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FOREWORD

The organising committee of the 1* School of Environmental Technology International
Conference is pleased to welcome you to Federal University of Technology Minna, Niger

and allied professions to address fundamental problems, challenges and prospects that affect
the Built Environment as it relates to Climate Change and Sustainable Development. The
conference is a platform where recognised best practices, theories and concepts are shared
and discussed amongst academics, practitioners and researchers. The papers and scope are
quite broad but have been organised around the sub-themes listed below:

Infrastructure Development and Financing

Sustainable Practice Theories

Urban Resilience and Energy Conservation

Waste Management and Sanitation

Health and Safety Issues

Climate Change and Threat to Sustainability of the Built Environment
Climate Change Induced Disaster

Designing the Human Settlement for Climate Change

Conceptual Issues on Climate Change and Sustainable Devélopment
Sustainable Materials

Cross Cutting Issues

The peer review process saw us making use of 48 senior academics and specialist as
reviewers drawn from institutions in Nigeria and England. There were some papers were
outside the theme of the conference but we had to Create a cross cutting issues to
accommodate such papers this is in spirit that every knowledge is important.

We hope you enjoy your time at our conference, and that you have the opportunities to
exchange ideas and share knowledge, as well as participate in productive discussions with
the like-minded researchers and practitioners in the built environment and academia.

Professor Yekeen Adeeyo Sanusi

Conference Chair
School of Environmental Technology International (SETIC) 2016

Federal University of Technology Minna, Niger State Nigeria.
May 2016
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We received a total of 226 abstract, based on a quick review we were able to accept 175 of
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work you had all put in producing these papers. It is my sincere believe that the presentation
of the different ideas in your paper would go a long way in improving the knowledge of the
participants and also generate meaningful discussions at the tea beaks, lunch and beyond.

[ wish to express my utmost gratitude to each reviewer for a wonderful job done and for
tolerating our deadlines and Oliver Twist syndrome. It is your dedication and expertise that
has ensured that the conference is a success.

Special thanks to all our keynote speakers, Prof. Oluwole O. Morenikeji (Deputy Vice-
Chancellor Academics, Federal University of Technology Minna), Prof. Hussein Makun
(Director, Directorate of Research Innovation and Development, Federal University of
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ADAPTING TO CLIMATE CHANGE FLOODING

IMPACTS- A GUIDE FOR ACHIEVING SUSTAINABLE

BUILT ENVIRONMENT IN NIGERIA.

BELLO Nurudeen Akinsola!, ADEPOJU Adetoye Sulaiman’? &
ADEOGUN Adekunle Sunday’

1 Department of Estate Management, Facul

Nigeria.

2 Department of Estate Management, Federal Polytechnic, Ado Ekiti, Ekiti State, Nigeria.

ty of Environmental Sciences, University of [lorin, Ilorin,

Flooding, a situation where land is covered with water (due to overflowing river caused by
heavy rain) is one of the climate change natural disasters generated by human activities whi
ch constitute a threat to human life, property and the built environment. Although risks cann
ot be fully eliminated, however, adaptation to climate change can reduce the exposure and v
ulnerability to extreme climate and sustain the built environment. This work surveyed litera
ture on climate change flooding and its effects on Nigerian built environment to find out tha
t most developed nations with longer water bodies and greater exposure to flooding disaster
have been able to curtail the negative effects of climate change induced flooding over the y
ears than Nigeria were able to minimise the negative effects of climate change flooding on t
heir built environment whereas, Nigeria with comparable minimum and manageable length
of water bodies continuously have higher negative impacts from flooding. The study found
that the application of adaptation theory will mitigate against the effect of climate change fl
ooding and lead to the achievement of a sustainable built environment in Nigeria. The work
eventually recommended concerted efforts of all stakeholders in the built environment to co
operate among themselves for the actualisation of gains of adaptation approach to climate ¢
hange flooding in Nigeria towards achieving sustainable built environment.

Keywords: adaptation, built environment, climate change, flooding, sustainable-
development.

joebellobje@yahoo.com

arcadedayo(@gmail.com

Bello et. al., (2016). ADAPTING TO CLIMATE CHANGE FLOODING IMPACTS- A GUIDE FOR
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INTRODUCTION

