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Abstract
Problem Statement Nigeria like the rest of the entire continent Affica is considered highly vulnerable to
climate change because of its high expose and tsétysilimited adaptive capacity, poverty, illilgcy, food
insecurity, and disease all of which interact withmate changépproach: The aim of the study is to introduce
the need to utilize design options as an approactirhate change adaptation strategy in Nigerie<itLiteratures
were identified for review through a comprehenssearch by using electronic and non-electronic destab.
Related published literature and documents weneked in a systematic way using a range of key wogthting to
climate change vulnerability and adaptatiéesults: The literature review indicates that adaptatiorclimate
change is hazard specific, and factors that determinether or not adaptation occurs will operata aariety of
scales. The review also indicates that the figjatirsst climate change in our cities could be putsireough three
scales: Conurbation/catchment Scale, Neighborh@adeSand Building Scales; using architectural giesiptions.
These designs will have additional ecological, bietkity, recreational, health and flood storagediis to the
environment Conclusion Reducing climate-induced threats that contrittoteenvironmental degradation, there
will be a need to develop an integrated approadtiffgrent scales and implement sustainable adasitategies
using design options.
Keywords. Adaptation, climate change, design, cities, hazadivulnerability.
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1.INTRODUCTION

Adaptation of cities to climate change had not baeprominent issue on societal responses to global
climate change for a long time (IIED, 2007). Theasated concern is that increased attention optatian would
reduce the pressure for mitigation action — and tlthe continuing emission of anthropogenic greasbagases
(GHGs) into the atmosphere (Dirk et al, 2011). sTherspective is starting to change. Today adaptas
increasingly seen as an essential and integral gfaproposed and implemented climate policy. lasmegly,
countries are recognizing the need to assess kb limpact of climate change on their desired tgwaent

pathways, and take steps to ensaitgolicies and activities are “climate-proofedRdid et al, 2007). An important



way for a city to help reduce the ecological impaaft climate change is by initiating conditionstthzake it easier
for species and humans to adapt.
The recent Intergovernmental Panel bm&e Change (IPCC) Report (IPCC, 2007) states:
“There is high agreement and much evidence thah vatirrent climate change
mitigation policies and related sustainable devetemt practices, global GHG

emission will continue to grow over the next fewadkes”.
This view coincides with a ‘growing political va@ for adaptation mainly in countries and citiest thre likely to

be affected most severely’ (Pielke et al., 200Te impact of climate change can be vast. In Nigéhnia means that
some stable ecosystems such as the Sahel Savagriseotane vulnerable because warming will reinfaxisting
patterns of water scarcity and increase the risttrofight in Nigeria and indeed most countries instAAdrica. As
well, the country’s aquatic ecosystems, wetlandd athner habitats will create overwhelming problefos an
already impoverished populace (BNRCC,2008).

Preliminary studies on the vulnerabilitiy various sectors of the Nigeria economy to climel@nge were
conducted by NEST,(2000). The sectors evaluated wer seven natural and human systems identifiethéy
IPCC,(2007).The study determined that virtually efi the sectors analyzed manifested some eviderice o
vulnerability to climate change. None were unafegctnor will remain unaffected in future by changelimatic
conditions. Infact, more recent assessment, altha@ugegional and global scale, not only corroberdte patterns
established by CN-CCCDP reports but captured misterthing scenarios using more embracing and stpaisd
approaches (IPCC,2007). Indicators are that tmeaté system is more sensitive than originally thmug

The paucity of published work om@dite change impacts on Nigeria notwithstandingptbgeophysical,
social and economic conditions in the country mitngly be regarded as the epitome of conditionsthe
developing world where the effects of climate chafigely to be most pronounced and wide-rangingyeXa, like
the rest of the entire continent of Africa is calesed highly vulnerable to climate change becatiskeofollowing
characteristics (IPCC,1998): a high exposure amditeity to climate change; limited adaptive cajpadn its
current state of development; and large proportafrtbe population are subjected to other stressek as poverty,
illiteracy, food insecurity, malnutrition and disea all of which could interact with climate chanBased on this;
our view is that the fight against climate changsgstrbe collective and multi-dimensional. And ifsthontext, we
explore innovative designs and how they translate scenarios of response to climate change. Timeo#ithis
paper, therefore, is to introduce the need tozetililesign options as an approach to climate chag@tation

strategy in Nigeria cities. This will help buildfarmed responses to climate change in Nigeriasitie

