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ABSTRACT

ThispaperinvestigatesthehourlyprecipitationestimationcapacitiesofANNusingrawdataand
reconstructed data using proposed Precipitation Sliding Window Period (PSWP) method. The
precipitation data from 11 Automatic Weather Station (AWS) of Delhi has been obtained from
Jan2015toFeb2016.TheproposedPSWPmethodusesbothtimeandspacedimensiontofillthe
missingprecipitationvalues.Hourlyprecipitationfollowspatternsinparticularperiodalongwith
itsneighborstations.Basedonthesepatternsofprecipitation,LocalClusterSlidingWindowPeriod
(LCSWP)andGlobalClusterSlidingWindowPeriod(GCSWP)aredefinedforsingleAWSand
allAWSsrespectively.Further,GCSWPperiodisclassifiedintofourdifferentcategoriestofillthe
missingprecipitationdatabasedonpatternsfollowedinit.Theexperimentalresultsindicatethat
ANNtrainedwithreconstructeddatahasbetterestimationresultsthantheANNtrainedwithraw
data.TheaverageRMSEforANNtrainedwithrawdatais0.44andwhilethatforneuralnetwork
trainedwithreconstructeddatais0.34.
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1. INTRoDUCTIoN

Meteorological data are a set of climatic information,whichdescribes the characteristics of the
atmosphere. Meteorological station records climatic parameters like air temperature, dew point
temperature, atmospheric pressure, rainfall, wind speed, wind direction, maximum temperature,
minimumtemperatureandsunshinehoursinminutes.Thesedataareavailableonthehourlyordaily
basis.Meteorologicaldataareveryimportantinhydrologicalanalysisandforagriculturalpurpose.
Measuringinstrumentorinfrastructuralfailurescreatesmissingdatainthemeasurements.These
missingdatamaybesignificantportionsandcanberandominspaceandtime.Thispaperproposes
to reconstruct themissinghourlyrainfallandhowthis increaseddatasetwillhelp in improving
estimationofprecipitation.

Waterreservoirsystem,floodwarningsystems,domesticusageplanning,irrigationcalculation,
industryusageplanningandplanningofhydropowergeneration (Mays,2010) requiredaccurate
hourlyrainfalldata.Real-timesmartirrigationsystemrequiresaccurateandcompletehourlyrainfall
datafrompastandpresenthourtoschedulethetimelyandrightamountofirrigationasdescribed
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in“SpecificationforWeather-BasedIrrigationControllers”byWaterSense(July,2012).Incomplete
rainfalldataprovided to real-time irrigationsystemwill lead tooverorunder irrigation for that
particularirrigationcycle.

Fillingofmissingvaluescanbebasedonthesamesiteorusenearbysitestoestimatevalues.
Estimationisbasedontimedimension,spacedimensionoracombinationofbothdependingonthe
patternofmissingdataanditscorrelationwitheachother(Gaoetal.,2015).Higherthecorrelation
betterestimationofmissingvalues(Graham,2012).Theselectionofinterpolationmethodmainly
dependsonthetypeofdatathatareusedtofillthegaps.Rainfalldataarespatiotemporalvariable
andusesdeterministicandgeostatisticalmethodsforestimationofmissingrainfalldata(Piazzaetal.,
2015).Understandingofprecipitationpatternsisimportantforappropriateselectionofinterpolation
method.

AstudybyDeshpandeetal.(2012)providesthecharacteristicsofthehourlyrainfalloverIndia
basedonalargenetworkofSelfRecordingRainGaugeStationswith25yearsofdata.Studyshows
thatareaofourinterestDelhi,Indiahasrainfallofminimum200hr/yrandamaximumof600hr/
yr.Duringnon-monsoonseasonthatisforJanuarytoMayandOctobertoDecembertheaverage
rainfallislessthan10cmandduringmonsoonseasonaveragerainfallisbetween50cmto100cm.
CharacteristicsofacquireddatafromDelhivalidatesthecharacteristicsdefinedbyDeshpandeet
al.(2012).

Forexperimentationpurpose,realdatahasacquiredfrom14thJanuary2015to28thFebruary2016
fromelevenAutomaticWeatherStations(AWS)locatedinDelhi.Approximateannualrainfallforall
elevenAWShassummarizedinTable1.Column1ofTable1isatotalnumberofrainfallhoursfor
eachofelevenAWS’sfortheyear2015to2016.Theaveragerainfallis577hr,andisfallingwithin
therangedefinedbyDeshpandeetal.(2012).Column2ofTable1hasatotalnumberofhoursof
rainfalloccurredinanon-monsoonseasonoftheyear2015-16.Onaverage172hoursofrainfallhas
occurredinanon-monsoonseason,withaveragerainfallrangeof1-9mm/hr.Monsoonhasfrequent
rainfallwithanaverageof406hrwitharangeof1-55mm/hr.

RaingaugesusedinAWSisoftippingbuckettype.Therangeofthesensoristhe0tothe1023mm/
hrwithanaccuracyof±5%.Raingauge’srecordeddataishourlycumulativeandrefreshedat3:00
UTC.IndianMeteorologicalDepartment(IMD)Delhi(semi-aridregion)datafromelevenAWS’s
hasfollowinghourlyrainfallcharacteristics:

• Mostofthetimethereisnoprecipitationanddatareadfromthemeteorologicalstationare0mm.
• SingleAWSshowingrainfallhasalowintensityofprecipitationintherangeof1-6mm/hr.
• Whenrainfallstarts,precipitationdataareinincreasingvalues.
• Whenrainfallabouttostop,precipitationdataareindecreasingvalues.
• Inbetweenstartandstopofrainfall,datahasasteadyandconsistentpattern.
• Duringheavyrainfallmajorityofnearbyweatherstationalsoshowsprecipitationforthesame

timestampwithdifferentpatterns.

Aboverainfall,characteristicsareusedtodefinePrecipitationSlidingWindowPeriod(PSWP)
algorithm.PSWPclassifiesrainfallintodifferentclassesbasedonallAWSwithzeroprecipitation,
orsingleAWSprecipitation,oramajorityofAWSishavingdifferentprecipitationpatternsatsame
timestamporhourlychangingprecipitationdataforsametimestamp.EachAWShaslocalcluster
slidingwindowperiod(LCSWP)whosesizeisdefinedbasedonthetimestampinwhichprecipitation
patternsaresame.

Globalclusterslidingwindow(GCSWP)periodsizeisdefinedbeforefillingmissingprecipitation
data.GCSWPperiodisobtainedbasedonthemodeormeansofallLCSWPperiodsize.Mostofthe
missingrainfalldatahavebeenreconstructedusingPSWPexceptforthefollowingcases

• Hourlychangingprecipitationpatterns
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