Every 1’_luman activity affects the environment directly or indirectly and that increasing
popl_llatlon apd yrbanisation are man’s greatest activities that impact on the environment.
Rgpld. urbanization and the growth of mega cities, especially in developing countries like
Nigeria, .have led to the emergence of highly vulnerable urban communities, particularly
through mfonnal settlements and inadequate land management. In the wake of this, as the
concentration of urban populations is increasing coupled with growing occurrence of climate
change induced disasters, millions of naira in property is lost and its cost is increasing by
the day: According to United Nation Development Programme (UNDP) in 2010, Climate
change is one of the major challenges of our time and adds considerable stress to our societies
and the environment. From shifting weather patterns that threaten food production, to a rise
sea level that increase the risk of catastrophic flooding, the impacts of climate change are
global in scope and unprecedented in scale. Without drastic action today, adapting to these
impacts in the future will be more difficult and costly. Flooding has been observed as one of
the climate change causative natural disasters generated by human activities which
consequently hinder sustainability of the built environment (Adeofun, 2011). It is a situation
where the land is covered with water due to overflowing of river triggered by heavy rainfall,
an aspect of negative response to climate change, and due to its destructive effects on the
built environment. It is an impediment to sustainable development. Flooding is identified as
threats to human life, property and the built environment worldwide, most frequent in the
developed countries, but mostly the degree of its vulnerability is much felt by the developing
countries (Ojo, 2011), perhaps due to lack of proper adaptation. Hundreds of millions of
urban dwellers in developing nations are at risk from the direct and indirect impacts of
climate change. The trend and occurrence of flood rise and flooding are a factor of increased
frequency and incidents severity.

According to Satterthwaite et al (2007) a third of the world’s population are most at risk
from sea-level rise and from the heat waves, storms and floods (as recently experienced in
India, Indonesia, United States of America and United Kingdom) and many of the urban
centres will need to adapt fast to avoid serious impacts of climate change flooding. The
developing countries have large deficiencies of the preconditions for successful adaptation
because they are 1ll-equipped due to inadequate provision for the infrastructure and services
needed to reduce climate-change-related risks and vulnerabilities. Without effective
adaptation measure to climate change flooding, there will be very serious consequences for
the people, the environment and the national economies. For instance, in England and
Whales 10,000 properties were flooded during Autumn in 2000 with negative effects on the
road and rail services which made insurance claims total 1 billion pounds, also in Scotland,
the average annual damage from flooding was put around 20 million pounds (Ojo, 2011). In
the wake of unavoidable climate change, over exploited coastal resources posed a great
threat to the built environment in Nigeria because of lack of proper development and
effective flood management. In 2011, Ibadan experienced a flood disaster that washed away
2,105 properties and 25 bridges and culverts which, according to the Oyo state task force on
flood prevention and management will require 100 billion Naira and 4.31 billion respectively
to reconstruct (Ojo, 2011). Also in 2012, there was a general flood affecting over 80% of
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;:omponent states in Nigeria, although the total loss was not documented, but it had a huge
oss and damages to people and the built environments. |

In prepargtl_on against negative effect of future flood, Olusina & Odumade (2012) used
geographic information systems (GIS) to model future climate of Nigeria for 50 years (2000-
2050) by comparing climate data from Nigerian Meteorological Services (NIMET) with
World Clim model and application of their variation to obtain polynomial for predicting
future temperature and rainfall change for Nigeria covering the period. The finding of the
research indicated that future range of the changes in rainfall and maximum temperature to
be b.etweszn -192 to 198 (mm) and -1.59 to 2.48 (degree centigrade) respectively. Further
findmgs }nclude; expected negative and positive variations in rainfall across Nigeria,
Increase 1 temperature, coastal regions to expect average increase of 100mm rainfall
mor}thly during rainy season. This however is a pointer for all stakeholders in the built
environment in Nigeria to adapt to climate change flooding. The questions agitating the mind
of these researchers are; which aspect of climate disaster is mostly noted in Nigeria and what
are its causes? What are the effects of climate change flooding on the Nigerian built
environment? To what extent can adaptation strategy be of use to flood disaster in Nigeria?

And what are the adaptation strategies that can be applied for a reduction in flood disaster in
Nigeria?

The focus of this paper is therefore on changes in the floods that might be related to changes
in climate (i.e., referred to as ‘climate-driven flooding’), rather than changes in engineering
developments or land use and how such changes can be reduced and prevented for the
purpose of having a sustainability in Nigerian built environment. To achieve the aim of the
paper, it has been structured into 8 sections. The second section is devoted to climate change
concept followed by section 3 which identify flooding as major visible natural disaster from
climate change while section 4 discussed the climate change flooding effects on the built
environment. Section 5 1s on climate change flooding adaptation to built environment,
section 6 observed flooding as a visible climate change induced disaster in Nigeria, the way
out of climate change-flooding negative impacts on the Nigerian built environment was the
focus of the seventh section before the work was concluded at the eighth section.

