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ABSTRACT

The significance of air pollution as one of the tmnporary issues and accelerating factors thatgbrop
climate change in both developed and developingiz@s cannot be overemphasized. The problem of
air pollution has seemingly become intractable witle incessant failure of both global and local
environmental policies purportedly emplaced to addrits devastating trend, particularly in growing
megacities of the world. The devastating effectshef phenomenon are more pronounced in megacities
of developing countries than in developed ones.oka@gs an industrialized, commercialized and an
emerging megacity in Nigeria, has been subjectedeteeral predictions of the negative impacts of
changing climatic conditions partly caused by ultimus air pollution. Efforts at stemming the tidetoe
increasing challenges of air pollution worldwidestesgnificantly been thwarted by inadequate funding
hence the need to review the literature on therenwmental implications of growing air pollutiontsi
contributions to climate change and its negativgpaois on the lives and properties of teeming
inhabitants of Lagos. A review like this will pral@é a synthesis of knowledge and information on
mitigative and adaptive measures that can be addpteninimize the impacts of air pollution on the
mega city.This study utilizes consciously seleaded current literatures on the subject matter aoehd
that Lagos inhabitants have been vulnerable taafly all forms of damaging effects of climate chan
majorly propelled by seemingly uncontrollable awmllption. This implies that the situation requires
proactive measures, otherwise, avoidable lossvekliand large scale destruction of properties may b
inevitable. The paper therefore advocates involvema all stakeholders in both mitigation and
adaptation measures to climate change through eeh@mnt of indigenous knowledge and creation of
awareness among citizens about the need to beioassaf their carbon foot prints.

Keywords: Air Pollution, Climate Change, Carbon Foot Prifisyironmental Policies

1. INTRODUCTION of people from rural areas are often met with atlesa
such as housing, competition for existing dwellpesjcity
The process of urbanization is mostly associatdéd wi of jobs and exposure to disasters resulting from
many environmental challenges with adverse effects overpopulation (Phillips and Horwood, 2007). The
the living standard of people. Urban areas of thddhare population increase results in skyrocketing demaiods
often confronted with the challenge of populatiare do housing that culminate in the city expansion with
unceasing migration of people from rural areas riman attendant industrialization and infrastructural @epment
areas to enhance their living standards through jobthat need proper environmental policy measure tudav
seeking, businesses and trading. Most times tlieatiops dangerous effects on the environment. In most deirej
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countries, the environmental impacts of urbanipatiwe
enormous; the most common of these being air jmotlut

The subject of air polluton and its effects on the

problem among children and adults in Nigeria hagerb
reported by (Raheem and Adekola, 2011).
The overall effects of air pollution on Lagos eitiis and

environment is referred to as one of the Universalenvironments contribute to drag in the effortsifermost
Commons that many countries and local governmasts a sustainable programs. Major sources of gas emisgsion
seeking to address (Puppim de Oliveira, 2011). AirLagos are dump sites, open incinerators and power

pollution is one of the environmental problems conting
growing cities and is currently the challenge fabgdnany
developed and developing countries; its effecthman
lives are enormous as it causes disease and aahires
chronic illness. Apart from the health risk, it tdvutes to
our changing climatic conditions, which are poftanti
sources of threats to local and international conities.

The current global changes caused by the changin

climate have been attributed to human activitie®\zy,
2000) through civilization and industrializationdait is
interesting to know that the urban settlements g/meost
industrial activities occur in the world are alsoedt and
indirect sources of global challenges. Our atmasphe
environment is very sensitive to various types afution
resulting from three phenomena: Global warming,nezo
layer depletion and, above all, local air pollutidhe latter,
which is mostly anthropogenic in nature, resultsmir
industrial activities, fossil fuel generator fumetemical

exposures and so on. The pollutant molecules ssch agf \West Africa as a

Sulphur Oxides (SQ Nitrogen Oxides (N¢Q) Lead, Ozone,
Benzene, Carbon Oxides (QOArsenic, Cd, Hg and
Particulate Matters have negative effect on the dmum
health, which can rapidly spread abroad causindthhea
instability in the system. When the concentratiohthese
molecules/particles in the air exceed the inteonati
standard, the air is considered polluted. Concimraof
these pollutants, carbon dioxide and nitrogen xide
directly contributes to climate change which hasobse
one of the world’s challenges today. High conceioina of
carbon in the atmosphere increase

result in the heat generated from the sun beingpée
close to the surface of the Earth. Increased carat&ms

of heat in the atmosphere over the years lead t

precipitation, rise in sea level and subsequentsuslu
rainfall that cause flooding in most vulnerableaate

The continuous expansion, population increase an

transformation of Lagos City, one of most indusizid

ggver-populated with an

the climatic
temperatures, causes greenhouse warming which often

generators. The relationship between the air @oitstand
the current climate change effects on Lagos needeto
established in order to guide against future camseces.

