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Abstract

A review has been carried out on the ecologicasgettives on climate change in
Nigeria. The country is one of the leading prodscef crude oil and a major
contributor of greenhouse gases that cause clictzdage. The current and future
consequences of climate change have been discusgldlocal examples of

ecological effects. Efforts to control climate cbhanare highlighted at local and
global scales since the effects are not restrigtétlin national boundaries. It is
recommended that greenhouse gas emissions shoutddbeed through efficient
energy use, diversification of energy sources avrayn fossil fuels and safe

agricultural practises.

1. Introduction

The Intergovernmental Panel on Climate Change, IREID7) defines climate
change as a change in the state of the climatectirabe identified (e.g., by using
statistical tests) by changes in the mean andh®wariability of its properties, and
that persists for an extended period typically dessor longer. Although the length
of time it takes the changes to manifest mattdrs, level of deviation from the
normal and its effects on the ecology are mostrpatet. This prompted Ayoade
(2003) to state that secular variations in clinwdeurring over a period of 100 to 150
years may not qualify as a climate change if coowlt will quickly reverse later, but
a change in climate usually takes place over a |mevipd of time of at least 150
years with clear and permanent effects on the atesy Climate change is different
from the generally known terms like climatic fluations or climatic variability.
These terms denote inherent dynamic nature of t#ira various temporal scales.
Such temporal scale variations could be monthlgsseal, annual, decadal, periodic,
quasi-periodic or non-periodic.

There is a growing consensus in the scientificdtigre that in the coming decades
the world will witness higher temperatures and ciiamg precipitation levels. The
effects of this will lead to low/poor agriculturptoducts. Evidence has shown that
climate change is already affecting crop yieldsmany countries (IPCC, 2007;
Deressat al, 2008; BNRCC, 2008). This is particularly truelamv-income countries,
where climate is the primary determinant of agtimal productivity and adaptive
capacities are low (SPORE, 2008; Apattal, 2009). Many African countries, which
have their economies largely based on weatherisensgricultural productions
systems like Nigeria, are particularly vulneraldeclimate change (Dinaat al, 2006).
This vulnerability has been demonstrated by theaditing effects of recent flooding
in the Niger Delta region of the country and theéaas prolonged droughts that are
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currently witnessed in some parts of Northern negikhus,

vulnerable to effects of climate change, understand
farmers’ responses to climatic variation is cruced this
will help in designing appropriate coping strategie

that the recent global warming has influenced agjxical
productivity leading to declining

food production

37

of carbons absorbed from the atmosphere. The human
for many poor countries like Nigeria that are highl factors that emit large amounts of greenhouse gasksle

industrialization, burning of fossil fuel, gas fiag,
urbanization and agriculture. On the other handndm

activities that reduce the amount of carbon sinks a
Evidence from literature and past studies has teslea deforestation, alterations in land use, water pioluand

agricultural practices.

The human factors have been proven to be respensibl

(Kurukulasuriya and Mendelssohn, 2006; 1ISD, 2007for the ongoing unequivocal climate change or dloba
Lobell et al, 2008). In order to meet the increasing food anevarming (IPCC 2007). The emitted greenhouse gases a
non-food needs due to population increase, man nogarbon dioxide (Cg), chlorofluorocarbons (CFCs),
rapidly depleting fertile soils, fossil groundwater Methane (CH) and nitrous oxide (f0) among others. CO
biodiversity, and numerous other non-renewableumess currently contributes the highest rate of the gheesse

to meet his needs (Abrahamson, 1989; Ehrlich &iEnrl gases followed by CHEH CFCs NO and others (like halons,
1990). This resource depletion was linked with bpthetropospheric ozone, sulphuric hexafluoride (SF6)oagn
human pressures on the environment. Possibly thet mathers). Although C® has the highest contribution to
serious of human effect is the injection of greardgogases greenhouse gases, its potency is far lower. Fdange, a
into the atmosphere. The reality of the impact lochate gram of CH is about 23 times higher than the effects of the
change on agricultural development has started istgpw same volume of COand a gram of sulphuric hexafluoride

signs (Adamet al, 1988; Fischeet al, 2002; Spore, 2008).
A substantial body of research has documented thake
ranging effects on many facets of human socieWsfé et
al, 2005; ODI, 2007; Apatet al, 2009.).

Rough estimates suggest that over the next 50 peas,
climate change may likely have a serious threahéeting
global food needs than other constraints on adticall
systems (IPCC, 2007; BNRCC, 2008).
population, income, and economic growth could &b
the severity of climate change effects in termsfadd
security, hunger, and nutritional adequacy. If die
change adversely affects agriculture, effects omdnare
likely to be more severe in a poorer world. Woéteal
(2005); Stige, (2006), and Oringt al, (2006) worry that

rising demand for food over the next century, doe t

population and real income growth, will lead torgasing

(SK) released into the atmosphere is about 22,000stime
that of CQ with respect to tropospheric zone depletion.
The life time of CQ in the atmosphere varies, but

obviously less than ten years, while that of ,CN.,O,

CFCs and Sfare 12.2, 120, 50-1700 and 3200 years

respectively (Smith 1994; Msumba 2006).
Although the potency of CQO released

volume of its emissions still makes it the most amant
influence in humans’ enhancement of
greenhouse effect.

2. The Current and Future
Consequences of Global Climate

global food scarcity, and a worsening of hunger and Change

malnutrition problems particularly in developingucdries.

