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ABSTRACT

Agricultural sectors in Sub-Saharan African, whitlave economies largely based on weather-sensitive
agricultural production, are particularly vulnemlib climate change. This vulnerability has beemalgstrated by the
devastating effects of recent flooding and theowsiprolonged droughts of the twenty-first centdryus, for many Sub
Saharan African countries that are highly vulnezatul the effects of climate change, identifyingfatiént adaptation
options to climatic variation is crucial in desiggiappropriate coping strategies. Adaptation atfahmer level requires
three basic steps: detecting a shift in one’s ealeznvironment, determining that it would favoctenge in behavior, and
undertaking that change. Therefore, understandieget events is important for decision making fomate change

adaptation investment priorities which could yiblgh returns.
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INTRODUCTION

Three out of four poor people in Sub-Saharan Aftiga in rural areas, and most of them depend dyremr
indirectly on agriculture for their livelihoods. the twenty-first century, agriculture remains adamental tool for lifting
them out of poverty, as has been highlighted inWhwrld Development Report 2008 (World Bank 2008yridultural
sectors in Sub-Saharan African, which have ecomargisgely based on weather-sensitive agriculturabpction, are
particularly vulnerable to climate change (Mendkis@000; IPCC 2007; Kurukulasuriya et al. 2006)sTilnerability
has been demonstrated by the devastating effecesxeht flooding and the various prolonged droughthe twenty-first
century. Thus, for many Sub Saharan African coesttihat are highly vulnerable to the effects ofmalie change,
identifying different adaptation options to clin@tiariation is crucial in designing appropriate iogpstrategies to climate

change in low-income countries, where adaptive cfpes perceived to be low (IPCC 2007; Di Falcabt2011).

It is now considered ‘unequivocal’ that the gloloiimate is changing, principally as a result ofing fossil
fuels and agriculture related land use change wbasfiributes to the greenhouse effect. Accordingho IPCC Fourth
Assessment Report (IPCC, 2007), the temperatutheoéarth’s surface is expected to increase bet®esmd 5 degrees
Celsius (°C) over the next century, assuming greesd gas emissions continue to rise at currers.ratas is gradually
warming the planet and having a number of knocleffects in terms of changing rainfall patternsingssea levels, and

more unpredictable weather events (Anyadike, 2Q2@yr, 2009).

Climate change is expected to lead to more frequeate extreme or more unpredictable occurrenexisting
natural hazards (such as temporal distributioradffall, floods, droughts, hurricanes, and cyclgnéscan also result in
the emergence of new hazards which did not ocauigusly in a particular locality, such as new tyjpé pest outbreak or
disease resulting from rising temperature (Ifeatbyjiet al. 2012). Extreme rainfall events, droughénts, and warming
temperatures have all been shown to increase thdeimce of diarrheal disease, often significan@héckley et al. 2000;

McMichael et al. 2006; Confalonieri et al. 2007)aking temperatures will likely also expand thegemf important
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vector-borne diseases such as malaria and dengue NicMichael et al. 2006). Similarly, changesrainfall patterns
could also affect disease incidence, for instanith imcreasing drought heightening the risk of meitis outbreak, or
increased extreme rainfall events increasing #adiliood of cholera outbreaks (McMichael et al. @0Confalonieri et al.
2007).

The precise implications of climate change remaidegr: predictions of rainfall rates, amounts patterns, the
likely frequency of extreme weather events, andoreg changes in weather patterns cannot be matte csitainty.
Regional climate models are becoming more accubate,infortunately too little effort has been inteskinto research on
regional climate models in Sub-Saharan Africa. WhHe highest emission scenario in the IPCC’s loAgsessment
Report (IPCC, 2007) produces a most likely avetaggperature increase of 4°C by the end of the &i#ury, it is also
possible that the increase might be as high a£64%s low as 2.4°C Currently, the impact of utaety can be seen
most clearly in the failure of climate models t@yide good agreement at the regional scale, ammaiticular on future
levels of precipitation. In West Africa, for exarmapthe impact of climate change on rainfall is eacl Climate models

sometimes fail to agree as to whether precipitatidinncrease or decrease in any season (Ifeahiyebal. 2012).