2. THE STUDY AREA

Lagos is Nigeria’'s most cosmopolitan city and most
estimated population of
1,200,000 people especially migrants from the
hinterland. 1t has a total area of 3,577.28 square
kilometers, with wetland consisting of about 22%tlué
area; and a population density of 5,926 personsggare
kilometer (Oshodi, 2013). It was originated on ilands
separated by creeks such as Lagos Island, protioted
the Atlantic Ocean by sand spits like the Bar Be@af.
1). Lagos is the largest city in Nigeria. It is timain city
of Lagos State and Nigeria’s main commercial centre
with more than 70% of the nation’s industries and
economic activities. The city is also importantthe rest
leading regional port and
manufacturing centre with the highest number of
multinational companies (Phillips and Horwood, 2007
The land mass of Lagos is almost occupied by both
residential and industrial land uses, creating rgested
environment for the people. Lagos accounts for a#0%
of new vehicle registrations in Nigeria and it lie tmost
industrialized with greenhouse gas emission.

3. SOURCES OF AIR POLLUTION IN
LAGOS STATE

The continuous expansion, population increase and
transformation of the Lagos city, one of the most
industrialized cities in the world have contributeedits
resent polluted states. It is obvious that theeasing
uman activities, especially greenhouse gas emissio
are posing great environmental challenges that have

({esulted in loss of lives and destruction of prdipsrin

he state. The overall effects of air pollution lbagos
Citizens and environments contribute to drag in the

cites in the world have contributed to its present efforts for its most sustainable programs.

polluted states. It is obvious that increasing hmma

Sources of gas emission in Lagos are dump sites,

activities, especially greenhouse gas emissions arepen incinerators and power generators. Other hotab

posing great environmental challenges that havdtess
in loss of lives and destruction of propertiesha state
(Olowoporokuet al., 2012). The effects of NOx on the
level of ozone pollution and the subsequent retpiya
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sources of air pollution are the vehicular emissioe to
the increase in vehicles, industrial and commeiniakes;
the use of chemicals, wastes and fossil fuel bagrnin
emanating from industries Fig. 2).
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Fig. 1. Map of Lagos, Nigeria (Source: Lonely planet)

Fig. 2. Pollution arising from various vehicles and fo$sél burning in Lagos States (Phillips and Horwo2@07)

3.1. Manufacturing Industries

In terms of development and industrial infrastroetu
Lagos is one of the fastest growing mega citieshi
world. (Kotkin and Cox, 2013). Over 70% of the
industries in Nigeria, consisting of more than 1,00

or both and each has its respective environmental
impact and contributes significantly to the effecs
Climate Change. Manufacturing operations that apstm
likely to be affected by climate change regulati@me
those that result in significant direct Greenho@as
Emissions (GHG), such as cement, iron and steel

medium and large scale manufacturing industries areproduction, as well as those that are highly energy

located in the city. The industrial sectors in Leigoased
on the Manufacturer's Association of Nigeria (MAN)
grouping, are food, beverage and tobacco; textiésring
apparel; pulp and paper products; chemical

intensive, such as paper and chemicals operatidasy
manufacturing industries in Lagos still rely on
Hydroelectric Power Supply which is epileptic and

andconsequently increased the use of power generatitsy

pharmaceutical; wood and wood products; non-metalli thus more carbon emissions. About 60% of total @ibn-

mineral products; basic metal; electrical and ebeit;

enterprises in Nigeria are located in the LagogeSta

motor vehicle and miscellaneous; and domestic andwhich makes it most important industrial city ineth

industrial plastics (MAN, 1991). Manufacturing irgdties
in Lagos State have either wet processes or digepses
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Economic Community of West African States
(ECOWAS) sub-region. Being the highest consumer of
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energy, which is predominantly fossil-based, makese Panel on Climate Change (IPCC) for as one of the
of the largest contributors to carbon-dioxide emiss in greenhouse gas emissions Inducing Climate Change
the country at large. It is therefore pertinent #naission  (IPCC, 2013). Process of optimization for minimgiN-
reduction strategies must take cognizance of thgela GHG release from WWTPs is ongoing among
manufacturing and industrial presence in the State. manufacturing Industries in Lagos (LSME, 2012). Was

. . management poses a big challenge to environmental
3.2. Vehicular Emissions management in the State and is one of the secitiis w

The urban transport sector is a major source odrr  Significant contribution to climate change globaliyough
noise pollution in Metropolitan Lagos. emissions of greenhouse gases into the atmosphere.

