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ABSTRACT

Climatechangecauseslossonlivesandlivelihoodswhileregularupdatestrengthensresilience.This
studyaimedtoanalyzetherainfallvariabilityimpactonlivelihoodsinNorthernRwanda.Thedataon
communitylossesduetorainfallvariabilitywereconsideredfrom2013to2019.TheGISandSPSS
helpedthedataanalysisprocess.Theresultsshowedhighmeanmonthlyrainfall(119.345and90.05
mm)in2013and2017,respectively.Thiscausedlandslide,flood,rainstorms,windstorms,lightning,
andhailstormsoccurrence,whichkilled/injuredpeople,damagedhousesandcropland,livestockloss,
anddestructionofinfrastructures.Thecorrelationanalysisindicatedastatisticallysignificantp-value
of0.0151lowerthan0.05andapprovedthatrainfallvariabilitynegativelyimpactslivelihoods.This
studycanenablepolicymakerstobetterunderstandhowchangesinrainfallimpactlivelihoodsand
strategicmeasurestoadoptforclimatevariabilityandclimatechangeadaptation.
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1. INTRoDUCTIoN

The weather and climate of African continent are changing differently and major concerns are
attributedtothefactthatintenserainfallisunderrecordinsomeplaceswhileotherareasareprojected
toregisteringdryingscenarios(Osabuohienetal.2020;Gonzalezetal.2018).Therecordedglobal
greenhousegasemissionsareputtingtheworldonapathtowardunacceptablewarming,withserious
implicationsfordevelopmentprospectsinAfrica(BangandFew2012).Itisreportedthatlimiting
warmingto1.5°Cispossiblebyensuringunprecedentedchanges.TheInter-GovernmentalPanelon
ClimateChange(IPCC2014;Norbuetal.2008)statesthatthiscanonlybepossiblebyconsidering
alltransitionoccurringinland,energy,industry,buildings,transport,andcities(IPCC2014).

Underclimatechange,itispredictedthatthetemperatureandprecipitationwillrisebyabout
2oC,and1to2%,respectively,inthenextdecades,andthisconsequently,willcausewetplaceto
becomemuchwetteranddryplaceswillbemuchdrier(Damietal.2017;Fosu-Mensahetal.2012).
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Therainfalland temperaturepatterns resulting fromthechangingclimategenerate riskssuchas
droughts, Tsunamis, water borne diseases, heatwaves, storm winds, and floods. These risks are
severelycausingimmenselossesamongthecommunities,primarilypoorpeopleduetolackofrisk
awareness,adaptationandfinancialcapabilities(BangandFew2012;Huongetal.2018;Orencio
andFujii2014;MızrakandAslan2020).

WithintheEastAfrica,whereRwandaislocated,morethan90percentoftherecordednatural
disastersarehydro-meteorologicalcausedbyclimatechangecausingservelossesandothernegative
impactsonthesocio-economicandenvironmentalwellbeingofthecommunity(Sowersetal.2011;
Chaudhuryetal.2013).InRwanda,climatechangegeneratedheavyrains,drought,flood,landslides,
croplanddamageandfamine,whichasreported,between1980and2017affectedmorethanone
millionpeople(killed,injuredandhomeless),damagedmorethan15,000haofcroplandand23,000
housesweredestroyed(MIDIMAR2017).Morelossesaremainlyregisteredinthenorth-western
partsofRwandaincludingtheGicumbidistrict(WageshoandClaire2016;Rugiganaetal.2013).

Existinggovernmentreportsonclimatechangeanditsimpactonlivelihoodshighlightedthat
thenorthernRwandaisunderthreatofdisasters,mainlyfloodandlandslideresultingfromchange
inrainfallintensitywhichinturnaffectspeople’slivelihoods,andGicumbidistrictwasamongthe
largelyaffectedareas(MIDIMAR2017,2014;DDP2013).Thisexpressesanecessityofconducting
an academic researchon thismatter to indicate the impact of climatevariabilityon community
livelihoodsinGicumbidistrictofthenorthernRwanda.Therefore,theobjectiveofthisstudywasto
analyzetheimpactofclimatevariabilitymainlyrainfalloncommunitylivelihoods.Theauthorsbelieve
thatthefindingsofthisresearchwillenablepolicymakerstobetterunderstandrainfallvariability,
therecordedcommunitylossesassociatedtoclimatevariabilityandthebestpracticeswhichcanbe
adoptedinthestudyareaforadaptationtothechangingclimate.