Climate change, then, provides a particular chgemve know that change is coming, and we can kmew the
direction of change in many cases, but our abibtyoresee that change depends on a number ofrfadhbe degree of
confidence with which predictions can be made ddpem how far into the future we look, what regiemare in, whether
a local or national prediction is needed, whetherase concerned with temperature, precipitatioexareme events all
have an impact on the degree of confidence witlclwpredictions can be made. We need to differentinate change
projections for short-term (10-20 years) mediunmt€éP0-40 years) and long term (>40 years) scenaa®shis will have
different impacts on adaptation decisions. Clin@dtange contributes to vulnerability through cregiimeater uncertainty
and unpredictability in the environment within whipoor people live and build their livelihoods. lonantly, it is
changing the prediction schemes or prediction rilesold knowledge is no longer of the same usé ased to be (Di
Falco et al. 2011).

For the majority of weather related hazards andsses there has tended to be a considerable ambunt
knowledge and certainty about their characteridti@sed on historical experience (for example, tming of monsoon
rains, patterns of cyclones, seasons of heavy fraodtability), climate change is rendering it 9 fmunore difficult to
predict future climate characteristics using hist@revidence. At a global level and for the loegat projections (>40
years) climate change predictions vary widely, dejigg on assumptions about future trends in indalstation and
consumption patterns (resulting in increasing C@dsesions) as opposed to more optimistic assumptadreut the
adoption of cleaner technologies and stronger pdities on emission reduction (CO2 stabilizatiorgdictions of impacts
at the national and local levels are extremelylehging, due to the range of factors and feedbacfd that could affect
future climate, and the inadequacy of capacityathgr and analyze data for all regions. At all esatainfall — which is
critical to agriculture — is harder to predict thalmanges in temperature (Lobell and Burke, 2008er(alf a billion
people are at extreme risk to the impacts of ckn@tange, and six in ten people are vulnerableghyaical and socio-

economic sense (Confalonieri et al. 2007).

But the magnitude and speed of climate changeishakpected over the next century raises serioestouns
about how much agriculture can be adapted to namatts, how quickly, and at what cost. Unfortungtéere is little
existing evidence on the ability of adaptationrgprove agricultural outcomes in the face of climelbange, with large
uncertainties surrounding both the potential g&iom various adaptation measures and the extewhtoh they will be

undertaken autonomously. Particularly difficult dssentangling the relationship between farmer resps to climate
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variability, which occur continually, and their &ky longer run responses to changes in mean clifhaeldison, 2007;
Lobell and Burke, 2008).). Below we reviewed théstng theory and evidence surrounding agricult@aéptation to

climate change, and attempt to draw lessons botimfestment priorities and for future researchdsee

REVIEW OF THEORETICAL LITERATURES AND EMPIRICS
Climate Variability

Year-to-year changes in climate variables (or “elienvariability”) play a central role in global arehional food
systems and in food security outcomes. As a reslihate variability can both illuminate and comstr possible longer
run adaptation to climate change. For instancendarand food system responses to past weatherseasnsome of the
only evidence we have to understand how farmengores to climate shifts. At the same time, variapilso makes
production more risky, which might inhibit risk azhge farmers from undertaking broader adaptatioasores. Finally,
the year-to-year noise of climate variability mighéke it harder to recognize that climate is atfugianging (Thomas et
al. 2007).

Given the negative impacts of climate variability economic livelihoods and food security in muchtloé
developing world, helping farmers better adapthis variability is a central concern of developmeviany have also
argued that a focus on adapting to climate vaitghd the best way to approach adapting to clintdi@nge. This is in part
because most farmers and governments can mordyreadierstand the threat of variability, and thus more likely to
engage in building knowledge and institutional eafyato cope with variability (Washington et al. @) Cooper et al.
2008). It is also because climate variability canenlarge effects on livelihoods, and thus thagérrun adaptations will

only be undertaken if they do not compromise thtwlo cope with variability.

Perception on Climate Variability in Agriculture
Signal Detection

Adaptation at the farmer level requires three bad@ps: detecting a shift in one’s external enviment,
determining that it would favor a change in behgvamd undertaking that change (Hanemann 2000; Ikandind Risbey
2000). Farmers can easily recognize the short temability in temperature and precipitation rathiean the long term
climate change. Thus the first step in adaptingitbate change requires detecting the signal afaté change in the noise
of climate variability. Given the amplitude of clate variability in many regions, this might be moadl task (Lobell and
Burke, 2008).

Short term rainfall variability is the most iconichether event affecting smallholder producers inidgtia and

can easily be testable by themselves (Di Falch @041).