After manufacturing of goods, poor transportation Decomposition of organic and inorganic wastes from
system and lack of credible alternative to road dumpsites and landfills release GHGs such as methan
transportation has resulted in more vehicles amatgr ~ Nitrous oxide and carbon-dioxide. Poor managemént o
emissions from diesel engines. Transportation ofindustrial waste matters such as polythene andr othe
manufactured goods involves the use of trucks @adyr  Plastics, uncontrolled discharge of oily wastese(ultals
duty vehicles that add to the pollution load arldase of ~ @nd liquid hydrocarbons such as grease, oil aneroth
Carbon into the environment. Studies have shownitha ~Petroleum products) and poor management of wasies f
Lagos State Vehicular Emissions are the highesttpoi the shipping industry in coastal areas also result
source contributors of carbon dioxide into the emission of methane and carbon-dioxide.
environment, followed by the manufacturing indwesri
Unending traffic jams in Lagos metropolis results i 4. AIR POLLUTION AND LAGOS
commuters spending several unproductive hours in CLIMATE CHANGE: THE RISKS
traffic and increased avoidable emissions of carbon
dioxide and other pollutants. A study conductedthosy Climate change and air pollution are closely relate
Lagos Metropolitan Transport Management Authority Apart from the effects on human health, atmospheric
(LAMATA) on air quality between 2003 and 2007 gasses (C§ affects the Earth’s climate by trapping
indicated that vehicles contribute approximately?43 energy and preventing the escape of heat on tith ear
ambient air pollution in Lagos. The study recogditlee  surface from escaping, leading to variability immeitic
transport sector as the fastest growing sourcerebi  conditions (EPA, 2011). Unique features of LagoateSt
House Gases. Over 50% of the transport sectorsuch as high and rapidly increasing population, pee
contribution to GHG emission in Nigeria comes from topography, extensive coastal areas and high vielbées
Lagos alone. Large volumes of traffic, electrigjgnerating ~ which in some areas of Lagos Island is less thaf th
plants and facilities, wastes generated from differ from the surface, are predisposing factors thathéur
sources, pollutants and pollutions of the air, watel land,  increase the State’s vulnerability to climate cleang
landfills, poor management and others resulted him t impacts (LSME, 2012). Recent research by the Usityer
presence of these oxides, particulates and thdiaesc of Hawaii as reported in the Washington Post by
(Akanni, 2010; Emordi and Osiki, 2008; Ogunnowo and (Bernstein, 2013) showed that Lagos climate maergal
Aderogba, 2006). Other noticeable changes are faund unprecedented change by 2029. The report alsoaitedic
the:-Total amount of rainfall per annum that igkstly that the current trends of greenhouse gas emissiihs
increased but the spread per year and intensidge h shift the climate change of most places in the dvorl
reduced and other forms of precipitation have (including Lagos) beyond documented extremes. Anep
reduced; and-Cloud covers appear to have increased. released by Lagos State. Ministry of the Environtmen
(2012), revealed expected climate change in Laiese
3.3. Waste Management reports showed a temperature increase of 0.04°@qzer

Waste discharge and wastewater treatment argrom now until the 2046-2065 period, wetter climétat
sources of greenhouse gas emissions. Although @arbowill result in annual rainfall and longer rainy seas and
Dioxide (CQ) and Methane (CH have been the main extreme weather and heat days. The expected ispact
focus in climate change calculations and discussithre of these extreme events are: Loss of livelihoodss lof
potential impact of Nitrous Oxide ¢8), which is also  land to the sea due to sea level rise, loss of iphlys
generated from Waste Water Treatment Plants (WWTPs)nfrastructure, loss of ecosystems and biodiversity
is now gaining increased prominenceONs one of the  pollution of surface and groundwater, increasel of
radioactive gases considered by the Intergoverrahent water-borne diseases, chronic respiration illness,
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corrosion, acid rain and damage of crops. significant increase in air temperature in Lagogndk
Environmental effects of this phenomenon will be Calabar and some other cities in the country (Idetnal.,
discussed under the following: The sea rise and2011; Onyenechere, 2010). The assessment by NIMET
flooding, health risks and loss of biodiversity. showed a decrease between 1941 and 2000 in annual
rainfall by 2-8 mm across the country, a long-term

4.1.Impacts of Climate Change on Lagos Water temperature increase in most parts of the country,

