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ABSTRACT

Thepredictionoftherunoffgeneratedwithinawatershedisanimportantinputinthedesignand
managementofwaterresourcesprojects.Duetothetremendousspatialandtemporalvariabilityin
precipitation,rainfall-runoffrelationshipbecomesoneofthemostcomplexhydrologicphenomena.
Undersuchcircumstances,usingsoftcomputingapproacheshaveproventobeanefficienttoolin
modelingofrunoff.Thesemodelsarecapableofpredictingriverrunoffvaluesthatcanbeusedfor
hydrologicandhydraulicengineeringdesignandwatermanagementpurposes.Ithasbeenobserved
thattheartificialneuralnetworks(ANN)modelperformedwellcomparedtoothersoftcomputing
techniques such as fuzzy logic and radial basis function investigated in this study. In addition,
comparisonofscatterplotsindicatesthatthevaluesofrunoffpredictedbytheANNmodelaremore
precisethanthosefoundbyRBForFuzzyLogicmodel.

KEywoRdS
Artificial Neural Networks, Fuzzy Logic, Multilayer Perception, Radial Basis Function, Rainfall-Runoff 
Modelling

1. INTRodUCTIoN

Thedemandforwaterhasincreasedduetopopulationgrowth,urbanizationandindustrializationas
aresultofwhichwatershedsandriversystemshavebeenaltered.Thiswillcausegreaterdamageto
propertyandresultinlossoflifeiffloodingoccurs.Therefore,it’scriticallyimportanttosuccessfully
plan,designandmanagethesewaterresourcessystems.Determiningtherelationshipoftransformation
ofprecipitationtorunoffisanimportantissueinsurfacehydrology.Arainfallrunoffmodelisrequired
toobtaintherelationshipbetweenrainfallandrunoff.Thismodelhelpsinforecastingriverrunoff
valuesthatcanbeusedinhydrologyandhydraulicengineeringdesignandwatermanagementpurposes.

Generally,threetypesofmodels,includingdeterministic(physical)models,conceptualmodels
andempirical/systemstheoretic/black-boxmodels,arebeingusedbyhydrologistsinordertomodel
thisrelationship.Thedeterministic(physical)modelsdescribetherelationshipusingphysicallaw
ofmassandenergytransfer(DawsonandWilby,2001).Incontrast,inconceptualmodels,insteadof
usingphysicallawsofmassandenergytransfer,asimplified,butaplausibleorreliableconceptual
representationoftheunderlyingphysicsisadopted(JainandSrinivasulu,2006).
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Analternativemodelingapproachforhydrologicalprocessessuchasrainfall-runoffprocessis
theempirical/systemstheoretic/black-boxmodels,whichtriestofindarelationshipbetweenhistorical
inputsandoutputs(ASCETaskCommittee,2000a)withoutdetailedunderstandingofthephysics
involvedintheprocessunderinvestigation,suchasartificialneuralnetworks(ANNs).

1.1. Artificial Neural Networks
Intherecentpast,ArtificialNeuralNetworks(ANN)modelinghasgainedsignificantattentionbecause
of itsability toprovidebetter solutionswhenapplied tocomplexsystems thathavebeenpoorly
describedorunderstoodandwhereinputisincompleteoruncertainbynatureoverothertraditional
modeling techniques suchasempiricalmodels, statisticalmodels (autoregressive,autoregressive
movingaveragemodels)andphysicalbasedmodels.TheadvantagesofANNmodelsoverphysically
basedmodelshavebeendescribedindetailbyFrenchetal.(1992).

Oneofthemostgroundbreakingrediscoverieswasthatofbackpropagationtechniques(which
wereconceivedbyRosenblatt)byRumelhartetal.(1986).Inmanypreviousstudies,MultilayerFeed
ForewordBackPropagationNeuralNetwork(MLFBPN)wascommonlyadoptedanditprovedtobe
mostpowerfultoolto80percentofpracticalapplicationinallfieldofhydrologicengineeringand
sciences(Hsuetal.,1995;SmithandSli,1995).Inthepresentstudy,amultilayeredfeedforward
backpropagationneuralnetworkmodelisdevelopedwithrainfall,evaporationandlaggedrunoffas
inputtopredictrunoff.Thenumberofhiddenlayersandthenumberofnodesineachhiddenlayer
areusuallydeterminedbyatrial-and-errorprocedure.Thenodeswithinneighboringlayersofthe
networkarefullyconnectedbylinks.

1.2. Radial Basis Function Network
TheRBFnetworkcanbeconsideredasatwo-layerfeedforwardartificialneuralnetworkinwhich
thehiddenlayerperformsafixednon-lineartransformationwithnoadjustableinternalparameters.
Theoutputlayer,whichcontainstheonlyadjustableweightsinthenetwork,thenlinearlycombines
theoutputsofthehiddenneurons(Chen,etal.,1991).

Thehiddenlayerfunctionh(x)istheGaussianactivationfunctionwiththeparametersr(theradius
orstandarddeviation)andc(thecenteroraveragetakenfromtheinputspace)definedseparatelyat
eachRBFunitasshowninequationbelow(Equation1):
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andtheoutputlayerfunctionisoftheformofequation(Equation2):
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Thefunction‘newrb’iterativelycreatesaradialbasisnetworkwithoneneuronatatime.Neurons
areaddedtothenetworkuntilthesum-squarederrorfallsbeneathanerrorgoaloramaximumnumber
ofneuronshasbeenreached.Thecallforthisfunctionis:

net=newrb(P,T,GOAL,SPREAD)
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