2. EFFECTS OF CLIMATE CHANGE.
Cities are expected to face major see®n water availability. Particular concernatesto issues of supply

scarcity, contamination and salt water infiltrati@nete, 2008; Enete and Ezenwaji, 2011), highenashels, and



growing dependency on external supply. In addjtidistribution conflicts exits between sectors gmgulation
groups. The impacts of climate change on healthaamther area of concern, including air pollutibeat island
effects, and spread of disease vectors. The caagseqs on human settlements due to sea-levelriseastal and
inland flooding are a further concern that coulddido serious disruption in the transportation archstructure
service (Enete, 2008).

Increase in global temperatures, risingrgy demands (Enete and Alabi, 2011) and increhsad island
effects (Enete and ljioma, 2011), are identifiecbdser issues of primary concern. It is considerexy likely that
increasing global temperatures will lead to highmaximum temperatures, more heat waves, and fewdrdays
over most land areas. Disruption of sensitive estesys, loss of biodiversity and food security peotd will be
witnessed. Wildfire is dramatically escalatingfiaquency and extent. Forest could be lost dukemuent and
more intense fires (Reid et al, 2007). Other derzhange impacts include shifting ranges and sehéehaviors,
changes in growth rates, in the relative abundahsgecies, and in processes like water and nttrigling, and in
the risk of disturbance from fire, insects and Biva species (Johnson and Moghori, 2008).

Interestingly, these climate changebfgms are reinforced by local conditions and trentfemigration to
ecological sensitive areas and associated landzbaages are major factors. Another common factothe
adoption of western consumption patterns that asmeper capita demands for water, energy, foodaamtd A final
aspect is the highly inequitable distribution of@sated risks across population groups and lagsitiith rising

vulnerability within marginalized populations (Digk al, 2011).

3. SOME FACTS ON CLIMATE CHANGE.

a. CQ emission has grown up about 80% between 1970 @68; Zalmost all other greenhouse gases have
also shown significant increase in the same timmogs.

b. The years 1995 to 2006 rank among the 12 waryeass of surface temperature since 1850.

C. Global average sea-level rose at an averageofate8mm per year between 1961 and 1993 and tiee ra
1993 to 2003 was 3.1mm.

d. Globally, about 20 to 30% of plant and animaaes are highly vulnerable (risk of extinction)a@change
of temperature of 1.5 to 2%

e. Glaciers and ice caps have experienced widespress losses and have contributed to sea-lewel ris

during the 20th Century (Khatun and Islam 2009).

The physical processes that causeatdi change are scientifically well documentedhbrtman activities
and natural variability are contributing to glolzald regional warming. According to the Intergoveemtal Panel
on Climate Change, it is very likely that most of thbserved warming over the past 50years is the tredul

increased greenhouse gases generated by humaitiec{®mith and Schellnhuber, 2001; Forster e2@0)7).



Nigeria has experienced increased waynn the past few years, with increased intensityce 1999.
Droughts, unprecedented flooding and livestockdesare becoming too frequent to be ignored. In12@ie
Ogunkpa River flooding in Ibadan City South-Wesigétia and the Sokoto flooding resulted in crop dge

community relocations and dam collapse.

4. CONCEPTUAL FRAMEWORK.

This conceptual framework is based on the vulnétaband adaptation concept developed by Brooks
(2003). The study of the vulnerability of humardaratural systems to climate change and variapdityg of their
ability to adapt to changes in climate hazarda, rislatively new field (Brooks, and Adger 2003)heTgrowing body
of literature on vulnerability and adaptation caméa sometimes bewildering array of terms: vulndighi
sensitivity, resilience, adaptation, adaptive cépadsk, hazard, coping range, adaptation baeadind so on (IPCC,
2001; Adger et al, 2002; Burton et al 2002). Tékationships between these terms are often undedrthe same
term may have different meanings when used inmdiffecontexts and by different authors.