Sector excluding Jos area where low temperatures were
Lagos State has the longest stretch of Nigeriarécorded (BNRCC, 2011). o
coastline at about 180 km long, constituting 20%hef A climate change downscale for Nigeria developed

country’s coastline. The coastline is characteribgda by (BNRCC, 2011) under A2 scenario projected a
rich diversity of flora and fauna including fishpral ~ temperature increase of 0.04 to 4.5°C from 201dugin
reefs and mangrove forests. Wetland habitats MQnaﬂ to 2100; the rainfall showed Varlablllty across the
components of coastal fisheries and provide ctitwa country, with a wetter climate in the south anduttat in
spawning and nursery grounds for many marine andthe northeast Rig. 3). Recently, projections of the
fresh water organisms. Estuarine and lagoon fiekeri imminent occurrence of floods and flash floods lacps
provide livelihood for many coastal communities.eTh like Lagos and other coastal cities will definitedffect
importance of water resources to the society cabeot Nigeria’'s drinking water supply. With these
overemphasized. Water is used for various purpsisels ~ developments, the frequent occurrences of heavy
as cooking, irrigation, drinking, bathing; it isked to downfalls and pronounced droughts events are esgect
various sectors of the economy; the health, energyjn some regions. As a result, the country is faceith
agriculture and industries. Its uses are inexhhlasti present and future challenges in its water secter 0
Because of many uses and applications, this sectmder ~ shortage of water in some parts and salinity arlidifpan
continuous pressure and demands from both public anin other parts. The implication of this on Lagoglats
private sectors and will indeed be faced with dighein environs is obvious because it is the most popdlated
time due to climate change (IPCC, 2013). Water highly industrialized state, the frequent occuremnof
resources availability for mankind is threatenddoaer water shortage and pollution resulting from floadin
the world due to continuous drought, desertificatEmd Therefore, it is obvious that climate change witipact
flooding occurrences. In Lagos, groundwater resesjrc  on water availability and its geographical and eaak
the alternative source of water supply that peopledistribution (Halliru and Umar, 2012); this of ceer
largely depend on, have been reported to have @eble inhibits Nigeria's capacity to meet the targeted
due to climatic changes. The salt water intrusioa tb Millenium Development Goals on water availability
sea level rise and flooding serves a major pollu®  (Akpor and Muchie, 2011). Lagos residents are more
this source of water, even the freshwaters. Ikgeeted vulnerable to the projected climate impact with snan
that the river flows will decrease because of people living and industries established in cozmtahs.

evaporation while runoff will increase due to high . L.
rainfall which will impact on the water quality. 4.2. Sea Level Rise and Flooding in Lagos

Lagos, due to its unprecedented population  accumulations of greenhouse gases in the
increase and urbanization processes, is beingtatfec atmosphere over the years can result in temperature
negatively by many environmental factors, partidyla  rise and unusual precipitation, which may resuk se
climate and ecosystems changes. These seem to Rgye| rise in coastal areas. According to IPCC, a
inevitable and unavoidable phenomena in Nigeriastm prediction of a one meter rise in sea level in 21st
populous city. The climatic temperature in Nigef®8  century resulting from glacier and ice sheet meltin
expected to increase as predicted by Intergovertahen ith thermal expansion will be caused by the risimg
Panel on Climate Change (IPCC). IPCC (2000) diseave temperature. The potential of sea level rise terate
a fast increasefrise in temperature with 0.3-0.@%@r living conditions of the half of the world’s poptian
Africa in 20th century and possibility of rise be&®n  in the coastal zones and the constant risks ofdftup
1.4°C and 5.8°C in the next 100 years. Ojo (1987)have been reported (Townsend, 2002). In recentstime
estimated changes in climate conditions in Nigarithe  the extreme and unusual rains in Lagos have rabulte
19th century and an increasing average temperature into flooding, especially in the coastal regionstoé
about 0.3 to 0.6°C through the 21st century. Evidsrirom  state. It is one of the major environmental hazaols
the Nigerian Meteorological Agency (NIMET) revealad being faced by the mega city, threatening lives and
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properties (Oshodi, 2013). According to The Guamdia plain. Lagos is hosts to vast areas of coastal
(Editor, 2012), between July and October, 2011 @lon communities that are prone to flooding. The langsca
at least 7 major floods were witnessed killing ab@@ of Lagos, with many people living below the two-
people and destroying many properties. Also in 2012 meter elevation and the continuous increase in the
heavy rains caused an unusual flooding that digglac population without adequate infrastructures to meet
thousands of people from their homes, with with the insurgence of the flooding makes it
inhabitants of Islands and poorly constructed vulnerable to flooding (Frencht al., 1995). The low
structures badly affected (Oshodi, 2013ig( 4). lying nature of islands and the surroundings makes
Extreme weather and climate events in the State arehem vulnerable and it is of great concern when sea
increasing in frequency and intensity as a resfilt o |evel rises or there is heavy rainfall.