2. METHoDoLoGy

2.1 Description of Study Area
ThisstudyconsideredGicumbidistrictlocatedinNorthernprovinceofRwandaastargetarea.The
Districtspreadsoveranareaof829.55km2with418residentspersquarekilometer.Thedistrictis
composedof21sectors,109cellsand630villagesanditsresidentsaremoreruralthanurban.The
district(Figure1)isborderedtotheNorthbytheDistrictofNyagatare,theUgandanboarderandby
theDistrictofBurera.ToitsSouth,thereisRwamaganaDistrictoftheEasternprovinceandGasabo
districtoftheCityofKigali.TherearedistrictsofGasabo,RulindoandBureratoitswesternside
whiletoitsEast,thedistrictisborderedbythedistrictsofNyagatareandGatsibo(DDP2013).

Gicumbiischaracterizedbyareliefwithsteepslopesandamountainoustopographycharacter.
Theplateauissurroundedbysteepravineswithsmallvalleyssegmentedbymultipleswamps.And
90%oftheareaisinthemountainscharacterizedbylateriticsoilsandgraniteswhichresultsinthe
soilerosionduringthelongrainseason(DDP2013).Thedistricthastworainyseasonsandtwodry
seasons.OrdinarytheminorrainyseasonbeginsinSeptembertoDecemberandtheshortdryseason
extendsfromJanuarytoFebruary.ThelongrainyseasonextendsfromMarchtoMaywhenthelong
dryseasonbeginsJunetoAugust.Therainfallrangesbetween1,200mmto1,500mm(DDP2013).

InGicumbidistrict,duringheavyrainsimmenselossesoncommunitylivelihoodsarerecorded
resultingfromoccurrenceofdisasterscausedbychangesonrainfallintensityandfrequency.This
expressestheneedofassessinghowrainfallimpactoncommunitylivelihoodsinthisareaandbest
ofwaysofadaptation.

2.2 Data Collection and Analysis
This study adopted the quantitative research design by merely using secondary data on climate
variabilitymainlychangesonfrequencyandintensityofrainfall,itsrelatedriskandtheresultingimpact



International Journal of Disaster Response and Emergency Management
Volume 4 • Issue 2 • July-December 2021

37

oncommunitylivelihoods.Theemployedsecondarydataonbothrainfallvariabilityandcommunity
livelihoodsrangedfrom2013to2019.Figure2detailstheadoptedmethodologicalframework.

2.2.1 Climate Variability Factors
Thedataonclimatevariabilitymerelyconsideredrainfallvariabilityrangingfrom2013to2019in
Gicumbidistrict,northernRwanda.

Thestatisticaldataonrainfallrecordedbysixmeteorologicalstationslocatedinthestudyarea
(Mirindi,Nyabishambi,Rwesero,Karambo,ByumbaandCyohoha)wereutilized to indicate the
spatialvariationofrainfallwithinthestudyarea.

2.2.2 Community Livelihoods Losses
Inordertobetterunderstandhowclimatevariabilityimpactsoncommunitylivelihoods,theauthors
consulteddifferentsourcestofindouttherisksofclimatevariabilitywhichhavebeenregisteredin
Gicumbidistrictwithintheconsideredperiodofstudy(2013-2019).

Thereviewoftheliteratureshowedamongothers,malariaanddisasterslikeflood,landslide,
hailstorms,rainstorms,andwindstorms.Theauthorsemployedtheserisksbasedonthefactthatseveral
reportsandstudiesconductedinGicumbidistricthighlightedthemasthemajorrisksassociatedto
climatevariabilityandclimatechangeinGicumbidistrict(Bizimanaetal.2015;MIDIMAR2014;
Habimanaetal.2016).

