweigh

detention vaults, or perforated pipes, and they slowly . . .
2015). They require less labour and ipgquent durin
release the detained runoff (Fletcher et al.,, 2018). ) y red g

Compared to other green infrastructure practices

und_e_rground storage hafse ad_vant_age O_f not OCC“W'”9 withstand ground movements, reducing the risk of cracki
additional surface area, making it particularly useful in .

o X or damage (Hufenus et al.,, 2016). On the downsi
areas where space is limited (Dietz, 2007). These systems

) polyethylene tank$iave limitations in terms of capacity
are usually designed to store large volumes of runoff and . . .

Lo ) ; ) : (Khan et al., 2015). They are available in smaller siz¢
can have a significant impact in reducing the risks

floodi q K disch W 2017). By holdi making them more suitable for residential or sraadle
bookllng an Ipea '?C atrges (d ong q t). y ho tlng applications (Aladenola & Adekitan, 2012). Moreover, the
ac . arg.e volumes ofwater, un erg.r ound s orqge SYS'eMS, e not as durable as concrete tanks andbaaysceptible
provide time for water to percolate into the soil or to be

i . to punctures or damage from sharp objects (Hufenus et
slowly released through other green infrastructure practices . : .
) 2 ) 2016). Cost is another consideration, as polyethylene ta
(EPA, 2017). This hek to minimize the impact of large . .
~can be relatively more expensive compared to otk
storm events on downstream areas and protect critical

) _ materials (Ariaratnam et al., 2013). However, their low
infrastructure (Fletcher et al., 2018). These tanks come in . - . L
installationand maintenance costs may offset this initi

investment (Khan et al., 2015).

installation, resulting in cost savings (Ariaratnam et g
' 2013). Additionally, their flexibility allows them to

i

il
il

|
o
rccs

Figure 2.13:  Polyethylene Underground Rain Tank
(Source: rainharvest.co.za, 2013). Fibreglass (GRP) Tanks

GRP (glass reinforced plastic) underground water tanks areal., 2014). Another advantage is their versatility in terms
lightweight in nature, making them easier to handle and shape and size (Aharif, 2017). Fibrdgss tanks can be

install compared to concrete tanks-@tharif, 2017). Their customised to fit specific requirements, allowing for a tight
lightweight construction also reduces transportation costs fit in limited spaces. They also have excellent insulation

(Khan et al., 2015). dditionally, fibreglass tanks are properties, helping to maintain water temperature (Khan
highly resistant to corrosion, making them suitable forfong al., 2015). However, fibreglass (GRP) tanks do have sg

making them easy to transport and install (Khan et al.

Polyethylene underground water tanks have gained

3

al.,
nks
er

2

me

term use without the risk of rust or degradation (Awad et disadvantages to consider as well. They can be more
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expensive compared to other options such as plastic tankgAwad et al., 2014), however, if installed underground, this
(Ariaratnam et al., 2013). Also, if they are exposed to UV will minimize the UV rays affecting it (ABharif, 2017).
light, they can degrade over time and weaken the structure

Figure 2.14Fibreglass (GRP) Underground Rain Tank
(Source rainharvest.com, 2019).

Concrete Tanks which helps to maintain the temperature of the stored water

{Kumar et al., 2017). Along with advantages, there are some
Concrete underground water tanks can be constructed precast,, . .
L . disadvantages to consider with concrete underground water
or in situ (Kumar et al., 2017). They have their own set of

]anks Firstly, concrete tanks are heavy and require heavy
advantages and disadvantages. One of the major advantages o

machinery for insti#ation, resulting in higher installation costs
concrete tanks is their durability (Aharif, 2017). They are Al-Sharif. 2017). Th 5o h I tallation i
known for their strength and longevity, with the ability to ( an, ). They also have a longer installation time

withstand harsh weather conditions and external forces (Khan compared.to other (?p.tl.ons (Khan et al, 2015)10mer.
.. drawback is the possibility of cracks or leakages over time.
et al., 2015). Concrete tanks also have a larger capacity,

. . . . . . Concrete is prone to cracking due to ground movement| or
making them suitable for commercial or industrial applications ) ) -
. settling, which can lead to water loss or contamination
(Ariaratnam et al., 2013Another advantage of concrete tanks .
) . . . . (Ariaratnam et al., 2013).
is their thermal properties. They have excellent insulation,

Figure 2.15: Concrete Underground Rain Tank (Source: Rain Brothers, 2023).
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2.3.2.4 Use of Stormwater Tree Trench et al., 2016). The trench filters and temporarily stores

A stormwater tree trench is an effective technique to collect storm\éva'z:er rup Of;’ allogvérig7 rt(;slgw.ly mﬂltratte Into :het
and filter stormwater runoff (Cunningham, 2017). This is ground (Cunningham, ). By doing so, stormwater tree

achieved by a line of trees that are planted in an engineerecf rencf?es mzrove W:’#e:’ qtl: allt);'tandDre(:uce 2tgi BVOI_IL_':] & of
trench that is designed to hold and infiltrate runoff (Dayton, runoff, providing multiple benefits (Dayton, )- These

2013). The rees appear like any other planted tree on the f[renches are mc;reasmgly being  used as, a, green
. ._infrastructure practice to help reduce the negative impacts
surface level, however, they are planted in a trench that is

specially engineered with layers of soil and gravel (Lefevre of urbanization on natural hydrologic systems (EPA, 2017).

LEGEND
1. Sidewalk

2.Tree planting
3. Catch basin
4. Roadway

5. Planting soil
6. Inflow pipe for tree trench
7. Stone reservoir

8. Overflow pipe

9. Existing native soil

o R

Figure 2.16: Section Through a Stormwater Tree Trench (Source: Winchester, 2024).

2.3.2.5 Use of Retention Pond removes dissolved substances such as phosphorus from
runoff (Collins et al., 2010). Retention ponds have been

widely used as a stormwater managementtigea¢EPA,
2017). They are designed to temporarily store stormwater
and allow pollutants and suspended solids to settle put
before the water is released into waterways (Wu et al.,
2016). The basin can also provide recreational benefits and
enhance the adwitics of the surrounding environment

A way to manage stormwater is through the implementation
of a retention pond (EPA, 2017). It is considered a more
traditional type of stormwater infrastructure, which has

been integrated into grey infrastructure design (Schueler,
1994). A retention pond Bn engineered basin designed to

store runoff and release it at a controlled rate while
maintaining a level of ponded water (Wu et al., 2016). The

o . . éDietz, 2007). However, the effectiveness of retention
basin is designed to reduce pollutants and sediment loads a: - o I
the runoffis retained in the pond (Hunt et2017). Adding ponds can be limited by their size, and they may not provide

sustainable elements to the design of retention ponds Canlong-term water quality benefits (Hunt et al., 2017). Adding

increase water quality and decrease peak discharges (Dietzzufta!nable el(:rr:] gnts o tlrl] € f(:es:gn Oém?g ponds c::n |
2007). Vegetated forebays may be added to increase23f7'm|:prove e||r overall etiec |tv<:n§?s (brunner °© a).,
sediment removal as well as provide habitat (Brunner et al., )- For example, using a vegetated forebay can increase

. " . sediment removal, while the use of an #emhanced sand
2017). A futher improvement to traditional retention ponds i
. . i filter bench can help remove dissolved substances such as
is the use of an ireenhanced sand filter bench that

phospheous from runoff (Collins et al., 2010)
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Figure 2.17: Section Through a Stormwater Retention Pond
(Source: Western Environmenta Liner, 2020).

2.3.2.6 Use of Extended Detention Wetlands (Wu et al., 2016). Enhancements such as adding vegeta
and creating shallow pools can also increase the ecolog

Extended detention wetlands are a valuable green
value of the wetland (Hunt et al., 2017).

infrastructure practice that can provide a range of benefits
including flood mitigation, water quality improvement, and The vegetation in the wetland can remove pollutants frg
ecological benefits (Mitsch & Gosselink, 2015). These the water, while the shallow pools can provide a habitat
wetlands are designed to storeoffiwater during a storm  aquatic wildlife (Mitsch & Gosselink, 2015). Wetlands ar
and release it slowly to reduce peak flows, which can help densely vegetated water bodies that use sedimentation
to prevent flooding (Wu et al., 2016). The extended filtration to providetreatment of surface water runoff (EPA
detention period provides additional flood storage capacity 2017). Wetlands generally consist of an inlet zof
while also enhancing water quality and providing (sediment basin) a macrophyte zone, which is a shallg
ecological lenefits (Hunt et al., 2017). Extended detention densely vegetated area; and a Higlv bypass channel,
wetlands can be created, restored, or enhanced existingwhich is typically a wide vegetated swale from thketin
wetlands (EPA, 2017). These wetlands are typically pond around the side of the wetland (Wu et al., 201
designed as a flood mitigation strategy but can also provide Wherever possible wetlands should be the last stage of
ecological and water quality benefitsi{dth & Gosselink, SuDS management train and should be one of the

2015). Although extended detention wetlands can require treatment stages, otherwise, there's a risk of extens
large land areas, they offer significant flood storage benefits siltation (unless there is speam treatment) (Hunt et al.

tion
ical
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for
e
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ne
DW,

6).

the
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(Wu et al., 2016). As stormwater flows into the wetland, it 2017). They remove fine sediments, metals, particulates,

is slowed down and allowed to remain in the wetland area and dissolved nutrients (Mitsch & Gosselink, 2015
for an extended period (Hunt et al., 2017). This extended Wetlands mainly treat polluted runoff, provide attenuatio

detention period enables the wetland to provide increasedand deliver biodiversity and amenity (EPA, 2017).

flood storage and water quality benefits (EPA, 2017). Increasi ngl y theyore al so
Extended detention wetlands are different from the educational resource (Wu et al., 2016). Wetlands can
preservation of existing wetlandsyt the two practices are  constructed on a variety of scales (Hunt et al., 2017).

).

=]

bei
be
In

often considered together as part of a watersiasgd highly urbanized areas, wetlands can have a hard edge or be

strategy (Mitsch & Gosselink, 2015). Wetlands can be part of the streetscape or otherché&andscaping features
enhanced to create an extended detention period, whichand furniture (Mitsch & Gosselink, 2015). They must &

e

provides additional flood storage capacity while also appropriately sized for the catchment to ensure the
improving waer quality and providing ecological benefits  hydraulics support water treatment (EPA, 2017). Upstream
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components both control the flow and level of siltation important mechanism is also the breakdown of oils
allowing wetlands and ponds to polish the runoff (Wu et al., natural organisms (Mitsch & Gosselink, 2015). They ne

by
ed

2016). This is achieved by ensuring water flows slowly a good supply of oxygen which means the permanent water
through the wetland over an extended period of time must be shallow enough so that oxygen can reach [the
(known as the residence time) Wit et al.,, 2017). An bottom of the wéand (EPA, 2017).
M ) . Macrophyte Zone Area for sediment ——
\‘ 1 de-watering
Submerged Deep Shallow
w' y, OpenWater | Marsh ,,  Marsh ,  Marsh ] Inlet Zone
gy Oy
“ r Riser outlet
Transfer pipe —
to wetland
Figure 2.18 Section Through a Constructed Extended Detention Wetland
(Source WSUD Engineering, 2012).

2.3.4 Challenges and Limitations of Architectural Overall, the existing literature on architectural adaptation
Adaptation Strategies strategies to mitigate perennial pluvial floods in Part

Despite the potential benefits of architectural adaptation Harcourt Metropolis provided valuable insights into th

strategies, several challenges and limitations have been i ) )

identified. One major challenge is the high initial cost of flood management in traty. However, further research is

implementing these strategies, which may make them

unaffordable for many peopknd organizations (Efe and i )

Opoko, 2020). In addition, there is often a lack of public |nteg.rat|on with other approaches such as ndtased
. . solutions.

awareness and acceptance of these strategies, which may

limit their effectiveness (Akande et al., 2020). Other 2.3.6 Urban Drainage and Water Management

challenges include limited space availability, the need for Systems

regular maintenance and monitoring, and the potential for

unintended consequences such as increased air pollution : ) .
i areas, causing damage to infrastructure, disrupt
from blue roofs (Sarai and Oloke, 2021).