climate variability and climate change. Storms and .

floods are the primary weather and climate related4-3. Health Risks

disasters in the State. These are often associgtad

loss of life, property and infrastructure damagess| smaller particles, has harmful effects on human

of G.DP an_d other socio-economic s_etbacks. This 'Shealth. Cases of respiratory diseases and everh deat
posing a big challenge to Disaster Risk Managementhave been reported in Lagos (Ogurdial., 1978:

(DRM). Projected impacts of future climate change ) ) ;
are likely to be more devastating, hence the need tOIowoporokuet al., 2012). An epidemiological study

develop robust DRM system. by (Olowoporokuet al., 2012) showed a growing
Flooding in Lagos and environs is becoming a evidence of relationship between air pollution and

yearly disaster, which can be attributed to the mortality, hospital admissions for respiratory or

changing climate and also the high vulnerabilitythod cardiovascular disease and an associated increased

Air pollution, particulate matter, especially the

communities, especially those living on the flood risk — of  myocardial infarction in  Lagos.
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Fig. 3. Projected changes in temperatures in Nigeria URERE A2 Scenario by (BNRCC, 2011)

Fig. 4.June, 2012 flooding in some parts of lagos staer¢es: Scan news (information for development)ia® vanguard newspaper)
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The study revealed that the increasing rate ofthearbeen a threat to many communities today. Efforts to
diseases and infections in most hospitals is &saltrof address the issue of air pollution globally through
the pronounced air pollution in the state. Apaonirthe global and local environmental policies have proved
direct effects of the air pollution, the flooding abortive and complex, mostly due to lack of furfélsppim
consequence has a lot of influence on human healthde Oliveira, 2011). The solution to air pollutioantiot be
Infectious water-borne diseases from the waterdorn addressed on a global scale, but need a holigtivagh to
resulting from flooding are well pronounced worldei ~ achieve a reasonably reduction of greenhouse deesehy
Flooding is the lead cause of water-related maytaind ~ reducing the dangerous effects of the climate ahaBgsed
can result in vector associate problems such as th@n the several predictions of the negative impaétthe
increase in mosquito populations, which translatesclimatic conditions of Lagos, there is need fooéstic but
into more mosquito-related diseases (Kazama, 2012)Sustainable approach to solving the problem.

The effect of water pollution from the industries .Accordmg to IPCC  (2000), adapta.t|on is the
(Sujaul et al., 2013) and their health challeges are adjustment in natural or human systems in resptmse

overwehelming. It is obvious that in Lagos, mangesaof ~ 2ctual or expected climatic stimuli or their effgonhich
malaria are being witnessed due to the insurgerice 0moderates harm or exploits benefits. There is fareglick

water-borne disease from several occurrences adifig. adaptano_n and resilience plans against t_he curent
future climate and ecosystems changes in Lagosrwate

4.4. Loss of Biodiversity sector in order to cope with the imminent hazallshis
study, management of the risks in this sector lvélance
between the software (early warning systems) and
hardware (mitigation, adaptation and resilience)isTs
necessary because continuous adaptation and mesilie
building without information on the magnitude arb t
time of extreme events and also means of reducing o
mitigating its causes (greenhouse gases), will antu

a fruitless efforts. Hence, three-way approachiseling
proposed for climate change risk managements ierwat
sector in Lagos state, Nigeria.

Air pollution, although not mostly considered in
biodiversity conservation and planning, it has been
described as one of the major factors that inflesnit
losses. Lovettet al. (2009) clearly showed that all
ecosystems types are affected by the air pollution;
affects both the aquatic and terrestrial habitatsch are
expected to be of benefits to man. Biodiversity.agos
is mostly affected by the insensitive landuse ckardue
to the increase in population. The continual gdizeraf air
pollution contributes to acidification of coastahters and
indirectly affects the underground water. The sgliof 5.1. Assessment of Lagos State Govt. Policies and
Lagos surface and underground water due to pofiutio  Plan of Action on Pollution Prevention and

has been reported (Oluferdi al., 2010); this has great Mitigation Against Climate Change
effect on human and the aquatic organisms. o o
Loss of wetlands and pollution of water resourcas ¢ A balance between mitigation and adaptation is

have a devastating effect on the State’s biodiyersi necessary to be able to cope with the future atireaents
resource and livelihood options, yet these are soitiee N Lagos State and Nigeria as a whole. Nigeria's
potential impacts of climate change on the State,scontributions to global greenhouse gas emissiomshigh
wetlands. The State’s wetlands coverage has reducefU® ©© its rapid population growth and energy
fromabout 53% of the total landmass in 1965 to agetr  consumptions. Although itis a great challengeafoountry
at present, mainly due to human activities anceiasingly whose economy largely depends on fossil fuels talown

due to climate variability and climate change. Qalas its_carbqn emission, .it becomes highly imperatioe t
wetlands are particularly vulnerable to sea levsé.r mitigate in order to avoid future hazards. Lagoa asbset

