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1.ONTRODUCTIONDO (@) 1-15May 1999 - (b) 15-29 July 1998
- e , 15 : ._:

Carboneet[al.[2002)Didentified Calcoherence Dof( B &
warm-season,continentalOprecipitationConOtimeDand g . |
spacelscaleslgreatlyexceedingthoseOoflindividual Y e g '
convectivelkystems,[yetChotCassociatedCwith(iravelingd - gipanssnens?
synoptic-scale[disturbanceslCinCanybbviousOway.(Well e
referito[thel€oherentltainfalllpatternsfasTepisodes” o]
drawOaOdistinctionObetweenCtheOlargestTandOlongestO
durationCeventsOandOindividualOconvective Ccomplexes
(e.g.0LaingO andd Fritsch,[12000).00 0 TheO time-spaced
coherencelof0precipitationOpatternsUisOsuggestive Jof
intrinsicOpredictabilityCassociated OwithOwarmOseason
rainfall. OThisOresultOisOespeciallyOsignificantObecause
operationalChumericalCmodelsCexhibittdowskillCboth[nO
deterministic predictionO of0 rainfalld andd alsoO in0
representation[of{theSpatial(pattern(ofldiurnal(patternfof]
rainfalll@verfheldontinentalW.S. I

InQhisCarticle, (e Wwillirstteviewlthe&videnceFor .
coherencedflfainfallléventsi@nd(ihelStatistical[properties
oflthisCeoherence.WelilllthenCdemonstrate theltleard
failure[bf(foday’s[ktate-of-the-artCimesoscale Chumerical [l
weatherOpredictiond (NWP)OmodelsOto capturedthis[ s
coherencel@andlévenheVerybasic[patterns@ssociated]
with[@he[diurnalltycle[dfl¢ontinental(convection.(Welwill(l e
thenSuggesthow(theldbserveddoherenceldanbellised
tol¢onstructprobabilisticorecastsoffainfallvhichinay ] P . ! N Y
beOcombinedCwithOnumericalOguidanceCtodachieveCall 115w 106° 9= 87 78" 115° 106° 9  87°  78°
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substantiald improvement in0 warm-season( rainfalld] longitude Iongihide
prediction.O . . . . .
I Figurell.[Radar-rainrate[Hovmoélleridiagram(forthelperiod

(a)1-15May[1999(and((b)[15-29July,1998.Panel{a)]
typifiesiSpring[@onditionsidominatedDy8ynoptic-scale]
transientsWherein[fainStreaksareldonfined o
precipitationCenvelopes’{grayellipse).[Panell(b)dypifiesd
mid-summer[@onditionsiwith[@dominance[ofldiurnalland
propagatingl@donvection.[]

2.MHovmolleriagrams6fRainfalld]
m

InCorderosimplifytheldepictionCoflivarmseasond
rainfallCoverCtheOcontinental OU.S.,OweOadoptOaltime-
longituded (ord time-latitude)d renderingd ofO rainfalld
approximated@rom[hationallfadarl@éompositesproduced

. ™ .
bytWSILeorporationt{thelNOWrad " [product).(Fortiime- seasonrainfall,[depictedorfvoSelected15-dayperiods]

longituded (Hovmoller)O depictions,0 we averageO thed . ; ;
> ) ) o in[Fig.[A.Thelkftipanellllustratesiypicallate-spring[andd
derivedOrainfallDoverOstripsOthatCareConlyd0.05 0in0 mid-summer( rainfalld) patterns.] In0 May, (] there(] isC]

longitudeand@xtendFromBO°NHo28°MNatitude.[The : : « " :

) h - . - considerabledsynoptic-scale“control’0of0theOrainfalld
t|malibsoltutlcin[ugﬁﬂgﬁlnlutes.[Byﬁt\_/erzégtltn_%mtwerg%r\l/ally,g patterns,With[ain[$treaks[¢onfined@odhelénvelopesof]
welaccentuateihezonallpropagating[attributes arm convectivelnstabilityCin[the[favorable[phase[bf(large-

