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Abstract

The aim of this review was to examine the impaatiptation and vulnerability of the Niger Deltactomate
change. From a comprehensive review of the liteeatit was revealed that the Niger Delta is cutyebeing
faced with climate change impacts such as incretsmgerature, irregular precipitation patterns aed level
rise, which had caused serious negative impactharregion, exacerbating natural hazards suchoaslifig,
coastal erosion and salt water intrusion into frestter aquifers. Future projections have it thaséhimpacts
may be more severe if urgent steps are not takeadtivess the situation. Unfortunately, current &atagm
strategies are poorly designed and have been ftwurike inadequate in dealing with the current sibuat
because of the reported poor adaptive capacitytf ecological and human systems. The paper recoane
that a comprehensive adaptation strategy for tgmeshould be developed involving the governmanis all
relevant stakeholders, to increase the adaptivacigpof the region and moderate the impacts ahate
change.
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1. Introduction

A review of several studies on climate change asva that the potential impacts of climate changetaoad
based, interconnected and complex. There are l@tt @nd indirect impacts of climate change, whielre the
potentials of unleashing devastating impacts oh lgebphysical and human systems. These impactd Eal
to serious environmental, health and sagionomic dislocations in some parts of the world (Ohwo, 2015;
IPCC, 2014; Ifeanyi-obi et al, 2012; IPCC, 2007), especially in sub-Sahara Africa and the Niger Delta region of
Nigeria in particular. This is due to the multig&#esses and low adaptive capacity of the regiB&€, 2007),
which are attributable to poverty, poor technologigh dependence on natural resources, rain-feidwigire
and weak institutions and governance.

Vulnerability is “the degree to which a systemuseeptible to or unable to cope with, adverse &ffetclimate
change, including climate variability and extrem@$®CC, 2001). On the other hand, climate changptadion
is defined as “adjustment in natural or human sgsta response to actual or expected climatic dtionuheir
effects, which moderates harm or exploits bendfiogportunities” (IPCC, 2001). The adaptive capact a
system is its ability to adjust to climate changeclgding climate variability and extremes), to recate
potential damages, to take advantage of opporésnitir to cope with the consequences (IPCC, 2001).

The concepts of climate change impact; vulnerability and adaptation are linked and reinforces one another. For
instance, if the adaptive capacity of a systeneiy \wigh, its vulnerability to climate change woudd low and
the level of impact on the system would be moderaldnis explains why the capacity to respond tmate
change is lowest in developing countries and anmbagpoorest (Olmos, 2001), which accounts for tbetial
variation in the response of people to climatiensti within a region or country. Unfortunately, thetual and
potential impact of climate change in the NigertBé probably among the highest in Nigeria assaltef poor
adaptation and high level of vulnerability, occasid by its coastal location, height above sea Jéwgh poverty
level, pollution and dependence on rain-fed agricel poor infrastructure and institutions.

IPCC (2000) noted that “decreasing the vulnerabitif socio-economic sectors and ecological systéms
natural climate variability through a more informelabice of policies, practices and technologied, iwimany
cases reduce the long-term vulnerability of thestesns to climate change.” Hence, this study watgded to
review existing literature on the current and fatimpacts, adaptation and vulnerability of the Nigelta
region of Nigeria to climate change. This wouldphts highlight the level of vulnerability of thegien to the
impacts of climate change, which would enable godind decision makers to develop informed and madiée
strategies to reverse the current trend.
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2. The Study Area

The Niger Delta can be defined geographically and geopolitically. The geographical definition of the Niger Delta
is limited to three states of Bayelsa, Delta and Rivers. The conventional geographical perimeter extends from the
Benin River in the west to the Imo River in the east, and from the southernmost tip at Palm Point near Akasa to
Aboh in the north where the Niger River bifurcates into its two main tributaries. The geopolitical Niger Delta
covers nine southern states of Nigeria, which include Abia, Akwa Ibom, Bayelsa, Cross River, Delta, Edo, Imo,
Ondo and Rivers (Figure 1). The geopolitical definition was a recent creation of the Federal Government in 2000
to include all the oil producing states in Nigeria, and appears to be more popular (Odjugo, 2011), hence its
adoption in this review. The geopolitical Niger Delta covers about 70,000 km? and makes up 7.5% of Nigeria’s
land mass, with a total population of 27,696,577 (National Population Commission, 2006). The geopolitical
Niger Delta is located within latitudes 4° 15" and 8° 00 North of the Equator and longitudes 4° 30" and 9° 15
East of the Greenwich Meridian.
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Figure 1: Geopolitical Niger Delta

