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ABSTRACT

ThisarticleanalyzesthevariabilityinprecipitationoftheBarakriverbasinusingmemory-based
ANNmodelscalledGammaMemoryNeuralNetwork(GMNN)andgeneticallyoptimizedGMNN
called GMNN-GA for precipitation downscaling precipitation. GMNN having adaptive memory
depthiscapabletechniquesinmodelingtimevaryinginputswithunknowninputcharacteristics,
whileanintegrationofthemodelwithGAcanfurtherimproveitsperformances.NCEPreanalysis
andHadCM3A2(a)scenariodataareusedfordownscalingandforecastingprecipitationseriesfor
Barakriverbasin.Modelperformancesareanalyzedbyusingstatisticalcriteria,RMSEandmean
errorandarecomparedwiththestandardSDSMmodel.Resultsobtainedbyusing24yearsofdaily
datasetsshowthatGMNN-GAisefficientindownscalingdailyprecipitationserieswithmaximum
dailyannualmeanerrorof6.78%.Theoutcomesof thestudydemonstrate thatexecutionof the
GMNN-GAmodelissuperiortotheGMNNandsimilarwiththatofthestandardSDSM.
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1. INTRodUCTIoN

Recently,climatechangehasattractedtheattentionofscientificcommunityofmultidisciplinaryarea
duetoitseffectsonhumansocietyandnaturalresources.Anthropologicactivitieshaveprovokedthe
climatesystemcausingsignificantchangesinhydrologiccycle,ecosystemetc.Changesinhydrologic
cyclehavedirectimpactonhumansocietyduetochangesinrainfalldistribution,wateravailability,
floodanddrought(Gleick,1987;Burn,1994;Simonovic,2001;Sivakumar,2011).Waterresource
ofaregionisoftenaffectedduetochangesintheprecipitationpattern.Precipitationbeingacritical
elementspeakingtoatmosphereofalocaleisviewedasthemostvitalvariableforexaminingthe
effectsofatmosphericchanges,particularlyonthewaterassetsofanarea.Tostudytheclimatechange
effectsonwaterresourcesbecauseofchangesinprecipitation,itschangeabilityinthespatialand
temporaldomainisrequiredtobeassessed(LangousisandKaleris,2014).Globalclimatemodels
(GCMs)areanimportanttoolavailableforestimatingtheanticipatedimpactsofchangingclimate.
GCMsarethenumericalmodelsthatarenormallyusedtosimulatetheresponseofthechanging
climatebothinpresentandfutureclimatebasedontheforcingbygreenhousegasesandaerosols.
GCMoutputsarecoarseinspatialresolutionandoftenrequiredtoconverttheoutputsofGCMsinto
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localclimatologicalvariablesnecessaryforanalysisofchangesintheclimate.Atechniqueknownas
‘downscalingtechniques’isusedtoconvertthecoarseGCMoutputintofinerresolution.