However,duetodataavailability,theauthorsonlyemployeddisasterslosses.Theseincluded
numberofdeathandinjuries,housesdamaged,hectaresofcroplanddamaged,lostlivestock,and

Figure 1. Map indicating the (a) sectors of Gicumbi district and (b) its bordering districts of Rwanda
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destroyedinfrastructuresmainlyclassrooms,roads,bridges,markets,healthcenters,administrative
offices,watersupplyandelectricitylines.Thesedatasetswerecollectedfromdifferentstudieswhich
wereconductedinthestudyarea(BizimanaandSönmez2015;Boscoetal.2018),GicumbiDistrict
DevelopmentPlan(DDP2013)andtheRwanda’sMinistryinChargeofEmergencyManagement
(MINEMA2020).

2.3 Data Analysis
The authors distributed the average monthly rainfall across the study area by using the IDW
(interpolation)andtheextractionbymasktechniquesintheSpatialAnalysisToolsofGISinorder
tospatiallydifferentiatetherecordedrainfallvariability(mm)acrosseachsectorofGicumbidistrict.

TheMicrosoftExcelpresentedtherecordedcommunitydisasterlossesandthePearsonCorrelation
ofSPSStestedwhetherthereisastatisticallysignificantcorrelationbetweenrainfall/temperature
variabilityandcommunitylivelihoodsornotinGicumbidistrict.

3. RESULTS

3.1 Climate Variability in Gicumbi District
TheresultsinFigure3(a)demonstratedthattheaveragemonthlyrainfallrecordedoverGicumbidistrict
wasdifferentlydistributedacrossitssectors.In2013,Miyove,Nyankenke,Manyagiro,Cyumbaand
Rubayasectorsrecordedahighmonthlyrainfallof139.6mm.ThesameFigure3(b)demonstrated
thatin2014,therecordofrainfallreducedcomparedtothatof2013.Thehighestrecordwas68.3
mm/monthwithinRutareandNyamiyagasectors.

Nevertheless,therecordofmonthlyrainfallin2015revealedanincreasingrainfallcomparedto
thatof2014.TheresultsinFigure4(a)showedthatthehighestaveragemonthlyrainfallwas74.2mm
inKageyoandManyagirosectors.Comparedtotherecordof2015,asillustratedinFigure4.b,the
averagemonthlyrainfallof2016(67.7mm)waslowerthanthatof2015andwasmainlyregistered
bytheMiyove,ManyuagiroandCyumbasectors.

Figure 2. Research methodological flowchart
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Figure 3. Average monthly rainfall of (a) 2013 and (b) 2014 in Gicumbi district

Figure 4. Average monthly rainfall of (a) 2015 and (b) 2016 in Gicumbi district
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TheresultsinFigure5(a)showedhighmonthlyrainfallrecordacrosssectorsofGicumbidistrictin
2017.Thehighestrecordreached109.2mminMiyove,Kageyo,Byumba,ManyagiroandNyankenke
sectors.However,in2018,therecordagainreducedcomparedtothatof2017.TheresultsinFigure
5(b)indicatedthat67.3mmwasthehighestmonthlyrainfallnoticedparticularlywithinMiyove
sector.Thelowestrainfallfellupto48mminGiti,Muko,Bukure,RwamikoandRutaresectors.

Finally,withregardtotheaveragemonthlyrainfallregisteredin2019,Figure6showedthat
Miyove,Manyagiro,Nyankenke,CyumbaandRubayasectors,atlargeextent,recordedhighmonthly
rainfallwhichrangedfrom67.7mm.Thelowestmonthlyrainfallof48.6mmwasmainlynoticed
acrossMuko,Bukure,RwamikoandGitisectorsofGicumbiFigure6.

Theaveragemonthly rainfall summarized for everyyear consideredby thecurrent research
(2013-2019)indicatedthat2013recordedhighmonthlyrainfall(119.345mm)followedbytheyear
2017whichregisteredameanmonthlyrainfallof90.05mm(Table1).