Climate change

Climate Change, according to Intergovernmental Panel on Climate Change (IPCC) (2012)
is a change in the state of the climate that can be 1dentified (e.g., by using statistical tests) by
changes in the mean and/or the variability of its properties and that persists for an extended
period, typically decades or longer, Climate change may be due to natural internal processes
or external forcing, or to persistent anthropogenic changes in the composition of the
atmosphere or in land use. This definition differs from that in the United Nations Framework
Convention on Climate Change (UNFCCC), where climate change is defined as: “a change
of climate which is attributed directly or indirectly to human activity that alters the
composition of the global atmosphere and which is in addition to natural climate variability
observed over comparable time periods.” The UNFCCC thus makes a distinction between
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clfmate cha.ngf.: attributable to human activities altering the atmospheric composition, and
cl;mate variability attributable to natural causes. Global warming, as a resultant effect of
climate change and the abuses of man on the environment is however noted to be the major

causes of prolonged torrential showers of rains and the resultant runoff that lead to
devastating floods.

According to Mosha (2011) climate change indicate any long term and significant change in
w§ather (temperature, precipitation and wind patterns) experienced by a given region.
Climate events have increased in frequency or magnitude, but populations and assets at risk
have also increased, with consequences for disaster risk (IPCC,2012). Adverse Impacts are
considered as disasters when they produce widespread damage and cause severe alterations
In the normal functioning of communities or societies. Climate extremes, exposure, and
vulnerability are influenced by a wide range of factors, including anthropogenic climate
change, natural climate variability, and socioeconomic development. Figure 1 present the
relationship between the climate change and the implied disasters attached to it. However,
climate change may pose short term changes (e.g. flooding, storms, heat waves and drought)
and long-term changes (e.g. increasing average temperatures and sea level rise).

Fig. 1The relationship between climate change and adaptation
culled from IPCC, 2012

Within the built environment sector, climate change may be for adaptation or for mitigation
purpose. Mitigation means efforts to limit the man-made causes of climate change, it has to
do with taking actions aimed at reducing the extent of climate change factors, but adaptation
is often used simply to mean changes that can be made to the design or construction (less
often the operation or use) of buildings and landscaping in order to cope with the
consequences of one or more of the impacts of climate change. Both terms therefore mean
reduction of natural cause and prevention of human cause of climate change impact on the
built environment. Currently, many existing buildings are wrongly adapted, indicating that
the way they have been built increases their potential vulnerability to the effects of climate
change. Moreover, in some cases it is not considered cost-effective to modify existing
buildings to cope with a changing climate. Population growth and the planning system
therefore, have a significant influence on the built environment and its evolution, including
how it adapts to climate change. It is actions taking to minimize the negative effects and
taking advantage of the opportunities, of climate change (both current and those yet to

come).

It may also be an adjustment in natural or human systems in response to actual or expected
climatic stimuli or their effects, which moderate harm or exploit beneficial opportunities.

: -
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(United K:mgdom climate impact Panel UKCIP, 2009). Climate-change has both positive
a.m.:l negative current and potential effects on people and their livelihoods/investments (e.g.
buildings, neighbourhood and city). These effects can be direct, as in larger and/or more
fr:cquent floods, or more intense and/or frequent storms, or heat waves, or less direct as
climate change negatively affects livelihoods or food supplies (and prices) or access to water
needed fqr domestic consumption or livelihoods. Changing climate may come along with an
Increase 1n the frequency of drought, extreme rainfall, high temperatures, wind events is
expected and we can expect an exacerbation of the health impacts associated with these

events, it will increase the frequency and intensity of heavy rainfall events, thereby
Increasing the risk of urban flooding.

Flood and flooding as climate change natural disaster

A flood is the overflowing of the normal confines of a stream or other body of water, or the
accumulation of water over areas that are not normally submerged include river (fluvial)
floods, flash floods, urban floods, pluvial floods, sewer floods, coastal floods, and glacial
lake outburst floods (Satterthwaite, 2008). The main causes of floods generally are intense
and/or long-lasting precipitation, dam break (e. g., glacial lakes), reduced conveyance due to
landslides, or by an intense local storm (Smith & Ward, 1998). Usman & Tunde (2009)
observed that the restriction of the flow of precipitation and water bodies as a result of human
actions majorly caused flood in most urban centres thereby causing damages and losses to
build and ecological environments. Distinguishing between primary and secondary causes
of flooding, the primary causes of flooding with natural tendency have been traced to any or
combination of; heavy or torrential rains or rainstorm, ocean storms and tidal waves along
coast while the secondary cause of flooding with human influence have been traced to
blockage of river drainage through indiscriminate waste disposal and development of
structures along river setbacks. Flooding is affected by various characteristics of
precipitation, percolation and infiltration such as intensity, duration, amount, timing, and
phase (rain or snow). A change in the climate physically changes many of the factors
affecting floods (e.g., precipitation, snow cover, soil moisture content, sea level, glacial lake
conditions, and vegetation) and thus may consequently change the characteristics of floods.
It 1s also affected by drainage basin conditions such as water levels in the rivers, soil
character and status (frozen or not, soil moisture content and vertical distribution),
urbanization, and the existence of dams, and reservoirs (Bates et al., 2008). Along coastal
areas, flooding may be associated with storm surge events.