Climate change is caused by two basic factors, lwhic Global climate change has already had observafdetef
on the human environment. Glaciers have shrunkoite

include natural processes (bio-geographical) anchamu
activities (anthropogenic).

The natural processes are the astronomical and
extraterrestrial factors. The astronomical factnctude the
changes in the eccentricity of the earth’s ortiarges in
the obliquity of the plane of ecliptic and change®rbital
procession while the extra-terrestrial factors a@ar
radiation quantity and quality, methane from deazy
natural vegetation and volcanic eruptions amongrsth

On the other hand, the anthropogenic factor in afén

rivers and lakes is breaking up earlier, plant animal
thenges have shifted and trees are flowering so@ftacts
that scientists had predicted in the past wouldltdsom
global climate change are now occurring: loss @ ®e,
accelerated sea level rise and longer, more inténese
waves.

Scientists have high confidence that global tentpesa
will continue to rise for decades to come, largdlye to
greenhouse gasses produced by human activities.

change involves human activities such as fossill fudntergovernmental Panel on Climate Change (IPC@jchv

combustion, wood burning, rice cultivation in pashli
livestock farming, @ manufacture and use

chlorofluorocarbons (CFCs) as aerosol propellafitg,
hydrants, foaming agents and eat transfer media
refrigerators and air conditioning systems. Theklezi emit
large amount of greenhouse gases into the atmasbinatr
depletes the ozone layer or activities that redbeeamount

includes more than 1,300 scientists from the Un8é&ates

ofand other countries, forecasts a temperature figédo 10

degrees Fahrenheit over the next century. Accortiintpe
IPCC, the extent of climate change effects on iildial
regions will vary over time and with the ability different
societal and environmental systems to mitigatedapa to
change. The IPCC predicts that increases in glaiedn

into the
Specificallyatmosphere through human activities may be signifly
lower than many other greenhouse gases, the mectiegr

the natural

The
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temperature of less than 1.8 to 5.4 degrees Fatitegfihto  biodiversity loss through species extinction in man
3 degrees Celsius) above 1990 levels will productopical areas; significant changes in water awbdits for
beneficial effects in some regions and harmful oimes human consumption, agriculture and energy generatio
others. Net annual costs will increase over timaylabal Europe: Increased risk of inland flash floods; more
temperatures increase. The Earth's average tempeifss frequent coastal flooding and increased erosiormfro
increased about 1 degree Fahrenheit during thec2Bttury. storms and sea level rise; glacial retreat in mainous
One degree may sound like a small amount, butait's areas; reduced snow cover and winter tourism; skten
unusual event in our planet's recent history. Eadlimate species losses; reductions of crop productivitgonthern
record, preserved in tree rings, ice cores, andlaeefs, Europe.

shows that the global average temperature is stxe Africa: By 2020, between 75 and 250 million peoate
long periods of time. Furthermore, small changes iprojected to be exposed to increased water stiéskls
temperature correspond to enormous changes in tfrem rain-fed agriculture could be reduced by up5®

environment. percent in some regions by 2020; agricultural potion,
Some of the regional effects of global change fasedy including access to food, may be severely compreis
the IPCC include: Asia: Freshwater availability projected to decrease

North America: Decreasing snowpack in the wester€entral, South, East and Southeast Asia by the €050
mountains; 5-20 percent increase in yields of faith- coastal areas will be at risk due to increaseddflogy death
agriculture in some regions; increased frequentgnsity rate from disease associated with floods and drsugh
and duration of heat waves in cities that currentlyexpected to rise in some regions.
experience them. Table showing projected effects of global climatamge

Latin America: Gradual replacement of tropical &irey is shown in table 1.
savannah in eastern Amazonia; risk of significant

Table 1. Global Climate Change: Recent Effects

Phenomena Likelihood that trend occurred in late 20th century
Cold days, cold nights and frost less frequent taed areas Very likely

More frequent hot days and nights Very likely

Heat waves more frequent over most land areas Likely

Increased incidence of extreme high sea level * Likely

Global area affected by drought has increased€<ifz0s) Likely in some regions

Increase in intense tropical cyclone activity inrflidAtlantic (since 1970) Likely in some regions

Climate is an important environmental influence onwarming. It is believed that rich countries haviiato do
ecosystems. Climate change affects the ecosystem inthemselves because there were agreed upon reasgns w
variety of ways. For instance, warming could fospecies developing countries were exempted from initial
to migrate to higher latitudes or higher elevatiavisere greenhouse gas emission targets because it was the
temperatures are more conducive to their survivaemissions from rich countries that accumulated hie t
Similarly, as sea level rises, saltwater intrusioto a atmosphere for so long to trigger climate change.
freshwater system may force some key species tcats
or die, thus removing predators or prey that wettecal in 3 Climate Change in Nigeria
the existing food chain.