D state contributes to large percentage of thesesemss
IPCC's projection that up to 33% of the world’s lzetls X : .
could be converted to open waters by sea leve(lR@C, The following greenhouse reduction strategies are

2007) should be a serious concern to Lagos State. proposed:
5. OVERCOMING THE CHALLENGES « Improvement of energy efficient performance of new
' and existing buildings: Excessive utilizations néggy
Air pollution’s reduction and eradication have been  in every household must be regulated and reduced.
one of the major global environmental change issues Development of innovative technology such as fuel-
the world; this is because of its contribution lte targe saving and low energy appliances will help to ceunt
percentage of the global variations of climate,chhas balance the increase in fuel consumption. Several
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initiatives in area of renewable energy such aarsol Carbon Sequestration: This is the capturing and
power panels in both private and public buildings, storage of greenhouse gases from different sournecels
wind energy generation and the use of biomassteeed as fossil fuel power, industrial and household oarb
be adopted, with a gradual shift from the non- generation, thereby preventing the release of G
renewable sources of energy, which are major ssurce@tmosphere. It is mostly done through: Tree planéind

of air pollution (Puppim de Oliveira, 2011) Underground Storage. Tree planting has been adwcat

e Sustainable eco-friendly transport systems angds @ sure way of capturing Carbon-dioxide and the
vehicle emissions monitoring. Introduction of subsequent effects on climate change. Lagos State

effective rail systems will reduce frequent tramngli gfg'virsl:ﬁgt?gﬁ :Dneceigzgsrg?ttlzigfﬁicge%?ui;gl::;E:]mggo
with fossil fuel-powered vehicles Pop o 9 ng
. Sustainabl d efficient land survival as far as environmental challenge arigiogn
ustainable and efiicient land use _ greenhouse gases is concerned. Tree planting cgmpai
 Energy  diversification, ~ promoting  the gu4,1q pe intensified throughout the city and every
development and the use of renewable energyjoca government and household should be encouraged
instead of the fossil fuel being currently used to plant trees. Underground Storage is a geo-
 Effective waste management through recycling. engineering technique, which involves the injectin

Quite substantial amounts of gases are generated by, into geological formations and stored there to
the wastes at landfill sites; these contributedme prevent its release to the atmosphere_

percentages of air pollution in Lagos and its emar ) )
For example, the dumpsite at Ojota, Lagos is one of2-2. Early Warning Systems, Risks and
the largest in the city, accounting for severakstof Vulnerability Assessments

wastes, which are often openly incinerated. Thisl ki
of unhealthy practice immensely contributes to the
pollution state of the city. The solution to thistd
stop burning wastes at dump sites and adopt wast
separation and recycling techniques and also Haize
opportunity to generate electricity

Members of the public should be aware of the qualit
of the air they breathe in order to take necesaatipns.
The essential step in tackling this problem ancueng
@nvironmental quality conservation is by efficigntl
monitoring potential air pollutants at local dimiems
Continuous monitoring and reporting of air qualitsta
: . . . with emphasis on its spatial dimension is very tisein
Introduction of carbon tax and air pollution poticy a large city like Lagos. The use of satelite tethgy
Although environmental policies in many nations qnd coupled with ground based instruments to gathéstirea
local governments globally are confronted Wwith 50y continuous data respectively are needed taeemiu
implementation challenges, yet the need to estelaiis ¢, 5jity assessment. The use of telecommunicatidgea
effective one is very imperative to mitigate théeefs of 54 mobile devices such as cellular phones withotem
climate change and reduce the looming danger on thgensing applications can provide dynamic, tempgrall
Lagosians. Air policies drafting should incorporé® 5.4 spatially precise information of these pollisan
government and non-governmental agencies, local a”QKeIIy et al., 2012). The assessment must include
state governments, industries and academics and thgientification of the source of pollution, its spat
communities. The policy should put in place the gistribution and the future trend; this will helplisy
measures against use of various sources of poitutio makers to take decisive actions for remedy. More
Limits industries pollution sources and encourage ajmportantly, people will be prepared to adapt aratlify
sustainable energy generation (renewable energyheir behavior toward generation of greenhousesyasd
sources); introduction of green economy (tree pl@)it  also avoid its consequences. As for flood events, a
infrastructures standards; land wuse and tenurecomputer-based, flood early warning system shoald b
transportation policy; waste generation and reag;li  developed for Lagos State. There is need to ashess
role of individuals in ensuring a safe atmosphemd a |evel of people’s vulnerability to the effects ofr a
comprehensive disaster response plan. Establishaient pollution and the risk involved before air managame
a Clean Air Act is non-negotiable in an industdeli  plans. Most times, air pollution vulnerability iaused by
city like Lagos. This will place air pollution lits on  poverty, disease, lack of education and poor living
industrial units, such as power and chemical plaht®  conditions. The vulnerability assessment will imtgu
law will allow individual local governments to have Aijr pollution sources; air pollution levels; air lhgion
stronger and effective pollution management. potential; level of community awareness; observetjo
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people’s perceptions and actions (Makri and Stiias,
2008). Understanding of the level of risk involvasth
quality and quantity that will assist in making a&liw
informed decision on prevention and mitigation. The
health risks and the amount of greenhouse gasdtedmi
must be quantified to understand the extent ofritles.
Apart from health risk assessments, sea level ars
flood forecasts with flood risk assessment shoutd b
done. With earth observation systems,
pollution and their spreads can be detected eany f
effective adaptation plans by the stakeholders.