Definitions of vulnerability in theinlate change related literature tend to fall into tategories, viewing
vulnerability either in terms of the amount of (potial) damage caused to a system by a particliteate-related
event or hazard (Jones and Boer, 2003) or asa thiat exists within a system before it encountehgzard event
(Allen, 2003). The IPCC Third Assessment RepoAR] describes vulnerability as:

“The degree to which a system is susceptible tayn@ble to cope with, adverse effects

of climate change, including climate variability carextremes. Vulnerability is a

function of the character, magnitude, and ratelzhate variation to which a system is

exposed, its sensitivity, and its adaptive capa¢iBCC, 2001).
Nonetheless, it is essential to stress that weoohntalk meaningfully about the vulnerability ofsaecified system
to a specified hazard or range of hazards. The term adaptation is used here to meanstd@nts in a
system’s behavior and characteristics that enhéacability to cope with external stresses. Theedli effect of
adaptation is therefore to reduce vulnerability.

Adaptation does not occur instantasgg a system requires time to realize its adaptapacity as
adaptation. However, a system’s vulnerability torengradual, longer-term change will be a functibiits ability
to adapt. To assess existing adaptive capacitymwst understand how it is translated into adaptatitn other
words, we must understand the adaptation proc€bis process will depend on the nature of the systthat are
adapting; for example, the processes via which aséioold or local community adapts to changes imatic
conditions will be very different from those via iwh a nation/state adapts.

The factors that determine whether drattaptation occurs will operate at a variety @les and will depend
on how the “system” being assessed is defined.edas this, we made an attempt to project adaptgtiocess of

an urban environment in conurbation or catchmeatescclimate change adaptation at this scale wateptially



serve the whole city and is likely to include aigtr of land uses. Neighborhood scale involvesettgyments of
discrete groups of dwellings, including a mix oésisand can vary in size from an individual blazlatlarge estate.
Consideration will need to be given to adapting plelic realm and spaces between buildings andlodevents;
while building scale is smaller developments inatgdindividual dwellings, apartment blocks or comnial
buildings. This provides opportunities for intefiyng climate change adaptation into or around lgsd. This
concept becomes handy now in Nigeria because ofemlie are in urbanization chart. New cities aréngpup and

old ones are renewed.

5. CLIMATE CHANGE IN NIGERIA: AN OVERVIEW.

A review of current literature on clithachange impacts in Nigeria shows that very littlerk has been
carried out at the country level. Studies thataiyeor indirectly address climate change issueBligeria include
those by Awosike (1992), Awosika, French, Nichaldd Ibe,(1992); French, Awosike,and Ibe (1990).eGthare
Ibe and Quelennac (1989); Nicholas, Awosika, Ni&igp, Dennis and French (1993); and Ojo (1988, 1998
Consequently, understanding of the significanta@ssaf the environment and particularly the probleeiated to
global warming and climate change in Nigeria isesely limited. Nevertheless, many climate impaatstbe
Nigeria environment are known well enough (at legstlitatively) to facilitate the identification ofreas
particularly at risk from climate change impactéw@for, 2006).

Nigeria’s average temperature has risgrli degrees in the period 1901- 2005. (Adefold®99) The
increase has been higher in the semi- arid regiaddower in the coastal zone. The paper also dstraias that the
rate of change has increased since 1970’s. Theeqarace for the Nigeria people is a geographicadepithreat
from desertification in the north and coastal ewnsin the south. Through a combination of overgrgzabuse of
woodland for fuel and increasingly unreliable ralhfthe Sahara is advancing at an estimated f&@@@meters per
annum; and over 55 million people in 10 northeatest could be affected. (NEST, 1991).