Urban flooding (Overbank, dam spills or dam burst levee failures, Flash, Coastal, Overland,
and Infiltration) occurs in urban areas, where the impacts of extreme rainfall are exacerbated
by high concentrations of impervious surface, infrastructure, buildings, and property and
people (Omisore, 2011). Urban flooding can have serious implications for all components
of built environment and infrastructure. As extreme flows of water during heavy rainfall
events can cause gully erosion and damage both overland and underground storm water
management infrastructure and road pavements. The resulting loss from flooding however
depends on the vulnerability of the affected population to resist the hazard otherwise called
resilience. Most of the associated climate-related threats could have major impacts on the
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built environment. The built environment sector may therefore need to consider suitable
approaches for adaptation to a changed climate because of the associated direct threats it
pogeq to the built environment and the people dwelling in it. However, those people and
bulldlqgs close to the coast are particularly at risk when storm surges are combined with sea
level rise. The major adaptation strategy to climate caused flooding involved the use of
constructed defences to prevent and reduce the effect of flooding on built environment,
raising of river banks and flood walls, creating sufficient storage reservoirs and canalization
or channelization of flood passage and establishment of standard drainage system on roads.

Climate change flooding effects on the built environment

Most of the effects of climate change flooding are negative; for instance, such water may be
Increased in quantity and at the same time be decreased in quality, calling for concern from
government and the built environmental professionals. However, Climate change effects are
not all negative. Some are beneficial in nature, and for instance it may reduce energy bills
and cold related deaths and hospital admissions. It may also reduce energy consumption and
increase water supply. In some cases, overheating may lead to illness or death. Without
action, likely consequences of the projected climate variables will be wide ranging from
increasing flood risk and coastal erosion, potential water shortages, ground instability issues
to associate health impacts of increased temperatures and detrimental effects on the current
and future infrastructure. Warmer summers, on the other hand, may increase the risk of
buildings becoming too hot and uncomfortable for human habitation. Climate change with
its consequential effect on the built environment may increase the risk of subsidence
affecting the properties which subsequently, may increase the risk of flooding for both
residential and non-residential properties, thereby reducing their value, for instance,
Ogbonna and Otegbulu (2014) observed the reduction of between 4-12% in housing prices
in Nigeria due to flooding effect. Changes in water availability, particularly reductions in
the summer, may lead to less reliable supplies, more frequent restrictions and potential water
shortages in the longer term, unless more measures are taken to reduce demands and develop
supplies. By and large the effect of climate change flooding on built environment can be
identified as: events of drier summers and drought; reduced water availability/shortages,
reduced water quality, reduced soil moisture content/ increased subsidence, changes in
biodiversity, sea temperature rise; sea level rise, increased sea surge height, increased
precipitation or more rainfall in heavier form, increased river flooding, increased urban
drainage flooding, higher wind speeds; increased storm damage, outage of emergency,
infrastructure and transportation services, reduction in property value.