Climate change not only affects ecosystems andiepec The temperature trend in Nigerian since 1901 shamvs
directly, it also interacts with other human stogsssuch as ever increasing pattern. The increase was grachidlthe
development. Although some stressors cause onlprminlate 1960s and this later gave way to a sharp inisair
effects when acting alone, their cumulative impamy temperatures from the early 1970s, which contintitd
lead to dramatic ecological changEer instance, climate date. The mean air temperature in Nigeria betwefi 1
change may exacerbate the stress that land devefapmand 2005 was 26°€ while the temperature increase for
places on fragile coastal areas. Additionally, néige the 105 years was £@. This is obviously higher than the
logged forested areas may become vulnerable taoerds global mean temperature increase of 0.74 OC redorde
climate change leads to increases in heavy raimsto since 1860 when actual scientific temperature nreasent
started (Spore 2008; IPCC 2007). Should this trend
continue unabated, Nigeria may experience betwbeen t

It may seem that there has been a recent intenest middle (2.5C) and high (4.%C) risk temperature increase

associating climate change and global warming vatrer ~ PY the year 2100.
population” and that by implication: countries sueb Rainfall trend in Nigeria between 1901 and 2005wsho

China and India have to do more to help contairbglo & 9eneral decline (Fig 3). Within the 105 yearsfed

2.1. Global Warming and Population Change
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amount in Nigeria dropped by 81mm. The decliningfedl  the coastal areas of Egypt, Bangladesh and China
became worst from the early 1970s, and the pattesh respectively. The increasing temperature and dsitrga
continued till date. rainfall have led to frequent drought and desesdtfon.
This period of drastic rainfall decline corresporwish The Sahara desert is observed to be expandinglto al
the period of sharp temperature rise (Fig 2). Aliothere  directions trying to engulf the Sahellian region Affica
is a general decrease in rainfall in Nigeria, thastal areas with annual expansion of 1-10 km (Odjugo and Ikluor
of Nigeria like Warri, Brass and Calabar are obedrto be 2003; Yaqub 2007). Odjugo and lkhuoria (2003) also
experiencing slightly increasing rainfall in recetitnes observe that Nigeria north of 120N is under setereat of
(Odjugo 2005, 2007). This is a clear evidence ahate desert encroachment and sand dunes are now common
change because a notable impact of climate chasge features of desertification in states like Yobe, rign
increasing rainfall in most coastal areas and @esing Sokoto, Jigawa and Katsina. The migrating sand slune
rains in the continental interiors (IPCC 1996; NEBJD3). have buried large expanse of arable lands, thusciegl
Odjugo (2005, 2007) observe that the number of daiys  viable agricultural lands and crops’ production.isThas
dropped by 53% in the north-eastern Nigeria and 14% prompted massive emigration and resettlement oplpeto
the Niger-Delta Coastal areas. These studies d#lswexl areas less threatened by desertification. Such rating
that while the areas experiencing double rainfalkimal is  gives rise to social effects like loss of dignitydasocial
shifting southward, the short dry season (AugustaB) is values. It often results in increasing spate of cnmal
being experienced more in July as against its nbrmalashes among herdsmen and farmers and such clashes
occurrence in the month of August prior to the 1970 resulted in the death of 186 people in six nortrstates of
These are major disruptions in climatic patterndNiferia  Nigeria between 1998 and 2006 (Yugunda 2002; Yaqub
showing evidences of a changing climate. 2007). Akonga (2001) also shows that most of tistitige
that emigrated as a result of drought and desmtifin
usually move to nearby urban areas to beg for thereby
compounding the already tense urbanization problems
Climate change will alter all aspects of the hydgital
cycle ranging from evaporation through precipitatioun

3.1. Ecological Implications of Climate
Change

Increasing temperature (global warming) and deangas
precipitation in most parts of the world are theajest ) ‘
effects of climate change. These bring about eitegative ©ff and discharge (Mcguire et al. 2002). The global
or positive ecological effects in different parfstiee world, W&rming and decreasing rainfall together with theatee
The increasing temperature has led to increasatibased Pattern of rainfall produce a minimal recharge of
ice instability and its melting. The thawing of thectic, ~9roundwater resources, wells, lakes and riversastrparts
cool and cold temperate ice, the increasing rdimasome ~ ©f the world especially in Africa thereby creatimgater
parts of the world and expansion of the oceans aerw C'iSIS: In Nigeria, many rivers have been repottediave

warms has started impacting on sea level rise, tabasdried up or are becoming more seasonally navigabie
inundation and erosion. The current global estinudteea L-@ke Chad shrunk in area from 22,902 km2 in 196& to

level rise is 0.2 m and it is projected to incresd m by Mere 1304 km2 in 2000. This shows that what is déft
the year 2100 (Hengeveld&t al. 2002 2005) The Lake Chad in the year 2000 |S. Just 5.7% of 1963][&@]”

implication is that the present 0.2 m sea levet figs 2007). Awake (2009) .also confirms the fact thaté.@had
inundated 3,400 kfrof the coastal region of Nigeria, and if NS Shrunk by 95% since the 1960s and Aral Sezinrél

the sea level rise attains the projected 1m oretorb 2100 ASia was the fourth largest Ia(l)<e in the planet 980, but
then 18,400 ki of the coastal region may be inundated?y 2007 it had shrunk to 10% of its original si@ke

(NEST 2003). Coastal settlements like Bonny, Fapsad Chad and so many rivers in Nigeria, especially arthern

Lagos, Port Harcourt, Warri and Calabar among sttfeat  Nig€ria, are in the danger of disappearing.