2.3.5 Policy and Governance Implications (Marsalek et al.,, 2016). Urban drainage and wat
management systems play a criticalleran curbing
perennial pluvial flooding by managing stormwater runa
and preventing flooding (EPA, 2017). This empiricg

The success of architectural adaptation strategies in
mitigating perennial pluvial flooding in Port Harcourt
Metropolis depends on effective policy and governance.
Researchers have emphasized the importance of
stakeholder engagement, mdéctoral collabrtion, and

the development of regulatory frameworks that promote
resilient urban design and construction practices. For
example, Enaruvbe et al. (2021) argue that effective 2.3.4.1 Components of Urban Drainage and Water
governance requires the involvement of all stakeholders, Management Systems for Curbing Perennial
including government ageies, NGOs, and community Pluvial Flooding

groups, in decisioimaking processes related to flood
management. Additionally, they suggest the need for
regulations and incentives to promote the adoption of
architectural adaptation strategies.

water management systems as they relate to curk
perennial pluvial floodig, including their components,
functions, challenges, and innovative solutions.

perennial pluvial flooding consist of various component
including:
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challenges, limitations, and opportunities associated wi

Perennial pluvial flooding is a recurring problem in urban

=

needed to evaluate the effectiveness of these strategies in
the local context and to explore the potential for their

economic activities, and posing health risks to residents

review section provides an overview of urban drainage and

ing

Urban drainage and water management systems for curbing

S,



1. Stormwater drainage systemsThese systems collect can overwhelm urban drainage and water management
and convey stormwater runoff from urban surfaces, such assystems (Wu et al., 2016).

roads, sidewalks, and buildings (Wu et al., 2016). 3. Urbanization: Urbanization is leading to increased

2. Green infrastructure: This includes natural or impervious surfaces, which can increase stormwater runoff
engineered systems that mimic natural processes to managand overwhelm urban drainage and water management
stormwater runoff, such as green roofs, rain gardens, andsystems (Marsalek et al., 2016).

urban wetlands (EPA, 2017). 4. Funding constraints: Urban drainage and water

3. Flood control structures: These structures, such as management systems require significant funding
levees, dams, and floodwalls, help prevent flooding by maintain, repair, and upgrade, which can be a challenge
controlling the flow of stormwater runoff (Marsalek et al., municipalities with limited budgets (Metcalf & Eddy
2016). 2014).

4. Water treatment plants: These facilities treat 2.3.4.4 Innovative Solutions for Urban Drainage and
wastewater and stormwater runoff to remove pollutants and Water Management Systems for Curbing Perennial
contaminants before discharging the treated water into Pluvial Flooding

waterways (Metcalf & Eddy, 2014).

for

Several innovative solutions have been proposed to address
the challenges facing urban drainage and water
management systems for curbing perennial pluvjal
flooding, including:

2.3.4.2 Functions of Urban Drainage and Water
Management Systems for Curbing Perennial
Pluvial Flooding

Urban drainage and water management systems for curbingl. Green infrastructure: Green infrastructure, such as
perennial pluvial flooding perform several critical green roofs, rain gardens, and urban wetlands, can help
functions, including: manage stormwater runoff and reduce the burden on urban

1. Flood control: These systems help prevent flooding by drainage and water management systems (EPA, 2017).

collecting and conveying stormwater runoff away from
urban areas (Wu et al., 2016).

2. Smart drainage systems:Smart drainage systems
which use sensors and rdéimhe monitoring to optimize
drainage system performance, can help reduce flooding
improve water quality (Wu et al., 2016).

2. Stormwater runoff management:Urban drainage and and

water management systems manage stormwater runoff by
reducing peak flows and improving water quality (EPA, 3. Water-sensitive urban design:Watersensitive urban
2017). design, which incorporates urban design principles that
reduce stormwater runoff and improve water quality, can

help reduce the burden on urban drainage and water
management systems (Marsalek et al., 2016).

3. Water quality protection: These systems help protect
water quality by removing pollutants and contaminants
from stormwater runoff and wastewater (Marsalek et al.,
2016). 4. Decentralized water management:Decentralized
4. Public health protection: Urban drainage and water water management, which ir?volves managing water at the
local level through decentralized systems, can help reduce

management systems help protect public health by i
. . ~ the burden on urban drainage and water management
preventing the spread of waterborne diseases and reducing

exposure to pollutants and contaminants (Metcalf & Eddy, Systems (Metcalf & Eddy, 2014).

2014).

2.3.4.3 Challenges Facing Urban Drainage and Water
Management Systems for Curbing Perennial
Pluvial Flooding

Urban drainage and water management systems are cri
components of urban infrastructure, playing a vital role
managing stormwater runoff, preventing flooding, arn
protecting water quality. However, these systems fg
numerous challenges, includinggiag infrastructure,

Urban drainage and water management systems for curbingclimate change, urbanization, funding constraints,
perennial pluvial flooding face several challenges, institutional and regulatory challenges. To address these

including:

1. Aging infrastructure: Many urban drainage and water

management systems are aging and in need of repair o

replacement (EPA, 2017).

2. Climate changeClimate change is altering precipitation

challenges, innovative solutions such as
infrastructure, smart drainage systems, waggisitive

implemented. Additionally, public education
awareness, environmental justice and equity,
technological advancements are essential for ensuring

an

patterns, leading to more frequent and intense storms that
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sustainability and resilience of urban drainage and water adaptation strategies in mitigating perennial pluvial floods
management systems. Ultimately, a holistic and integrated in Port Harcourt Metropolis, as well as on the potential for
approach to urban drainage and water management isintegrating these strategies with other approaches| to
necessary to protect the health, safety, and-letlg of achieve more effective and sustainable flood
urban residents, while alsogzerving the environment and managememutcomes.

promoting sustainable urbaevelopment. Finally, while several studies propose recommendations,

2.4 Literature Gap none have developed a comprehensive Flood Resilient
Design Framework (FRDF) tailored to Port Harcourt
Metropolis. The proposed FRDF should integrate
innovative architectural adaptation strategieskestalder
Harcourt Metropolis. While the review discusses various invol\_/(_ament, and acti(_)n_able policy recommendations irf[o

a unified system. Existing research does not synthesize

architectural adaptatiorstrategies, such as permeable , i
.Ehese components into a cohesive framework that addresses
pavements, blue roofs, and underground storage systems, |th L i | bt q s ke
notes that further research is needed to evaluate the e_I_C'tyS S_IF_)E_C' Ic vuinera ltl €3 e}[n lpromotes_t fgnth'
effectiveness of these strategies in the local context. restience. |.sgp represensacn ca oppor unity forth
study to contribute substantively to the discourse on urban
Additionally, the review highlights the need for more flood resilience in Port Harcourt.
research on the integration of architectural adaptation
strategies with other approaches, such as nbased
solutions, to address perennial pluvial flooding in Port

Harcourt Metropolis.

The literature gap in this empirical review is the lack of
research on the effectiveness of architectural adaptation
strategies in mitigating perennial pluvial floods in Port

2]

Thus, in addressing these gaps, the proposed research can
bridge existing knowledge deficits and advance practical
solutions for managing perennial pluvial flooding in Port

Harcourt metropolis.
Overall, the literature gap suggests that there is a need for

further research on the effectiveness of architectural
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CHAPTER 3
METHODOLOGY

This section outlines the various techniques employed to on the current state of flood mitigation efforts and explore
collect the relevant data for this study. It describes the potential new strategies.

sources of data and the methods used to gather mformatlon]_he quantitative component of the study provided objective

from_ the_selected areas\ 0]: Port Ha_rco_urt Metropolls. It data to complement the qualitative findings and offered
ut i | i z eastfaatn gedeaoch which implies that the - . . e .
| . ) ) statistical evidence on flood risks and mitigation strategies.
researcher did not manipulate or modify actions or . .
) _ Surveys were administered to residents, property owners,
behaviours that have already occurred. Reliance was on .
. o and local governmerfficials in flood-prone areas of Port
how floods, especially the 2021 floods, affected mitigation .

i the stud Harcourt Metropolis. The survey gathered data on the level
measures in the study area. of awareness among residents about pluvial flooding,
3.1 Research Philosophy, Approach and Design current flood mitigation measures in place, and their views
on various architectural strategies for flgmévention. The
survey used a mix of Likert scale questions to measure
attitudes and perceptions, along with cleseled

This study adopted a pragmatic research paradigm, which
is suitable for addressing reabrld problems like urban
flooding. A pragmatic approach allows the combination of ) ) L
o o . .__, questions. This approach allowed for the quantification |of
gualitative and quantitative methods, focusing on practical i . ) o
. . . . . public knowledge and opinions, as well as the identification
solutions that are groued in evidence. This paradigm  pait rattitudes t ds flood resil
helped to explore both the causes and potential solutions to” Pattems irathitudes towards tlood resilience.
pluvial flooding through empirical data collection and In addition, spatial analysis and mapping using Geographic
analysis. Additionally, the research design for this study Information System (GIS) tools was employed to map
focused on investigating architectural strateghest tan stratified floodprone areas in Port Harcourt Metropolis
mitigate the persistent issue of pluvial flooding in Port and analyzed the relationship between urban development
Harcourt Metropolis. The design aimed to explore patterns, existing infrastruceyr and the architectural
sustainable architectural interventions and how they could features that influence flooding.
be integrated into urban planning practices to reduce the

ad"ebr_se degfet‘;ts O‘;_t flf’“’“g' dHO"Ve‘ﬁr’t, this reseai:‘:ht This involved doing an urban flood vulnerability
combined both qualitative and quantitalive approaches 0assessment of the selected areas in Port Harcourt

gather comprehensive data and insights on the architecturaIM . . . . . )
. » ) . ) etropolis. It is essential for developing effective flood risk
strategies that can mitigate the persistent issue of pluvial

flooding in Port Harcourt Metropolis.

Finally, the study incorporated flood impact data analysis.

reduction and management stragsgiStatistical tools was
used to analyze this data and explore the relationship
This study adopted a mixedethods research design, between specific architectural features and the occurrence
combining both qualitative and quantitative research of flooding.
technigues. The qualitative aspect of this research explored
in-depth insights into the architectural features and flood
mitigation measures from bothxpert and community  In order to develop effective architectural adaptation
perspectives. Case study research was used to examinétrategies to mitigate perennial pluvial floods in Part
specific neighborhoods within Port Harcourt Metropolis Harcourt Metropolis, it became essential to understand the
that are particularly vulnerable to pluvial flooding. Ccharacteristics of the population affected by flooding in the
Additionally, through direct observations and interviews Study area. This area desed on the population and
with residentsyurban planners, and local officials, the study Sampling method used in this research.

gathered rich, descriptive data on the effectiveness of the population consisted of residents and stakeholders in|the
current flood mitigation strategies. flood-prone areas of Port Harcourt Metropolis. A well
Expert interviews also formed a key part of the qualitative designed sampling strategy is crucial to ensure that the sample
research, targeting professionals such as architects,’S éPresentative of the population, allowing for generalizable

environmental scientists, urban planners, and flood findings. Ths section outlined the population characteristics

management experts. These interviews provided expertsampl'r_]g _frame’ ga_mpllng techr_nque, and sample 5)2¢
o . . . : determination, providing a foundation for the data collection
insights into the most feasible anffeetive architectural .

. e . ) o and analysishatfollowed.
strategies for mitigating pluvial flooding. In addition, focus
group discussions were conducted with a range of local 3.2.1 Population
stakeholders, including residents, community leaders, andThe targeted population for the study on Architectural
policymakers. These discussions gathered diverse opinionsAdaptation Strategies to Mitigate Perennial Pluvial Floods

3.2 Population and Sampling
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in Port Harcourt Metropolis include various stakeholders and the Nigerian Institute of Architects (Rivers Sta
and groups directly or indirectly involved in addressing branch), comprising 240 fully registered members. The
pluvial flooding challenges. Stratified sampling technique professionals provide insights into the most effecti
was used to get the population into 6 key stakeholder architectural slations for mitigating pluvial flooding.

groups. Government Officials: Officials from relevant state

Residents of FloodProne Areas: Based on the work of  ministries in Port Harcourt also form part of the populatio
Wizor & Mpigi, (2020) on the 25 modlooded roads in These include the Rivers State Ministry of Urba
Port Harcourt Metropolis. Using purposive sampling Development and Physical Planning, with 84 sta
technique, 13 regions (streets/roads) were chosen from themembers, River State Ministry of Housing with 134 staf

25 mostflooded roads/streets in Port Harcourt Metropolis. and theRivers State Ministry of Environment, with 102

4 streetsvads were chosen from leflooded areas, 5 from  staff members. Their perspectives on flood managem
moderatelyflooded areas, and 4 from higlooded areas. practices, policies, and regulations are crucial f
A total of 13 streets/roads werensidered for this research.  understanding the institutional framework required
However, Residents from these 13 selected flomhe implement architectural agtation strategies.

areas in Port Harcourt Metropolis form a key part of the
population. These individuals provided valuable insights
into local experiences with flooding, awareness of flood
risks, and opinions on both existing and potential
architectural strategies for flood tigiation. Also using
purposive sampling technique, From each of the 13 areas,
20 compounds were selected, with one respondent per
compound, resulting in a total of 260 respondents from this
group.