Farmers in developed countries have access to hhwafaclimate and weather data, and so presumediyd
learn about trends in climate without having tossethem independently. The same is often not tuéfmers in poorer
countries, who rely on various traditional methdéaisclimate forecasting, and who might be moreesslon their own in
discerning longer-run climate shifts.The local weasitand climate is assessed and predicted by yoohflerved variables
and experiences using combinations of plant, asimasects, and meteorological and astronomicatétors (Chang et
al. 2010).

In northern Ethiopia, farmers’ mainly utilize tréidnal weather forecasting technique. Strong windrdy the
month of July through October indicates less rdimfiethe upcoming season. In parts of southerridpifh, appearance of

many termites indicates near rainfall onset (Meaeigken, 2004).
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Evidence is mixed on farmers’ ability to correcfigrceive such longer-run shifts. Meze-Hausken (20ibdis
that farmers in northern Ethiopia report a declimeainfall where rainfall gauges report no chanigaddison (2007)
shows mixed results in farmers’ ability to corrggikrceive climate shifts across a range of Africauntries, with farmers
in many countries correctly recognizing trends iream temperature and rainfall, and others reportiegds in
disagreement with observed climate data. Thomat €007) find qualitative evidence of South Aficfarmers’ abilities
to detect subtle changes in mean state and vatyadilclimate, but it is unclear whether this ralsactual recognition of

trends, or the tendency to overestimate the freqyuefinegative events (Cooper et al. 2008).
Changing Behavior

Once a farmer is convinced that the climate han@gbd, he or she must decide whether and how tmmesp
Most humans exhibit a considerable bias towardstaiming old ways, even in new environments, with thought that
what worked in the past should continue to workhim future. A clear example of this from the busswevorld is that very
few firms survive for long periods of time; the eoony evolves largely by new firms replacing old ®mather than firms
themselves adapting (Beinhocker, 2006). In agticaltthere may be a tendency to underestimate ¢kd to change
management in a new climate. For example, a surgegntly conducted in the Yaqui Valley of Mexiccked wheat
farmers whether they perceived a change in tempestover the last decade, whether this changepwaiive or
negative, and whether it had a positive, negativéeutral effect on their yields (Ortiz- Monasteaind Lobell, 2005). Out
of 88 farmers, 85 (or 97%) reported a significanftsn temperature, but only 33 (or 38%) felt ttieange had an effect on

wheat yields, despite the fact that temperaturest@xstrong control on yields in this region (Lible¢ al. 2005).

Other surveys suggest an opposite problem: thateiamight be too quick to update their beliefs abmhanges
in climate. In surveys of Canadian corn farmersjtS&nal. (1997) show that these farmers tend taviye weight the
previous year’s weather in deciding what varieteplant for the upcoming season. Though survegsaar imperfect
means to gauging farmers’ perceptions, these eeilulstrate that recognition of a climate trendidy one step towards

successful adaptation (Lobell and Burke, 2008).
Climate Change Adaptation: A Response to Variabiliy and Change

Observed farmer adaptations to climate variabifiityinto two main camps: ex-ante measures, forcilaction is
taken in anticipation of a given climate realizat@and ex-post responses, which are undertakenthéexvent is realized.
Ex ante adaptations to variability often centeruar strategies of diversification, which attemptcapitalize on the
differential effects that a given climate event htithave on different crops and activities in a giyear (Pandey et al.
2007). For instance, farmers growing rain-fed criops drought-prone environment might seek to difgthe location of
their farm plots to take advantage of the highiapaariability of rainfall, grow a range of cros crop varieties with
different sensitivities to climate, or to diversifycome sources into non-farm enterprises thatem® sensitive to climate
(Pandey et al. 2007). They could also choose tmtaiai flexibility with regard to input decisions tilruncertainties about
weather realizations are reduced, for instancehiiftiry when crops are planted. Where possiblenéas might also pay

to insure their harvests against failure.

Farmers also undertake various ex post strategidsdrease crop or welfare losses once climateghane been
realized. Such strategies include drawing down casérves or stores of grain, borrowing from formainformal credit
markets or family, selling assets such as livestockmigrating elsewhere in search for work in redfected regions. Ex
post adaptations can also include changes to mar&agefter the growing season has started, sucdp&mting of faster-

maturing varieties if early-season planting fads,irrigating where possible if rainfall is meag&ot all strategies are
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available to all farmers unfortunately, nor are d&vailable strategies always successful in buffefood security against a
variable climate (Lobell and Burke, 2008).