are less than 10 m above the sea-level would beusty The water scarcity will create the tendency for
threatened by a metre rise of sea-level. The smarsion concentration of users around the remaining lim#tedrces

due to sea-level rise means salt-water intrusida the ©f water. Under such circumstances, there is isega

fresh water, invasion and destruction of mangroV@ossibility of additional contamination of the liedl

ecosystems, coastal wetlands and coastal beachmes. FOUrces of water and transmission of water boreeadies
worst impact is population displacement, which mesult like cholera, typhoid fever, guinea worm infectiamd river

in communal crisis. The coastal inundation and ieros Plindness. Odjugo (2000) and DeWeerdt (2007) nbé t

with their associated population displacement areegtly "€ increasing temperature will mean northward atign
major environmental problems in Nembe, Eket ancioth of mosquitoes and malaria fever which will exterahi the

coastal settlements in Bayelsa, Delta, Cross RRimers, Uopical region to warm temperate region while the
and Lagos States of Nigeria. sporogony of the protozoa causing the malaria acatgs

It is estimated that a metre rise in sea level digplace TOM 25 days at T to 8 days at 3. This paper also
about 14 million people from the coastal areas ifeNa conceptualizes the relationship between climateagband

(Abu 2007). Young (2006) also observes that seatigge Numan health (Fig 4). As shown in figure 4, theessive
up to a metre will displace 10, 13 and 72 milliople in heat, increasing water stress, air pollution angpeessed
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immune system occasioned by climate change willlrés To reduce the emission of greenhouse gases, clghn a
increasing incidence of excessive death due to heatvironment friendly technologies are needed. Itrdhls
exhaustion, famine, water related diseases (diasho productions should convert to machines that emmitdid or
cholera and skin diseases), inflammatory and raply no greenhouse gases. Automobiles and industriahimes
diseases (cough, and asthma), depression, skirrcand should be improved upon to use only ethanol, satgines,
cataract. One of the greatest effects of climatgh is the electric engines or hybrid electric engines. Gamirfy
worsening condition of extreme weather events likespecially in the Niger Delta region of Nigeria slibbe
drought, flood, rainstorms, windstorms, thundemsi®r reduced to the barest minimum. Nigeria should eragmi
landslides, avalanches and tsunamis, among otBeljisdo the use of renewable energy sources such as phiatiovo
1999, 2001b; Changnon 2001). Odjugo (2008) notas thcells in a small scale. Moreover the use of fudlsciat
the frequency and magnitude of wind and rainstodids convert hydrogen fuel directly into electricity twvitut first
not only increase, they also killed 199 people @estroyed burning it to produce heat should be encourageticyPo
property worth-¥5.03 billion in Nigeria between 1992 and makers should encourage energy efficiency and other
2007. Buadi and Ahmed (2006) had similar result nvheclimate-friendly trends in both the supply and agnption
they reported that rainstorms claimed 42 livesantlsern of energy. Efficiency can also be improved upon by
Cameroon between 2000 and 2005. Between 1950 apdbviding appropriate economic and regulatory frasmek

2000, the increasing frequency and intensity ofig@rms
have created enormous damages estimated at $®n Il
property losses, $19 billion in crop losses andséssof
over 12,000 human lives in the United States of Acae
alone (Changnon 2001).

for consumers and investors.

A “Clean Development Mechanisms” is needed from the
developed countries. This will enable the developaiibns
to finance emission-avoiding projects in developing
countries. Promoting such clean technologies wilhd

Climate change has started to, and will continue toredit to the industrialized nations rather thaansferring
impact negatively on agriculture and food securitynon-environment friendly technologies to developivayld

especially in tropical and subtropical regions hesea
greenhouse gas emissions would increase the risirafer
by additional 80 million people by 2080 in Africanch

like Nigeria. The protection, sustainable managenael
enhancement of terrestrial and marine ecosystemighw
act as carbon sinks and reservoirs to greenhouses gae

southern Asia (Odjugo 2001a; DFID 2006; Nwafor 2006also very important. This means deforestation shdag

2007; DeWeerdt 2007). Odjugo (2008) shows that atkém
change has led to a shift in crops cultivated imthern
Nigeria. The paper (Odjugo 2008) quoting Ahmed @)97
reveals that as at 1978, the preferred crops thmefs
cultivated were guinea corn followed by groundnud a
maize, but due to increasing temperature and dsiaga
rainfall amount and duration occasioned by clincitange,
the farmers as a means of adaptation in 2007 dhift¢he
production of millet followed by maize and beansother
major problem to agriculture in Nigeria due to citm
change is the reduction of arable lands. While ¢ka
incursion is reducing the arable land of the cdastns,
the desert encroachment with its associated sandsdis
depriving farmers of their agricultural farmlandsda
grazing rangelands. Moreover, the frequent drougimic
lesser rains have started shortening the growirasmse
thereby causing crops failure and food shortageastbeen

reduced to the barest minimum and afforestatiorhlig
encouraged. Protection of the forest requires inguio
agricultural practices through the use of fertilizather
than the current dependence on the natural fgrblitthe
forest soils as mostly practised in Nigeria. Thelespread
use of low-cost solar energy cookers instead of dvoo
burning devices will also limit the current pressun the
Nigeria forest for firewood. Moreover, bush burnigigher
for hunting, farm clearing or by herdsmen to faaté the
sprouting of fresh grasses for their animals tozgran
should be stopped. Oil spillage in the creeks apakial
areas of Nigeria should be guarded against in otder
enhance carbon sink in the coastal waters. Chaages
needed in building and furniture materials in Niger
Roofing materials, doors and furniture in most thinigs, in
Nigeria, are made of wood. Odjugo and lIkhuoria @00
noted that average of 320 sticks was used to stpper

shown that drought, desert encroachment and coasticking of a three-bed-room flat building, plus pigwood

inundation have started affecting the country’ssgstem
leading to ecological destabilization due to cliemahange
impact in the semi-arid region of Northern Niggi@djugo
and Ikhuoria2003; Ayuba et al. 2007).
Implications Singer and Avery (2007) show that st i
impossible for man to stop the natural causes iofiate
change but much can be achieved in either to stop
drastically reduce the human causes of climate gdat
human activities that deplete the ozone layer are very

used for the floor of the decking. They also stdted these
supporting sticks and plywood are hardly used twicee
they are sold as fuel wood immediately they areonead as