Urban Planners and Architects: Professionals such as

urban planners and architects are integral to the study,
offering expert opinions on design and urban development
strategies aimed at reducing flood risks. The research
focuses on members of the Nigerian Institute of Town
Planners (Riers State branch), which has 570 members,

Community Leaders: Community leaders from the 13
selected floogprone areas were included to represent t
views of the broader community. These leaders play

of 26 stakeholders in this category.

In summary, the total targeted population for this study

1,416 individuals, encompassing residents, professional

government officials, and community leaders who a

posed by pluvial floodingn Port Harcourt Metropolis (See
Table 3.1)

Table 3.1: Population of the Study

Population of the Study

Stakeholders Populations
Residents of flood-prone areas 260
Nigerian Instutite of Town Plaimers. Rivers State branch 570

The Nigerian Instiiite of Architects (Full Members) 240
Rives State Mimistry of Urban Developiment 84
Ravers State NMinistry of Eviromrment 102
River State Ninistry of Housing 134
Commumity I.eaders of flood prone areas 26
Total 1416

Source: Fieldwork (2024)
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critical role in advocating for local concerns and
influencing decisiormaking processes related to flood
mitigation. Two leader or such as street chairman and a
member were selected from each flood area, making a total

directly or indirectly involved in addressing the challenges
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3.2.2 Sample Frame Architects are vital in designing buildings and infrastructure to
The sample frame for this s gltasaagd,floo%lng.rTgeﬁ- Llnqut?foCCLes%dr.o%é}sses |r(1].gae>ﬁs{|n§t
Strategies to Mitigate Perennial Pluvial Floods in Port esigns and recommenllng S0 L.1t|or.1$tallored. to the challenges
Harcourt Metropolis", was thoughtfully developed to include posed by recurrent pluvial flooding in the region.
a broad range of stakeholders with diverse roles and Officials from the Rivers State Ministry of Urban
experiences related to floaditigation. The approach ensured Development and Physical Planning were also included, with
a balanced representation of opinions from individuals and 42 selected from a population of 84. This group represents
institutions who are directly impacted or involved in government involvement in urban planning and pelicy

addressing flooding challenges in the study area. making, ensuring that the study wegfted institutional
The study employed a purposive sampling technique, targeting ﬁce):(r)sdr;relzgtlves and strategies currently in place to manage ufban

50% of the total population from six key stakeholder groups.
This sampling approach was chosen to ensure that the sampleThe Rivers State Ministry of Environment contributes 51
was representative of the population most affected by pluvial participants from a population of 102. Their expertise provides
flooding, whle also allowing for irdepth analysis and rich an understanding of the environmental dimensions |of
data collection. By focusing on a significant proportion (50%) flooding, including its causes, impacts, and the role |of
of the population, the study aimed to capture diverse sustainable practices in tigiating its effects.

?e"rstr;i?ictlvisthanf?n deizr)1<per|1e_2cesr, er}\r;ancu:r? "t:etvarlllg:w andThe Rivers State Ministry of Housing contributes 67
eliability of the gs. Theurposive sampling technique participants from a total population of 134. Their specialized

enabled the researcher to selectively target participants who knowledge offers valuable insights into the environmental

were most knowledgeable about the research problem, thereby . L .
. o . ) aspects of flooding, encompassing its underlying causes,
providing valuable insights into the causes, impacts, and

. . . L consequences, and the imfamce of sustainable practices in
potential solutions to pluvial flooding in tistudy area. g L P
addressing its challenges.

Residents of flooghrone areas constituted a significant portion
of the sample frame, with 130 participants selected from a
population of 260. This group provided firsthand accounts of
the flooding issues they faced, offering valuable insights into
the efiectiveness of existing measures and highlighting the
areas requiring improvement for better flood resilience.

Finally, community leaders from floggrone areas are
represented by 13 individuals from a total of 26. These leaders
provide collective insights on how floods affect local
communities and the social and cultural dimensions of flood
management. Their inveément ensures that community
needs and priorities are we#presented in the findings.
The Nigerian Institute of Town Planners (Rivers State Branch)
represented the largest group in the sample, with 285
participants selected out of 570. Town planners bring critical
expertise to the study as they are responsible for urban
development and zamjy regulations. Their contributions
helped evaluate how planning practices can mitigate flooding
in urban areas.

In total, the sample frame includes 708 participants, drawn
from a population of 1,416 across the seven stakeholder
groups. By incorporating inputs from residents, professionals,
government agencies, and community leaders, the study
ensures a comprehensivenderstanding of the flooding
problem. This diversity strengthens the analysis and helps
develop practical, inclusive, and sustainable architectural
The Nigerian Institute of Architects played a crucial role, strategies to address pluvial flooding in Port Harcourt
contributing 120 participants from its total membership of 240. Metropolis (See Table 3.2).

Table 3.2: Sampling Frame using half Population of the Study

Sample frame using half population of the study

Stakeholders Populations Sample Frame
Residents of flood-prone areas 260 130
MNigerian Instutite of Town Plamers, Rivers State branch 570 285

The Nigerian Instifite of Asrchitects (Full Members) 240 120
Rives State Nvinistry of Urban Developiment 341 42
Rivers State NZvinistw of Eviromment 102 51

River State hvimistry of Housing 134 67
Conmummity Leaders of flood prone areas 26 13

Total 1416 708

Source: Fieldwork (2024)
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3.2.3 Sample size

The sample size for the research AArchitectural Ada

pt

Metropolis" was determined using the Taro Yamane formula. This statistical approach ensures the selection of a represent
samplethat accurately reflects the target population while minimizing sampling error. The study drew participants from seve

key stakeholder groups, resulting in a total sample size of 512 individuals from an initial sample framdloé Fagmula
for Taro Yanane method is statistically given as follows:

& -
Where n = sample size

N = Population size

e = Level of significance or allowable error

1 = a constant

However, for each stakeholder, the estimated sample size was obtained for the sample frame of the population, for
using the residents of flood prone area with a sample frame of 130 stakeholder for illustration, the Taro Yamane fq
thus substuted.

poT
p pOTdU
poT
p pOTMBTCU

aes O
Table 3.3: Sample Size using Taro Yamane Method
Sample Size using Taro Yamane
Stakeholders Sample Frame Sample Size
Residents of flood-prone areas 130 98
Nigerian Instutite of Town Planners, Rivers State branch 285 166
The Nigerian Instiute of Architects (Full Members) 120 92
Rives State Mmstry of Urban Development 42 41
Rivers State Mmistry of Evronment 51 45
River State Mmistry of Housmg 67 57
Comnmnity Leaders of flood prone areas 13 13
Total 708 512

Source: Fieldwork (2024)
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The Residents of FloeHrone Areas constituted a affected and involved in addressing pluvial flooding in Port
significant portion of the sample size, with 98 participants Harcourt Metropolis. The combination of stratification and
selected from a sample frame of 130. The Nigerian Institute purposive selection allowed for a detailed and contextually
of Town Planners, Rivers State Branch had the largestrich analysis of architectural adaptation strategies |to
sample frame of 285 membersprit which 166 were mitigate perennialldods
selected. From the Nigerian Institute of Architects (Full
Members), 92 individuals were selected from a sample
frame of 120. The Rivers State Ministry of Urban This section outlined the instrumentation and data
Development and Physical Planning had a sample frame ofcollection methods employed in this research, including the
42 participants, with1 selected for the study. The Rivers design and administration of surveys, interviews, and
State Ministry of Environment had a sample size of 45 observational studies. The data collection instruments were
individuals, drawn from a sample frame of 51. While the carefully developed and validgat to ensure that they
Rivers State Ministry of Housing has a sample size of 57 captured the necessary information to address the research
selected from a sample frame of 67. guestions and objectives. This chapter provided Jan

overview of the data collection process, including data

collection techniques, and instrumentation used to gather
Hoth guaitative and quantitativdata.

3.3 Instrumentation and Data Collection

Finally, the Community Leaders of Floddone Areas,
representing grassroots stakeholders, had all 13 member

included in the sample size.

. - 3.3.1 Instrumentation
In summary, the total sample size of 512 participants

encompassed a diverse range of stakeholders, ensuring th&his research utilized a variety of tools to collec
study benefited from a broad spectrum of expertise, cOmprehensive data on strategies for architectural
experiences, and perspectives. This approach enhances thadaptation to address recurring urban floods in Pprt
reliability of the findings and saports the development of ~ Harcourt Metropolis. The instruments employed included
effective architectural adaptation strategies to mitigate Well-structured questionnaires, interviewad Geographic
pluvial flooding in Port Harcourt Metropolis. Information System (GIS) tools, each tailored to extract
. specific information from relevant stakeholders actively
324 Sample Technique involved in flood management in the city.
The sampling technique adopted for the study was a
combination of stratified and purposive sampling methods.
Stratified sampling was employed to divide the population
into six key stakeholder groups: residents of flpodne
areas, members of the Nigerimstitute of Town Planners
(Rivers State branch), the Nigerian Institute of Architects
(full members), officials from the Rivers State Ministry of
Urban Development and Physical Planning, Ministry of
Environment, Ministry of Housing, and community leaders The initial part captured demographic data, including
of flood-prone areas. This approach ensured that all variables like age, gender, education, and professignal
relevant groups were adequately represented in the study. background. The bidata of respondents, including
demographic characteristics, can inform flood mitigation
strategies by identifying vulnerable opulations,
understanding risk perception and behavior, and designing
effective  communication  strategies. = Demographic
characteristics can influence how people access and
respond to information about flood risk and mitigatio
strategies, as well as the tgpaf interventions that are most
effective in promoting flood mitigation behaviors,
Analyzing biodata can help evaluate the equity and
effectiveness of flood mitigation strategies and identify
areas for improvement. For example,-Hita can be used
to develop targeted communication strategies, adapt flood
mitigation strategies for working individuals, and promote
flood mitigation behaviors among households with
Thus, this sampling technique ensured that the study dependent children. By using kitata, researchers can
captured diverse perspectives from stakeholders directly develop more effective flood mitigatiatrategies that take

The structured questionnaire served as the main instrument
for data collection, featuring both closed and epeded
guestions. Its purpose was to gather diverse insights from
key groups such as government officials, urban developers,
architects, residentsof affected neighborhoods, and
community leaders in areas susceptible to flooding. The
guestionnaire was organized into sections.

Within each stratum, purposive sampling was used to select
individuals based on their knowledge, experiences, and
direct involvement in issues related to flooding and its
strategies for mitigation. The sample size of 512
participants was determined usingrd Yamane's formula,
which accounts for population size and desired precision
level. This process resulted in the proportional selection of
participants from each group, including 98 residents of
flood-prone areas, 166 members of the Nigerian Institute of
Town Planners, 92 architects, 41 officials from the Ministry
of Urban Development and Physical Planning, 45 officials
from the Ministry of Environment, 57 officials from the
Ministry of Housing and 13 community leaders.

>
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into account the diverse needs and perspectives oftheir awareness of pluvial flooding and their opinions on

differentpopulations. architectural strategies for flood prevention. The surve
The latter section addressed the central research themes(,;oml_o'mEd Lllferﬁscale and closepded questions,
including: providing statistical data on public knowledge an

attitudes.
1. Which parts of Port Harcourt are most at risk of

frequent urban flooding?

2. How does recurring flooding affect the structural features with flood vulnerability. This spatial analysi

YS

Finally, GIS mapping was used to create flood risk maps,
correlating urban development patterns and architectural

S

integrity, functionality, and comfort of buildings in  identified areas most at risk and informed where adaptation
Port Harcourt? measures should be pritzed.

3. What architectural measures are currently in use to Thus, combining these methods, help to gather rich
tackle flooding challenges? qualitative and quantitative data to guide the development

4. To what extent are existing architectural interventions ©f €ffective architectural strategies for flood mitigation in
effective in reducing flood risks? Port Harcourt Metropolis.