scaleldisturbances.(On[July{rightChbanel)$ynoptic-scaled
transientsbecomedfiSecondarylimportance,@onditional]
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National Science Foundation. dominatedbyfheldiurnalldycleland(propagatingstreaks]
i thatCoftenC$pan[1-2[daysfandtoverzonalldistancesofl]
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Welhave[performedVarious[talculations(dromthe]
Hovmollerdiagramsforihepurposeldflguantifyingléventd
coherency, longevity,d zonalO distancel (hereinafterd
referredtolas¥span”)Candtate[bfCpropagation.ITTwo-
dimensionallCautocorrelation[functionsChavebeen(fit(to
thetainfallCatalinfHovmoller[$pace.[ITheseJunctions
definedtheOcoherentOspan,ddurationCandOpropagation(]
characteristics(for[CeachMfrainCstreak, " WhichOsCaltime-
longitudeOswathCofCrainfall. dOMostOmajorCepisodesCinO
Hovmoller[spacelontinuouslyproducelatOeastCsome
detectablelprecipitationfhroughoutfhelépisodelduration.Il
Coincidencellerrors[(simultaneousCeventsOatOdifferentd
latitudes)d occur inO approximatelyd 2% ofd alld
autocorrelationitsCandChavebeenmanuallytorrectedd
afterfeviewldflthefhreeldimensionalldata.(]

An[additionalOsetCofCHovmollerCdiagrams, Chased

July 1997

k.
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Figure2.[Occurrencelfrequencyloflatitudinallyd
averaged[Teflectivityl@éxceeding15[dBZ@s[@AFunction[of
longitudeland@ime[@fldayforJuly1997.[Theldiurnald
cyclelisfepeated.TheldashedWhitellineepresents@l]
constantiphaseSpeedihatidonnectsdayl@andday2]
propagation.dd

upon theO frequencyd ofd echoes atll eachd UTCO
time/longitude[toordinate,[Was[treatedfol&xaminelthel]
phase-locked[behaviorlbflprecipitationCecholatldiurnald
andChigherdrequencies.IEverydadarCecholabove[*150
dBZ.[ constitutesd and "event" atO) al longitude/time
coordinate.0 O TheOcumulativeOeventOfrequencyOdwasO
averageddorCmonthlyfand$easonallperiodslasvellfasO
theOentired016-monthOperiodCofUrecord.O0CAnCexampled
depictingbehaviorfduring[July,[1997[AppearsinFig.[2.0
Theldiurnalltycle@ppearsprominentlyaround$0-90°W 0
andL05°W.AlsolevidentlisChlmajorCpropagationCaxisO
from1105°W to[02°W Cbn[Hayl,Cand tontinuing fromO
about[®0°WdoB0°W [bn[Hay2.Thelaveragelapparent]
phaseEtpeed[[smboutEMI]jnB'l.D’here[[tsl]veak@videncel]
oflIcontinuedCeastwardCpropagationConCday 3, Obutit(]
extendsloutside[@helarealoflgoodtadarltoverage.[The
diurnall@ndpropagatingfeaturesShownlinFig.(3yield(ald

distinctemi-diurnalSignal BfFainfallAround©5°W. 0

g
ThelanalyseslCandthelstatistics[terivedtherefrom

supportihebllowingldonclusions:(
g

. Coherentlfainfalll@vents, bf[drderC1000Emhzonal
spanJ and one-day duration,J occur with( high(O
frequencylnearlydnelperiday).O]

*  SuchbccurrencesCarelbelievedto[bel[tompoundd
events,J al coherentd succession of 0 convective
systemsihatf@ppearltausallytelated. TWeteferoO
thesel@s[fepisodes.”

e Thel$teeringUevelJorihedonger$treaksaverages
near[400thPalandOshotlalstrongdunction[offwvindd
speedl{i.e.[propagationlis@dditivefotheind).O]

« ALsignificantCportion[ofCepisodesCexhibitsCphase-
lockedO behavior,O yieldingO signalsO inO diurnald
Hovmoller[diagrams[of({1)[diurnaldorcing[overihed
easternOandOwesternOcordillerasOand0(2)Osemi-
diurnalforcingetweenlhedordilleras.O

O

3.[PERFORMANCEFMNWPMODELSO

O
Givenltheldiurnallandpropagating(8Signalsofld

convectionlihfheldbservations,itlis[feasonableo@sk

whetherfheselSignals@reevealedlinl@urrenttiWPO
models.ForfhisportionoffhelStudy,3-hourlyO
accumulated(precipitationfields[@re@xaminedforihe

Etalhodel{Black,1994)fromiheationalCenters(for(

EnvironmentalPrediction[(NCEP)@nd{forfheWeatherd

Researchland[Forecastihodel (W RF){Michalakes[ét[al.(]