Similarly, rising sea levels threaten Nig&r coastal regions. The Niger Delta may be thee® of oil wealth
but its low-lying terrain problem, crossed with emtays makes it extremely vulnerable to floodingd an
salinisation. The protective mangroves of this tosshave been largely lost to human interventidalf of the 15
million population of the 15 million population dofie city of lagos lives less than six feet above kel (One
world Guides, 2008).The wealthiest areas of Vietdsland are in the front line, alongside the Muosinn slum
settlements.

In the rural economy, almost all small fanmesume stable rainfall patterns in their choiceesfds and planting
times and are therefore, at risk of the vagariesliofate change in addition to more familiar so@atl economic
pressuresAnother factor that is encouraging climate changeéNigeria is deforestation. According to the 2010

MDG progress report, Nigeria's forest cover haspged from 18.9% to 9.9% in two decades since 1666,0f



the highest rates of deforestation in the worldg@viorld Guides, 2008). The main cause is the denfamdood
fuel. In the absence of affordable alternative gmesources, charcoal is popular even the citiegsting its
uncontrolled production. Clearance for agricultui@ads and other development are further implacdblers of
deforestation. Current laws to protect forestsveeak and poorly enforced.

Major industries in the country’s coastahe include three refineries, two petrochemicahislaliquefied
natural gas plants (LNG), a fertilizer plant, a aragteel and gas and fuel oil fired electricity gexting plants
around which numerous other economic activitie®ke, Above all, there is the on-shore and rap&hpanding
offshore petroleum and gas operations which haea $iee entire delta crisscrossed by oil and gaslipgs and
riddled with wells (World Bank, 1996). The sectacaunts for 96 percent of the country’s externaheas. For

Nigeria, climate change will have a severe impacit® coastal system which is already under stress.

6. METHODOLOGY.
Literatures were identified for reviethrough a comprehensive search by using electrant non-
electronic database. Related published literatndedcuments were searched in a systematic way asiange of

key words relating to climate change impacts araptations.

7.CLIMATE CHANGE ADAPTATION ATTEMPTS IN NIGERIA.

According to climate funds update datebdsigeria has not yet received any adaptation ifgndrom
external bilateral or multilateral sources. Thisynrapart be attributable to the country’s slow-vimy institutional
response to climate change (One World Guide, 2068)focal point for coordination of government pefcis
intended to be a National Climate Change Commissidre bill to establish the commission was intragtli¢co
parliament as long as 2007 but still awaits pragidesignature.

At community level, adaptation strategies largely consistent with existing responses teepty and hunger.
The fight to halt desertification involves tree miag, the use of alternative fuels such as biogad,the adaption of
mor versatile livestock. In more conventional fargiregions, smallholders are encouraged to difyetiseir crops
and adopt more efficient rainwater harvesting amigdtion techniques. The coastal regions appraadptation
through management of existing resources. Building environmental regulations are enforced butlpahre to
corruption inherent in the country; for examplestabilize the shoreline by preventing the excavatibsand from

beaches.ge

8. Design Options

The challenges posed by adaption to clitgachange are increasingly being recognized. Suchailenges

are usually framed in terms of ‘resilient’ buildings designed to recover quickly from the impact of 8oding



through ensuring that essential services (power, wer and sanitation) experience minimal disruption (such
as by placing power sockets above likely floodingevels; building passive low-energy building or smar
buildings (Roaf, Crichton and Nicol, 2005; AdaptiveBuilding Initiative, 2009). However, these optionsnay
be too expensive for a developing country like Nigia that is already under economic stress. Anothedesign
option suitable for Nigeria cities particularly those with exceptionally high temperature is the usefdocal
bricks (mud) in building construction. This design option has been corroborated by the works of
(Bianco,2002; Alagbe, 2011)

Shaw et al (2007) outlined some aakiq strategies that could be a guide for buildingtainable cities in
the face of a changing climate. These design optiare less expensive, requires no special skilt, mgh

technology which may not be available in the cogrtius can easily be utilized in Nigeria cities’

8.1.1 .Managing High Temperatures at the Conurbatio Scale
Scale, efforts should focus on the opporiesifor reducing UHI effects through large scafeastructure. High
quality green space, made up of linked network ell-iwrigated open spaces that can be used bygerahpeople.