In wealthier countries, farmers rarely go hungryaasesult of drought or other adverse climate exefhe
existence of social safety nets and functioningrizial markets ensure that farmers are either @gsagainst losses, can
borrow around them, or can receive help from thgegament to maintain livelihoods during bad tim&milarly,
consumers in rich countries spend only a smallgeege of their income on food, and are thus npt sensitive to the
food price increases that often accompany droughtfoods. The same is not often true in poor coest(Madison,
2007).

Although both ex-post and ex-ante strategies cdoce climate-associated losses to some degre@othest
households in particular are often unable to falyeld consumption from the effects of climate ahility. This inability
can be dramatic and devastating, as in the catte afrought-related famines in the Sahel and Héwfrica in the 1980s,
but they can also be more subtle, such as in tigelorun documented negative effects of climatébdity on health and
economic outcomes in agricultural households, pagily for women and children (Hoddinott and Kins2001; Maccini
and Yang 2008). Such effects are realized becausate measures are insufficient, or ex-post meassuch as insurance
or savings are unavailable, or both. Also importmet the perverse longer run effects of some cfetlaglaptive measures
on the food security of poor households. For instamvhile ex-ante strategies can reduce the riglatafstrophic losses in
bad years, they can also reduce the income eamgdad years, because farmers might have plantedsarisky but
lower-yielding (and typically lower-value) crop. &@Hong-run costs in foregone income from this nskigation can be
high — as much as 15-30% of average income (Watslirig, and Harrison M et al. 2006). Similarly, eosp strategies

can also avoid devastating declines in consumptiavalys that harm longer run earning potential.

Distressed liquidation of productive assets suclivastock or land can prop up consumption in opary but
dampen the subsequent productivity and food aaufeksuseholds in later years, an effect again detlumented in the
Sub-Saharan Africa. These perverse temporal trégleoé a perennial and painful dilemma faced bynéas throughout
much of the developing world (Cooper et al. 2008).

Prospective Climate Change Adaptation Mechanisms

In future an adapted world in 2050 will have soney kharacteristics to look for: widespread plantirighew
crop varieties; area expansion of crops and shiftslanting dates; expansion of irrigation and watarvesting; and
effective institutions for anticipating and respomgdto droughts and local food production shorsfgllobell and Burke,
2008) . Realizing this adapted world, however, wétjuire difficult decisions on the part of pubfiod private sector
agencies around the world with regard to how, wharé when to invest. Further scientific research lvé critical in
informing this process, both to further reduce utaeties surrounding likely impacts in the abseateadaptation, and to
identify regions where producers and consumers hygllunable to respond on their own and where imvexst could be
most needed.

SUMMARY

Adaptation at the farmer level requires three badéps: detecting a shift in one’s external envitent,
determining that it would favor a change in behgvand undertaking that change. The local weather dimate is
assessed and predicted by locally observed vasiabld experiences using combinations of plant, alsininsects, and
meteorological and astronomical indicators. Obsgfeemer adaptations to climate variability faltdrntwo main camps:

ex ante measures, for which action is taken incguatiion of a given climate realization and ex pesponses, which are



74

Sisay Belay Bedeke

undertaken after the event is realized. Ex ant@tatians to variability often center around stréegf diversification,

which attempt to capitalize on the differentialeeffs that a given climate event might have on diffecrops and activities

in a given year. These perverse temporal tradeo&sa perennial and painful dilemma faced by fasni@roughout much

of the developing world. This dilemma should belwétarly reviewed and identified before investioig climate change

adaptation strategies in developing world.

REFERENCES

1.

10.

11.

12.

13.

Anyadike, R.N.C. (2009). Climate change and suatd&n Development in Nigeria; conceptual and empiric

issues. Enugu forum policy paper 10. African lnsétfor Applied Economics, Nigeria.

Beinhocker ED (2006). The origin of wealth: evobutj complexity, and the radical remaking of ecorgsmi

Harvard Business School Press.

Chang, A., Ladislaus B., Yanda Z. and J. Nganal@0ndigenous knowledge in seasonal rainfall jmtézh in

Tanzania: A case of the South-western HighlandasfZania.

Checkley W, Epstein LD et al. (2000). Effects of Mo and ambient temperature on hospital admissfon
diarrheal diseases in Peruvian children. Lance{®8%):442—-450.