2001).[ThelEtalmodelprecipitationfrom{wvo{orecasts]

perldaylis@rchivedatMCAR@Aswell@sBorrespondingd
forecastsfromihe[(WRFhodel.Bothhodels@redunon
al22-kmigridiéoveringfheldontinentalW.S.The{forecastO

lengthfor@llforecastsis[48Mh.To@Avoidlissues(felated b

thelSpin-upfléachnodel,ivefocusonihe12-36H0

precipitation{prediction. Il
BothHovmollerlanddiurnallHovmollerdiagramsO

wereléonstructedioriheperiodJuly-August,2001.[The

morelfevealingofifheselisfheldiurnalovmoller,here
presentedor@nlyfhosedorecasts(ihitialized[at12000



UTC.OolavoidihelhitialSpinupofihodels,Welisefhe
12-36Mdorecastperiodibldoveriheldiurnalldycle.Wel
notefhatolqualitativedifferencesesult[if(24-48M0

Tirre (UTC)

25 &5 i
Lea eyt cde (V)
Figure3.MiurnalMovmollerdiagrams(ofirequency@fl]
rainfalll@éxceeding[ hm@veragedfrom30-45°NWithin
zonal(StripsBf10Emwidth[@overingfheperiodJuly-
August2001.Whiteldashedinelhighlightsiday1 0
propagation(@xis.Theldiurnaldyclelisfepeatedibimore]
clearlylShowbehaviorear@OTC.Dark{purple)d
shading(ihdicateshighfrequenciesith[@haximum6f(
about®0%.Whitelihdicateslessthan10%.O

105

forecasts(aremised.O]
[Aldonvenientldatasetfori@omparisonlisfhel$tage-

IV[precipitationf@analysisfromMCEP, @dombination[0f]

gauge-[and[dalibratedfadar-derivedprecipitation.[As(

withfheMOWrad™[@ata, Mincertainties ih[uantitative ]
precipitationfappearinglihltheMCEP@nalyseslarelikely
substantial.[Therefore,WeWillprimarilyl@ompare
patternsofiprecipitationdatherfhan@bsolute[@mounts.O
ThreeldiurnalHovmollerldiagrams@reShownlih[Fig.O0
3,[@orrespondingibfheMCEP[analyses,WRF@nd[Etall
models, [fespectively.[$everallitems(are[apparent:OJ

d

e Thelprimaryldlay-1propagation3eenlinFig.(BlalsoOd
appears[inthe[NCEPanalyses[despite[using[13-
hourlyldata.(]

+  Thelobserved@iurnallnaximumear®5°W bccursd
around2100[UTC;thelmaximumChearthe[105°W0
occursnear[0000WTC, SimilarfbFig.[30

*  NeitherOmodelOcorrectlyOpredictsOtheOtimingOor
longitudeCbffmostlintenseldiurnalCtonvection.[Thed
WRFnodelmaintains@naximumbetween©0@ndO
95°W, vith[AMaximumlintensity[dccurring @tAbout
1800UTC,Bhourslearly.[TheEtaléxhibitsVirtuallyd
noldiurnal@yclelih@onvection@astGfPH0°W.0

¢ NeitherOmodelCcapturestheCprimaryOpropagationd
axis[between[about[104°W andB0°W.[The[(WRF
model@éxhibitsoldiscernablepropagation. Il

d
Notablelérrorsfinihe[diurnall¢ycleldflconvectionfn(

regionalklimateCmodelsCwerereported Chy[Dailketal.(0

(1999).[Apparently,suchfirstCorderCerrorsCareCalsoCall

propertylbfCmesoscale[models[performingCEhort-ranged

forecasts.[Thearge[$patialfand@emporalCérrors[ofthe
diurnalltycle[Suggestlihatarge-scalelcirculations,SuchO
as[ thed mountain-plains[ solenoid,[0 mayd bel poorlyd
handled.[Uncertaintiesintheparameterizationofldleepd
convectionlare[probably@keydoihepoorperformance.]

BothD modelsO utilizeO theO Betts-MillerD cumulusO

parameterization,[ designed] mainly( for( large-scaled

models.OInOtraditionalOapplicationsOofOthisOscheme, O

downdraftsfaremearly@bsent.[Thisl¢ouldlimplyfhatidne

keyoldorrectlypredictingfhe[propagationfofléonvection
across(the[Plains[states[sCaltealisticlincorporationCof(]
downdraftlphysics.O

ad

4.[STATISTICALLY-BASEDPREDICTIONDO

O

Becauselitlis[évidentihatforecastinodels[durrently]
are[dnotOableOtoOfaithfullyOreproducedtheJobserved
propagation[@haracteristics[oflivarm(seasonainfall, [0
instructiveJtoOattemptOprobabilisticOpredictionObased
directlydromheJainstreaksthemselves.[Eventually,[a0
combinationloffémpiricalandINWPHorecast@echniquesd
may(providefheBestdverallipredictionsiofivarmSeasond
rainfall.[D