Planningsupport. One could therefore appreciate the numbgees

destroyed annually with the current vertical growdh
Nigerian cities. The deforestation processes carbersed
i iron and steel and aluminium are used for cartdion of
our buildings and household furniture. Ultra-violays due
to ozone layer depletion result in increasing omnge of

large extent reduced and the carbon sinks aremagtlaged skin cancer and cataracts. To reduce the effectskiof
and protected, then the on-going global warmingl wilcancer and eye cataracts, appropriate clothing dbegrs
seriously decline. most part of the body should be worn, especiallalmnos
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and those fair-skinned and to be accompanied byahdt approaches range from simply equating average dutur
sunshade glasses while under the sun. It is therefoeffects to yield losses observed in historical diaa to
advisable that those with black skins should avoiing more quantitative crop simulation modelling, stated
their skins because such act will make them highlyime series and cross-sectional analyses. To siate)ation
susceptible to skin cancer. studies have been limited by a lack of reliableadat soil
For the developing nations like Nigeria to survile properties and management practices, and have dedvi
effects of climate change, serious adaptation nieasare only “best-guess' estimates with little to no infiation on
needed. There is the need to establish bettergedip uncertainties that result from choices in modelictire,
weather stations as against the scanty and illppgui ones parameter values and scaling techniques (Frost and
we currently have in Nigeria. With these, accumsather Thompson, 2000; Fischest al 2002). In addition past
forecast and predictions will be possible and this help  studies have observed that statistical analyses haen
to prevent weather-related disasters through esaiyning limited by the poor quantity and quality of histai
and effective response system. agricultural data relative to other regions, resgltin
Previous studies reveal increasing temperature amdodel estimates with wide confidence intervals (Nagt
decreasing rainfall amount and duration in Nigbéaween al, 2007; Wanget al, 2009). Besides, studies have shown
1901 and 2005. Temperature increase of°C.lwas that Statistical and econometric techniques can be
observed in Nigeria for the 105 years while raindahount employed to establish a logical association betvatiemate
dropped by 81mm. While rainfall amount is generallyariation and change (Tebaldi and Knutti, 2007;dsigand
decreasing in Nigeria, the coastal region of thenty has Mendelsohn, 2008).
been experiencing slightly increasing rainfall sinthe A substantial amount of research has been condacted
early 1970s. The short-dry-season popularly known ahe potential effects of climate change on agnoalt
August break is currently being experienced morehim  productivity (Parryet al. 1999; Lobell and Burke, 2008 and
month of July as against August. Sea-level risgbiserved Deressa and Hassan, 2010). Attempts are made §e the
to have inundated 3400km2 of Nigeria coastal regibile  studies to link the state-of-the-art models devetby
desert encroachment is reducing arable lands frben tresearchers in separate disciplines, including attiogy,
northern part of the country by 1-10km a year. Atsh  agronomy and economics, in order to project futomeact
crops cultivated by farmers from long to short diorais of climate change on agriculture and implicatiorr fo
also noticed. While the choice crops produced by819 population growth. Some of these studies includaeeKat
were guinea corn, groundnut and maize, they wetetmi al. 1992; Rosenzweig et al. 1993; Rosenzweig andy Pa
maize and bean by 2007. Surface water bodies weoe al1994; Reillyet al. 1996 and Ayindest al, 2010, that used
observed to be drying up, for example, Lake Chad islimate induced changes in crop yields to estirpatential
currently 5.7% of its size in 1960. Wind and raimets global economic effects. Others have examinedrttizact
were observed to kill 199 people and destroyed gntgp impact on economic variables such as farm revemae a
worth N85.03 billion in Nigeria between 1997 andd20 income, e.g. Mendelsohet al. (1994) and Adams et al
While the activities of the developed nations arestty (1998). The review of these studies helped to hame
responsible for the changing climate, the develppinunderstanding of the physical and economic resporesel
nations are those suffering more of the effects tue adjustments on climate change and agricultural ystioin.
inability to cope as a result of poverty and lowHowever, in line with adaptation scenario of hownfars
technological development. are coping or surviving under this climate varidpilthese
If the developed world can immediately implemenegle studies assumed that farmers could adapt to clictetage
emission cuts and reduce their rate of water pollutvhile by changing crop varieties and timing of plantingda
the developing countries practice clean technolagg harvesting, while in the without adaptation scematiis
reduce their rate of deforestation and enhancer thedassumed that farmers do not make any adjustmems ov
afforestation programmes, then the rate of carbksswill  time.
be improved and ozone layer depletion will declivéth The conversion of land to agricultural use and
cleaner atmosphere which will lead to self sust@jrizone exploitation of diverse other natural resourcesdeserally
layer rebuilding, the current rate of global wargwill be  increased the capacity of Earth to support humamgbeln
drastically reduced and its effects on humans dra trecent decades, however, the human enterprise rbasi g
ecosystem will with time be a thing of the past. so large that it is seriously altering the globavieonment
(Holdren & Ehrlich 1974; FAO, UNFPA and IIASA 1982;
- . . . Kane et al, 1992; Fischer et al, 2002 and W&trad, 2009).
4. Quantification of Major Indicators Humanity is now rapidly depleting fertile soils, skl
of Climate Change on Agriculture groundwater, biodiversity, and numerous other non-