Climate change adaptation to the built environment

Adaptation in human systems is defined as the process of adjustment to actual or expected
weather and its effects. In order to moderate harm or/and exploit beneficial opportunities. In
natural systems, it 1s defined as the process of adjustment to actual climate and its effects;
human intervention may facilitate adjustment to expected climate (Eclipse Research
Consultants, 2010). Within the built environment sector, climate change adaptation is often
used simply to mean changes that can be made to the design or construction (less often the
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and those yet to come (Eclipse Research Consultants, 2010). These definitions modify the
FPCC (2007) definition that generically mean the “adjustment in natural and human systems
N Tesponse to actual and expected climatic stimuli, such as to moderate harm or exploit
beneficial opportunities.” The essence of adaptation to climate change induced flooding is
to ensur'e reduction in risks for inhabitants and built environment and have environmental,
economic and socio political sustainability of built environment. Settlement patterns,
Firbamzatlon, and changes in socioeconomic conditions have all influenced observed trends
In exposure and vulnerability to climate extremes. Actions that range from incremental steps
to transformational changes are essential for reducing the risk from climate extremes.
Incremental steps aim to improve efficiency within existing technology, governance, and
value systems, whereas transformation may involve alterations of fundamental attributes of
those systems (IPCC, 2012). A prerequisite for sustainability in the context of climate change
18 addressing the underlying causes of vulnerability, including the structural inequalities that
create and sustain poverty and constrain access to resources (medium agreement, robust
evidence). This involves integrating flooding disaster risk adaptation into all social,
economic, and environmental policy domains. The most effective adaptation and disaster
risk reduction actions are those that offer development benefits in the relatively near term,
as well as reductions in vulnerability over the longer term (high agreement, medium
evidence). There are tradeoffs between current decisions and long-term goals linked to
diverse values, interests, and priorities for the future. Short- and long-term perspectives on
flooding disaster risk adaptation to climate change thus can be difficult to reconcile. Such
reconciliation involves overcoming the discord between local risk management practices
and national institutional and legal frameworks, policy, and planning. Progress toward
resilient and sustainable development in the context of changing climate extremes can
benefit from questioning assumptions and paradigms and stimulating innovation to
encourage new patterns of response [PCC (2012). Successfully addressing disaster risk,
climate change, and other stressors often involves embracing broad participation in strategy
development, the capacity to combine multiple perspectives, and contrasting ways of
organizing social relations. The interactions among climate change mitigation, adaptation,
and disaster risk management may have a major influence on resilient and sustainable
pathways (high agreement, limited evidence). Interactions between the goals of mitigation
and adaptation in particular will play out locally, but have global consequences. There are
many approaches and pathways to a sustainable and resilient future. However, limits to
resilience are faced when thresholds or tipping points associated with social and/or natural
systems are exceeded, posing severe challenges for adaptation. Choices and outcomes for
adaptive actions to climate events must reflect divergent capacities and resources and

multiple interacting processes.

Flooding as a visible climate change induced disaster in Nigeria

Most noted flooding the world over are those of coastal, river and urban categories caused
by natural causes and aggravated by human causes. According to IPCC (2012), where
vulnerability 1s high and adaptive capacity is low, changes in climate extremes can make it
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difficult for systems to adapt sustainable without transformational changes. Vulnerability is
however often concentrated in lower-income countries although higher-income countries
can f.also be vulnerable to climate extremes. Social, economic, and environmental
sustainability can be enhanced by a good disaster risk management and adaptation
approaches. In the ranking of countries with water bodies liable to floods, Nigeria was the
least of 15 countries ranked having, 8,600km length of water bodies, while China was ranked
the first with 110,000km length of water bodies (see table 1 and fi gure 2).

This was corroborated by the fact that the coastal region of Nigenia (Delta, Edo, Lagos,
Ondo, Ogun, Akwa-Ibom, Bayelsa, Cross River and River state) covered about 70,000km?2
representing only 7.5% of total land mass of Nigeria indicating that Nigerian flooding
problem should be manageable compared with other countries. Flooding is therefore
expected to be much more pronounced in the coastal areas because of rise in sea level and
riverside areas because of overflowing of river banks after torrential rainfall, the coastal land
and property are more liable to wash away by sea erosion and aquatic life, wetland and tourist
beaches are also threatened by the floods (New England Aquarium, 2012). In Nigeria,
coastal flooding coupled with beach erosion is the most common climate change disaster
applicable to the build environment and their widespread is due to the higher waves
generated by on shore storm winds (Patunola-Ajayi, 2014). While Halley (2001) identifies
the major cause of flood in Africa to be inadequacy of drainage, but study of cause of flood
in Nigeria has been identified to be excessive rainfall (Akanin and Bilesanmi, 2011; Ojo,
2011, & Aderogba, 2012) occasioned by increased precipitation. While some of the flooding
could be due to natural occurrence or closeness to coastal areas, the case of urban flooding
in Ibadan, a non-coastal city in Nigeria is a typical example of man-made flood disaster.
Projections of flood changes at the catchment/river-basin scale are also not abundant in the
scientific literature and very rare in Africa (Taye etal., 2011). Bates et al. (2008) argued that
more frequent heavy precipitation events projected over most regions would affect the risk
of rain-generated floods (e.g., flash flooding and urban flooding). Despite the fact that
Nigeria has a manageable length of water bodies, it still lacks the required materials and
resources for flooding adaptation approach when compared with other countries with a
longer length of water bodies as indicated in table 1 and figure 2. The resultant effect is that
Nigera has manageable flooding risk but magnificent negative flooding impact.