3.1.1 Risks of Climate Variability in Gicumbi District
TheresultsinTable2indicatedthatbetween2013and2019,rainfallvariabilityledtooccurrence
ofthirty(30)casesoflandslide,windstorms,flood,lightning,rainstormandhailstormsinGicumbi
district.ThesameTable3revealedthattheyears2014,2015,2017and2019recordedhighnumber
ofcases.

3.2 Losses on Community Livelihoods
TheresultsinTable3indicatedthattheyear2017registeredahighnumberofcommunitylivelihoods
losseswhichwere885.7cases.Itwasnoticedthatthenumberofhousesandcroplanddamagedhas
beenincreasingoveryears,theirtotalwere1,013and1,318,respectively.

Figure 5. Average monthly rainfall of (a) 2017 and (b) 2018 within Gicumbi district
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Figure 6. Average monthly rainfall of 2019 in Gicumbi district

Table 1. Average monthly rainfall between 2013 and 2019

Year 2013 2014 2015 2016 2017 2018 2019

Meanmonthlyrainfall(mm) 119.34 63.55 68.45 58.15 90.05 57.65 58.15

Table 2. Risks associated to climate variability in Gicumbi district 2013-2019

Risk
Years

2013 2014 2015 2016 2017 2018 2019 Total

Flood 0 1 1 0 1 0 0 3

Landslide 0 0 0 0 1 1 1 3

Rainstorms 1 1 1 1 1 1 1 7

Windstorms 1 1 1 1 0 0 1 5

Lightning 1 1 1 1 1 1 1 7

Hailstorms 1 1 1 0 1 0 1 5

Total 4 5 5 3 5 3 5 30
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Therefore,theresultsinTable4indicatedthatamongtheclimatevariabilitylossesconsideredby
thisstudy,themajorlossesresultedfromthecroplandandhousedamageswhichranked1,418and904
casesrespectively.Inaddition,rainstormsandlandslidewerethemajorriskswhichaffectedpeople’s
livelihoodsinGicumbidistrict.Bothrisksrecorded1,051and635.2cases,respectively(Table4).

3.3 Extent to which Climate Variability Impacts on Livelihoods
TheauthorsappliedthePearsonCorrelationtestoftheStatisticalPackageforSocialScience(SPSS)
inordertoanalyzetherelationshipbetweenrainfallvariabilityandlossoncommunitylivelihoods
byapplyingthePearsoncorrelationanalysis.Theresearcherbasedonthefactthatap-valuesmaller
than0.05indicatedastatisticallysignificantassociation(at5%level)andap-valuelargerthan0.05
revealednostatisticallysignificantassociationbetweenthevariablestested.

TheresultsinTable5showedthatap-valueof0.0151whichissmallerthan0.05andconfirmed
thefactthereisastatisticallysignificantassociationbetweenrainfallvariabilityandlossoncommunity
livelihoods.ThiswasalsoconfirmedbytheresultsofthisstudywheretheyearsduringwhichGicumbi
districtrecordedhighrainfallwerethesameinwhichhighnumberoflossesoncommunitylivelihoods
wasregisteredaswell(Table3).

4. DISCUSSIoN

Several countries including Rwanda, are already adapting to current climatic events at national,
provincial,state,districtandlocallevelsinshort-,medium-andlong-termtimeframes(Nahayoetal.
2016;Mikovaetal.2015).Thestrategyforadaptingtoimpactsofclimatevariabilityandchangeand