5. What innovative and resilient architectural design -4 _Analytical Techniques for Data Collected/ /
framework can be proposed for enhancing flood Analysis
mitigation in Port Harcourt Metropolis? The data obtained from the survey and GIS assessments

The questionnaire allowed for-tfepth quantitative and ~ Were carefully organized and prepared for analys

gualitative evaluations, providing a broad overview of

planning and development practices in the city. sorted according to the demographic characteristics

is.

Responses from the structured questionnaire were initially

of

respondent s and ar¢h eobjestives.d y 6

Moreover, GIS tools were essential for collecting and Descriptive statistical techniques, such as frequen

cy

analyzing geographical data from the selected Homhe distributions, percentages, and graphical representations,
areas. Through the use of applications such as ArcGIS, theyere utilized to interpret the responses. These methods

research examined the spatial patterns of flooding, theiry 5 ci | it ated the identifi
vulnerability, —and their fationship with urban ooy rrent pluial flooding in Port Harcourt Metropolis.
development. These analyses offered a clearer
understanding of the geographical distribution of flooding
and complemented the questionnaire results, contributing to
actionable recommendations for mitigating flood impacts
in Port Harcart Metropolis.

In addition, spatial data analysis was conducted us
ArcGIS. The GIS software was instrumental in visualizin
and analyzing specific floedrone areas within the study

ArcGIS provided valuable spati context to the survey

cal

ng
9

region. However, in mapping these vulnerable locations,

3.3.2  Data Collection findings, enabling an understanding of the challenges and

This study employed a mixedethods approach, solutions related to pluvial flood mitigation in Port

integrating both qualitative and quantitative methods to Harcourt Metropolis.

gain an understanding of flood risks and mitigation The integration of descriptive statistics and GIS analysis
strategies. Field Observations focused on flpozhe ensured that the data was examined from multip

areas, examining drainage systems, buildingeiens, and perspectives, contributing to wetunded insights into

construction materials, providing a baseline for adaptation gt ategies for addressing flooding issues in the study area.

strategies. Document Review was conducted using o o
government reports, urban planning documents, and flood3-> ~ Validity —and  Reliability ~of  Research
management policies to understand the historical and policy InStruments

context of flood ntigation in Port Harcourt Metropolis. To guarantee the accuracy and dependability of the to

Additionally, Surveys were used to gather both expert and US€d in this study, a thorough validation process w

community perspectives. Sesstructured interviews were
conducted with professionals, including architects, urban
planners, and flood management experts, to gain exper

insights into effective arctéctural strategies. Focus group 9roup of urban planners and other relevant stakehold
discussions with community leaders were held to explore within Port Harcourt Metropolis at two different times. Thi

local views on current flood mitigation measures and allowed for an assessment of the uniformity in responsg
ensuring the questionnaire effectively captuparticipants'

was evaluated using the t@stest technique. This approac
tinvolved administeringhie same set of questions to a smz

potential solutions. Surveys were distributed to residents,
property owners, and local government officials tceass
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mitigation. The variations observed between the two rounds was critical in verifying that the spatial data coléztwas
of responses were reviewed, and modifications were madeboth precise and dependable.

to improve the questionnal ngw%vSer, n ee}nrl)lo")i/ir?g' tr|1eI tésﬁe‘st method for the

Additionally, the GIS tools utilized in this research, questionnaire and subjecting the GIS tools to exp

ert

particularly ArcGIS, were rigorously tested by a certified evaluation, the study ensured that all research instruments

GIS specialist before being deployed for data collection. were both valid and robust. These efforts ensured
This preliminary evaluation ensured the software's collection of highquality, reliabledata that was essential

capability to accurately extraeind analyze spatial data for developing effective architectural strategies to mitigate

related to pluvial flooding within the study area. The GIS recurring pluvial flooding in Port Harcourt Metropolis. Th

the

tools were also assessed to confirm their reliability in combined validation process enhanced the credibility of the

providing consistent results throughout the study. This step research findings and supported the study's tisgesc
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CHAPTER 4
DATA PRESENTATION AND ANALYSIS
4.1 Data Presentation

The primary and secondary data collected and returned from the field was tabulated and compiled while both descriptive
inferential statistics were used for the analysis. However descriptive statistics such as frequency distribution tables,
graphsline graphs and pie charts were used to analyse the characteristics of the data.

4.2 Analysis and Discussions

Demography of RespondentsArchitectural Adaptation Strategies To Mitigate Perennial Pluvial Floods in Port
Harcourt Metropolis

Table 4.1:Questionnaire Analysis

Questionnaire Analysis

Questionnaire Frequency (F) Percentages (%)
No of Questiommaire Retiuned 488 95%

No of Questionnamre N ot Retiwned 24 5%

Total Questionnaire Sampled 512 100%

Source: Fieldwork (2024)

Table 4.1 shows the analysis of the questionnaire responsegonversely, only 5% (24) of the questionnaires were not
on the level of participation and data collection efficiency returned, indicating a minimal loss of data and underscorjng
for the research on Architectural Adaptation Strategies to the effectiveness of the distribution and folloy process.
Mitigate Perennial Pluvial Floods in Port Harcourt The nearcomplete response rate enhances the reliability
Metropolis. However, oubf the total 512 questionnaires and representativeresf the result, providing a foundation
distributed, an impressive 95% (488) were completed and for analyzing architectural adaptation strategies to address
returned by the respondents. This high return rate flooding challenges in the study area. This high
demonstrates strong engagement and commitment from theparticipation level underscores the importance and
participants, ensuring a robust dataset for the study. relevance of the research topic to the respondentbgfur

validating the study's conclusions and recommendations.

N=488

= Male
= Female

1% ‘ = Non-response
Fig. 4.1: Percentage Distribution of Gender of Respondents

(Source: Generated by Researcher)
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Figure 4.1 showghe gender distribution of respondents in  views on important factors such as household safety,
the study on architectural adaptation strategies to mitigate community engagenm¢, and the role of women in flood
perennial pluvial floods in Port Harcourt Metropolis. mitigation strategies. Future studies may consider

However, the result reveals a notable disparity, with a developing targeted outreach approaches to encourage
higher proportion of male participants. $ffieally, 86% of more female participation, ensuring a more comprehensive
the respondents were male, while 13% were female, and 1%understanding of the impact of floods on various
did not provide gender information. This data suggests that demographigroups.

men were more likely to engage with the topic of flooding Additionally, the 1% nomesponse rate for gender is

and architectural solutions in the region. idas factors, . .
_ 9 - minimal but underscores the importance of complete
such as societal roles, cultural norms and the specific nature

£ thi h h tibuted to the high | participation in demographic data collection. The gender
orthis rese_arc_, May have contriuted to the NIGREr Male icvibution in this research suggests that, although the
representation in the study.

study predominantly reflects male ppectives, efforts
The relatively small percentage of female participants should be made to balance the participation of men and
highlights potential gaps in gender representation when women. Thus, in fostering a more inclusive research

discussing environmental and urban challenges like environment, future studies can ensure that the voices of
flooding. Women, particularly in many communities, often both genders are adequately represented in the design and
play vital roles in resilience buildg and addressing implementation of flood mitigation strategies, which
environmental issues, and their perspectives may offer ultimately contribute to creating more resilient
critical insights into the challenges posed by floods. The communities in Port Harcourt Metropolis.
underrepresentation of women could result in missing

3.5 N=488

65 - 69

60 - 64

55-59

50 - 54

45 - 49

40 - 44 22.3

Age Cohort

35-39 17

30-34 3.5

JJ

25-29 7.2

207 24 0.4

0 5 10 15 20 25
Percent

Fig. 4.2: Percentage Distribution of Age of Respondents

(Source: Generated by Researcher)

Figure 4.2 presents the age distribution of respondents infollowed by those in the 389 age range, who made up
the research on architectural adaptation strategies to addres$7%. These two age groups together form a substantial
persistent pluvial floods in Port Harcourt Metropolis. The portion of the sample, suggesting that people in these age

result reveals a varied demographic composition, with the brackets are more engaged with issues related to flooding
largest share ofespondents falling within middiaged and the architectural solutiomeeded to address it. This
groups. may reflect their heightened responsibility for property and

community welbeing, which increases their awareness

The group aged 404 years represented the highest
group -ag y P d and oncern about flood risks and mitigation measures.

percentage, accounting for 22.3% of respondents, closely
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Other age groups, particularly those between 45 and 59reduced sense of urgency regarding flood risks, as they may

years, also represented significant portions of the sample.not yet directly feel the impacts of flooding or its letegm
Respondents aged 4® years accounted for 15%, while consequences on infrastructure.

those aged 559 years made up 10.5%. The participation
from these age ranges showstthaddleaged and older
adults are equally involved in discussions on flooding and
architectural adaptation, likely due to their investments in
property and longeterm concerns about environmental
changes and their impacts on living conditions.

The elderly population (aged @®@®) made up a smaller
share of the responses, with 6.5% in the580Qroup and
3.5% in the 6559 range. Although the proportion is lower
this still reflects a certain level of involvement from th
older demographic, thouglperhaps with less direct
involvement in urban planning or architectural changes.
The younger age groups, particularly those between 20 and
34 years, represented a much smaller portion of
respondents. Those aged-24 years made up just 0.4%,
while 7.2% were in the 289 range and 3.5% in the-3@
range. This suggests a lower level esfgagement from
younger people in flood mitigation issues. This may be
attributed to factors like limited ownership of property or a

In conclusion, the data highlights that the majority
respondents are middéged, with less participation from
younger and older age groups. This suggests that w
designing flood mitigation strategies or policies, it might &
necessary to target yowsrgand older populations more
effectively to ensure their voices are heard and their ne
considered.

N=488

70 62.7

60

50

40

Percent

30

20.9

20

10

7.4
5.3
ﬂ 1 2.7
' - B
Single Married Divorced Separated Widower Widow
Status

Fig. 4.3: Percentage Distribution of Marital Status of Respondents
(Source: Generated by Researcher)

Figure 4.3 presents the marital status of respondents in thisstronger interest in ensuring the safety and sustititpaif
research. However, the result highlights a diverse their living spaces.

reprgsentation, with.the majority of.pa.rticipants being Single respondents represented 20.9% of the sample. W
married (62.7%). This suggests that individuals who are
married, possibly with family esponsibilities, are
particularly engaged in concerns related to flood mitigation,
likely due to the potential impact of flooding on their homes
and loved ones. Married respondents are likely to have a

unmarried participants may have different motivation
such as concerns about tloeerall livability of urban
environments or future stability in flogarone areas. This
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group may be more concerned with the kbegn prospects shared these responsibilities. Their involvement
of urban development, even if they don't yet own property. emphasizes the importance of considering the needs of all
acommunity members when addressing urban flood

Divorced and separated respondents made up 5.3% and’ .
resilience.

7.4% of the sample, respectively. These individuals may
have particular concerns about housing security, especiallyln summary, while married individuals form the largest
regarding the resilience of their living spaces and the group in the study, representing a substantial portion| of

protection of assets in case ftdoding. For this group, homeowners and famigriented respondents, there is
architectural solutions could address both personal safetysignificant involvement from singles, divorced, separated,
and the preservation of property. and widowed participants. Thimnge of marital statuses

underscores the widespread concern about flooding and the
need for architectural adaptations that benefit all segments
of the population. These results highlight the importance of
creating inclusive, communiyide solutions for tban
flooding challenges.

Widowed and widower respondents, although fewer at 1%
and 2.7%, respectively, also bring unique perspectives.
These participants might have heightened concerns for
ensuring the durability and safety of their homes,
particularly in the absence of a partneho may have

N=488

—

= Tertiary

1%
Fig. 4.4: Percentage Distribution of Educational Attainment
(Source: Generated by Researcher)

In Figure 4.4 shows thdPercentage Distribution of A smaller percentage, 1%, have only completed primary
Educational Attainment. However, a large proportion of the education. Despite their limited formal education, this
respondents, 75%, hold tertiary education. This suggestsgroup may still provide important perspectives, particularly
that most individuals in the sample are welucated, based on lived experiences of flooding and its impacts|on
which likely enhances their ability to grasp complex issue everyday life. Their insigls might emphasize simple,
such as urban flooding, sustainable development, and theaccessible solutions or commundyiven approaches to
technical aspects of flood mitigation. This group may also address flooding in a way that does not require specialized
be more inclined to support scientifically grounded knowledge.
solutions and policies related to urban planning and

; Additionally, the data indicates a relatively wetlucated
infrastrwcture.

sample, predominantly consisting of individuals with
A substantial 24% of respondents have completed tertiary or secondary education. This educational
secondary education. While this group may not have the in background is likely to influence their ability to contribute
depth technical knowledge of those with tertiary education, to discussions on the challersgend potential solutions for
they likely possess general awareness about urbanperennial flooding in the region. However, it is essential to
environmental issues. Their opinions ansights could be include the perspectives of all education levels, ensuring
shaped by broader societal conversations and awarenesthat both expert and communibased knowledge
campaigns regarding flooding and urban resilience. They contribute to the design of effective flood mitigatio
may offer practical ideas based on their experiences andstrategies.
observations in their communities.