731



. i " '."'.-"'.FJ-... - B L L =" . . .“I __I.; '__\ 3 e A o e e _:_ sk l__l,
e R s e Vi AN S T b S Tt T R e | e TLS L
' <) SR e TP e 2 1 LR S S T AR Ly A --‘*t,ﬁh "f,..
' - ) T v E O i ' Rl iy oLk
q'l_“ - r i 3 _' Il 4 k ret ’ & & . ._- . S aiasd . :
. '.., -1' h I'rr ) .‘ } . - o 54 % ¥ g o 4 - g el | g .:_--. -l- , -lr'h.‘ ::_I 3 Ex, s L ¢
| J el s WS -""‘-'*‘—1 FEER i gnba - oS o W S T o R -..\!*13.: J%?
¥ - 1’ LY r __- e _— Ll '!F -‘ _'-..
f Jf' ¥ » ] ';I -_.'!_..:-1 A 5 '_i & -..r 'hf ?' '.1"‘_ " i ‘_ l'.,._'-L ll!".:‘-f..- -L: P I‘J 1 ! f"‘-“' _._q.._
. - o L P T v o T é;i;ﬁ“ SR . ﬁ (8 1
|I - - iy --\.I.‘- 3
- b ] a
L . ' | !
1 ) { Bt bl '.‘-
i i - i o _f-_u
. ' 1 ko o= TR
- : . by - ..:'_.__ Z-:
R b s e e

..-Q'-ﬂ'w-.hc-;
, "'4*" ] :' I

i
i — 1.

? Al ] 74 o s et : - . ;ur ..;1. '.}. ,rnjxh1
o & i i :-*?"-’” e _ﬁ‘:. ”’*’ "’"‘#ﬁ: "'“‘ﬁ'** nﬁ ji" Jﬂe %ﬁu e gtfﬁ"t’ﬁ a, Iu}- ﬁpﬁﬁﬁ

. B - .
Tz i =

vl " LY ‘ N o ..:4--' :--.- ; - -y ‘ __'_3 I".L :'...1 -J:'L':.:. - | “_ 2 : 5 - A Y
LN 3 A T S N nf?'" 2 S L $i1‘; ¥ '.mm f""fr”‘* ""*"'1 ,ﬂﬂ,f (3 -,- gl ‘ra?" F"‘a—li‘_gﬂc; uﬁ"tﬁ'ﬂﬁ&’ﬂ
b, Fatd e LY T, PR SN F*r]l' ; ,.- '11‘ "ul..,- s

o Sl ah 1 ey

- -} -l - L )
i ) | LW T : A o - } NENCY o B gt
= e F § 4 ] . u - L. e . T 3 "N = - gy by e i Sl - L
g : LRk B g R R AT R L e e BRI ON RtEese .-;L'_ s ».f ﬁq‘:ﬂ{ % ‘: I <3 F'ﬁ‘ﬂ’wﬂq '(1,"[1
- ) i L h L i . . : ol --".. ';... -L__ -1 ok =3 : % ' |I‘\'. _'.
- - * P, - - - + [

. _ T
AR | ISR AT Te UG S RGN S S .;s*‘- «-'hléfé'f;-_-;-i _?.1:% i ‘r' i"
i ; % \ § i ¢ { 3 ¥ » = '__ = : jl h .
Lo St Rl vt BUAl £ < Shetnd L Ty il LSRR Ty T E St S SN ',,ﬁ_ : vl 3
% b e - - - Lo d s - - L y = g - E B | et e a1 4 1 2 'h-"' [ '\
R ; & " 3 SRS g ¢ o v R e '-‘""'-"'.‘!"':‘ 3;13' '."-'ﬁ-’-!ri-‘ L s 44 PJ""‘ Tri'lﬂg TH" ":'lir fb:‘a
i i . ¥ s ,.I .' - -

. 3 L s = e i d iy =5 - LR
& a , P B d 5 i . o b

- “.-'r. 3 .

i --1_- J t L res y . :.-'- 3 e ._S_lr'\f b - o Ly 24T O S B0 N "t -'.'..1; ‘ . ! -_.- ; =) )
) e A DD PENATA BT e ..qu_;;.-; % ‘!:.ﬁw ﬂ &

i f 15
| i P 4 -.t _"' il 1 :'— -
- | - o P g - sl
- - 4 - T i
] L .
- - .F ¢ g - 5 d
- . - " S L [ y t [ -
- ' SR T g | by b T o
- L, . 94 ‘\‘;-. j o ¥ i 5
e ! § =
¥ &l = ¥ . -
e Ll v S | i i+ v
X LN | i l - ! - . - - 4 g B ] o 1L
¥ b b b o A ) & . e et
X L
e i
- | & 1y ]
. = o + 0 P 2 - h ? 3 '-;.
I i_ e
4 <
p - r‘ : -.'.l-" ‘IE = by |.. r : [
- e " | & - o ¥ ) A 1 ¥ ', "
I L S i
1
J L 'L & i k. I & - |
. o ! £ » L i S J -
# * g
i -’ - -:.'q' L
¢ ?t - - b f, - - E
] h - 3 - ) H -
o -
: i 5"
- g 1 |- - B
! - - i - R L ¥
J £ xe
: ' VIS T e
i ¥

i
Lt
s
1
o




Length in kilometers Rank

China 110,000 oy
2 Russia 102,000 A o
3 Brazil 50,000 >
4 United States 41,009 4'h
5 Colombia 24,725 -
6 Indonesia 21,579 6
7 Vietnam 17,702 7t
8 Congo 15,000 | g
Y | India 14,500 gth
10 . Burma 12,800 10%
11 Argentina 11,000 1%
12 Papua New Guinea 11,000 13®
13 Boliva 10,000 13%
14 Peru 8,800 1qw