ItQurnsCoutthat(thephaselpeedlalonglindividuald
streaks[{oflateast[®hlduration)lisfonly$lowlyVarying[l
andd canl bel calculatedO forO individuald streaks.O
ExtrapolationOof(therainfallOstreaksCintime-longitude O



spacelispossible[fCweknowthe[statistics[bfstreak]
duration,.e.,CtheCprobabilityCthatCalgivenOstreak DwillO
continuelfor@dertainumberoffhours.
Weltomputelthelprobability[of(streaktontinuation]
fromhelentire[#-yearsample[{1997-2000),C0dentifying
all3treaksDeginningWithin@ontiguous B° by B°Matitude-
longitudeboxes[{Fig.[#).[Thehumberappearingithin
each[box[tepresents[theChumber[bfstreaksCanalyzed
duringdthe4-yearOperiod.00 TheOdurationOprobability
exhibits[alsurprisingfamountloffdiurnallanddongitudinald
variation, with remarkablyO highOl probabilitiesd of[]
continuationforCrainCstreaksCemanating(fromtheChighO
plainsCduringtheearlyCevening{upio[¥75%).[Duration]
probabilities[decreaseJfor[dongerCprojections, Cbut[still]
exhibitSimilarSpatial(patterns.d

TIME (HR UTC)

-5a. -85. -Ba.

CONGITUDE
Figure[d.[Probability[{(%)0df@rainStreakdontinuingd
forBhigivenihattbaseéxistedForBh,@s@functiond
offfime@flday[(UTC)@ndIbngitude. I

-85 -108.

Given[ihel[probability[bfltluration[oftainfalliStreaks
in[time-longitude Ospace,JandOgivenCthe Cvariability JofO
phaselspeedsUoverOsegmentsOofUindividualOstreaksO
(typicallyCaboutCBCM 5 ™), bneEantonstructCprobabilityD
contoursCiniime-longitudeCspaceforthelikelihood[bf(l
streakOpassagethroughCaOparticularOtime-longitude
interval.[(n[&ddition, Adeterministicorecastlofihelend-
pointloffalstreak{againfhdime-longitudel3pace)danbe
attemptedByfhresholdingtheldurationprobability.[]

g
5.0DISCUSSIONO
O

Ourlindings[tontainfinferences[oflpredictability by
reasonlof[precipitation[toherencelpatternsihatl&éxceed
thed dimensionsO ofd convective[ system lifecycles.O
Furthermore,thetoherencelpropertiesCarehotMtightlyO
held"y{ransientldisturbancesihiheWesterlies.

Welhavelhoted[the[almostCtompleteabsencelbf[]
propagatingsignals(fromioday’'s[state-of-the-arttNWPO
models@nd,infaddition,algenerally[poorepresentation]

ofCtheldiurnalCtycle[bfCe€onvection.[TheselerrorsOmplyd
twolthings:O
O
*  Theldynamicsesponsiblefor@onnectinglindividuald
mesoscale[tonvectivekystemsOsiirtuallyCabsentO
fromMWPhodels.O
»  Statistically-basedpredictionloflfainfallStreaksinayd
lendOmportantCinformationXoCaugmentChumerical
guidanceloflthefiming@ndIbcationdfiwarmSeason
rainfall.O]
O
RegardingCtheffirstOpoint, DitOmayCbethatChigherd
resolutionfforecastsfimprovelLiponCmodelCperformance
byinakingdnodelsless(reliantiponlimplicitiprecipitationd
schemes[thatChavelfjuestionabletelevance.[Treatment]
offdowndraftsCandthelfesultingCtcoldCpoolfdynamicslisO
often(poorlihihodelsiwith[grid[Spacing@f(20[Rm(arthore.
WelhavelsuggestedalksimpleOwvay[bfCusingCrain
streaks[OandOtheirOstatistics(OtoCprovidedprobabilisticO
forecasts[dflivarm-seasonainfalldrom$everalfo[24[h.0
Becausefthis[@pproachlisbased@nthe@bserveddiurnald
and[propagatingcharacterloflconvection,[Andbecause
theselaspectsl@relpoorlyreatedlinfumericalinodels, @0
isCpossible[thatCaltombinationCofClémpirical [{statistical)
andOdynamicald(NWP)OforecastsOwillOprovideObetterd
predictionOofOwarm-seasonOrainfall. OTheOskillJofOthed
empiricallinethodloutlinedCherein,asOivellCastrategiesOd
forfcombininglitivithhumericallodelguidance,Willbe
presented(atithel@onference.l
O
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