=)
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N=488
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Fig. 4.5: Percentage Distribution of Employment Status of Respondents
(Source: Generated by Researcher)
Employment Status of Respondents exposure to policies, planning, and decisioaking

processes regarding urban infrastructure, including flo
control and architectural strategies. Their contributio
could reflect a more formal perspective, shaped by th
professional experiences in pigkservice and governance,

Fig. 4.5 presents the percentage distribution of the
employment status of respondents. The analysis réhetal

a significant proportion, over 88%, of respondents are
employed, indicating a predominantly active workforce
within the sample population. This suggests that most A notable 21.5% of respondents reported being- sé
individuals are engaged in economic activities, which could employed. This category may include entrepreneuy
influence their perceptioreand involvement in issues like  tradespeople, and small business owners who ope
architectural adaptation strategies for flood mitigation. independently. Sekmployed individuals often have
unique insights into local challenges and may roff
practical, communitypased solutions to flooding and othe
urban issues, driven by firsthand experience in th
respective businesses.

Among the employed respondents, a considerable portion,
37.9%, are employed in the private sector. This group likely
represents individuals working in various industries,

including construction, retail, and service sectors, which
may influence their undetending of and interest in urban  Furthermore, 4.1% of respondents are pensioners, and 6
development and flood mitigation strategies from a are unemployed. While the proportion of pensioners
practical standpoint. The private sector workforce's relatively small, this group may offer valuable historica
involvement is essential, as they may have a direct role in perspectives on the evolution of flooding issues in t
implementing or supporting architectural solutions to metropolis, based on theirfgterm experience of the
flooding. urban environment. Unemployed individuals, while

minority, may provide insights into the challenges faced
those outside the formal labor market, potential
emphasizing the socieconomic dimensions of flood

impacts.

Additionally, 29.5% of employed respondents work in the
public sector, which includes government jobs and public
administration roles. These individuals might have greater
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N=488
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Fig. 4.6: Percentage Distribution of Income Level of Respondents
(Source: Generated by Researcher)

Figure 4.6 presents the income distribution of the reported earning the national minimum wage of N30,000
respondents, with a clear indication of varying income less, indicating a portion of the population in lowmage

levels. A substantial portion of respondents, 47.7%, jobs. Despite the low percentage of those earning minim
reported earning more than N100,000, suggesting thatwage, it highlights the economic disparity present with
nearly half of the participants fall withinmoderate to high the community. Thus, thedata suggests that mos
income bracket. This could imply financial stability or regondents earn above the minimum wage, but there is
engagement in sectors that offer relatively higher salaries. a significant gap between income levels, reflecting t

or

um
in

t
still
he

Another 26% of respondents claimed to earn over diverse economic status of the population. This income

N200,000, positioning them in a higher income range, variation is important for understanding how individua
likely reflecting ndividuals in specialized, managerial, or might approach or be affected larchitectural strategies
seniorlevel roles. aimed at mitigating flooding.

In contrast, 21.1% of respondents reported earnings aboveResearch Question (1): Which areas within Port
N50,000, placing them in a loweriddle income category. Harcourt Metropolis are most vulnerable to perennial
This group might include individuals working in enteyel pluvial flooding?
or midtier positions. A smaller portion, around 5%,

Table 4.2: Criteria for Classification

Depth of Floodwa Extent of Flo Classificatio
2G40cm 20i0400m Lowly Flooded
4180cm 40-600m Moderately FI
Above 80cm Above 600m Hi ghly FIl oode

(Source:Wizor & Mpigi, 2020
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In line with this expost facto research, Table 4.2 shows (above 80 cm; Above 600 m); based on the depth|of
criteria for classification according té/izor & Mpigi, inundation and extent of floodwater. Notably, all identified
(2020) in their research conducted in Port Harcourt areas have high poptilan concentrations, emphasizing the
Metropolis utilizing Geographic Information System (GIS) urgent need for effective urban planning in Port Harcourt
technology to identify and map 25 most flooded flood Metropolis and similar cities globally. GIS technology,
prone areas categorizing them as lowly, moderately and leveraging tools like GPS and ArcGIS software, proved
highly flooded area. However, 8 regions welassified as effective in pinpointing and mapping these areasd, @an
lowly flooded (2040 cm; 200400 m), 9 as moderately  aid cities in mitigating flood risks and protectiregidents.
flooded (4180 cm; 401600 m), and 8 as highly flooded
Table 4.3: GPS Coordinates of Identified Urban Flodttone Areas in Port Harcourt Metropolis
S/ NtName of Street |/ Road Nort hi Easti
1 Salem Close, Off Ada George 4. 85514 6.979
2 Omachi Road, Rumuodomaya 4. 8752 6.999
3 Abanna Street, Ol d GRA 4. 7855 7.022
4 Hon. Attah Cl ose, Peter Odil 4.7938 7. 050
5 Nkpolu Road 1, Rumui gbo 4. 8533 6. 986
6 Eneka Town 4.8781 7.029
7 Horsef all Street, Ol d GRA 4. 7869 7.021
8 Evel yn6os Close, GRA Phase | 4. 8195 7.006
9 Omerelu Street, GRA Phase 1|1 4. 8395 7.005
10 Abacha Road, GRA Phase |1 4. 8237 7.003
11 Or uGloo s e, Peter Odild@ Road 4. 7971 7. 052
12 NTA/ Apara Link Road 4. 8546 6. 983
13 Obi wal i Road, Rumui gbo 4. 8586 6. 986
14 L.K. Anga Road, Off Peter Oc 4.8019 7.047
15 Uyo Street, Rumumasi 4. 8384 7.017
16 Odani Road, El el enwo 4.8402 7.073
17 Di amond Vall ey Estate 4. 7962 7.046
18 Rotimi Amaechi Dri ve, GRA PV 4.8212 6. 000
19 Bl uePear| Street, Peter Odil 4.7940¢0 7.019
20 Hi Il It op RKaldgghamadi 4. 8238 7.023
21 Kenka Road, Off Mgbuoba Roact 4. 8561 6.980
22 Akwaka Street, Rumuodomaya 4. 8802 6. 994
23 Peter Odili Road 4.8048 7.045
24 Al ali bo Road, Ol d GRA 4. 7940 7.0109
25 Zion Street, Rumuodomaya 4. 8816 6. 993
(Source:Wizor & Mpigi, 2020
Table 4.3 highlight GPS coordinates of flepbne areas in the susceptibility of this area to flooding, likely attributed
Port Harcourt Metropolis by Wizor and Mpigi (2020). to rapid urban development and poor drainage systems.
However, the scholars identify 25 locations that are highly Similarly, Peter Odili Road and its adjoining streets,
vulnerable to flooding. These areas are distributed acrossincluding Hon. Attah Close (4.793833, 7.050750) and
various parts of the meipolis, including Peter Odili Road, = Orubo Close (4.797111, 7.05236have multiple flood
Rumuodomaya, Old GRA, and GRA Phase Il, among prone locations. The clusieg of these areas indicates
others. The northings and eastings listed in the table terrainrelated challenges, coupled with insufficient
indicate a concentration of flogetone zones between drainage infrastructure.
Iatltude§ 4'78'04'880, and I_ongltudes 6.977.07°, The table also reveals flogmone streets in Old GRA, such
suggesting a efr spatial clustering of affected areas. as Abanna Street (4.785583, 7.022028) and Horsefall Street
Rumuodomaya stands out with several streets such ag(4.786917, 7.021222). These areas may be prone| to
Omachi Road (4.875247, 6.999777), Akwaka Street flooding due to their lowying topography and inadequate
(4.880281, 6.994285), and Zion Street (4.881607, flood management systems. BRA Phase I, streets like
6.993837). The proximity of these coordinates highlights Ab a c h a Road (4.823778, 7.
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(4.819500, 7.006917), and Omerelu Street (4.839583,t o per si stent flooding p

r ok

7.005639) represent a cluster of affected zones. The pattern(4.840208, 7.0735(06&tands out as one of the farthest areas
observed in these higtensity neighborhoods highlights  along the eastings, showing that flood issues extend beyond

how urbanization impacts natural water flow and the city center.

contributes to flooding. Furthermore, these results underscore the need

Additional areas such as Eneka Town (4.878167, 7.029514)immediate interventions to address urban flooding in P
and Hilltop Road, AmadkKalagbo (4.823806, 7.023444), Harcourt Metropolis. Priority should be given to improvin
further illustrate the extent of flood risks in both urban and drainage systems, implementing sustainable urban plann
periurban regions. Other vulnerable zones like Rumuigbo policies, and enforcing zoningegulations. Thus, in
(Nkpolu Road 1: 4.8533466.986527; Obiwali Road: addressing the root causes of flooding in these identif
4.858639, 6.986944) and Mgbuoba (Kenka Road: areas, stakeholders can mitigate its impact on residents
4.856194, 6.980361) reveal how urban growth in these infrastructure.

areas, coupled with limited drainage capacity, contributes
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Fig. 4.7: GPS Map of the Lowly Flooded Areas in Port Harcourt Metropolis
Source:Wizor & Mpigi, (2020)

Table 4.4: Lowly Flooded Areas in Port Harcourt Metropolis

S/ Nc Name of Street / Road Northi| Eastin
1 Abanna Street, Ol d GRA 4. 78551 7.0220
2 Hon. Attah Cl ose, Peter Od 4.7938: 7.0507
3 L.K. Anga Road, Off Peter 4.8019: 7.0473
4 Hi Il Il t op RKaldg ghmadi 4.82381I 7.0234
5 Uyo Street, Rumumasi 4. 8384. 7.0175
6 Omerelu Street, GRA Phase 4. 83951 7.0056
7 Akwaka Street, Rumuodomaya 4. 8802 6.9942
8 Peter Odil:i Road 4.8048!I 7.0455

Source:Wizor & Mpigi, (2020)
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Figure 4.7 and Table 4.4 highlights the GPS coordinates of elevation or efficient water drainage systems may
eight lowly flooded areas in Port Harcourt Metropolis. contribute to reduced flood risks in these locations.
These areas, identified by Wizor and Mpigi, are distributed Similarly, Omerelu Street in GRA Phase Il (4.839583
across Old GRA, Peter Odili Road, Rumumasi, GRA Phase 7.005639) is less affected by flooding, likely due to its
II, Rumuodomaya, and Ama#fialagbo. The northings and  urban planning and infrastructure improwents.

eastiongs indicqte that these azeas Iie_within Iatit[udes'|'4.78° Akwaka Street in Rumuodomaya (4.880281, 6.994285) and
4.88° and longitudes 6.997.05°, showing a spatial pattern .. i Road (4.804861, 7.045556) also appear in the
that suggests relatively less susceptlblllty to severe flooding list. Despite being located in a region with high
compared to other parts of the metropolis. urbanization, these areas experience relatively less
In Old GRA, Abanna Street (4.785583, 7.022028) stands flooding, suggesting that localized intentions such as
out as a lowly flooded area. This could be due to its proper drainage and flood control measures are effective in
topography or the presence of better drainage mitigating flooding in these specific zones.
infrastructure. Similarly, Hon. Attah Close (4.793833,
7.050750) and L.K. Anga Road (4.801917, 7.04j38oth
located near Peter Odili Road, are identified as lowly
flooded areas. These areas may benefit from their proximity
to major roads and better urban planning, reducing their
vulnerability to severe flooding.