. ) renewable resources, to support its growing pojmnat
Past studies have used a variety of approacheaxmre. (Ehrlich & Ehrlich 1990; Adamst al. 1998). This resource
climate change effects on agriculture (Paetyal, 2009;  jepjetion, coupled with other human pressures an th

Wang et al, 2009; Deressa and Hassan, 2010). Thesgironment (e.g., production of toxic wastes, dfiag the
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composition of the atmosphere) is undermining thelimate change on food production at the counggjanal,
capacity of the planet to support virtually all fes of life  or global scale (such as: Peaetal. 1996; McCarthyet al.
(Ehrlich et al. 1989). 2001; Parryet al. 2004; Nkomoet al, 2006; Stern 2007;
The magnitude and pace of change that climatokgisDeressagt al, 2008; BNRCC, 2008; Apatet al, 2009),
believe probable are unprecedented in human histohave failed to provide critical insights in ternfseffective
(Abrahamson 1989; Cairns & Zweifel 1989; Lashof 998 and future adaptation strategies, although insidtasm
NAS 1987; Schneider 1989). Should such change pccuhese studies created the background for the preseew.
there will inevitably be wide-ranging effects on mga The U.S. Department of Agriculture (USDA) released
facets of human societies. Current patterns andgdytlans comprehensive reports that synthesize the scientifi
of energy use and industrialization will require jona literature on climate change effects and adaptation
revision (Rosenzweig, 1994, Reilly, 1996 and Mesdieh strategies for U.S. agriculture and forests. THect$ of
et al. 1994). International tensions are likely to heighte climate change will be profound and far-reaching,
over claims on freshwater where scarce suppliefuatteer according to the two reports, which drew on moranth
reduced (Fischer, et al, 2002; Lobell and Burke€)®@nd 1,000 peer-reviewed studies carried out by sciesntis
Ayinde et al, 2010), transnational migration of federal service, universities, non-governmental
environmental refugees (Jacobson 1988), and ukimabrganizations, industry, tribal lands and the pevsector.
responsibility for global warming and its effecsd@mset  Providing a comprehensive view of the anticipatéidots
al, 1998). of ongoing climate change on U.S. farms, forests,
The global production and distribution of food isgrasslands, and rural communities over the coufsiheo
inadequate for a large fraction of the rapidly exgiag 21st century, the two reports are to be incorpdratethe
global population of 5.8 billion people under pmgsand U.S. Global Change Research Program’s 2013 National
foreseeable economic systems (WRI 1987; Brown 198&limate Assessment, a bi-annual report to the &eesiand
Brown & Young 1990; Ehrlich & Ehrlich 1990). The Congress mandated by passage of the Global Change
agricultural and food-distribution systems may betHfer Research Act of 1990.
stressed by shifting of temperature and precipitabelts, Rising levels of atmospheric carbon dioxide and
especially if changes are rapid and not plannedsiee, for temperatures along with changing patterns of pitipn
example, Adamst al. (1990). In this paper investigation of will affect agricultural productivity, according tGlimate
the possible positive or negative effects of clenahange Change and Agriculture in the United Sates: Effects and
on Nigerian food security was carried out by usimg Adaptation. Though the effects on the whole will be mixed,
computer model and Statistical software packages a@hgoing changes are in general expected to have
LIMDEP 6.0. Focus was on grain because it supmlies  “detrimental effects on most crops and livestocl’” the
half of the calories in the average diet (of depglg middle of the century and beyond.
country nationals) and accounts for the vast mgjaf the Crop production may shift along with changing
international trade in food (WRI, 1989). The moddbpted temperature and precipitation patterns, but thatsdb
in the study was a simple, aggregate representaifon lessen the likely disruption to lives, livelihoodsnd
agricultural systems and human populations thaelmeen communities in agricultural, forest and other aradere
used by Daily & Ehrlich 1990. local economies across the country depend on natura
Recently, international tensions and concerns anmesources, or to residents of urban areas ultijatel
heightening over what the impact of climate wilvkaon dependent on the water, food, fiber and materials
the environment and agricultural produce (NEST, 200 ecosystems provide. For example, the annual costeefl
BNRCC, 2008; Apataet al 2009). Also, how agricultural control in the U.S. total more than $11 billioncaaing to
and food-distribution systems will be further stes up by the report. That's expected to increase with rising
the shifting of temperatures and precipitating delt temperatures and carbon dioxide concentrations;hwiill
especially if changes are rapid and not plannedM&ST, add to rising food costs.
2004). The crucial issue in this review is whether Similarly, rising temperatures and changing préatjon
agricultural output supply can keep pace with papoh patterns will also have effects on livestock prdarc
increase under this climate variability. This wilepend; “Heat stress for any specific type of livestock clamage
both on the scope for raising agricultural produtti performance, production, and fertility, limiting eth
(including reducing waste during distribution), dability  production of meat, milk, or eggs. Changes in feragpe
of inputs used in the agricultural sector (landholar, and nutrient content will likely influence grazintgeds.
machinery, water resources, fertilizers, etc.) daling Insect and disease prevalence are expected toaswre
sufficient information on climatic variables for gmble under warmer and more humid conditions, diminishing
effective adaptation and mitigation strategies. animal health and productivity,” the report authoose.
Consequently, attempt is being made in this review
critically examine the effects of climate change food
demand and production as well as population ineréas
Nigeria. Past studies that have examined the impéct