Green infrastructure in urban areas includes opmrtes, woodlands, street trees, fields, parks,oousdsports

facilities, community gardens, village greens, atévgardens, and green roofs and walls.

. Use of such open bodies of water including rividses and urban canals.

. Shading and orientation to reduce excessive salar @.g. through narrow streets or canopies @&estr
trees). Efforts to maximize shade in dry seasdhneed to take account of the need for light aratmth
in rainy season.

. Passive ventilation captured through orientatiosh morphology of buildings and streets. Again, gffdo

catch breezes and increase canyon ventilation patiss also consider the need for rainy season varmt

8.1.2 . Managing High Temperatures at Neighborhoo&cale

At the neighborhood scale, efforts to manage h&ghperatures should focus on providing cool andagtitre
outdoor areas. The key adaptative measures are:

. Evaporative cooling effects from a matrix of graamridors, smaller open spaces, street trees awhgr

living roofs and walls.

. Increased use of ponds, roadside swales, floodhdialg lakes, swimming pools and fountains.
. Orientation of buildings and street to reduce esisessolar gain and catch breezes.
. White pavement materials on roadways or large pgriareas — to increase surface reflectivity oraase

rainfall permeability to benefit from the coolindfext of evaporation. Porous cool pavements afffier

additional benefits of rainwater infiltration atrtes of heavy rain.



Networks of white roofs made of light colored méatks to prevent solar heat gain and reduce the fared

mechanical cooling.

8.1.3 .Managing High Temperature at the Building Sale

At the building scale, a number of structural solus offer effective means of managing heat riskd seducing

thermal discomfort at this scale, include:

Planting, shading and advanced glazing systemediace solar heat gain.

Materials to prevent penetration of heat, includiisg of cool building materials and green roofs aatls.
Innovative use of water for cooling, including gnoluwater cooling using aquifers or surface water
(possibly as part of SUDS — Sustainable Drainagetedy).

Mechanical cooling, including chilled beams andwational air conditioning system.

Increasing ventilation and removing heat usingtfrais.

Use of thermal storage or mass to absorb heatglton periods so that it can dissipate in coolerops,

usually using ventilation.

8.2.1 .Managing Flood Risks at the Catchment Scale

At the conurbation/catchment scale, the aim shbeldo integrate green and built spaces with flo@hagement

strategies. Flood risk management strategiesdeclu

Strategic flood risk assessment and sequentiabapprto development in the flood plain.

Flood attenuation, or provision of temporary wadtsrage capacity during flood events to reduce peak
flows. This includes creation of flood retardingsins and sacrificial areas (e.g. sports fieldscamgarks)
that flood during extreme events.

Upland management through storage (e.g. resenanplanting to reduce runoff.

Understanding flooding pathways in urban environtsieto help manage the probability of flooding éisd
consequences.

Diversion of flood flows away from vulnerable areasconstructing a second flood channel.

SUDS can deal with flood, water quality aresource risks while also bringing ecological ardenity

benefits.

8.2.2 .Managing Flood Risks at the Neighborhood Slkea



At the neighborhood scale, efforts should focusioderstanding and managing flood pathways and ¢tintgareas

at risk. Strategies at this level include:

Strategic flood risk assessment and a sequentmbaph to development in the flood plain.

Use permeable pavement, gravel or grass so thar wah soak away. Within parks and green spaces
storage areas, such as infiltration ponds, carohstricted.

A second layer of setback flood defense construsgdtind the original barrier.

Use of green open space and green roofs to redundfrand ameliorate pressure on drainage systems
during heavy rainfall.

Widening drains to increase drainage capacity.

Managing flood pathways and removing pinch poiotthait heavy rainfall can drain away.

