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and Water Resources Forecasting in 
the Upper Tana River Basin-Kenya
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ABSTRACT

Thisarticleuses thenon-linear integrateddrought index (NDI) formanagingdroughtandwater
resourcesforecastinginatropicalriverbasin.TheNDIwasformulatedusingprincipalcomponent
analysis(PCA).TheNDIusedhydro-meteorologicaldataandforecastedusingrecursivemulti-step
neuralnetworks.Inthisarticle,droughtforecastingandprojectionisadoptedforplanningaheadfor
mitigationandfortheadaptationofadverseeffectsofdroughtsandfoodinsecurityintheriverbasin.
ResultsthatforecastingabilityofNDImodelusingANNsdecreasedwithincreaseinleadtime.The
formulatedNDIasatoolforprojectingintothefuture.
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1. INTRoDUCTIoN

Droughtisoneofthecriticalstochasticnaturaldisastersthatadverselyaffectwaterresourcesystems,
peopleandecosystems(Zargeretal.,2011;Jahangiretal.,2013).Droughtisdefinedasahydro-
meteorologicaleventonlandcharacterizedbytemporaryandrecurringwaterscarcity.According
to[15],themagnitudeofthedroughtisindicatedbytheextentwithwhichitfallsbelowadefined
thresholdleveloveranextendedperiodoftime.Droughthasbeenidentifiedasthemostcomplex
naturalhazardsduetodifficultyinitsdetection;whenitoccurs,itcausesadevastatingeffectonfragile
ecosystemsandhumansociety.Droughtpreparednessandmitigationdependupontimelyinformation
onitsonset,andpropagationintermsoftemporalandspatialextent.Suchinformationcanbeobtained
ifeffectiveandcontinuousdroughtmonitoringindicesareusedindroughtevaluation.Thestudyof
spatialandtemporaldroughtconditionshasgreatlybeenappliedinplanningandmanagementof
waterresourcesystemssuchaswatersupplies,irrigationsystems,andhydropowergeneration(Morid
etal.,2007;Ceppietal.,2014;Alaa,2014;Okoroetal.,2014).Thesestudieswereundertakenin
LombarrdyregionofnorthItaly,Basharriverbasin,MashtulpilotareaofNileDeltaandtheriver
basinsinImostateofNigeriarespectively.
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InKenya,verynotabledroughtsof2009and2011adverselyaffectedtheagriculturalsector
wherecropyieldsweredrasticallyreduced.Duringthisperiod,thecountry’swheatyielddropped
by45%compared to the2010growingseason(FAO,2013).Similarly,between2002and2010,
Australiasufferedamulti-yeardrought.ThetotalwheatyieldinAustraliaatthetimedroppedby
46%comparedtotheannualaveragelevel.In2010,Russiasufferedalongandseveredroughtwhich
significantlyaffectedtheenvironment,humanhealthandeconomy.IntheUS,thesouthernstates
experiencedaseveredroughtin2011whilein2012morethan6.3millionpersonswerenegatively
affectedbydroughtinChina.Duringsuchdroughtepisodes,peopleexperiencedchallengesinfood
accessanddrinkingwater(FAO,2013).

Accordingto(ZoljoodiandDidevavarasl,2013), therearefourmaincategoriesofdroughts.
TheseincludetheHydrological,Meteorological,AgriculturalandSocio-economicdroughts.The
firstthreetypesarecalledtheoperationaldroughtsandcanbeintegratedintoadroughtmanagement
algorithm.Theirrelationcanthenbeappliedindevelopmentofwaterresourcestrategyinariver
basin(Karamousetal.,2003).Propagationofhydrologicalandagriculturaldroughtoriginatesfrom
meteorologicaldroughtswhichdevelopfromchangingphenomenawithinthehydrologicalcycle.

Droughtindicesormodelsareusedforassessmentofoccurrenceandseverityofdroughts.The
DroughtIndices(DIs)weredevelopedforspecificregionsusingspecificstructuresandformsofdata
input.Thereislimitedinformationintheapplicationofdroughtindicesthatcombinesbothtemporal
andspatialdroughtevaluationatriverbasinscales.Droughthasbeenassessedintermsoftemporal
andspatialdomainusingevapotranspirationmappingasillustratedby(Eden2012).Therearetwo
broadcategoriesofdroughtindices;satellite-basedandthedatadrivendroughtindices(Belayneh
andAdamowski,2013).

ThesatelliteRemoteSensing(RS)maybedefinedasthescienceandartofobtaininginformation
ofpoints,objects,areasorphenomenathroughanalysisofdataacquiredbyasensor,whichisnotin
directphysicalcontactwiththetargetofinvestigation(ZoljoodiandDidevavarasl,2013;Sayanjali,and
Nabdel,2013).TheRSprovidesanaerialviewofland,waterresourcesandvegetationcover.This
techniquegivesaspatialandtemporalcontextofassessingdroughtandhastheabilitytomonitor
vegetationdynamicsoverlargesurfaceareas.Currently,thereisaconsiderableinterestincollecting
remotesensingdataatmultipletimescales.Suchdataisusedtoconductanearrealtimeinformation
management (Mulla, 2013). Examples of satellite drought indices are the Vegetation Condition
Index(VCI),NormalizedDifferenceVegetationIndex(NDVI),NormalizedDifferenceWaterIndex
(NDWI),WaterSupplyVegetativeIndex(WSVI)andNormalizedDifferenceDroughtIndex(NDDI).

TheDataDrivenDroughtIndices(DDDI)usesasingleoracombinationofhydro-meteorological
variablesasinputparameterstoassessdroughtintensity,duration,severityandmagnitude.Someof
thedatadrivenindicesasreportedbyZoljoodiandDidevavarasl(2013)include;theStandardized
PrecipitationIndex(SPI),PalmerDroughtSeverityIndex(PDSI),SurfaceWaterSupplyIndex(SWSI),
AggregatedDroughtIndex(ADI),EffectiveDroughtIndex(EDI),ReclamationDroughtIndex(RDI),
CropMoistureIndex(CMI)andMurgerIndex(MuI).Theseindicesusedifferentinputdatasuch
asrainfall,temperature,catchmentsoilmoisturecontent,snowwatercontent,streamflow,storage
reservoirvolume,andpotentialevapo-transpiration(ZoljoodiandDidevavarasl,2013).However,the
suitabilityoftheindicesandtheirtestingforKenyanconditionshasnotbeenadequate.Therefore,
Kenyadoesnothavegeneric indices fordrought forecasting.Due to scantyand lackofdrought
assessmentindicesthatcanbeusedfordefiningcriticaldroughtconditionsinKenya,thisresearch
assessedselectedsuitableindices.

Theeffectivenessofadroughtindextodetectdroughtatdifferentspatialandtemporalscales
dependupontheinputvariables.Anumberofindicesuseverylimitedhydro-meteorologicalvariables,
andthismakesthemineffectiveintheircapabilitytoassessdrought.Inthisstudy,therewasthe
need todevelopan index thatusesmanyvariables for accurateevaluationof all theoperational
droughtsandquantifywaterresourceswithinariverbasin.Themainobjectiveofthisresearchwas
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