The Niger Delta experiences Equatorial type of aten(Koppen's Af classification) in the southerrastal area
and Subequatorial in the northern part of the megithe mean monthly temperature ranges froffC2® 2$°C
and annual rainfall from 2,000mm to 4,000mm (Odjug@l1), with a relative humidity above 70%. Thgioa
experiences two major seasons-rainy and dry. Tihg season, which last from March to October, flugnced
by the southwest monsoon winds, which carry’s nooéstfrom the ocean into the hinterland, with ddidry
spell in the month of August (August break). On t¢tiger hand, the dry season last from Novembeetouary
(extend from October to March in the northern pédirthe region), and is influenced by Tropical Caetital air
mass from the North, which brings sligtarmattanbetween the months of December and February.

The soils of the region are generally sandy, muddy and clayey, which provide an unstable base for roads and

building construction works, especially in the coastal areas. The vegetation of the Niger Delta consists mainly of
swamp forest and tropical rain forest (Olorode, 2002). The major occupation of the people is farming and
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fishing, which are usually practiced at subsisteteeel. The region is endowed with very substantial
hydrocarbon deposits. Crude oil production from tagion runs at almost 2 million barrels per dahioh
roughly accounts for over 80% of Nigerian expoktereues. Unfortunately, the exploration and explmitaof
the crude oil deposit has brought serious enviranialedegradation, which has negatively affected sheio-
economic activities of the people leading to insezhpoverty. The coastal location of the regionosgp it to
climate change hazards of sea level rise (resulinfjooding, coastal erosion and salt water intmsnto
freshwater aquifers), irregular precipitation patte and increasing temperatures. In addition,
increases, urbanization and industrialization, aadial conflicts, have all reacted to create a hogeplex
challenge that requires urgent attention.

3. Impact of Climate Changein the Niger Delta

Several scientific studies, most especially by tiergovernmental Panel on Climate Change (IPCGeha
identified current and potential impacts of climat@ange (temperature increases, sea level ris¢inméte,
changes in precipitation patterns, health challengeological dislocation, flooding, erosion, drbugnd
desertification) on both geophysical and humanesgstall over the world. The peculiar nature of iiger
Delta (coastal location, height above sea levegh hprecipitation, high poverty level, and enviromia
degradation due to oil exploration and exploitatativities, and poor agricultural practices) mattesregion to
be highly susceptible to vagaries of climate. Saf#he impacts of climate change in the Niger Dedtgion as
identified by past studies include sea level rise, which has led to salt water intrusion into fresh water aquifers;
flooding, coastal erosion, irregular precipitatigmttern, high temperature, ecological dislocatisngio-
economic and health hazards (Ohwo, 2015; Ikehi, et al 2014; Musaet al, 2014, NEST, 2011; Uyigue and Agho,
2007). These impacts have led to the displacemkipeaple and livestock (NEST, 2011), which hasfert
increased the poverty level of the region and husudferings

Flooding and coastal erosion are serious envirotamhgmoblems in the Niger Delta region, which haei
exacerbated by climate change. This is not surrias Wonget al (2014) had noted that due to sea level rise,
coastal systems and low-lying areas would increggiexperience adverse impacts such as submergence,
coastal flooding and erosion. They further projddtet in the absence of adaptation, increasindeseh would
intensify current erosion of beaches, sand duneésciiffs. Attesting to the severity of flooding armbastal
erosion in the region as a result of climate chahlyggue and Agho (2007) submitted that coastasierois the
most important environmental problem facing the ei@elta region. They added that flooding of lownty
areas in the region has devastated settlementdestobyed oil wells in Forcados and other econantivities

in the region especially primary activities suchfasning and fishing. Also, coastal vegetationezsally the
mangroves forest has been lost to coastal erogdmodika, 1995) with negative consequences on cbasta
biodiversities. Although there is not enough evitkeshown by the authors on the link of climate deato these
devastations, however, they can be exacerbatetinbyte change.