Most developing countries are suffering from the
effects of climate change due to lack of informatitn
Nigeria, many communities are often not aware @&f th
changing climatic conditions and their impacts.rkars
keep wondering why the variability in rainfall path in
some parts of the countries because they do nat hav
understanding of the current trends in climate and

ecosystems changes. There is need to improve off’

scientific understanding of the climatic conditioirs
Nigeria, especially in the areas of observationatad
collection, management and exchange of information
current and historical climate change and varigbili
Frequent climate change modeling and downscaling
from the global scenarios to Nigeria will be of gir&elp

to understand present and future climate situatitms

will go a long way in informing the society of impaing
hazards on different sectors. Apart from this, iinfation
dissemination through the Geographic Information

Systems, media, mobile phones and other Information

Technology  sources  will create  awareness.
Understanding of the risks and vulnerability of the
current and future extreme events of the governspent
people and all stakeholders will reduce the poaénti

impacts of the climate change, especially those hvieo

in coastal regions of the country, Lagos in palécu

5.3. Risk Assessesment Through Satellite
Technology

Assessing the contribution of Lagos to global cemat
change can be done through effective utilisatioreofote

is capable of assessing the levels carbon in thespthere,
which be a significant prevention, mitigation anhatation
measures against climate change (Yetra., 2013).

5.4. Stakeholders’ Collaboration

The idea of single approach by a single arm of
government in an effort to counter the effects of a
pollution has not yielded expected results. LagtaeS

sources ofcomprises local governments saddled with functitins

effectively administer the affairs of the peopleddheir
environment. The starting point in the drafting and
implementation of the zero environmental pollution
policies must begin with a unanimous collaboration
between the two governmental organs of the states.
Partnership with other stakeholders such as thesirds,
federal governments, communities, academic andarelse
institutions (scientists, social and human spestigliand
relevant international organizations is neededstat#ish
orking principles and modalities to collectivelyduce
greenhouse gas emission. The issue of pollutiomildho
not be left to the local government alone to tacKlee
capability of each local government to implement ai
pollution policies varies; in fact, quite a largenmber of
them cannot effectively carry out air pollution ipgl
Hence state, national and international agenciesicpull
resources together to equip the local governmeriis w
organizational  capabilty and instruments  for
implementation (Puppim de Oliveira, 2011).

5.5. Creation of Awareness and Education

Ignorance of actions often results in very danggrou
consequences to any community. It is worthy of riog
there are many Lagos dwellers today that are nateof

the consequences of their actions, especiallyaratba of
fossil fuel burning, the use of household genesaémd so

on. Awareness program must be initiated and bentédke
the grassroots to cut across every stratum of city
inhabitants, irrespective of age, status and thendi
standard. Public education and capacity development
education through local governments and other
stakeholders (companies and industries) shoulcabred

out in order to enlighten the people on the effedtsir

sensing technology. The use of remote sensing andpollution and possible ways of avoiding it.