In addition, the distribution of lowly flooded areas reflects
a combination of factors such as elevation, drainage
infrastructure, and urban planning. The identification pf
these zones provides valuable insights for urban planners
and policymakers to repfite successful flood mitigation
strategies in more vulnerable areas of the metropalis.
Hilltop Road in AmadiKalagbo (4.823806, 7.023444) and Furthermore, maintaining and enhancing the existing
Uyo Street in Rumumasi (4.838444, 7.017583) also fall infrastructure in these lowly flooded areas is critical to
within the category of lowly flooded areas. Their higher ensuring their continued resilience against urban flgpdin
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Figure 4.8: GPS Map of the Moderately Flooded Areas in Port Harcourt Metropolis
(Source Wizor & Mpigi, 2020)
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Table 4.5: Moderately Flooded Areas in Port Harcourt Metropolis

S/ NtName of Street [/ Road Nort hi Easti
1 Omachi Road, Rumuodomaya 4. 8752 6.999
2 Salem Close, Off Ada George 4. 85514 6.979
3 Obi wal i Road, Rumui gbo 4. 8586 6. 986
4 Di amond Vall ey Estate 4. 7962 7.046
5 Zion Street, Rumuodomaya 4. 8816 6. 993
6 Odani Road, El el enwo 4. 8402 7.073
7 Evelynds Close, GRA Phase |1 4. 8195 7.006
8 Horsef all Street, Ol d GRA 4. 7869 7.021
9 Al ali bo Road, Ol d GRA 4. 7940 7.019

Table 4.5 outlines nine moderately flooded areas within Diamond Valley Estate (4.796222, 7.046083) and Odani
Port Harcourt Metropolis, spread across locations like Road, Elelenwo (4.840208, 7.073506) are also affected by
Rumuodomaya, Ada George Road, Rumuigbo, Elelenwo, moderate flooding, which may stem from proximity t
GRA Phase II, and Old GRA. These areas are situatedwater sources or terramelated factors. Additionally,
within latitudes 4.78°4.88° and longitude8.979 7.07°. Evel ynds Cl ose (RAPHa&Sl,and7 . O
streets like Horsefall (4.786917, 7.021222) and Alalibo
Road (4.794083, 7.019917) in Old GRA face similar
flooding challenges.

O

In Rumuodomaya, streets such as Omachi Road (4.875247
6.999777) and Zion Street (4.881607, 6.993837)
experience moderate flooding, potentially due to urban
development and insufficient drainage infrastructure. However, these results highlight the necessity of upgrading
Similar flooding patterns occur at Salem @osff Ada flood control measures, including effective drainage
George Road (4.855444, 6.979556) and Obiwali Road in systems, sustainable urban planning, and water retention
Rumuigbo (4.858639, 6.986944), likely linked to structures, to reduce the impact of moderate flooding|in
challenges in stormwater management. these areas.
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Fig. 4.9: GPS Map of the Highly Flooded Areas in Port Harcourt Metropolis
(Source Wizor & Mpigi, 2020)
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Table 4.6: Highly Flooded Areas in Port Harcourt Metropolis

S/ NteName of Street / Road Northi Easti
1 Nkpolu Road 1, Rumuigbo 4. 8533 6.986
2 Eneka Town 4. 8781 7.029
3 NTA/ Apara Link Road 4. 8546 6. 983
4 Roti mi Amaechi Drive, GRA PFt 4. 8212 6. 000
5 Kenka Road, Off Mgbuoba Roact 4. 8561 6.980
6 Abacha Road, GRA Phase |1 4.8237 7.003
7 Orubo Close, Peter Odili@i Ro¢ 4. 7971 7.052
8 BluePearl Street, Peter Odil 4.7940 7.019
(Source:Wizor & Mpigi, 2020)

Table 4.6 identifies key highly flooded areas in Port
Harcourt Metropolis, each listed with its specific
coordinates, indicating their precise locations within the
city. Areas such as Nkpolu Road 1 (Rumuigbo), with
coordinates (4.853346, 6.986527), and Kendown
(4.878167, 7.029514) are prone to significant flooding,
likely due to rapid urban expansion, poor drainage
infrastructure, and the saturation of natural waterways.
These locations, positioned within the city's developing
neighborhoods, face severavater runoff issues,
particularly after heavy rainfall, as the drainage systems

in these areas are often inadequate to handle the VOIum%rbanization without adequate flood manageme

of water.

Similarly, streets like NTA/Apara Link Road (4.854637,

urbanization. The combination of poor drainage systems
and terrairrelated challenges makes these are
particularly vulnerable to flooding, especially during the
rainy season. Orubo Close, Peter Odili Road (4.797111,
7.052361) and BluePearl Street, Petedili Road
(4.794083, 7.019917) are also in aredh wsufficient
water management infrastructure, compounded by the
surrounding development, which exacerbates the
flooding risk.

However, these areas share common challenges such as
inadequate drainage, poor urban planning, and rapid
nt
infrastructure. The geographic coordinates show that
these flooebrone areas are spread throughout ihe ¢

6.983774) and Rotimi Amaechi Drive, GRA Phase Il from residential zones to major roads, highlighting the
(4.821278, 6.000972) also experience flooding, albeit in widespread nature of the flooding problem in Pg
more established areas. The proximity of these roads toHarcourt. To mitigate the impacts of flooding, urge
key commercial and residential zonesPart Harcourt measures such as improved drainage systems, better
suggests that urban development without the necessarystormwater management, and sustainatilamplanning
flood mitigation measures contributes to the worsening are necessary to protect these vulnerable areas from
flooding. These highly developed areas have large future flooding events.

|mpermeable surfaces (such a,s roads and bUIIdIngS)’In furtherance of this thesis, there was a need to ground
Wh'ch do_ not allow water to sp into thg ground,. thus truth the findings of Wizor & Mpigi (2020) to ascertain
contributing to surface runoff and localized flooding. if the flood situation of the 25 most flooded roads in Port
Additionally, Kenka Road, off Mgbuoba Road Harcourt Metropolis are still the same. Based on the
(4.856194, 6.980361) and Abacha Road, GRA Phase Il above, a flood vulnerabilitpnap of the 25 most flooded
(4.823778, 7.003361) are situated in {lying areas, streets/roads in Port Harcourt Metropolis was carried

where natural water flow patterns are often disrupted by using ArcGIS (Fig 4.10).

DUt
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0 Flood Vulnerability Table H
OBJECTID Name | Northings | Eastings | RASTERVALU
1Salem Chose, Off Ada George Road 48554 607956 2
2|Omachi Road, Rumuccoreya 487525 699978 13
$|Abanna Street, Okl GRA 478658 702200 ]
4/{Hon. Aftah Close. Pater Ot Roac 479383 706078 12
5 |Nkpol. Road 1, Rumuigba 485335 6.98853 16
6|Eneca Town T T AR n
g_ 7 |Horsefal Street, Cld GRA 478602 (12 1 _g
e &|Ereyns Close, GRA Phase 11 4819 700692 0 e
3 9| Omerel. Street, GRA Phase 11 483958 7.00564 10 s
10|Abacna Road. GRA Phase 11 482378 700336 19
11|0nua0 Close. Peter Oclii Road 4791 705286 7
12 {NTAApara L« Road 485464 696377 1
13| Obiwai Raad, Rurruigbo 455864 £.96894 14
14|LK. Anga Road, Cff Peter Cdili Reed 480192 704739 7
15| Uyo Street. Rurrumasi 483864 701758 1
16| Odan Roac, Beknw o 464021 707361 Al
17 |Ciamond Vallay Estata 707361 704808 ]
Legend 18 |Arraechi Drive, GRA Phase 11 482128 6.00097 18
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Fig. 4.10: GPS Map of Urban Flood Vulnerability in Port Harcourt Metropolis
(Source: Fieldwork, 2024)

Wi zor and Mpigidés 25 most flooded streets/roads of |Po

vulnerability of the selected flooded areas. The flood vulnerability index of the 25 sampled points in Port Harcourtidetropo
was betveen-17 and 43. With17 to 5 being Very High Vulnerable, 5.1 to 11 being High Vulnerable, 12 to 17 being Moderate,
18 to 22 being Low Vulnerable, and 23 to 43 being Very Low Vulnerable. For the sake of this research, the researcher br
it down to 3 graps; Highly Vulnerable-(7 to 11), Moderately Vulnerable (1), and Lowly Vulnerable (18 to 43). Se¢
Fig 4.11.

D
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= Port Harcout & Obio/Akpor LGA Vulnerability Index
B -17 - 5 Very High Vulnerability
1 5.1 - 11 High Vulnerability
[ 112-17 Moderate
[ 118 -22 Low Vulnerability
B 23 - 43 Very Low Vulnerability

Fig. 4.11: Legend of Urban Flood Vulnerability Map of Port Harcourt Metropolis
(Source: Fieldwork, 2024)

Flood Vulnerability Table

OBJECTID Name Northings Eastings RASTERVALU
1 |Salem Close, Off Ada George Road 4.85544 6.97956 21
2 |Omachi Road, Rumuodomaya 4.87525 6.99978 15
3 |Abanna Street, Old GRA 4.78558 7.02203 0
4 |Hon. Attah Close, Peter Odili Road 4.79383 7.05075 12
5 |Nkpolu Road 1, Rumuigbo 4.85335 6.98653 16
6 |Eneka Town 4.87817 7.02951 23
td 7 |Horsefall Street, Old GRA 4.78692 7.02122 1
8 |Evelyn’s Close, GRA Phase 11 4.8195 7.00692 20
9 |Omerelu Street, GRA Phase 11 4.83958 7.00564 10
10 |Abacha Road, GRA Phase 11 4.82378 7.00336 19
11 |Orubo Close, Peter Odili Road 4.79711 7.05236 7
12 |NTA/Apara Link Road 4.85464 6.98377 18
13 | Obiw ali Road, Rumuigbo 4.85864 6.98694 14
14 |L.K. Anga Road, Off Peter Odili Road 4.80192 7.04739 7
15 |Uyo Street, Rumumasi 4.83844 7.01758 14
16 |Odani Road, Belenw o 4.84021 7.07351 21
17 |Diamond Valley Estate 7.07351 7.04608 9
18 | Amaechi Drive, GRA Phase 11 4.82128 6.00097 16
19 |BuePearl Street, Peter Odili Road 4.79408 7.01992 0
20 | Hiltop Road, Amadi-Kalagbo 4.82381 7.02344 4
21 |Kenka Road, Off Mgbuoba Road 4.85619 6.98036 18
22 | Akw aka Street, Rumuodomaya 4.88028 6.99428 14
23 | Peter Odili Road 4.80486 7.04556 7
24 | Alalibo Road, Old GRA 4.79408 7.01992 0
25 | Zion Street, Rumuodomaya 4.88161 6.99384 15

WilAarmatare

Fig. 4.12: Table of Urban Flood Vulnerability Map of Port Harcourt Metropolis
(Source: Fieldwork, 2024)
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Table 4.7: Comparison of Findings for 25 Most Flooded Streets/Roads in Port Harcourt Metropolis

SIN Name of Street/ Wizor & Mpigi  Flood Vulnerability Findings
Road classification  Map classification
1 Abanna Street, Old GRA Lowly flooded Highly vulnerable  Not in agreement
2 Hon Attah close, Peter Lowly flooded Moderately Not in agreement
Odili Road vulnerable
3 L.K. Anga Road, off Peter ~ Lowly flooded Highly vulnerable  Not in agreement
Odili Road
4 Hiltop Road, Amadi-Kalagbor Lowly flooded Highly vulnerable  Not in agreement
5 Uyo Street, Rumuomasi Lowly flooded Moderately Not in agreement
vulnerable
6 Omerelu Street, GRA Lowly flooded Highly vulnerable  Not in agreement
Phase ll
7 Akwaka Street, Lowly flooded Moderately Not in agreement
Rumuodomaya vulnerable
8 Peter Odili Road Lowly flooded Highly vulnerable  Not in agreement
9 Omachi Road, Moderately Moderately In agreement
Rumuodomaya flooded vulnerable
10 Salem Close, off Ada Moderately Lowly vulnerable ~ Not in agreement
George Road flooded
11 Obi Wali Road, Rumuigbo ~ Moderately Moderately In agreement
flooded vulnerable
12 Diamond Valley Estate Moderately Highly vulnerable  Not in agreement
flooded

Source: (Fieldwork, 2024)
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Table 4.8: Comparison of Findings for 25 Most Flooded Streets/Roads in Port Harcourt Metropolis (Continued)