Twomajorapproachesofdownscalingtechniquesaredynamicaldownscalingandstatisticalor
empirical downscaling technique.Dynamicdownscalingderives local-scale information through
RegionalClimateModel(RCM)whileempiricaldownscalingisbasedontheprinciplethatregional
andlocalclimatesaretheresultsoftheinteractionoftheatmosphericandoceaniccirculationas
wellasregionaltopography,land-seadistributionandlanduse,etc.(vonStorchetal.,2000).Thus,
empiricaldownscalingderiveslocalclimatic informationfromthelargerscale throughinference
usingstochasticordeterministicfunctions.Statisticaldownscalingmodelsusuallyimplementlinear
methodssuchasmultiplelinearregression,localscaling,canonicalcorrelationanalysis,orsingular
valuedecomposition(Salathe,2003;SchubertandHenderson-Sellers,1997;Conwayetal.,1996).
Statisticaldownscalingmodel(SDSM)isawell-recognizedstatisticaldownscalingtoolstoimplements
aregressionbasedmethod(Wilbyetal.,2002).Linearmethodsgenerallydonotprovidereliable
informationonvariousprojectedmeteorologicalvariableswhichincludesrainfallandtemperature
(Xu,1999;SchoofandPryor,2001).Toovercomethesituation,attemptsweremadetoinvestigate
theapplicabilityofnonlinearmethodssuchasartificialneuralnetwork(ANN)andanaloguemethods
(Bishop,1995;Zoritaetal.,1995;SinghandBorah,2013;ShaoandLi,2013).ANNsisrecognizedas
oneoftheeffectivemethodinsolvingnonlinearandtime-varyingproblems(Azizetal.,2014;Jeong
etal.,2012;Bhattacharjeeetal.,2016).ANNscanapproximatehighlynonlinearrelationshipsof
input-outputdataseriesbetterthanothernonlinearregressiontechniquesduetotheirtypicalnetwork
structureandthenonlinear(AcharyaandNitha,2017;SharmaandVirmani,2017;Chatterjeeetal.,
2016).TheperformanceofstandardANNmodelslikeMultilayerperceptronarecomparabletothat
ofthemultipleregressiondownscalingmethods(WeichertandBürger,1998;CannonandWhitfield,
2002;Coulibaly,2001).Allthingsconsidered,afewstudieshaveadditionallydemonstratedthatthe
standardANNsthatareoftenutilizedforhydrologicmodelingarenotappropriatetotimevarying
problems,andoftenfailtoyieldoptimalsolution(AksoyandDahamsheh,2009;Coulibalyetal.,
2001;Lang,1990).

Other classes of neural systems that incorporates memory structure to represent temporal
featuresofinput-outputrelationshipwhicharefoundtobemoreappropriateformodelingcomplex
nonlinearsystem(Coulibalyetal.,2001;Lietal.,2016;Lietal.,2016].Thismemorycanstorethe
pastinformationofatimeseriesofinputsequences.Memorymaybeincorporatedintwointhe
neuralnetworksystemseitherbyfeedforwarddelaysorfeedbackdelays.TimeDelayNeuralNetwork
(TDNN)isanexampleoffeedforwardmemorywhichinvolvesexplicitinclusionofdelayswitha
fixedmemoryresolution(Lang,1990;WilliamsandZipser,1989;Principe,1993).Thedrawback
of TDNN is its inability to adjust the values of the time delays automatically. Recurrent neural
network(RNN)isafeedbackdelaysnetworkthatutilizesatraceofthepreviousstatesoftheinput
series.OneoftheproblemsassociatedwithRNNisthatthetrainingscalesbadlywithbothnetwork
andproblemsize(WilliamsandZipser,1989).Toovercomethesedrawbacks,theresearchcommunity
startedsearchingnewtypesofmemory.Inliterature,aspecialtypeofneuralsystembasedongamma
memorywhich includesproperties of feed forward aswell as feedbackdelays (Principe, 1993).
Thisgammamemorybasedneuralsystemhasbeensuitablyusedforsolvingtemporalproblemsin
variousfields(Lawrence,1997;ChoudhuryandRoy,2015).StudieshavereportedthatANNwhen
trainedwithtraditionallearningalgorithmssuchasgradientdescentalgorithmoftenfallintolocal
minimaandcannotreachtheglobaloptimal.Associatedproblemswiththisalgorithmaretheslow
learningconvergenceandeasilygettrappedatlocalminima.Therearevariousalgorithmsavailable
inliteratures(Kumaretal.,2016).Optimizationtechniquessuchasgeneticalgorithmisprovedto
beanefficienttechniqueforoptimizingtheperformanceofANNinvariousways(Kumaretal.,
2016;Chauetal.,2005).IntegrationofgeneticalgorithmwithANNmodelswasfoundcapableto
improvetheperformanceoftheANNmodels.Geneticalgorithmbeingbasedonthesurvivalofthe
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