Table 3. Community livelihood losses from 2013 to 2019

Livelihood losses
Years

2013 2014 2015 2016 2017 2018 2019 Total

Deathandinjuries 1 6 3 6 5 9 8 38

Housedamages 74 82 311 81 123 191 151 1,013

Croplanddamaged 4.5 496.5 0 0 641.7 28 147.3 1,318

Lostlivestock 2 1 0 5 101 1 3 113

Destroyedinfrastructures 1 2 0 7 15 8 5 38

Total 82.5 587.5 314 99 885.7 237 314.3 2,520

Table 4. Community livelihood losses by risk

Loss types
Risk type

Flood Landslide Rainstorms Hailstorms Windstorms Lightning Total

Deathandinjuries 2 2 6 0 0 28 38

Housedamages 0 59 821 9 11 4 904

Croplanddamaged 179.8 474.2 198 566 0 0 1,418

Lostlivestock 0 89 12 0 0 12 113

Destroyed
infrastructures 0 11 14 0 9 2 36

Total 181.8 635.2 1,051 575 20 46 2,509
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risingawarenesshasbeendevelopedandthemainstrategiesincludenotlimitedtothe(a)recognition
oflocalknowledgeandexistingadaptationstrategies,(b)establishmentofaninstitutionalframework
throughwhichlocaladaptationstrategiescanbereviewed,verifiedandintegratedintothemainstream
ofresourcemanagement(Green2016;Ndayisabaetal.2017;Alizadeh‐ChoobariandNajafi2018).

ThesecanbeusefulinGicumbidistrict,adistrictcurrentlyfacingclimatevariability(Table)and
itsassociatedlosses(Tables2,3and4).Inaddition,aslongthelossesoncommunitylossesareat
localscale(recordedbythelocalcommunity),enhancingitsriskawarenesswouldsaveitslivesand
belongingsaswell.Thiscanbeachievedthroughprovisionofregularclimaterelatedinformation,
technicalknow-how,alternativesourcesofincomeandemployment,anddisseminationofallawareness
messagesinlocallanguage.

InRwanda,theimpactofclimatevariabilityandchangeismainlymanifestedthroughchange
inrainfallpatterns.Thesecauseflooding,landsliding,rainstorm,hailstormsandwindstormsinthe
north-westernandsouthernpartsofRwanda(MIDIMAR2017;NtawigeneraandYadufashije2019).
Thisissimilartothefindingsofthisstudywherechangesonrainfall(Table1)havebeenrecorded,
butalsoincasethattheawarenessisimprovedatlocallevel,theresidentsofGicumbidistrictwould
betterunderstandthechangesonrainfallandassociatedlosses(Table3)andthendeveloplocally-
basedadaptationmeasures.

5. CoNCLUSIoN

ThisstudyanalyzedtheimpactofclimatevariabilityoncommunitylivelihoodsinGicumbidistrict
oftheNorthernRwanda.Theresultsindicatedthatyearsof2013and2017recordedhighaverage
monthlyrainfallof119.345and90.05mm,respectively.Thisrainfallvariabilityledtotheoccurrence
oflandslide,flood,rainstorms,windstorms,lightningandhailstormswhichkilled/injuredpeople,
damagedhousesandcropland,leadtolivestocklossanddestructionofinfrastructuresaswell.The
statisticalcorrelationanalysisindicatedthatrainfallvariabilityhavenegativelyimpactedonpeople’s
livelihoods.Thiswasconfirmedbyap-valueof0.0151forrainfallvariabilitywithlivelihoodloss.The
obtainedp-valuewassmallerthan0.05andconfirmedastatisticallysignificantassociationbetween
climatevariabilityandlossoncommunitylivelihoodsinthestudyarea.Tominimizetheeffectof
climatevariability,itisgoodtoshareinformationontimebasisintermsofareaslikelyexposedto
climatevariabilityandthelossesthatmightberecorded.Thelocalpeoplelocatedinhighrainfall
proneareascanberelocatedwithinareaswithmoderaterainfall.Furtherstudyonsettlementlocation
suitabilityunderdisastersissuggested.

Table 5. Correlation analysis between rainfall variability and livelihood losses

Correlations

Rainfall No. of livelihood loss cases

Rainfall

PearsonCorrelation 1 0.0151

Sig.(2-tailed) 0.9742

N 7 7

No.oflivelihoodloss
cases

PearsonCorrelation 0.015171 1

Sig.(2-tailed) 0.974249

N 7 7
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