Source: Patunola-Ajayi (2014) adapted from the world fact book

732



Nigeria
Boliva

Argentina |

India  fes | | ‘ " Length in Km

- Vietnam | — |
I . |
Colombia ]L. |
g - S—
" l |

Brazil — e | |

e - T S - —— = ___‘,‘,

oA FOREAR et RN R SRR §

0 20000 40000 60000 80000 100000 120000

Fig 2: Ranking of length of global Navi gable Rivers in selected nations

Some states with evidences of flooding occurrences in Nigeria include Oyo (1980 &1990),
Lagos (1970-2015), Kano (2001), Delta (2001), Edo (2015), Adamawa (2001-2015) and
Kogi (2012) with negative effects on the built environment; destruction, submerging or
washing away of buildings and structures, water pollution, bridge collapses and road wash
away. The worst flooding occurrence in the history of Nigeria has been that of June/July
2012 when Benue and Niger rivers overflowed their banks. Although this was predicted
early by the Nigerian Meteorological Agency, but governments at all tiers took no adaptation
or mitigation actions. This singular incidence affected 30 of the 36 states in Nigeria, about
250 local government areas (representing 32% of 774 total local governments in Nigeria).
About 30% of Nigerian land mass was submerged by flood affecting 7.7million people, 300
were dead, and over 2million people were displaced. Kogi state was the mostly affected
state, but it was only in Plateau state that 200 homes were documented to have been
destroyed. From the report of National Emergency Management Agency (NEMA) in 2012,
between June and September 2012, over 363 lives were lost and about [.2 million Nigerians
were displaced. Adapting buildings to the impact of climate change requires an integrated
approach to environmental design and the performance of buildings in use, Ezeabasili &
Okonkwo (2013) are of the view that building designers and spatial planners in Nigeria are
responding to adaptation of flooding through improved building design and layout of cities.
The Environmental Agency (2007) was of the view that if the environmental issues are taken
into account, building in the right places and in the right way can be an adaptation for
mitigation of effect of climate change induced flooding for the benefit of both current and
future generations.
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Way out of climate change-flooding negative impacts on Nigerian built
énvironment,

A more F@Silient built environment will be a key element in the creation of places and
commumheg t.hat are more resistant to the effects of climate change, and in the protection of
the people living in and using them. A programme for increased resilience in Nigeria will
need to lc?ok at the existing built environment, as new buildings and as opportunities for
chmge within existing communities. It will also consider both public and private action and
consider both barriers as well as opportunities for early action. Although, already built
struc?u.re can be modified for people to cope with the changing climatic conditions, their
location, the way structures are built and the way 1n which structural changes are carried out
can make this easier or more difficult to accomplish. But the major problem is that many
femsting buildings in Nigeria are maladapted. In other words, the way they have been built
Increases their potential vulnerability to the flooding effects of climate change especially the
ones close to coasts. The following general strategies can therefore be adopted to increase
the ability of the built environment to adapt to climate change flooding in Nigeria:

- A strong need and emphasis on climate adaptation in planning policy, including action
on coastal change and water resources are required. This must ensure that building design
1s done to be climate sensitive and conscious of high-risk areas through more stringent
development control, building regulations is not only set but enforced, with minimum
water efficiency standards to ensure their structural stability and climate change
allowances is appropriately incorporated in engineering standards applied to flood
defences and water supply systems.

- Continuing investment in community-wide and property-level flood protection, and
steps to improve management of local flood risk. Planning policy should focus on
directing most new development away from locations where it might flood especially in
the coastal region or make them to be safe and resilient to flooding. The extent of future
population growth must be properly analysed as it will add to the challenge of adapting
the built environment to climate change in an appropriate and timely way.

- Encouragement of planting of trees to support cooling, drought resilience and drainage.
To improve homeowner knowledge and risk-reducing behaviour through education and
enlightenment. For instance, they should make them aware of future and potential risks
posed by surface water flooding to buildings, neighbourhood and the city as a whole.
Individual homeowners can have a significant role in reducing risk through protecting
their own homes and reducing their contributions of storm water to municipal sanitary
sewers and storm water management systems.