SN Name of Street/ Wizor & Mpigi Flood Vulnerability Findings
Road classification Map classification
13 Zion street, Rumuodomaya  Moderately Moderately In agreement
flooded vulnerable
14 Odani Road, Elelenwo Moderately Lowly vulnerable Mot in agreement
flooded
15 Evelyn'S Close, GRA Moderately Lowly vulnerable Mot in agreement
Phase Il flooded
16 Horsefall Street, Old GRA Moderately Highly vulnerable  Not in agreement
flooded
17 Alalibo Road, Old GRA Moderately Highly vulnerable  Not in agreement
flooded
18 Nkoplu Road 1, Rumuigbo Highly flooded Moderately Mot in agreement
vulnerable
18 Rumuewhara New Layout Highly flooded Lowly vulnerable Mot in agreement
[Eneka Town
20 NTA Apara Link Road Highly flooded Lowly vulnerable Mot in agreement
21 Rotimi Amaechi Drive, Highly flooded Moderately Mot in agreement
GRA Phase I vulnerable
22 Kemka Road, Off Highly flooded Lowly vulnerable Mot in agreement
Mgbuoba Road
23 Abacha Road, GRA Highly flooded Lowly vulnerable Mot in agreement
Phase Il
24 Qrubo Close, Peter Highly flooded Highly vulnerable  In agreement
Cdili Road
25 BluePear Street, Peter Highly flooded Highly vulnerable  In agreement
Cdili Road

Source: (Fieldwork, 2024)

It shows that the lowly flooded streets of Abana Street, Old
GRA; L.K. Ang Road, off Peter Odili Road; Hilltop Road,
AmadiKalagbor; Omerelu Street, GRA Pgase Il; and Peter
Odili Road are considered highly vulnerable to pluvial

flood. While Hon. Attah Clos, Peter Odili Road; Uyo  The highly flooded streets/roads of Nkpolu Road

Street, Rumuomasi; and Akwaka Street, Rumuodomaya Rumuigbo; and Rotimi Amaechi Drive, GRA Phase Il ar

which were classified by Wizor & Mpigi (2020) as lowly
flooded are moderately vulnerable.

considered as moderately vulnerable. The streets/road
Rumuewhara New Layout/Eneka Road; NTA/Apara lin
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The findings from the Flood Vulnerability Map show the The moderately flooded streets of Diamond Valley Estate;
vulnerability of the 25 most flooded streets/roads in Port Horsefall Street, Old GRA; and Alalibo Road, Old GRA a
Harcourt Metropolis in comparison with the research considered highly vulnerable. On the other hand, Sal
conducted by Wizor & Mpigi (2020). Close, off Ada George Road; Odani Road, Elelenwo; 4
Evel ynds CIl os e JowhGRideralfteh @niye
3 streets/roads are in agreement according to the findir
They are Omachi Road, Rumuodomaya; Obi Wali Roag

Rumuigbo; and Zion Street, Rumuodomaya.

ngs.
ad,

L



Road; Kemka Road, off Mgbuoba Road; and Abach Road, facilitate efficient water flow, leading to stagnation an
GRA Phasell are considered lowly vulnerable. Only Orubo overflow. With the cancellation of the monthly

o

Close, Peter Odili Road; and BluePearl Street, Peter Odili environmental cleaning exercise in Rivers State, most
Road are in agreement with the findings, that they are drainages are not regularly cleaned or maintained, causing

highly flooded according to Wizo& Mpigi (2020), and debris and sediment to accumulate eedtlice the drainage

highly vulnerabl e accor di n gapdcity. Furthermoregtlse eastractioa of 8osne drainages

Causational Factors Contributing to Pluvial Flooding in L o ) )
Port Harcourt Metropolis guidelines, resulting in varying levels effectiveness.
Indiscriminate Dumping of Refuse in Existing

Below are some causational factors that are responsible for_ . )
Drainages: Refuse and debris clog drainage channels

the pluvial flooding of some residential areas in Port
Harcourt Metropolis.

in Port Harcourt Mebpolis does not adhere to standardized

Port Harcourt Metropolis, reducing their capacity to carry
water away from urban areas. The blockages in drainage

in

Poor Drainage Slope of Newly Constructed Drainages:  channels cause water to back up and overflow, leading to

Some newly constructed drainages in Port Harcourt flooding in surrounding areas and posiagsignificant
Metropolis have been designed with sufficient slope to threat to residents and infrastructure.

x q g eIy

Plate 4.1: Blocked Drain at Woji Junction, Port Harcourt.
(Source Obihoja, 2023

Impervious Surfaces (Asphalt, Concrete): The systems and leading to flooding, which poses a signific
widespread use of impervious surfaces such as asphalt andhreat to residents and infrastructure. Furthermore,

concrete in Port Harcourt Metropolis prevents rainwater extensive use of impervious surfaces in Port Harco
from infiltrating the soil, increasing surface runoff and Metropolis absorband retains heat, exacerbating the urb

flooding. Impervious surfaces in the city contribute to heat island effect and increasing the likelihood of extreme

increased stormwater maff, overwhelming drainage  weather events, such as intense raimfadiflooding.
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Plate 4.2: Blocked Drain at Woji Junction, Port Harcourt.
(Source Researcher2023
Indiscriminate Development of New Buildings: The such as wetlands and floodplains, which previously

rapid construction of new buildings in Port Harcourt provided natural flood protection. Urban sprawl in Part
Metropolis has led to an increase in impervious surfaces, Harcourt Metropolis has increased flood risk by altering
exacerbating stormwater runoff and flooding in the city. natural drainage patterns and reducing the ability of natural
Indiscriminate development projects in the metropolis have systems t@absorb and filterainwater.
altered natural drainagmatterns, leading to increased flood
risk and vulnerability for residents and businesses.
Additionally, the surge in new development has put
additional strain on the city's existing drainage
infrastructure, inaasing the likelihood of flooding and
infrastructure failure, which have
devastatingonsequences.

Increased Rainfall Intensity: Climate change is projected
to increase the frequency and intensity of extreme weather
events, including heavy rainfall, which will have
devastating consequences for Port Harcourt Metropalis,
particularly in terms of flooding and infrastructure damage.
The increased rainfall intensity caused by climate change
overwhelms the urban drainage systems in Port Harcourt
Urban Sprawl and Development: Unplanned urban Metropolis, leading to flooding, infrastructure damage, and
growth in Port Harcourt Metropolis has led to inadequate disruption of essential services, ultimately affectihg t
infrastructure, including drainage systems, thereby livelihoods of residents and the overall economic
increasing the risk of flooding. The rapid urban sprawl in developmenbf thecity.
the city has resulted in the destruction of natural habitats,

Table 4.9: Identified highly Flooded Areas in Port Harcourt Metropolis

S/ NcName of Street |/ Northi i EastinClassificEIlIlevati

FIl ood Above

Level

1 Abanna Street, C4. 7855 7.0220Low Fl ood 3. 6m
2 Hon. Attah Close4.7938:7.0507Low Flood3.9m
3 Ak wak a Rutnrueoedtoomay4. 8802¢6.9942Low Flood14. 1m
4 Uyo Street, Rumud4.8384:.7.0175Lowly Flob5. 7m
5 Salem Cl ose, Off 4. 8554:.6. 9795 Moderatel 12.6m
6 Obi wal i Road, Ru4. 8586 6.9869Moderatel 14. 1m
7 Omac hi Road, Rumd4.8752:6. 9997 Moderatel 12. 6m
8 Odani Road, El el 4.8402 7. 0735Moderatel 16. 8m
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9 Evelynoés Cl ose, 4.8195

10 Rumuewhara New L 4.8781

11 NTA/ Apara Link R4.8546:6.9837Highly FI 13.5m

12 Abacha Road, GRA4.8237 7.0033Highly FI 4.2m

13 Nkpolu Road 1, R4.8533 6.9865Highly FI 14. 1m
Source: Fieldwork, 2024

. 0069 Moderatel 14. 7m
.0295Highly FI 17.1m

~ o N~

Table 4.9 identifies 13 chosen streets/roads out of the 25Rumuodomaya (4.875247, 6.999777; elevation: 12.6m),

that were analysed earlier from the research conducted byand Odani Road, Elelenwo (4.840208, 7.073506; elevati

on:

Wizor & Mpigi (2020). From field observation by the 16.8m) exhibited varying water retention levels but were

researcher, the analysis of flooded areas within Port less severe than the highly flooded areas.
Harcourt Metropolis, as presentddghlights the varying
flood classifications and elevations across different
locations. The highly flooded areas include Rumuewhara
New Layout/Eneka (4.878167, 7.029514; elevation:
17.1m), NTA/Apara Link Road (4.854637, 6.983774;
elevation: 13.5m), AbaehRoad, GRA Phase Il (4.823778,
7.003361; elevation: 4.2m), and Nkpolu Road 1, Rumuigbo
(4.853346, 6.986527; elevation: 14.1m). For example, in
Rumuewhara New Layout, floodwaters reached a height of

(4.880281, 6.994285; elevation: 14.1raphd Uyo Street,

locations experienced minimal flooding due to high
elevations or better drainage.

In contrast, areas classified as lowly flooded include
Abanna Street, Old GRA (4.785583, 7.022028; elevation:
3.6m), Hon. Attah Close, Peter Odili Road (4.793833,
7.05075; elevation: 3.9m), Akwaka Street, Rumuodomaya

Rumumasi (4.838444, 7.017583; elevation: 5.7m). These

11
p

200mm and required approximately 1 hour to recede (seeFlood management in these areas remains largely

Plate 4.3). On Emmanuel Close, an adjoining street, water communitydriven, with residents implementing strategie
levels were measured at 50mm after rainfall (see Plate 4.4).such as concrete wall flood barriers, sandbags, rai
driveways, rainwater collection systems, and raised D

Moderately flooded areas such as Salem Close (4'855444’Ievels. The absence of governmentvided flood

6.979556; elevation: 12.6m), Obiwali Road, Rumuigbo

(4.858639, 6.986944; elevation: 14.1m), Omachi Road, flood management initiatives in the metropolis.

-

Plate 4.3: Flood Water Level Along Rumuewhara New Layout.
(Source: Fieldwork, 2024)
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adaptation measures underscores the need for structured




Flood Water Level in a Compound on Emmanuel Close.

(Source: Fieldwork, 2024)

= Port Harcourt LGA

>

= Obio/Akpor LGA

Figure. 4.13: Percentage Distribution of Mostly Flooded Parts of Port Harcourt Metropolis
(Source: Researcher, 2024
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Figure 4.10 illustrate the overwhelming perception of urbanization, low elevation levels, and the presence| of
respondents regarding flogmone areas within Port  impermeable surfaces that hinder water absorption.
Harcourt Metropolis. Over 90% of respondents identified Meanwhile, 10% of respondenindicated Port Harcourt
Obio/Akpor Local Government Area as the most flooded City Local Government Area as the most flooded
part of the metropolis, highlighting itgulnerability to suggesting localized challenges in certain parts of the city.
frequent and severe flooding. Contributing factors may These findings underscore the need for targeted flgod
include inadequate drainage infrastructure, rapid management strategies in both areas.

N=488
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Fig. 4.14: Percentage Distribution of Magnitude and Level of Flooding
(Source: Researcher, 2024

Figure 4.11 illustrate the respondents' perceptions of thea more severe disruption in these areas. A smaller
magnitude and severity of pluvial flooding in their pr opor ti on, 12. 5%, irAakeed
neighborhoods. A significant portion of respondents, ( 51 mm t o 100mm), 0 refl ec/ti
52. 7 %, rated the magni t udlkelyoirf ardad with thatter glrairage irnfrddoudtere art e
Above Ankle (101mm ing dhat 2 Olgmemneglevation. Netadply, erdytl.2% reporfeds e v-e|r e
while flooding is disruptive, it is not excessively severe Wa i st Level (601mm to 900r
in most cases. This moderate level of flooding may result that extreme flooding events are less frequent but highly
from insufficient drainage systems and partially blocked impactful when they occur.liese results underscore the
water channels. variability in flood magnitude across neighborhoods and

Additionally, 33.6% of respondents categorized flooding highlight the needd for tallo;ed (ljnt.e::/entlons. tol address
as A+Aibgophve Knee (201 mm t o %Ott.t)] W%i%zfe'ag SPVR'S |ooc 43 sleﬁegtlvey.
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Fig. 4.15: Percentage Distribution of Flood Duration
(Source: Researcher, 2024

Figure 4.12 illustrates the distribution of flood durations lasting up to five hours. In total, about 38.3% ¢
across the study areas. The majority of respondents, 30.3%/espondents experienced flooding that lasted between
indicated that flood durations typically exceed 30 minutes, and five hours after a heavy downpour. These Res

marking it as the most common flood duration in the area. highlight the prolonged nature of flooding in the areg,

A significant porion of respondents reported flood emphasizing the need for improved drgi@aystems and
durations ranging from one hour (16.8%) to two hours flood control measures to address this persistent issue.
(19.7%), while a smaller group (1.8%) mentioned floods

Table 4.10 Consequences of Flood on Infrastructure

SIN Consequence Response
Yes No Total
1. Unsightly looking buildings (water stains on walls, watermarks mold growth 73.6  26.4 100
to leakages, etc.).
2. Property damage (rising damp, soil erosion, peeling paint, etc.). 79.3 20.7 100
3. Infrastructure damage (broken gutters/drains, damage to roads/driveways, d¢ 34.6  65.4 100
inspection chambers, damaged septic tanks/awaly pits, etc.)
4, Health and safety issues (Contact with contaminated water, slippery sui 95.7 4.3 100

waterborne diseases, etc.)