4.1. Global Climate Change, Forests,
Adaptation and Resilience

Climate change is likewise likely expected to have
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significant effects on U.S. forests this centurgcérding to  a strategy known as carbon sequestration or carégture.
Effects of Climate Variability and Change on Forest
Ecosystems. A Comprehensive Science Synthesis for the
U.S Forest Sector, “wildfires, insect infestations, pulses of
erosion and flooding, and drought-induced tree atibyt
are all expected to increase.” More specificalhg tarea
burned by wildfires is expected to at least doubler the
next 25 years. Insect infestations are expecteaffént yet
more land per year than fires.

Flowing through the social-ecological system of ths.,

5.1. Carbon Capture

One way to keep carbon dioxide emissions from lad/ a
sustainable is to preserve and plant more treesesJr
especially young and fast-growing ones, take upremtg
deal of carbon dioxide from the atmosphere andestor
carbon atoms in new wood. Worldwide, forests aride
cleared at an alarming rate, particularly in thepics. In

A e g ) many areas, there is little regrowth as land Idedsity or
the direct and indirect effects “are likely to calesses of g changed to other uses, such as farming or hgusin

ecosystem services in some areas, but may als®VPI yeyelopments. In addition, when trees are burnedetar

and expand ecosystem services in others.” Areagewhqnq they release stored carbon back into the sihere as
current infrastructure and resource productionb@®ed 0N .orhon dioxide. Slowing the rate of deforestatiomd a

r_]istorical climate and.steady—s_tate conditions,dﬂa‘eems planting new trees can help counteract the buildfip
likely to be the case in most, if .ryot all, areas lakgly to greenhouse gases.

be _m_ost vulnerable. While d.etalllng the substartiabats Carbon dioxide gas can also be captured directiyb@h

anticipated as a result of climate change, the fyIOIts  igyide has traditionally been injected into deptetoil

also highlight the need and offer recommendatioms f,e|is to force more oil out of the ground or seafloThe

developing and enacting proactive, inclusive clenatgyme process can be used to store carbon dioxietEses
change adaptation strategies that imbue commuraties by a power plant, factory, or any large stationsoyirce.

ecosystems with greater resiliency. The ability of, example, since 1996 this process has been atsad
communities with resource-based economies to attapt . ral gas drilling platform off the coast of Nayv
climate change is linked to their direct exposwetttese  ~arh0n dioxide brought to the surface with the redtgas
changes, as well as to the social and institutistrailctures g captured, compressed, and then injected intaciifer

present in each environment. Human communities th@lteep below the seabed from which it cannot eschpe.
have diverse economies and are resilient to chéogdgy o5t cases, the process of carbon capture would als

will also be prepared for future climatic stress&hough i\ olve transporting the gas in compressed formuitable
uncertainty exists about the magnitude and timifg Qqcations for underground storage. Deep ocean water
climate-change effects on forest ecosystems, @ffic .,,|q also absorb a great deal of carbon dioxittbpagh
scientific information is available to begin takigtion (1o environmental effects may be harmful to océanThe

now. Building on practices compatible with adaptit@ feagipility and environmental effects of these opsi are
climate change provides a good starting point fmdl || 4er review by international teams.

managers who may want to begin the adaptation psoce
Establishing a foundation for managing forest estsys 5.2. Energy Sources
in the context of climate change as soon as passifll
ensure that a broad range of options will be albaldor
managing forest resources sustainably.

The total worldwide magnitude of consumption ofsiibs
fuels is increasing by several percent per yeawéver,
energy use around the world is slowly shifting avitaym
fuels that release a great deal of carbon dioxideatds
5. Efforts to Control Global Warming fuels that release comparatively less of this heaping

and Climate Change gas. , _
Wood was the first major source of energy used by

Responding to the challenge of controlling globahumans. With the advent of the Industrial Revohuiio the
warming will require fundamental changes in energynid-1700s, coal became the dominant energy solge.
production, transportation, industry, governmentigies, the mid-1800s oil had replaced coal in dominanaelirig
and development strategies around the world. Theg¢ke internal combustion engines that were eventuakd
changes take time. The challenge today is manafieg in automobiles. By the 1900s, natural gas begaetased
effects that cannot be avoided while taking stepsrevent worldwide for heating and lighting. In this progsem,
the more severe ones in the future. Reducing emmisaf combustion of natural gas releases less carboriddidikan
greenhouse gases, also called greenhouse gastimitiga  oil, which in turn releases less of the gas thaeititer coal
a necessary strategy for controlling global warmiflgere  or wood. However, a reversal of this trend may éensas
are two major approaches to slowing the buildup ofeserves of oil are used up. Other fuel sourceh agctar
greenhouse gases. One is to reduce the consumptionsands (also known as oil sands) are beginning taitieed.
fossil fuels, thereby reducing greenhouse gas @mnss Producing oil from tar sands involves extractiond an
The other is to keep carbon dioxide out of the afphere refining processes that release carbon dioxideditition,
by storing the gas or its carbon component someavblee, the relative abundance of coal reserves in counsiieh as
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China and the United States may lead to a new ungsimi
the use of coal for
technologies for cleaner coal-burning power plamay
help offset the effects.