A study conducted by Uyigue and Agho (2007) in samemunities in the Niger Delta region reportedlthe!

of devastation by both flooding and erosion in #edied communities. They stated that the socimetc
lives of the people in Egor and Ogida communitie€Edo State have been severely impacted by floald an
erosion, which has eroded the top soil, affecteghrwater resources, destroy roads, render manglepeo
homeless and threaten lives and properties.. Tiisasio is not deferent from what is obtainabletimer parts

of the Niger Delta region, though the severity leé impacts varies spatially. The IntergovernmeR&ahel on
Climate Change (IPCC) has linked sea level riselitnate change, and a rise in mean sea level &20m4was
recorded in the coastal waters of Nigeria betwe@d0land 1970 (Udofa, and Fajemirokun, 1978) cited i
(Uyigue and Agho (2007). This probably has informieel authors’ conclusion on the link of floodingesty to
climate change in the Niger Delta region.

The 2012 flood episode in the Niger Delta regiorswlae most recently recorded flood episode, whies w
largely attributed to climate change. The NigenstFDisaster Needs Assessment 2012 Floagsrted that the
impact of the 2012 flooding was very high in terafshuman, material, and production loss, with 3@dgle
killed, 5,851 injured, 3,891,314 affected, and B1,8530 displaced (Federal Government of Nigei@td,3}. The
Niger Delta region contributed significantly to ghstatistics, as four states (Bayelsa, Delta, EdbRivers) in
the region were significantly impacted becausesotoastal location.

In spite of the impacts of the 2012 flood episodehie Niger Delta region, projections of future aofs as a
result of sea level rise (SLR) propelled floodisgalarming. For instance, Awosilkd al, (1992) estimated that
the region could lose over 15, 000 square kilorsedpédand by the year 2100 with a one metre risgeia level
(see Table 1), which would result in the displaceihd at least 80 per cent of the people in theeNiDelta
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region as a result of its low elevation. By imptioa, if practical steps are not taken to checklseal rise, large
propulsions of the Niger Delta can be washed awdth wevere consequences on human life and other
geophysical systems in the region.

Table 1: Projected Total Land Loss Due to Coastasién and Inundation from
Different Scenarios of Sea Level Rise in the Kigelta Region

S/N SLR (m) Low Estimates (km?) High Estimate (km?)
1 0.2 2, 846 2,865
2 0.5 7,453 7, 500
3 1.0 15, 125 15, 332
4 2.0 18, 398 18, 803

Source: Adapted from Awosilet al, 1992

Scientific investigations have identified temperatincreases as potential impact of climate chatgeC,
2005; Nyelong, 2004), which has the capacity to influence agricultural productivities. Studies have showrt tha
the Niger Delta region most crops thrive within teenperature range of 23 and 36C (Okpeke, 1987; Udoh
et al, 2005). Unfortunately, studies have confirmedumatiemperature ranges of three studied statesHfTN
(2011) to be above this temperature threshold. Sthdy revealed that mean annual temperatures fi@f 1
2006 have increased in the three studied staté&wé Ibom (29.6C - 31.4C), Ondo (30.8C - 33.8C) and
Rivers (30.2C — 31.2C). Based on these data the report concluded ¢naperature have steadily increased
within these periods, which has implications fag #nvironment and source of livelihoods (farming &shing)
in the region, as higher temperatures could leddwofish catch as well as lower crop yield, a attan which
may result in loss of income by the majority of tigjer Delta population who depend on these a@&#wifor
sustenance (NEST, 2011).

Variation in temperature and humidity in the Nidg@lta may alter the spread of pests and diseasdsnerease
the risk of invasion and the emergence of healtdted hazards (lkehét al, 2014). Although scientific evidence
on the link between climate change and the spréagest and diseases is still sketchy in the Nigeftd)
however, such situation coupled with irregular jp#ation patterns could exacerbate the povertglléw the
region. In addition, studies have shown that irerédecades, climate change has contributed tdslefdll
health, as rising temperatures have exacerbatedsthef heat-related death and illness. Althoulgh present
worldwide burden of ill health from climate chanigerelatively small compared with other stressarshealth,
however, local changes in temperature and raihfale altered distribution of some water-borne dbes and
disease vectors, and reduced food production fmesaulnerable populations (Smighal, 2014).