Source: Researcher, 2024

Table 4.10 illustrates the consequences of flooding on Regarding infrastructure, 34.6% of respondents highlight
infrastructure in the study area. A significant 73.6% of damage to essential structures such as broken gut
respondents reported that flooding caused unsightly damaged roads, and septic tanks, revealing that flood

=

one
ult

ed
ers,

ing

buildings with issues such as water stains, mold growth, andalso disrupts crucial public utilities and services. The most

watermarks due to leaks. Thasgpacts negatively affect  alarming consequencepwever, was related to health and

the aesthetic and structural integrity of properties. safety concerns, with 95.7% of respondents acknowledg

ing

Furthermore, 79.3% of respondents identified property the risks posed by contact with contaminated floodwater,

damage resulting from rising damp, soil erosion, and slippery surfaces, and the increased likelihood
peeling paint, emphasizing the destructive effects of waterborne diseases. This demonstrates that the puy
floodwater on esidential and commercial buildings.
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health impact of flooding is the most pressing concern in control measures to safeguard both public health and

the area. property.

In addition, the result reveal that while property and Research Question (2): What is the impact of perennial
infrastructure suffer from flooding, the greatest concern lies pluvial flooding on the architectural quality and

in the health risks associated with contaminated performance of buildings in Port Harcourt, considering

floodwaters and the potential spread of diseases. Thesesafety, functionality, aesthetics, comfort, and
results emphasize the urgent nefed effective flood durability?

Table 4.11 Main ReasoBome Areagxperience Severe Flooding

S/N Reason Response
Yes No Total
1. Overwhelmed drainage systems 99.8 0.2 100
2. | mper meabl e ground surfaces 914 8.6 100
through)
3. Intense rainfall 98.0 0.2 100
4, Climate change 95.5 4.5 100

Source: Researcher, 2024

Table 4.11 presents the main reasons or reveals key factorsecognized by 98.0% as a leading factor, emphasizing

contributing to severe flooding in certain areas. role of heavy downpours in exacerbating flooding.

Overwhelmed drainage systems were identified by 99.8% Additionally, 95.5% of respondents attributed flooding t

the

(0}

of respondents as the primary cause, indicating that climate change, suggesting that changing weather patterns

insufficient or inadequate drainagerastructure is a major  are influencing flood severity. These findings point to
contributor to flooding. A significant 91.4% highlighted combination  of infrastructure  chafiges and

a

impermeable ground surfaces, such as concrete and asphalgnvironmental changes as the main drivers of severe

that prevent water absorption. Intense rainfall was also flooding.

N=488

= Very low impact

= Low impact

= Moderate impact
High impact

= Non-response

Fig 4.16: Rating of Impact of Perennial Pluvial Flooding on the Safety®iildings in the Affected Area.
(Source: Researcher, 2024

Figure 4.13 presents r es poafdcedares @resentan interegtingadistribtitioneof opinio
Perennial pluvial flooding on the safety of buildings in the The largest portion of respondents (60%) categorized
affected area. However, the survey results on the impact ofimpact as moderate. This suggests that, while the flood
perennial pluvial flooding on the safety of buildings in the is an issue, it is not universally viewed as a major thre
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Respondents who selected this option likely feel that that the buildings in their area are sufficiently resilient to
flooding has noticeable consequences on the structuralhandle such conditions. As a result, they may not see
integrity of buildings, such as water damage or foundation flooding as a significant threat to safety.
issues, but may not pose an immediate or severe risk to

Interestingly, there were no neasponses, suggesting that
safety. gly p g9 g

every participant in the survey felt strongly enough about
Meanwhile, 25% of participants assessed the impact asthe issue to offer an opinion. This level of engagement
high, indicating that a significant portion of the population reflects the community's awareness of the risks associated
views the flooding as a serious concern for building safety. with flooding and theperceived need to address its effects
This group likely believes the effects of flooding, such as on building safety.
erosion or water gpage, are substantial enough to threaten
the safety of structures in the area. This perception of a high
impact could be tied to more frequent or intense flooding
events that are undermining the stability of buildings,
making this a critical issue for man

Furthermore, while the majority of respondents (60%)
perceive the impact of flooding as moderate, a significant
portion (25%) view it as a high risk to building safety. This
indicates that while some see the flooding as manageable,
many consider it a prasg concern that may require
On the opposite end of the spectrum, 13% of respondentsintervention. The low percentages of those who downplay

considered the flooding6s thempissget furtieer bemphhsizev, thea nwidegpregs t
rated it as very low. These individuals might live inareas acknowl edgment of fl oodi ngo
less frequently affected by flooding, or they may believe safety of buildings in the affected area.

N=488

a

= Minimal Impact
= Moderate Impact

= Significant Impact

Fig. 4.17: Rating of Impact of Perennial pluvial floods on aesthetics of Buildings.
(Source: Researcher, 20p4

Figure 4.17 shows the Impact of Perennial Pluvial Flooding to withstand flood effects, possibly due to their design,
on the aesthetic Quality of BuildingShe result indicates materials, or location in less vulnerable areas. However, the
that a small portion (5%) of buildings experiences minimal majority of respondents (80%) reported moderate damage,
impact, indicating that some structures are better equippedreflecting widespread yet less severe aesthetic issues, such
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as water stains, discoloration and minor erosion, which persistent flooding. This distribution underscores the
collectively degrade the visual appeal of buildings over pervasive yet variable impact of pluvial floods,

time. Meanwhile, 15% of respondents reported significant emphasizing the need for proactive measures to prev
damage, such as structural cracks, peeling paint, and severéong-term deterioration and maintain the aesthetic value
corrosion, highlightinglte more extreme consequences of buildings in floodprone areas.

Table 4.12: Comfort level within buildings is unbearable during or after flooding events

comfort level within buildings is unbearable during or after flooding
events

Responses Frequency (F) Percentages (%)
Strongly Agree 42 9%

Agree 74 15%
Neutral 23 504

Dsagree 192 39%
Strongly Disagree 157 329
Total 488 100%

(Source: Researcher, 20p4

Table 4.12 provides insight into respondents' perceptions could stem from factors like inadequate drainage, pq
of comfort levels within buildings during or after flooding building materials, or prolonged exposure to floodin
events. A significant majority of respondents, comprising effects.
39% who disagreed and 32% who strongly disagreed
collectively accounting for 71%, do notormsider the

comfort level within buildings unbearable during or after
flooding. This suggests that for most individuals, buildings
might provide adequate protection or comfort during such
events, or they may have adapted to the conditions to an

with the statement. This neutrality could refleg

the extent of discomfort caused thyoding events.

extent that discomfort is not perceived as severe. In summary, the results highlight that while a significant
majority of respondents do not find comfort levels

unbearable during or after flooding, a smaller but notable

On the other hand, a smaller portion of respondents, totaling
24%, either agreed (15%) or strongly agreed (9%) that the

comfort level within buildings becomes unbearable. This underscores the need for targeteaivientions to address

mlnorle _may represent individuals whose living conditions the specific challenges faced by those significantly affect
or building structure are more severely affected by L L
by flooding in their buildings.

flooding, leading to greater discomfort. Such experiences

proportion experiences discomfort. This disparit

UKR Journal of Arts, Humanities and Social Sciences (UKRJAH®SIplished by UKR Publisher

ent
of

or
g
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Fig. 4.18: Durability of Building
(Source: Researcher, 2024

Figure 4.18 shows the Durability of Buildings. However, been a significant concern or they might not have sufficient
the survey results show a generally favorable yet cautiousdata to form an opinion.
view among respondents. A large majority (73%) consider
the buildings to be somewhat durable, suggesting that most
people believe the structs are fairly stable and resilient.
This indicates that the buildings are generally viewed as
solid, likely due to adequate construction or maintenance,
although there may be a recognition that some level of

upkeep is required to ensure their largm duability. In addition, while most respondents regard the buildings as
somewhat durable, the results indicate that concerns about

durability remain, especially regarding the need for
ongoing maintenance. This suggests a general satisfaction
wi t h t he b Uity butdaismpgiststo adeasmwhebei
improvements could be made to enhance their-teng
resilience.

Only 4% of respondents believe the buildings are highly
durable, which reflects a perception that some of the
structures are built with superior quality materials or
construction methods, leading to greater oggn
reliability.

In contrast, 11% of respondents feel that the buildings are
not durable. These individuals may be concerned about
factors such as poor quality of construction, aging
materials, or insufficient care that could lead to the
deterioration of the buildings ovéme.

Additionally, 12% of respondents were neutral or
undecided, possibly due to a lack of concrete information
or direct experience with the buildings' performance. This
suggests that for some, the issue of durability may not have

Table 4.13: Awareness of Flood Mitigation strategies implemented in the neighborhood

Research Question (3): What architectural strategies
have been adopted in Port Harcourt to address the
challenges posed by pluvial flooding?

Are vou aware of anv flood mitigation strategies impleme nted in vour area?

Awareness Frequency (F) Percentages (%20)
Yes 296 61%

No 192 39%

Total 488 100%

(Source: Researcher, 20p4
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Table 4.13 Awareness of Flood Mitigation strategies suggests that there may be a need for improved

implemented in the neighborhood. However, results reveal communication channels or targeted outreach efforts
a mixed level of awareness regarding flood mitigation ensure that all community members are informed ab
strategies in the neighborhood. A majority of respondents, these crucial strategies. The discrepancy between the
61%, reported being aware of thedd mitigation measures  groups may also point to the effectivenads current
implemented in their area, indicating that these strategiesawareness campaigns, which might not have reached
are relatively welknown among the residents. This could residents or may not have been compelling enough
be attributed to effective communication or public garner widespread attention. Therefore, further efforts
awareness campaigns conducted by local authorities oreducate and engage the community are essential to en
communiy organizations. However, the remaining 39% of that everyone is infored and prepared for potential flooc
respondents expressed a lack of awareness about the floodisks.
mitigation strategies in place. This gap in awareness

Table 4.14 Attempts to Mitigate Flooding

S/IN Reason Response

Yes No Total
1. Improved drainage systems 3.9 96.1 100
2. Flood Barrier 69.5 30.5 100
3. Landi use planning 1.4 98.6 100
4. Early warning Systems 3.3 96.7 100
5. Public awareness campaigns 26.6 71.5 100

Source: Researcher, 2024

Table 4.14 showattempt to Mitigate Flooding. However, use planning and early warning systems were a
the data on flood mitigation efforts in Port Harcourt perceived as ineffective 188.6% and 96.7%, respectively
metropolis highlights significant challenges in addressing indicating weaknesses in urban development and flg
flooding effectively. Flood barriers appear to be the most preparedness. Additionally, only 26.6% of responder
implemented strategy, with 69.5% of respondents were aware of public awareness campaigns, pointing
acknowledging their presence. Othessential measures limited community engagement. These result stress
show considerable deficiencies. Improved drainage urgent ned for flood management strategies, includin
systems were reported as inadequate by 96.1% of better drainage, strategic urban planning, robust warn
respondents, revealing a critical gap in infrastructure. Land systems, and effective public education.

Plate 4.5: Architectural adaptation strategy (permeable road pavement, green verge by the road, and dozierages
to prevent indiscriminate refuse disposal).
Source: Researcher, 2024
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