Significant reductions in carbon dioxide emissiaas
only be achieved by switching away from fossil-faakrgy
sources. Nuclear power plants release no carbodddi@t
all, but nuclear energy is controversial for reasohsafety,
security, and the high costs of nuclear waste disp&olar
power, wind power, and hydrogen fuel cells alsotemoi

Emmanuel Teryila Tyokumbur: Review of EcologiBalrspectives on Climate Change in Nigeria

naturally to global warming, food production is not

generating electricity. Newertthreatened, and economic development can proceed in

sustainable manner.

The nations at the Earth Summit agreed to meendgai
translate these good intentions into a bindingtyrdar
emissions reductions. In 1997 in Japan, 160 natioafied
an agreement known as thedy Protocol, an amendment
to the UNFCCC. This treaty set mandatory targetstte
reduction of greenhouse gas emissions. Induskihliz
nations that ratify the treaty are required to thoiir

greenhouse gases. These energy sources can higgbractemissions by an average of 5 percent below 199€idev

low-pollution alternatives to fossil fuels. The Hhigb
electric vehicle (HEV), which uses both an electriotor
and a gasoline or diesel engine, emits less cadimrde
than conventional automobiles (e.g. Electric Car).

Other alternatives include biofuels e.g. made fpdamts,
such as biodiesel (made from used and new vegetilple
and ethanol (a plant-based gasoline additive). digbese
fuels can help reduce total carbon dioxide emissipom
automobiles. However, the use of biofuels as brough
the challenge mitigating the effects of land usehsas
clearing of large expanse of forests and natuisrkes by
farmers in order to cultivate crops that would tsedifor
producing ethanol. By and large, these biofuelseHasen
implicated that as a major contributor of the gtemrse
gases. So where do we go? According to Meyal (2010),
recent research indicated that the production ofukis
from food crops such as corn, soya beans, etcnchrectly
increase heat-trapping emissions because a higbbalg
commodity prices with increasing demand would iredoc
motivate farmers to clear forests in order to exbarop

This reduction is to be achieved no later than 2GRl
commitments to start achieving the targets areemirbin
2008. Developing nations are not required to comtmit
mandatory reductions in emissions. Under thétiyules,
industrialized nations are expected to take thst fiteps
because they are responsible for most emissiodatéoand
have more resources to devote to emissions-reductio
efforts.

The protocol could not go into effect unless
industrialized nations accounting for 55 percent1880
greenhouse gas emissions ratified it. That requrénvas
met in November 2004 when Russia approved theyjreat
and it went into force in February 2005. By the ef@006,
166 nations had signed and ratified the treaty.ablet
exceptions included the United States and Australia

In 1998 the United States—then the world’s single
largest contributor to greenhouse gas emissionsarbe@
signatory to the K§to Protocol. However, in 2001 U.S.
president George W. Bush withdrew support for teatt.

He claimed that the treaty’s goals for reducingboar

production (Farionet al. in Meyer et al (2010). The way dioxide emissions would be too costly and wouldnihéne

out perhaps is the use of environmental scientists
effective advocates in a cross disciplinary appnoas
convince policy makers to adopt:

U.S. economy. He also claimed the treaty put araiunf
burden on industrialized nations. Opposition tottieaty in

the United States was spurred by the oil indushy,coal

i. Low carbon fuel standards measurable on a lifeindustry, and other enterprises that manufacturdepend
cycle basis tat determines, through samples, fromn fossil fuels. These opponents claimed that tom@mic
production to the tailpipe of the auto-engine,costs to carry out the Kyo Protocol could be as much as

facility or end-user.

$300 billion,

due mainly to higher energy prices.

ii. Possibly include indirect land-use emissions anéroponents of the Ko Protocol believed the costs would
adopt viable approaches of estimate the green houpesve more modest—3$88 billion or less—much of which

gases emitted.

5.3. International Agreements

would be recovered as Americans switched to more

efficient appliances, vehicles, and industrial psses.
The Kybto Protocol, which expires in 2012, is only a

Mutual international cooperation is required fore th first Step in addressing greenhouse gas emissidas.

successful reduction of greenhouse gases.
international conference addressing the issue veéd in
1992 in Rio de Janeiro, Brazil. At the United Naso

Conference on Environment and Development, infolyma

The firsiabilize or reduce emissions in the 21st centarych
stronger and broader action is required. In pais th

because the Ko provisions did not take into account the

| rapid industrialization of countries such as Crana India,

known as the Earth Summit, 150 countries pledged §hichare among the developing nations exempted fre

confront the problem of greenhouse gases by sigthiag

United Nations Framework Convention on Climate Gfgan

protocol's mandatory emissions reductions. However,

developing nations are projected to produce ha# th

(UNFCCC). To date, more than 180 nations haveiestif WOrld’s greenhouse gases by 2035. Leaders of ttiens

the UNFCCC, which commits nations to stabilizing

greenhouse gas concentrations in the atmospheréeael
that would avoid dangerous human interference with
climate. This is to be done so that ecosystemsackpt

argue that emissions controls are a costly hindratoc
economic development.

In the past, prosperity and
pollution have tended to go together, as industasibn
has always been a necessary component of an ecaomy
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development. Whether or not an economy can grolReferences

without increasing greenhouse gas emissions atdee

time is a question that will be critical as natiagch as
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Alternative energy sources other than fossil fuale
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