Confalonieri U, Menne B et al. (2007). Human heallth Parry ML, Canziani OF, Palutikof JP, van dénden
PJ, Hanson CE (eds) Climate change 2007: impatégtation and vulnerability. Contribution of worgigroup
Il to the fourth assessment report of the intergomental panel on climate change, Cambridge UnityePsess,
Cambridge, UK, pp 391-431.

Cooper PJM, Dimes J et al. (2008). Coping bettén wirrent climatic variability in the rain-fed famg systems
of sub-Saharan Africa: an essential first stepdiapding to future climate change?” Agric Ecosysvikon 126(1—
2):24-35.

Di Falco S, Veronesi M, Yesuf M. (2011). Does adéiph to climate change provide food secuity? Micro
perspective from Ethiopia. Am J Agric Econ 93(3R8246.
Hanemann WM (2000) “Adaptation and its measuremétimatic Change 45(3):571-581.

Hoddinott J, Kinsey B (2001) “Child growth in thene of drought.” Oxford Bull Econ Stat 63(4):409-843

Ifeanyi-obi C.C., Etuk U.R. and Jike-wai O; (2012}{imate Change, Effects and Adaptation Strategies;
Implication for Agricultural Extension System indéiria. Greener Journal of Agricultural Science7&7770
Vol. 2 (2), pp. 053-060.

Intergovernmental Panel on Climate Change (IPCOPT2 Summary for policymakers. Climate change 2007
the physical science basis, Working Group | contidn to IPCC fourth assessment report: climatengha2007.

Geneva.

Kandlikar M, Risbey J (2000). Agricultural impaai$ climate change: if adaptation is the answer, twhahe
guestion? Climatic Change 45(3):529-539.

Kurukulasuriya, P. Mendelsohn, R. Hassan, R, BerhiBeressa, T. Dip. M.Fosu, K. Y. Jain, S. MaroMolua
E. Ouda, S. Sene, I,Seo S. N. and Dinar, A. (20088l).African agriculture survive climate change?vw Bank
Economic Review 20(3) 67-88.



Understanding Climate Change Adaptation Mechanismé Agriculture in Sub-Saharan Africa: A Review Pape 75

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

Lobell DB, Ortiz-Monasterio JI et al. (2005). Anaiy of wheat yield and climatic trends in Mexicael& Crop
Res 94(2-3):250-256.

Lobell DB, Burke MB et al (2008). Prioritizing cliae change adaptation needs for food security B020
Science 319(5863):607—610.

Maccini S, Yang D (2008). Under the weather: headtthooling, and economic consequences of eady-lif
rainfall. NBER Working Paper.

Maddison D (2007). The perception of and adaptatioriimate change in Africa. World Bank, Washingt®C

McMichael AJ, Woodruff RE et al (2006). Climate dge and human health: present and future riskscdtan
367(9513):859-869.

Mendelsohn R (2000). Measuring the effect of clenglhange on developing country agriculture. Twags®n
climate change and agriculture: a developing cqumgrspective. FAO Economic and Social Developnirager
145, Rome.

Meze-Hausken E (2004). Contrasting climate varigbiind meteorological drought with perceived drotugnd
climate change in northern Ethiopia. Climate Reg p79-31.

Ortiz-Ferrara G, Joshi A et al (2007). Partnerinthyarmers to accelerate adoption of new techriebbg South
Asia to improve wheat productivity. Euphytica 1578%99-407.

Ozor, N. (2009). Understanding climate change. icapibns for Nigerian Agriculture, policy and Extson.
Paper presented at the National conference on teilzange and the Nigeria Environment. Organizedhby

Department of geography, university of Nigeria, sy 29 June-2nd July.

Pandey S, Bhandari HS et al (2007). Economic oafstiought and rice farmers’ coping mechanismsross:

country comparative analysis. International Ricedech Institute.

Smit B, Blain R et al (1997). Corn hybrid selectiand climatic variability: gambling with nature? IC&eogr
41(4):429-438.

Thomas DSG, Twyman C et al (2007). Adaptation tmate change and variability: farmer responsesiti@i
seasonal precipitation trends in South Africa. @liilmm Change 83(3):301-322.

Washington R, Harrison M et al (2006). African dita change: taking the shorter route. Bull Am Mede8oc
87(10):1355-1366.

World Bank (2008). World development report: agitiare for development. World Bank: 386, WashingtDi,.