4, Adaptation Strategiesto Climate Changein the Niger Delta

The peculiar location and nature of the Niger Dhliae motivated individuals and communities inrbgion to
develop strategies for effective adaptation to dhallenging environment. Over the years the dewslop
adaptation strategies, which were embedded in éinenwinal cultural practices, were found to be coibpeat
with flood regimes and associated fluvial proce¢BdsST, 2011), which characterize the region. kere years
however, the increase in population, in associatiith other stressors (urbanization, industrial elegment,
agricultural expansion, the reduction of sedimeatdl of the major rivers in the region due to ugstralams)
have impacted negatively on agriculture in the dlgdains and exacerbated coastal and river bardiaeroThis
situation has altered considerably the subsistopglierium in the area, which has led to floodingdaother
environmental hazards, with negative impacts oritletihoods of the people (NEST, 2011).

Although many adaptive strategies can be developed to contend the negative impacts of climate change;
adjustments are possible in practice within thetérof available income and technology. The urgateptation
needs of the Niger Delta stem from the fact thatrdgion is highly vulnerable to climate changgetber with
its low levels of adaptive capacity. Although effoare being made to support adaptation activities; are not
enough to guarantee effective adaptation for ptegeclimate change impacts in the region. The major
adaptation strategies adopted by the people towithesome of the identified impacts of climate eba include
construction of foot bridges with wood, stones and sand bags; raising walls with sand bags and/or blocks to
divert flood water, using improved crop varietieglaanimal breed, use of mulching materials for srapd
shades for animals, change of harvesting date, amipping, using early maturing plants/animals, cjiag
planting/stocking time and change of livelihoodthgse who once depended on natural sectors su@hnaisg
and fishing (Ikehiet al 2014; Uyigue and Agho, 2007). Most of these adaptatiothods are reactive, private
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and autonomousvhich are weak in dealing with current and antitgpafuture impacts of climate change. This
is a clear indication that the people relied mareheir indigenous strategies to adapt to climatnge.

Although some of the adaptation strategies weradow be effective in the past when the situatias hess
severe, however, due to increasing intensity ofimale change, coupled with high population and other
environmental stressors, the adaptation stratemiesno longer able to effectively cope with currelimate
change impacts, talk less of more severe projaotedcts. To ameliorate the current and projectgohuts of
climate change in the Niger Delta and Nigeria inagal, there should be a change in the adaptatiategies to
include planned, anticipatory and public adaptatieith proper integration of local and traditiotkalowledge.

5. Climate Change Adaptation Optionsin the Niger Delta

The above review of the adaptation strategies @dopy the people of the Niger Delta have been faonble
inadequate in dealing with current and projectadr@iclimate change impacts in the region. Howethere are
other options which could be adopted to effectivedguce the level of vulnerabilities to climate e
According to Nichollset al (2007) the IPCC have classified coastal adaptadicaitegies into three classes,
which include retreat, accommodation, and protectichich are now widely used in most countrieshef world
(Linham and Nicholls, 2012). These tripod coasthlation strategies to climate change is whatelkaanded
into broad approaches of retreat, defend, andlatReel, 2010). According to Woreg al (2014) “protection
aims at advancing or holding existing defense limgsneans of different options such as lanngl beach and
dune nourishment; the construction of artificial dunes and hard structures such as seawalls, sea dikes, and storm
surge barriers; or removing invasive and restoring native species. Accommodation is achieved by increasing
flexibility, flood proofing, flood-resistant agritture, flood hazard mapping, the implementation flobd
warning systems, or replacing armored with livifgrelines. Retreat options include allowing wetkrid
migrate inland, shoreline setbacks, and manageligmezent by, for example, breaching coastal defense
allowing the creation of an intertidal habitat. Tdygpropriate measure may depend on several fagiquiring a
careful decision-making and governance process.”