satellite technology as means of assessing
concentrations of greehouse gassess is highly tamgcas
prevention and mitigation measures. Satellitessisful
in observing the conditions and
atmosphere and can provide information about thte st
of the climate at any given time and scale (Yahgl.,
2013). Example of carbon moniroing system is the
National Aeronautics and Space Administration (NASA
caborn monitoring satellites initiated in 2010. T™ystem
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processes of the

the'5.6.Adaptation and Resilience Strategies in

Lagos Water Sector

Nigeria is presently adopting a reactive measuitsin
adaptation and resilience plan. These have not been
helpful for the vulnerable people and the commaniti
Most times efforts to curb flooding in both urbanda
rural areas come after the events have taken pldds.
business-as-usual syndrome must be replaced with
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proactive steps in ensuring best mitigation and
adaptation practices before the arrival of extrewents.
The most important question to be answered is: idow
people, especially the vulnerable Lagos people cope
with and adapt to extremes events in the wateosect
The need to explore and couple both indigenous
traditional knowledge and technology is very imfieea
The Government of Lagos State must be proactiv@isn
regard and take drastic steps in ensuring a systdie and
strong enough to withstand the effects of climéiznge on

its water sector. Various adaptation measures iterwa
sector against climate and ecosystems changesbleave
suggested by many scholars (Onyenechere, 2010; BNRC
2011), which can be adapted for Lagos case.

Impacts of flooding and droughts on water resourcess
(fresh water, coastal water) and distribution doehe
variability in rainfall resulting from climate chga are -
great and necessary measures must be put in place t
ensure safety of the people and access to cleasafad
water. These include:

one of the most recommended ways to reduce
extreme inequality in Lagos (Gandy, 2006). The
slum areas in Lagos are along the coastline (ljora,
Yaba-Ebutemeta and some parts of Ketu) which are
mostly affected by flood during extreme rain orjtas
has been projected, sea level rise. The needde rai
the standard of living, especially infrastructural
building, is very important to build the resilienoé

the people to subsequent flooding. The current
practice of land reclamation without adequate
technology in place should be stopped and avoided.
Rather, the Lagos State Government should
concentrate on building structures to guard against
flood resurgence from the impact of climate change
Building of embankments/dykes on the Lagos Island
should be encouraged; and

In case of water pollution, water quality survey on
both surface and underground should be done. This
will ascertain the level of pollution on waters

The water sector is very much associated with

« Early warning and prediction of climatic conditions agriculture. Northern Nigeria is expected to expece
through simulations and modeling: This is probably droughts while flooding is expected in the southmeT
one of the proactive ways of adapting and building following are suggested as possible adaptationesfies

resilience to climate change extreme events. Throug
early warning and predictions, most vulnerable
communities can adjust to the changes maybe through
relocation and adopting local methods for survival

* Building and construction of dikes, levees and dams_
to prevent extreme flooding events. Based on the
knowledge of the coming events such as sea level
rise and excessive rainfall that may result infedin
dikes and levees should be built along sea and rive
banks to prevent excessive run off

» Creation of dams and diversion of river flow can be
of help to effective sources of irrigation for
agricultural use .

e Landuse change policies .

e Stakeholder involvement and River basin
governance; (vi) Increase in the usage of irrigatio
will reduce runoff and downstream flow (Eheart and .
Tornil, 1999) .

e Water recycling: A technology that uses and re-uses

to cope in this sector within the country:

Early warning systems should be provided to
farmers on weather situations. This will prepare
them for agricultural best practices

Application of local knowledge by farmers such
as moisture conservation techniques when rains
fall and crop diversification can be of great help.
Cultivation of short-season millet during drougkay
rather than maintaining the usual cropping mixtafes
crops that can be affected during drought is the ke
adaptation measure. This will ensure a successful
cultivation under drought situations

Introduction of genetically-modified foods

Adoption of improved agricultural systems for both
crops and livestock: Intensifying crop and livegtoc
production, planting of native vegetation cover
Planting of flood resistant crops

Rain water capture for irrigation

water as being adopted by some developed countries As earlier mentioned, water pollution resultingnfro

can be applied

flooding and sea level rise will bring about sickeend

* Groundwater exploration as an alternative to diseases; this will affect both human and aquatic

surface water

 Upgrading of slum and adaptive

ecosystem. Climate change influences the distobutif
coastal schistosomiasis, a water-related parasitic disesitie

management: The improvement of Lagos slums isaquatic snails as intermediate hosts (IPCC, 20Gxos
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State health sector is very weak in terms of heedife traditional knowledge by local people, especiadlgniers
facilities, especially in rural communities. Thisakes in adaptation to extreme weather conditions; fif@nc
the people more vulnerable to vector borne diseasds  support to rural areas and integrated water maneaeand
sickness. Adaptation should begin with risks and allocation. Apart from these, education, both fdrraad
vulnerability assessments. Statewide survey on theinformal, must be adopted in the creation of awessn
vulnerable communities should be carried out usingon climate change and the need for every citizebeto
various tests and indicators. Improving health careconscious of his/her carbon footprints.

systems, which are extended to rural areas, isedetm
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