- Drainage should be designed in an environmentally friendly way of dealing with surface
water run-off that avoids the problems associated with existing drainage practice aiming
at reducing the potential impact of surface water drainage discharges in new and existing
developments. There is a need to maximise the density of development in non-flood risk
areas and minimise density of coastal and flood risk areas.

Buildings, neighbourhoods and cities may be vulnerable to an increasing frequency of heavy
precipitation events. What are required to be done to adapt to the climate change flooding
occurrence in Nigeria built environment can also be segregated to 3 levels: building,

neighbourhood and city:
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Bulldl_llg-there 1s a need to open water courses across the site for amenity and flood
absorption on the site and provision of emergency access points. It is required to provide
temporary/permanent flooding defences for properties that are at risk to flooding and a need
to fit (removable) flood defence products to properties. Electrical services should be located
above flood levels if it is discovered that the building is wet proof un-protectable buildings.
Also, mechanical or UV light systems need to be installed to prevent damp and mould
growth, peak run-off and annual surface water run-off rates need to minimised, sustainable
urban drainage systems (permeable paving attenuation systems, filter drains, ponds,
wetlands) should be used, people should avoid development in flood risk locations and
where already built, provide temporary/permanent flooding defences for at risk properties.

Building design and building materials that can withstand flooding threats should be used
and back up of drains into the building should be prevented.

Neighbourhood- soft defences should be used as the buffer as part of green infrastructure
and water courses should be opened across neighbourhood for amenity and flood absorption.
The development should be appropriately set back from flooding and flood defences and
vulnerable users should be ensured located away from areas of high risk. Emergency access
points as well as temporary/permanent flooding defences should be provided for existing
and new properties at flood risk. Local safe retreat facilities should be provided against
failure of flood defences as appropriate and engagement of the community in risk
assessment/response. Sustainable urban drainage systems (permeable paving attenuation
systems, filter drains, ponds, wetlands) should be used and landscaping including tree
canopies should be encouraged to intercept and soak up rain. Lastly, impermeable surfaces
should be avoided, especially where soils have high infiltration capacities and routes for
emergency vehicles should be well planned to have secure access in the event of flooding,
repair and construction of newly constructed drainages.

City- provision of flood plans for up and down stream flooding is highly desired in cities
and emergency access routes and points should be provided alongside with city-wide safety
retreat facilities against failure of flood defences. Consideration of river restoration for
storing water temporarily in green spaces alongside rivers at identified vulnerable areas
across the city (e.g. where known incidence of surface water flooding is detected with low
drain capacity and soils with high infiltration rates). In vulnerable areas of the city the use
permeable paving attenuation systems, filter drains, culverts, ponds, and wetlands should be
used appropriately and permitting development in flood risk locations should be avoided
entirely.

Conclusion

There exists an once-in-a-lifetime chance to develop and deploy the strategies and
technologies that will secure future and realize the economic opportunities presented by
climate change, being reason why developed national economies depends on well-
functioning and resilient built environment in their urban centres. Urgent action is therefore
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nef:ede.cl now both _to address urban centres’ current vulnerabilities to extreme weather and to
bulfc_'} Into expanding urban centres protection from likely future changes. As most buildings
and 1nﬁ'gstructme_have long lives; what is built now needs to be able to cope with the climate
change-induced flsks over the next few decades, the epitome of sustainability. There is a
need for promoting a strategy for catalyzing support for sustainable building design and
constru_ctlon and the key challenge is to plan, design and construct cities, neighbourhoods
and buildings, in accordance with the principles of sustainable development that perform
effectively not just in terms of today’s climate but in the future as well. To achieve resilience
of the. existing built environment in Nigeria, there is a need to adapt the new buildings and
ensuring modifications.of existing buildings in the communities by joint actions of public
and private sectors. It will also have to consider both barriers to and opportunities for early
action. Although buildings can be modified later to help them stand the test of changing
climatic conditions, their location, the way they are built and the way in which structural
changes are carried out can make this easier or more difficult to accomplish. All big urban
centres and cities have had to make very extensive “adaptations” to environmental
conditions, site characteristics, natural-resource availabilities and environmental hazards to
be able to function as urban centres. Climate change’s multiple impacts should be taken into
account when planning and designing new developments and when refurbishing and
regenerating the existing stock of buildings. The importance of public awareness through
effective hazard education is desired towards changing people’s attitude to the climate
change challenge. There is also a need for weather data for testing future performance of
urban drainage and water supply systems in Nigerian urban centers. By and large, there is a
need for concerted efforts of all stakeholders in the built environment (land surveyors, urban
and regional planners, quantity surveyors, estate surveyors, architect, engineers, planning
authorities and other statutory authorities, urban dwellers and urban building owners and
governments)to cooperate with themselves for the actualisation of adaptation approach to
climate change flooding in Nigeria.
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