It should be noted at this point that the climatange adaptation options discussed above havelithigations.
Adger et al (2007) identified some barriers such as physiaal @cological, technological, social and cultural,
financial, informational and cognitive barriers,ialn may affect the effective adoption of some @S options.
For instance, Tam (2009) noted that building sed bariers are expensive. She cited the exampiethe
Maeslant Barrier, located in Rotterdam, Netherlamdsch cost estimates was $4 billion, and the fasndhree
Gorges Dam in China, which was estimated at aafo®25 billion. In addition, the author reportedththe Bay
Conservation and Development Commission (BCDC) ystrelealed that a barrier would affect the Bay's
salinity, sedimentation, coastal erosion, wetlamdkllife and endangered species.

Howdenet al (2007) had stated that there are perceived rigkibdic health and safety, and ecological riskia t
introduction of new genetic crop variants to nat@mvironment, in the form of biotechnology and ggcally
modified crops. Also, coastal hazard mapping mayease fear and anxiety in some people, as resibeabme
more aware of the risks, but not how to addressiti@onsidering the limitations of each of thesdm, it is
therefore necessary to undertake a comprehensalgsinof all contending issues before a decistoreached
on the choice of the most appropriate options.

A critical assessment of the climate change adaptaiptions in the Niger Delta revealed that mosthe
measures cannot be executed at the householdéphexael, which is the current dominant adaptativatsgy in
the region, due to high financial and technicaluregments. Therefore, the governments (Federate Stand
Local), NGOs, donour agencies, and all relevarkedtalders must come together, with the federal gowent
providing leadership to implement some of the sgis that best suit the region to tackle the meoéclimate
change.

6. Vulner ability and Adaptation Constraintsto Climate Changein the Niger Delta

NEST (2011) reported that communities in the Nigefta are vulnerable and have limited adaptatigpaciies
to climate change-related events and extremeslstt moted that communities with different livelitdso
experience different types of climatgks; as communities along the coastline are confronted with the risk of
ocean surge and sea level rise, while the wetlaminunities are faced with the risk of pests andding.
Some of the reasons responsible for householdsévability to climate hazards are: low agricultuvatput and
income, non-availability of irrigation facilitiegsufficient farm labour, lack of storage facilgi@nd inadequate
transport (NEST, 2011). The high vulnerability obsh parts is because the region is already undesssbf
demographic and environmental constraints, duengustainable human activities (Ogba and Utang, 2067
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addition, there is low level of economic development; consequently the monetary capacity to adapt is limited.

From the reported constraints to adaptation inNfger Delta, it is evident why the adaptive capaaf the
region is low. The identified determinants of adaptcapacity by IPCC (2001) which include available
technology options; available resources and their distribution; stock of human capacity including education and
security; stock of social capacity including property rights; structure of critical institutions; ability of decision-
makers to manage information and validate it; and public perception, are majorly not provided or poorly
attainable in the Niger Delta. According to Woag al (2014) “different constraints typically do not aat
isolation, but in interacting bundles. Thereforasitdifficult to predict which constraints matterost in any
specific context but instead multiple constraineedh to be addressed if adaptation is to move ssitdlys
through the different stages of the managementgsst

7. Principlesfor Effective Adaptation

In order to enhance the adaptive capacity of arsyesy (geophysical or human), to adequately adapbtb
current and projected climate change impacts, iceganciples should be adopted. Based on compahen
studies on climate change adaptation, Fiefdal (2014) had proposed some basic principles forctife
adaptation to climate change. Some of these plewipvhich are presented below can enhance thetieglap
capacity of the Niger Delta, and reduce its vulbéity to climate change impacts and risks, if well
implemented.

One of the first steps towards adaptation to futtlnmate change is reducing vulnerability and expesto
present climate variability. This can be achieveddeveloping resilience across a range of posdiltiere
climates, while helping to improve human healthvelihoods, social and economic well-being, and
environmental quality. In addition, there should d&@eonscious integration of adaptation into plagnamd
decision making to promote synergies, which caraaoé development and disaster risk reduction.