8.2.3 .Managing Flood Risks at the Building Scale

The aim at this scale should be to minimize exposarflooding whilst incorporating structural saduts to reduce

vulnerability. Flood risk management strategiethit scale include:

Trees to reduce runoff and ease pressure on deagyaiems.

Managing flood pathways and removing pot holeshab heavy rainfall can drain away.

One way valves permanently fitted in drains andasgmwpipes to prevent backflow and, as a last resort
widening drains to increase capacity.

Flood resilient measures, including raising floewdls, electrical fittings and equipment; rain giog and

overhangs to prevent infiltration of heavy rainward doors and windows.

8.3.1 .Managing Water Resources and Quality at th€atchment

At the catchment scale, managing water resourcgégjaality should focus on safeguarding clean rivard lakes

that sustain diverse and healthy ecosystems, @aecreation opportunities and support the needsminunities.

Strategies include:

Upland and lowland reservoirs, both natural and mrede, help to ensure sufficient water suppliesnduri
dry season while reducing the potential for flogdolownstream during heavy rainfall. They also have
important aesthetic, recreational, ecological dodd storage roles.

Treated waste water may be disinfected chemicallphysically and the final effluent can be used for
irrigation.

Promoting tighter water efficiency standards irearevhere there is water stress.

Encouraging use of SUDS (Sustainable Drainage Bytéor groundwater recharge.



. Abstraction controls and licensing to manage thedeeof water users while ensuring adequate protecti
of the environment.

. Greater use of separate drainage systems for suafad foul water to send surface water runoff diyec
back to the water course and significantly redbeetteatment burden.

. More use of reclaimed and recycled water, prodwadftat advanced treatment and filtering of wasteewat
and storm water.

. In order to sustain the evaporative cooling functimf vegetation, rainwater harvesting, underground
storage and accessing new supplies of lower grealend water may provide additional water in timés o
drought.

. Use low water use plants to create public and prilendscapes that do not require irrigation.

8.3.2 .Managing Water Resources and Quality at thReighborhood Scale

At this scale, the following strategies can be enpénted:

. Rainwater harvesting and storage from roofs orrogefaces for future use (normally toilet flushiagd
irrigation). This strategy can also increase sodisture levels for vegetation, sustaining evapeeat

cooling and reduce risk of urban flooding.

. SUDS to collect and stone water.

. Grey water recycling to use waste water from plurglsystems for toilet flushing and irrigation.
. Low water use planting can greatly reduce watenate.

. Effective storm overflows management to preventagdr water contamination.

. Managing point source pollution reduces water quaisks.

8.3.3 .Managing Water Resources and Quality at thBuilding Scale
At the building scale, designers, developansl architects can exploit synergies between wadgsource
management, flood risks and energy conservatiomurber of solutions offer effective means of manggvater
supplies and reducing demand:
. Water efficient fixtures and fittings can signifitly reduce demand for water, and those will become
increasely important for high density developments.

. Rainwater harvesting and storage. Grey water cam bie recycled for irrigation.



. Building Scale SUDS will reduce runoff and satisfyportion of the buildings demand for water. Green

roofs have an important part to play.

9. CONCLUSION.

The examination of adaptation to clienehange by design options and action plans pesvilasights on the
capacity of local actors (policy makers, town plarsn architects, and builders) to internalize ctanehange into
local responses in our cities. The review dematss$rthat the issue of climate change adaptatienldaoge extent
connects to local development and that adaptatioadiazard specific. As such, it becomes imperdtivdigeria
cities to adapt these design options, particulaoy that our cities are rapidly expanding. It \gdlve cost, increase
aesthetic value, protect the environment and asdinge time act as climate change adaption stratégyso pointed
out that local drivers, with the effects of seaelexise, changes in temperature and rainfall, amehges in the
intensity and frequency of extreme events determireerability. It is our view that improving ounderstanding
of the design options and adapting it as adaptatieasures would protect Nigeria cities better. f@son been that
as these cities are still developing and expandosi will be saved and mistakes of developed camthat are
battling now with climate change and did not inagie climate change impact in their developmeabgiwill be

avoided.
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