Another principle is the realization that adaptatie place-and context-specific, with no single rapgh for
reducing risks appropriate across all settingsrdtee, adaptation strategies for effective ristuetion, should
consider the dynamics of vulnerability and exposared their linkages with socioeconomic processes,
sustainable development, and climate change. Conguitary actions across levels, from individual to
governments (Federal, State and Local) and orgdniesate sector can enhance adaptation plannimy an
implementation. In this regard the federal goveminghould play a leading and coordinating role,eeample,

by protecting vulnerable groups, supporting ecomodiversification, and by providing information, ljmy and
legal frameworks, and financial support.

Poor planning, overemphasizing short-term outcorpesfailing to sufficiently anticipate consequenazn
result in poor adaptation, which can increase thieerability or exposure of the target group in fineire, or the
vulnerability of other people, places, or sect@sme near-term responses to increasing risks defatelimate
change may also limit future choices. Therefor@paation planning should also recognize long-teutt@mes
and incorporate existing and emerging economicrunstnts as they can foster adaptation by providing
incentives for anticipating and reducing impactscltSinstruments include public-private finance parships,
loans, payments for environmental services, imptov@source pricing, charges and subsidies, nornds an
regulations, and risk sharing and transfer mechasis

Adaptation planning and implementation at all Isvef governance should be contingent on societiziega
objectives, and risk perceptions, as the recognitibdiverse interests, circumstances, social-cailtcontexts,
and expectations can benefit decision-making psmsesIn addition, indigenous, local, and traditiona
knowledge systems and practices, including indigermeoples’ holistic view of community and enviramt
are a major resource for adapting to climate chabgé these have not been used consistently irtirexis
adaptation efforts. Thus, integrating such form&mdwledge with existing practices increases tlfiecéfeness
of adaptation as the local people easily key in igedtify with such measures, which enhances theaptive
capacity and resilience to climate change impacts.

These principles can enhance effective adaptatiortlimate change in the Niger Delta region, if well
implemented. The principles addressed some of #is& lxonstraints of adaptation of both natural hadhan
systems in the region. For instance, the adaptatostraints to climate change in the Niger Dedgjdentified

by NEST (2011) and the determinants of adaptatipacity by IPCC (2001) as earlier presented, can be
addressed and enhanced, respectively by the aidaptatinciples. For instance, the first principlhich
proposes the development of resilience acrossgerafipossible future climate, health, livelihoodscial and
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economic well-being, environmental quality, and ttenscious integration of adaptation into plannarg
decision making; can promote synergies, which can address some of the adaptation constraints identified by
NEST (2011) such as governments’ unresponsiverestinhate risk management, inadequate knowledge on
how to build resilience, limited income and lackaifcess to credit facilities. Addressing theseeisswould
reduce the vulnerability of the Niger Delta regtorclimate change impacts and risks.

8. Conclusion

The reviewed papers in this work revealed thaitNiger Delta is currently facing the impacts of dite change,
which include sea level rise, resulting in flooding, coastal erosion and salt water intrusion; increase temperatures,
irregular precipitation patterns amongst other iotpaThese impacts had negatively affected botiplyesical
and human systems. Unfortunately, projected futapacts would be more severe if urgent measuresatrput
in place to mitigate climate change and enhanceattative capacity of both ecological and humartesys.
Currently, the adaptive capacity of the Niger Déttahe impact of climate change and associatéd isslow as
revealed by several studies undertaken in the me@ome of the reasons for this low adaptive capamtiude
high poverty level, coastal location of the Nigeelfa, poor institutions, high reliance on naturabrmomic
resources and poor governance system. In additienmajor adaptation types employed in the regian a
classified as private, autonomous and reactive tatlaps, which have been found to be inadequatdedaling
with climate change impacts in the region. This imagle the region to be highly vulnerable and lesgient to
the impacts of climate change.

In order to reverse this ugly trend, there is ageat need to develop a comprehensive adaptatiategir for the
region. The governments (Federal, State and Looadjanized private sector, NGOs, donour agenciesain
relevant stakeholders should come together to medu blue print with the federal government prawidi
leadership. In the design of this blue print, tlsib steps for effective coastal adaptation shbeldonsidered,
and local indigenous adaptation strategies shoelihtegrated, while the focus should be publicnpéd and
proactive adaptation.
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